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-LETTER 

FROM 

THE SECRETARY OF THE TREASURY, 
'l'HAN81\IITJ'l.NG 

REPORT OF THE SUPERINTENDENT U.S. COAST SUUVEY FOR THE YEAR 18fa 

.rANUAHY 11', 1876.--Referred to the Committee on Commerce and ordered to be printed. 

TREASURY DEPARTMEN'.I', Der,eniber 29, 1875. 

SIR: I have the honor to transmit, for tbe iuforrnatiou of tbe Bouse of Representatives, a 
rl'port made to this department by 0. P. Patterson, esq., Superintendent of the United States 
Uoast Survey, Rhowing the progress in that work, <lueiug the year eudiug June 30, 1875; and also 
au engraved map, illustrating the general progress in the survey of the Atlantic, Gulf, and Pacific 

coasts of the United States. 
I have the honor to be, very respectfully, 

Hon. MICHAEL o. KERR, 

Speakm· of tlte House of Representatives, Washington, D. C. 

B. H. BRISTOW, 
Secretary of tke 'Treasury. 
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River, p. 45; survey of the Mississippi River a.t New Orleans, La., 
p. 47; triaugulation in Missouri, p. 48. 

BRADBURY, BION, AID. Seniooa in Section I, p. 18; in Section 
VIII, p. 45. 

BRADBURY, C. A., LIE"C'TENANT, U.S. N. Services on coa.st 
of New England, attoohetl tu Bydrographic Division, p. 11 ; deep. 
sea soundings in hay of Fundy, p. 12; work on the Coast Pilot, p. 
!N. 

BRADBURY'S ISLAND, p. 14. 
BRA.DFOilD, GERSIIOM, ASSISTANT. Hydroµ:raphy of San 

Fr&11cisco Bay, pp. ~. 56; dangerous ror,k off Cape Mendocino 
developed by, p. 57. 

BRADFORD, J. S., .ASSISTANT. Hydrography near Plum Island, 
Long Island Sound, N. Y., p. 21. 

BRA.ID, ANDREW, SUBASSISTANT. Services in Section II, p. 
24 ; in Section VIII, pp. 45, 46, 47. 

BRANDON. Sectfon VII, p. 43. 
BRANDON POINT, .T .AMES RIVER, VA.., p, 32. 
BREESE, K. R., C.A.PTAIN, U. S. N. ServiMs as Hydrographic 

Inspector, p. 11; relative to rock struck by 11nilod States ship 
Uonat~l11tttiun betwoon Gull Island and entranc~ to Ga.rdiuer'B Ba.y, 
p. 2\; Hydrogmphic Iuspect.or, p. 67. 

BRIDGEPORT, CONN., p. 22. 
BRIGHT, W. '.l'. In charge of DrawiDg Division, Coast Survoy 

Office, p. 117. 
BROOKLYN. Relative to o<>mmi•sion of United State. officers re

quested by New York a11thoriti"8 to rectify pier-lines of, p. 26; 
tidal observations a.t, p. 28. 

BUCKSPORT, pp. 2, 14, l~. 
BUEHLER, OTTO. First ASBietant Photogrnpber on the expedi· 

tion to ohe&rve the Tra.:nsit of Venne at Chatham I&land,, after
ward Cblef Photographer(""" .A.pPeodix No. 14), pp. 231-243. 

BULL'S BA.Y, S. C. Topography of, p. :i:;. 
11URLINGTON, VT., p. 24. 
BURNT COAT lIA.RBOR, p. 14. 

c. 
CALIFORNIA. SWlken rooks d<1veloped opposite the bo11ndary· 

line of Oregon and, p. 7; Bnrvey of coast of, including bays, bar· 
hon, and rivers, Section X, p. 50. 

CA.MDEN, ME., pp. 2, 15. 
CAN.A.DA. A.ND UNITED STA.TES BOUNDARY-LINE, p. 23. 
CA.PE COD BAY, pp. 11, 12. 
CAPE CONSTANTINE, ALASKA, p. 65. 
CAPE FOil.TUNAS, CAL., p. 58. 
CAPE B.A.TTERAS, N. C. Po&it.ion of<>ld llgbt-honeedetermined, 

p. 33. 

CAPE YENDOCIKO . .A <langerous nick de\~eL01,c<l (,ff, p. 7; also 
bidden rocks, p. 8; Section X, p 51; snn"'f"Y of rocks off, pp. 57, 
58. 

CAPE NEWENHAM, ALASKA, p. 65. 

CAPER'S ISLAND. S. C., p. 35. 
CAPERTON, H. Temporarily emplosed in Computin~ Dh''ision, 

Coast Snr~·ey Office, p. 67. 
CAPE ROMA.IN, S. C., p. 35. 
CAPE ROSIER, p. 14. 
CAPE S.A.N BLAS. Hydroi:raphy of, p. 42. 
CAPITOL BILL, W ASHJNGTON CITY, D. C. Mai:n.tic ob8er· 

vatiun• at, Section III, p. 32. 
CAPTAIN'S BAY, ALASKA, p. 65. 
CA.PTA IN'S ISL.AND. Examination• of horhor.• of, p. 22. 
CARROLLTON. Survey in ..-icinity of New Orleans, including, p. 

47. 

CASCO BAY. ME., p. 14. 
CA8HE'S LEDGE, pp. 1, 12, 16. 
CASTINE, ME., pp. 2, 14. 
CASTINE HARBOR, p. 15. 
CA8TLE PEAK, CAL., Ji.57. 
CA8TLETON, PARALLEL OF. p. 23. 
CASWELL (schooner). Use in Section I, p. 14, and in Section V, 

pp. 35, :w. 
CA TSXII,L MOUNT A IN. pp. 23, 24 
CA WE.IN'S ISLAND. Examination of harbors of, p. 22. 
CEDAR ISLAND, NEAR THE ISLE OF SIIOALS, N. H., p. 16. 
CEDAR ISLA.ND LIGHT-HOUSE. Position determinetl, Section 

II, p. 20. 
CEDAR KEYS, FLA., p. 41. 

CENTENNIAL STOCK CERTIFICATE FOR THEASURY DE· 
PARTMENT, p.6~. (8"" .App;ndix No. 6, p. 87.) 

CEPHET, 51. Oboervations on, p.2:1. 
CHANDLER, RALPH, CAPTAIN, U. S. N. Services ~n ()Om

misa:on to observe the Transit of Venus a.t Chatham l~Jand (;sae 
Appendix No. 14), pp. 2.11-248. 

CHARTS .A.ND INSTRUMENTS. Divi•ion of, l'P· 68, 69. 
CHARTS COMPLETED OR IN PROGRESS llORlNG THE 

YEARS 1874, 18'5 (see Appendix No. 4), pp. 83, 84. 

CHASE, A. W., .ASSIST.ANT. Survey at Newport BILy near Point 
La•11en, Cal., p. 51 ; objects of ioter<>st collected for the Smith
sonian lnatitution, p. 51; development of Rcddinl!;'S Rock, Ca.I., p. 
60. 

CHATHAM 1:5LA.ND, SOUTH P.A.CIFIC.OCEAN. Pa1ty trent 
theTe to obRe.rve the Transit of Ve110~, p. 8.; prAliminaT"y obRerva
tioos a.t, pp.9,10. Repurtof ex1ieditivn (""" Appeudix No.141. 

CHATHAM RO.ADS,pp.2,17. 
CHEEVER STATION, p.24. 
CHETKO COVE. Dangers in navigation of, p. fl!; lly<'rography 

ltetween Mnek's At·l'b and, p. 62, 
CHIACHI ISLANDS, ALASKA, p.65. 
CHICKAHOMINY RIVER, VA. Survey oF. p.31. 
CHIK A.. Report of Assist..nt Davi1hron on harbor alld ri\"er im-

provements of(""" Appendix No. l~), pp. 293--314. 
CHIQUIK BAY, ALASKA. p. 65. 
ClllRIKOFF 1SLAND, ALASKA, p. 05. 
CHRISTIAN, J. B., AID. Service• in Section VU, p. 43. 
CIRCUIT OF TRIANO ULA.TION. The closing <•fa (aee ApP<lndix 

No. 17}, pp. 279--2!12. 
CITY ISL.A.ND. Examination of harbor of, p. 22. 
CITY POINT, JAMES RIVER, V .A.., p. 31. 
CLARK'S COVE, p. 13. 

CLARK, JORN. Division of Chart<1 and Instruments, Coast Sur
vey Office, p. 69. 

CJ,OVER, RICHARDSON, UEUTEN A.NT, U.S. N. Hydl'<lgr&phy 
of Santa Cruz Island, Cal., p. 53; aervicea on hydl'Ogmphio aarvey 
fl:<ltJl. Fal86 Klamath, Cal., to Mack's Arch, Oreg., pp. 60, 61, 62. 

COAST lIYDROGRAPHY, uear Saint August.lne, Fla., p. 37. 
COAST PILOT, pp. 12, 22. 
COAST SURVEY. Remarks on progress and condition of, for year 

ending July 1, 1875; relative toomoe work and ollioers of, p. 66. 
COAST SURVEY OFFICE. Information furnished from, aee Ap. 

pendix No. 3, pp. 81, 82. 
COEFFICIENT OF REFRACTION. 01-rvatlon• ,., R9*aed 

Mountain for determinfog. p. 16. 
COLLINS' B:&A.Cll, DEL. 'tld&l obaervati<>na at, p. 30. 
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COLONNA, B. A., AID. services in Section IV, p.33. 
COLUMBIA JU VER, p. 62; survey of, J>. 63. 
COLUSA. CAL., p. 57. 
COMMODORE (steamship). Notice of rock off Cape Mendocino, 

mentioned by As.sitstaut Davidson "as uJJder the wheel of the,'' 
p. ;;1. 

COMPUTATION OF' GEODETIC LATITUDES, LONGITUDES, 
AND A._ZIYUTHS. Forwuhe and Fact-0rs for (Btie .Appendix: No. 
19), pp. 31!h%8. 

COMPUTING DIVISION OF THE COAST SURVEY OFFICE, 
p.66. 

CONN ECTlCUT. Surveys in, Section II, pp. 19, 23. 
CONSCIENCE BAY, L.1.,p.22. 
CONSTELLATION (U. S. ship), Ca.pt. K. R. Breese, commanding, 

rep<>rta a rock ur shoal betw~en Gull's Island atal entrance to 
Gardir1er1s Bay, p. 21. 

COOK, PROFESSOR G. II. In charge of geological sur~ey of 
State of New .Jersey, p. 28. 

COOPER, W. W., ASSISTANT. In Coast Survey Offic<', p. 69. 
t:OOSA STATION, GA., p. 43. 
COP ANO BAY. Hyrlmgraplty of, p. 49. 
CORINTH HILLS, p. 23. 
COURTENAY, E. II. Computing Division, Coa.•t Survey Office, 

p. 66. 
COUltTEN AY, F. E11gra,ing Di"V"ision, Coast Survey Office~ p. 68. 
COURTIS, FltANK, LIEUTENANT, U.S. N. Hydrography of 

Sant.A Crnz Island, Ca.I., pp. 52, 53; an<l survey from .False Klamath, 
Cal., to .Mack's Arch, Oreg., pp. 61, 62. 

CRAIG, NEVILLE H. Services in snr .. ~ey of New Haven 1Ia1'Lo-r: 
Conn., p. 20. 

CRANEY ISLAND, VA. Special survey of, p. :11. 
CRESCENT CITY, CAL., p. 60; NJCks rlevoloperl off the anchor

age, p. 61. 
CREllCENT CITY REEJ<', p. 61. 
CROATAN LIGHT-HOUSE. Statious erected to aacertaiu pooi 

tion of, p. :-J4. 
CROWN POINT, pp. 24, 25. 
CROYDON MOUNTAIN, N. H., p. 16. 
CUBE MOUNTAIN, N. H., pp. 16, 23. 
CUBITT'S CREVASSE, MISSISSIPPI RIV-ER, p.46. 
CUMBERLAND GAP, p. 45. 
CURRA HEE MOUNTAIN, Habersham County, Ga., pp. 43, 44. 
CURRITCCK BEACH, N. C.,p.34. 
CUTTS~ R. D., ASSISTANT. TMangnlnt.ion on boundary betw<'en 

Conueeticnt and )iew York, pp. 20, '23; obser\·ntim1s at Mouut Ua
fineeq_ue, p. 23; reconnaiioaa.nce in Wisoonsiu, p. 49; inspection ·of 
work on Pacific coast by, p. 51. 

D. 

D'AGELET. Relath·e to height of Monot Saint Elias, p.ti6. 
DALL, \\!. H., ACTING .ASSISTANT. Sm·Yey of coa•t of .Alaska, 

pp. 64, 65; report on Mo nut Sn.bit Eli.is and Moui..t FairweathAr, 
Alitska (seo Appendix No.10), pp. 157-188. 

DAN A (schooner). Use of, in Section II, pp. 2-2, 25; in Section IV, 
p. 34. 

DARTMOUTH COLLEGE OilSERVATORY. Connected with tr·i
angrrla.tion in New Harupsbil.•e1 p. 16. 

DAVIDSON, GEORGE, .ASSIST.A.NT. Appointed to observe 
Tran•it of Venus, in Japan, p. 89; report (see Appendix Ne>. 13), 
pp. 2'2.i-23(); rock seen off Cape Mendocino, p. 57; report on harbor 
and river improvements of China, Ei;IYJlt, Italy, Holland, allll Great 
Britain by (see Appendix No. 18), pp. 29".J..:IJ 4. 

DA VIES, PROFESSOR .r. E. Reconnaissanee in Wlaconain, pp. 
48,49. 

DA VIS, W. H, Engraving Divi&ion, Coast Survey Oflioo, p. 68. 
DEAN, G. W., AS8ISTANT. Latitude and azimuth at Rouse'• 

Point, Cb· ever, and M.CJnnt Merino, N. Y., p. 23. 
DEEP-sEA SOUNDINGS. Bay of Fundy, p. 12; Gnlf of Maine, 

p. l:!; off Jeffrey's Jlaok, p. 17; between Southwest p...,,, aad the 
Rio Grande, and Rio Gr...,de and Tortngao, p. 47. 

DEER ISLAND, p.14. 
DEER ISLE, p. 13. 
DE KA LB COUNTY, ALA. Min&,,.l •prings found in, p. 44. 
DELAWARE. Snl"'·ey of ooaet of, Section II, pp. 29, 30. 
DELAWARE BAY. Triangulation of, p. llll. 
DELA W AU OITY, DEL. Setting np of tid<>-gauge at, p. 30. 

DELA ·w ARE RIVER. Triangulation, topllgi·aphy-, and bydrogu•
pby in, p. 29. 

DENNIS, W'. JI., ASSISTANT. T-0pographyofEggcmo1r11;in Rtach, 
Me., p.13; topograph~· of Boll's Bay a:nd ,-icinity, S. C .. Pll. 35, 3G. 

DESCRIPTION OF .AN APPARAlTS 1''0R RECOHDIXG THE 
mran of tbe times of a. Rf't. of ohserva.tions, by Assistant. C. ~. 

Peirce (see Appendix No. 15), pp. 24!1-253. 

DE'VELOPMENTS ANll DlSCUVERIES, pp. 7, H, 15, 11;, 21, 22, 40, 
44, 54. 

DEWEES, H. M., S'CBASSIST.ANT. Services in Section II, p. 29. 
DEWEES' INLET, S. C., p. 3:i. 
DEWEES' ISL A.ND. S. C., p, 35. 
DE WOLF, J., .AIU. Services in Section II, p. 28; in Section VI, 

p.38. 
DICKINS, E. F., Alll. Services in Seetion X, pp. se, 59. 
DILLAWAY, C. P., SlJBASSISTANT. Services iu Section II, 

pp. 2~. 25. 
DISCOVERIES AND DEVELOPMENTS, pp. 7, B, la, 15, 21, 22, 40, 

44, 54, 55. 
DISCUSSION OF TIDES IN NEW YORK HARBOH, by William 

:Ferrel (sec App~ndix No. 12), pp. 195-2U. 
DIS.MAL SW A.MP, N. C., p. 3.1. 
DISTRIBUTION OF SFRVEYING PARTIES T:PON THE 

.Atla11tic and Paci tic coasts of the United States, during tbe sur
ve.ving sea.Ron of 1874-'73 {s~e .Appendix No. 1), Pl). 73, 78. 

DIX, JOHN A. (•teamer). Use in Section VIII,p. 4~. 
DIXON, T. G., SAILING MASTER Honorable mention, l" :l3, 
DOBBIN (rffv~nue~cutter). Grounding Qf, on shoal; which was 

suhs-equently Rounded ont hy Assistant Antlerson. 
DO:S-N, F. c. Services in Section I, p. 13, and in Section III, p. 32. 
DOl'iN, J. IV., ASSISTANT. Topogi.·a1•hynud h;-drograp!Jyof Mount 

Desert Island, Me., pp. 12, 13; special survey of Cr•aney Island, p. 
31; ~nryey of' the Chiekahominy River, p. 31; survey of Jamee 
Rivert p. 31. 

DOOLITTLE, :M. H. Computing Division, Coast Survey Office, p. 
6~. (St•e also Appendix :So. 17, pp. 2711-292). 

DORR, F. W., ASSISTANT. General assistant in Coa.st Snrvey 
Office, p. 66. 

DOWNES, J. Tidal Divi•ion, Coast Survey Office, p. 67. 
llRA WING DIVISION, COAST SURVEY OFFICE, pp. 67, 6B; 

Charts completed or in progress dnring the yea.r 187t-'7J (see 
Appendix :So. 4), 83, 84. 

llRUM!'d:OND'S B.ANK. Special •urvey of, p. 20. 
DRY BAY, p. 64. 
DUNMORE WHARF, JAMES RIVER, VA., p.3~. 
DlTW AJIIISH BAY, W. T. Detailed """'eJ' of, pp. 63, 64. 
DUWAM.ISII RIVElt, W. T., p.64. 

E. 

E.A.DS, J.B . .Re1aU'\'6 toJeU.ie-s a.t mou.Jlt of the MissistJippj River, 
p. 46. 

EAGLE ISLAND, !" 14. 
EASTERN BAY, Monnt De•ert loland, Me, p. 12. 
EASTERN PENOBSCOT RIVER, p. 14. 
EAST BLUF~' BAY, in Pamplico Sound, p. 34. 
"EAST GROUND," a shoal uff Block Lola.ml, p. 21. 
E.AST KEY, FLA., pp.38,39. 
EASTPORT, ME., p. 2-2. 
EAST RIVER, N. Y.,p.26. 
ECONFENEE RIVER, W. FLA., p. 4l. 
EDWARDS, ,V, S., A.ID. Services iu expedition!<> c>l>iwrve Transit 

of Venne, in Japan, p. "; sen·ices in Sectiou X, p. 53. 
EGGEMOGGIN REACH, pp. 2, 13. 
EGG ROCK. Specia.1 survey by As•ist .. nt Donn, as to fitness for 

location of light-house, p. 13. 
EG.MONT KEY, FLA.., pp. 38, 39, 40. 
EGYPT, Md.SS., p.18. 
EGYPT, AFRICA. Report on harbor &nd river improvement. of 

(see Appeudix No.18), pp. 293-314. 
1ncUOL1'Z, HUGO. Drawing Division, Coast Survey Offioo. Jl.UB.. 
EIMBECK, WILLIAM, A.SSIST.AN"T. Rooonna.issance near ti.a 

Paoiflc coaat, p. 56. 
ELBA ISI,AND, GA., p.36. 
ELECTROTYPING AND PHOTOG.RAPHY. Report on (see 

Appendix No. 6), pp. 87, SB. Division of Coa.st Survey Office, p. 118. 
ELIZABETHPORT, N. J., p. 22. 
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J<:LIZABETH RIVER, VA. Supplementary hydrograpby of, Sec
tion Ill, p. 31. 

ELK CREEK, p. 62. 
ELLICOTT, EUGENE, SL'BASSISTANT. Services in Section X, 

p.51. 
ELLIOTT'S KNOB, VA., p. 33. 
ELM TRI<rn BEACON, p. 26, 
ENDEAVOR (steamer). Use of, in Section I, p.17; in Section II, 

p. 28; in Section VI. p. 37. 
ENGLISH CREEK. Snrvey of H•elrnn•ack River, p. 25. 
ENGRAVING DIVISION, Coast Survey Office, p. 68; plates com-

pleted, coutinned. or begun dut:'ing tbe yen.rs 1874-'75, pp . .85, 86. 
EN'THOFFER, J. Engraving Division, Coast Survey Office, p. 68. 
EPPES ISLA:'.'ID, JAMES RIVER, VA., p. 32. 
ERICHSEN, P. v. Drawing Div-ision, Coa.st Sarvey Offi1.1e, p. 68. 
ESBLEMAX, E. Division of Charts .and Instruments, Coast Snrvey 

Office, p. 69. 
ESTIMATES FOR ATLANTIC AND GULF COASTS, pp. 5, 6; 

for general expenses of Coast Sarvey, pp. 5, 6 ; for office aud field 
Wclrk of the Pacific coast, pp. 5, ti; for r,ontinningtfi-eld-work and 
hsdrograpby. pp. 1 to 6; for general expenditures, p. fi; fol' years 
1875-'76 and 1:376-'77, table of compa.risou of, p. 7. 

EV A::>S, H. C. Engravini: Division, Coast Survey Office, p. 6~. 
EV ANS, J .• J., AID. Sen·ices_in Section II, p. 29. 
EXPEDITION TO OBSERVE THE TRANSIT 0}' VENUS IN 

.I.AP.AN (see Appendix No. 13), pp.!t.12-:230; at Chatham Island, 
Pacilio Ocean (•ee Appeudix:'.No.14). 

F. 

FACTORS AND, FORMULJE FOR TIIB 1 C0'1PUTATION OF 
geodetic latitudes, longitudes, and azimuths (see Appendix No. 
19}, pp. 315-368. 

FAIRFAX, F. Dnu ing I>lvision, Coast Survey Office, p. 68. 
:FAIRFAX, W. Drawing Division, Cosst Survey Office, p. fi8. 
}' A.IRFIEJ,D, CAL Heconnai••ance of California r.oast, p. 56. 
FAIRFIELD, G. A., .ASSIST.A.NT. Triangnlation of Pamplioo 

Sound, N. C., p. 33. 
FAIRFIELD, W. B., AID. Services In Section TV, p. 34. 
FALL RIVER, .MASS. Relative to displacement of station mat·ks, 

p. 18. 
FALSE KLAMATH, CAL. Inshore hy<lrogrnpby from Mack's 

Arch to, p. 60;: dangers in navigation °'fr, p. 61. 
F .ANNY SHOAL, another name for Noonday· Rock, p. 55. 
FAR<\.LLON LIGHT-HOUSE. Shoald€'veloped otfof, p.55. 
FARQUHAR, G., SUB.ASSISTANT. 1' Services, Section X, p. 60. 
FA THOMER (steamer). Use of. in Section II, p.25. 
FAULKNER'S ISL.AND LIGHT· HOUSE. Pooitiou deterruiuetl, 

p.ll(). 

FAUNTLEROY (brig). Use of, in Section XI, p. 63. 
J<'ENHOLLA.W AY RIVER, WEST FLORID.A, p. H. 
FERGUSON. C. Compnting Divioion, CoMt Sarvey Office, p.67. 
FERNANDINA, FLA., p. 37. 
FERREL, PROFESSOR WlLT,IAM. Tidal observations in New 

York Harbor, p. S; discnsslon of tid6" in New York Ha.rbor (eee 
.Appendix No. 12), pp. 194-921; meteorological researches fot nae 1>f 
the Coast Pilot (see Appendix 20), pp. ~151. 

FIELD .AND OFFICE WORK OF THE COAST SURVEY, during 
tbe year ending December 31, 1874 (see .Appendix No. ll), pp. 79, 80. 

FIELD.WORK OX THE PACIFIC COAST. Geoll;raphioal enum
eration of~ pp. 5, 6. 

FISHER'S ISLAND. Position determined of light-hon.., nn<lercon
strnction at west end of, p. 20. 

FISHER'S ISLAND SOUND, p. Ill. 
FITCH, CHARLES:H. Clerk 111 office of thll asoi•t&ut in charge, 

!•· 69. 
FIVE-FATHOM CREEK, S. C., p. 3S. 
FLENNER, W. L. Cler:cal duties In Coast Surv<!y Ollioo, p. 189. 
FLORIDA PENINSULA.' Suney of coast of, including reefs and 

keys, and the 8"'&portB aud riven, Section VI, pp. 37·41. 
FLORID.A REEF. Completion of bydrography of, p. 39. 
FLYING DRAGON. 'Vrook of ship, repor'ed dangerous to na'VI· 

gatlon, p. 56. 
FOO-SIGN A.LS SCGGESTED FOR THE MORRO, CAL., p. 55. 
FOLLER, JOHN. Instrument.maker, Coast Survey Omoo, p. 69. 
FORGE BRIDGE, CIDCKAHOMINY RIVER. V.A.., p. 31. 
~ORK MOUNTAIN, MADISON COUNTY, VA., p. 39.. 

FORMULJE AND FACTORS FOR THE COMPUTATION OJ<' 
geodetic la.titudes, long:itndee, and azimuths (see Appe11dix Ko. 
19)' pp. 315-368. 

FORNEY, STEHMA'N, S'C'B.ASSIST.ANT. Servioos in Section X, 
p. 51. 

FORT.RESS MO'NROE, VA. Tidal obRervations at, p. 31. 
FORT GEORGE, p. 14. 
FORT HALE. Survey of New Haven Harbor, p. 20. 
FORT JEFFERSON, on Garden Key, coast of Florida, p. 39. 
FORT KNOX. A middle gronml formiug iu PeuolJscot River, oppo-

site, p. 15. 
FORT MONTGOMERY, p. 24. 
FORT PULASKI, GA., p. 36. 
FORT TOMPKINS. Determining position of new Jight-honse at, 

p. 22. 
FORT TOMPKDIS LIGHT.HOUSE. Relative to tile dumping of 

material by dredgers near, p. 27. 
FOUR BROTHERS ISLANDS, IN LAKF. CHAMPLAIN. Sur

vey of, p. 24. 
FOX ISL.ANDS, p 15. 
FRANKLIN, JAMES, LIE'C'TENANT, U. S. N. Services in i'\~~

tion VI, p. 37. 

FRASER, W.,AID. Services in Section I, p. 14. 
FREEMAN, EDW .ARD A., Captain of steamer John A. Dix. 

Services In Sectlun VIII. p 46. 
FRENUH, W. B., AID. Servioos in Section II, p. 27, and in Section 

VI, p. 40. 
FRENCHMAN'S BAY, p. 13. 

G. 

GADSDEN POINT, TAMPA BAY, FLA., p. 7; hydrograpbyof, 
p. 39; ledge of rocks southwest of, p. 40. 

GALES FERRY, THAMES RIVER, CONN., p. 19. 
GARDEN KEY, COAST OF FLORIDA, p. 39. 
GARDEN KEY LIGHT-HOUSE, FLA., p. 38, 
G .ARDIN ER'S B.A Y. Rock or shoal at entrance of, p. 21 ; harbors 

of, p. 22. 
GARDINER'S ISLAND LIGHT.HOUSE. Positiou determined, 

p. !!O. 
GARDNER, C. L , AID. Services in Section I, p. 1.5; in au1·vey oi 

Delaware River and Ba.y, p. 29; se-1vices in Section III, p. 33. 
GASCON A DE RIVER. Triangulation near, p. 48. 
GAULEY MOUNTAIN. Survey in tbe region of the Kanawha, 

Va., p. 33. 
GA VIOT A STATION, on &bore of Santa Barbara Channel, p. 53. 
GEODETIC LATITUDES, LONGITUDES, AND AZIMUTHS. 

Fo1·mnlre antl fact.ore. for the compntation .of (see Appendix No. 
19), pp. 315-368. 

GEODETIC SURVEY IN PENNSYLV .ANIA, p. 30. 
GEOGRAPHICAL .ENUMERATION OF COAST SURVEY 

WORK, pp. 5,6. 
GEORGE'S BANK. Lines of soundings otfof, p.12. 
GEORGIA. Sur~ey of coa.st and eea·w,.ter cba.nneh! of, including 

eounda, harbors, and rivers, pp. 35-37 • 
GERDES, F. H., ASSISTANT. Survey of Port Jefferson, Long 

IAland, N. Y., p. 22; enrvey of H&ekensack River, N. J., p. 25. 
GERDES, H. H. Computing Division, Coast Sn1"Vey Office. p. 66. 
GILBERT, J. J., SUBASSISTANT. SerTiee in Sootion XI, pp. 62, 

63. 
GOODFELLOW, EDWARD, ASS}.STANT. Identiflcu.tion of old 

statlon.m•rks in the vicinity of New York Harbor, pp. ~. 26; ""· 
signed to duty in Coast Snrvey Office, pp. 26, 66. 

GOOD HILL, CONN. Station ereot<d at, p. 20. 
GOT rHEIL, A. Tidal Division, Coaat Survey Ofilce, p. 67. 
GOVERNOR'S ISLAND, NEW YORK HARBOR. Tidal obllt'na-

ttona at, p. 2'7. 

GRA.HA:M, J. D., LATE MAJOR U. S. A. 81.Ations oooupied by 
him in 1845 when rnnni11g b<mndary betweell the Uulte1l Sisti>• 
and Canada, still in use, p. 23. 

GRAND M.ANAN ISLAND, p. 12. 
GRAND PLATltAU GLACIER OF LA PEROUSE, ALASKA, 

p. 64. 
GRAND RAPIDS, p. fll. 
GRANGER, F. D .. SUB.ASSIST.ANT. Services in Section I, p. 17; 

in Section VII, p. 43. 
GRASSY HOUNTA.lN, GA. :Magnetic obaervatlona at, p. 43 
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GRAY, E. Tidal obsorva.tions at Fort Point, Cal.. p. 56. 
GRAY'S BASIN, p. 24. 
GltEA.T BRITAIN, AXDOTIIERCOUNTRIES. Report on certain 

harbor .and river improvements of {see .A.ppendixN o.18), pp. '293-314. 
GREAT POI:NT RIP, p. 17. 
GREAT SOUTH DAY, LONG ISLAND, X. Y. S11n-ey of, 1'· 28. 
GREEN MOUNTAINS. Triangulation in New Hamp•hire W88t-

ward to the, p. Hi. 

GREENPORT HARBOR, p. 22. 
GREENWICH, p. 23. 
GI{ETNA, INCLUDED IN SIJRVEY IN VICINITY OF NEW 

ORLEd.NS. p. 47. 
GRF:YLOCK MOUNTA TN. Signal erected on, p. 23. 
GRIMES, J, M., LIEUTEX ANT,"(;", S. N. Serdces in Section VIII, 

p. 47. 
GU.A.LALA RIVER. Sout.h of Point Arena, p. 59. 
GULF COAST AND SOUNDS OF WESTERN FLORID.A, in· 

clutling port.sand rivers, pp. 41-45; bays of Alabama and sounds 
of Mississippi and JJouisiana to Vermillion Bay, pp. t-5--40; West
ern Louisiana and Texas, including bays and rivcrn, p. 49. 

GULF OF MAI:XE. Relath·e to snrvey, p. l; de-t->_p·'."'t>a 8rmn~in~s 
off of, p. 12. 

GULJ<' OF MEXICO. Depth of water at jnnction of the Missis
sippi River and the, p. 45; hydrograpby of, p. 46; d~uoity and 
temperature of the water in the, p. 46. 

GUL~' POINT. p. 43. 
GULF \VA TER. Density and temperature of the, p. 41. 

GULL ISLAND, CAL., p. 53. 
GULL ISLA.ND LIGHT·UOUSE. Position 1letermined, p. 20. 
GULL lSLAND, PAMPLICO SOUND, N.C., p. :!3. 

IL 

IIACKilNSACK, N. J., p. 25. 
UA.CKENSACK RIVER, N . .J. Survey of, p. 25. 
IlAGENMAN, J. W., LIEUTENANT, U.S. N. Services in Section 

VIII, p. 47. 
HAGMEISTER ISLAND, p. 65. 
II.ALY·"' AY ROCK. Ro~k developed between It anti Stin· Ialaud, 

p. 16. 
HALH'.AX RIVER, EASTERN COd.ST OF I<'LORIDA. Survey 

of, p. 33. 
IlALL, ASAPII, PROFESSOR, U. S. N. Exchange of longitude 

aignels with A8sistant DaYidson, in Japan, p. 9. 
HALTER, R. E., .ASSISTANT. Reconnaissa,o<ie in Kentucky and 

Ohio, pp. 44, 45. 
HANDKERCHIEF BHOAL, p.17, 
HANDY, H. 0., MASTER. U.S. N. Survey in New York Harbor, 

p. 27; services in Section IV, Jl. 35. 
HANOVER, N. H. Observatory Hill, near, p. 16. 
HA.NSON, D. C., AID. Service• in Sectfon I, p. 17; in Section IIL 

p. 32. 
HANUS, G. C .. ENSIGN, U.S. N. Services in Section V, p, 37. 
HARBOR OF REFUGE AT MACK'S .ARCH, Olili:GON, pp. 7, B. 
BARBOR RIVER, S. C., p. 35. 
H.ARBOR AND RIVER IMPiiOVEMENTS OF CHINA, EGYPT, 

ITALY, HOLLAND, AND GREAT BRITAIN. Report on the 
(see .Appendix No. 18), pp. 293-314, 

HARKNESS, WILLIAM, PROJ<'.ESSOR, G. S. N. Chronometer cor· 
rections fnrnish<>d to Snhe.ssistant Smith, at Hobart Town (see .Ap. 
peudix N-0. 14), pp. 231-248. 

HARRISON, A. Jd., .AS5IST.ANT. Survey of Taunton River, Mass., 
p.18. 

HARRISON, T. A., AID. Services In Section I, p. 14; in Section VI, 
p. 38. 

HART ISLAND, p. 12!2. 
HASSLER (steamer). Uee of, in Sootion X, pp. 52, 53, 60, 61, 62. 
HATTER.AS INLET, N. C., p. 35. 
RAULOVER CANAL, connecting Indian River, Fla., with inland 

wat<>r pa .. age to Halifax River, p. 38. 
HA.UPT, L.M:., professor in University of P~nnsylvania. Recon. 

nai .. ance in Ltlblgb mining region, p. 30, 
HA WK INS, R. L. Clerk in the offioe of dL11b11rsiug agent, Coast 

Sarvey Office, p. 69. 
HA.WLEY, J.M., LIEUTENANT, U.S. N. Services in Section V, 

p. 311. • 

HEAD OF THE PASSES, MI8SISSIPP1 RIVER, pp. 4;,, 46. 
HEIY, SAMUEL, Dfabursing Agent, Coa.R:t Survey Oflice, p. 6~. 
HELIOTROPES on San Miguel Island aml Santa Crnz, c,u.,p. 5~. 
HEf~L GATE. Examination of pasisag-e through th€ Souwl at, 

p. 22. 
HE:IIPSTEAD. p. 2\l. 
HERBERT. \Y. A. Clerical force of tbc CoMt Survey Office, p. 69. 
HEREXD:EEK,CAPTA.IN. sa.iling-masterofthe ¥ukon. Services 

in Section XII, p. 65. 
HERGESHEIMEU., E. Ia charge of Engraxing DiYision, C(laRt 

Survey Otlice, p. 68. 
RERGESHEIMER, ,JOSEPH, SU BA.SSISTANT. Sen·ices in S;,c. 

tion I, p. 14; in Section VI, pp. 39, 40. 
HERRICK'S BAY, p.13. 
HESS, JAMES. Diwisiouof Chart.a and Instruments, Goa.Rt, Sun·ey 

Office, p. 69, 

HILG-~RD. J. E., ASSISTANT. In Cbargo of CoMt Survey Oftice. 
p. 66. (See Appendix No. 19, pp. 315-368.) 

HILLSBORO DAY, FLA., p.39. 
IIILL5130ll0 l~[VE R., !<'LA., p. 38. 
IIIP'l' CIIRONOGI:A.PH, ordered by Assiotant lJa•idoon for th 

observatory to he built at Tokio, Japan, p. 5(), 

HITCHCOCK, R. D., LIEUTENANT, U.S. N. Services in Section 
I. p.17; reports gallant conduct of Seamau Rynders, of the Eu· 
dnavor, p.2~; services in Sectio11 VI, p.37. 

HITCRCOCK (oteame1·). Use of, in Section IV, pp. 33, 34. 
Il. M. COOL (steamer). Wrecked on roC'f in 'l'ampa Ba.,v, p . .CO. 
IIODGKINS, \V. C., AID. Serviees in Section I, p. 14. 
HOG ISLAND. PAMPI,ICO SOUND, N. C., Jl. 34. 
HOLLAND. Report of .Assistant Davitlsou on harbor ruul river· 

improvements of (see Appcnrlix No. 18), pp. 293-314. 
HOOS AC MOUNT AIX. MASS. Pendulum observation• at, p. 19. 
HOOVER, JOHN" T. In chargt-1 of Division of Charts and InRtru

men ts, Coast Survey Office, pp. 68, 69. 
HOSMER, CHARLES, ASSIST A.NT. Survey of Groat f><.uth Bay. 

p. 28; survey of Halifax River and eastern VO.a.st of Plorida, µ. 38. 
HOT SPRINGS. ~everal h11ndred foet below tbe suwmit of Mount 

Sba.sta, Cal., p. 62. 
HOWELL, JOHN .A., COMMANDER. U. S. N. Deep-sea son11d. 

ings between George's Ba11k and the ba~y of Fuudy, p. 1:2; servicl'~ 
in Section VIII. JI. 46. 

HO\VEJ,L'S POI"''T. J,ONG ISLAND, N. Y., p.28. 
HOWL A.ND, H. Tidal observations at Boston nayy.yard, p. 17. 
HUBBARD, MASTER .JOHN, U. S. ~. Servi«'• iu Sccti~u '\"J. 

p. 17. 
HGDS0:-1, N. Y., p. 24. 
HUDSON, F. Computing Divis:ion, CoastSur'\'"ey Oftio~, p. fii. 
HUDSON RIVER. Deepening of the. below Ca.•tle Point. I'· 21\. 
HULL'S COVE, MOUNT DESEin ISLAND, ME, p. l~. 
HUMBOLDT BAR, CAL.., p. 58. 
HUMBOLDT BAY, CAL., p. 56. 
HUMPBACK MOUNTAIN, VA.., p. 33. 
HUNSICKER, .J. L., MASTER, U. S. N. Senices in Section VI, 

p.37. 
HUNTING ISLAND, S. C. Change in the shore·llue of, p. 7, sea 

encroachments a.t, p. 36. 
HUNTINGTON BA.V, p. !.!2. 
HUTCHINS, C. T., LIEUTENAN'l', U.S. N. Services in Section 

VIII,!" 47. 
HYANNIS, p. 17. 
HYDROORA.PRIC DIVISION of Coo.st Sarvey Oflioo, p. 67. 
HYDROGR.APHIC SHEETS, original, registered in tlie Archives 

of tht" United States Coa.at Survey from .January, 183."i, to July. 
1875 (Nos. 1-1244, inclnsiveJ (see .Appendix Nc>. 8), pp. 115-t:lo. 

HYDROGRA.PHY. Jlonnt Desert Island, Me., p. 12: Eggemoggin 
:Reach, Mo., pp. 13, 14; Penoluoot Ua.y, p. 15; West of .llonomo~·, 
Maas., p. 17 ; near Pl nm Io land, Long IslaDd Sound, N, Y ., p, llO : 
of Lake Champlain, p. 25; New Yurk Bay, p. 27; Great Soutb Bay, 
N. Y., p. 2!l: of Barnegat Jlay, N .• r.. p. 2!'I: in D•l1t,..arc Ri\'er, p. 
29; at month of Schuylkill Rh·er, p.30; in Elizabeth River. Ya., JL 
31; of Pamplico Sound, p. 35; of Sa-~annab River. Ga., p. 36: ot 
Tortuga& Harbor and Reef, p. 3H; of Palma.ROI& Bay, Terraceia 
Bay, Little ll£Anatee River, and Biohup'• Harbor, p. 39: of Tampa 
Entran<le and its Gulf approaches, Fla., p. 40; of Pepper K•Y• aml 
Ocilla River. p. 41; near Cape San Blas, Fla., p. 42; of t11e Golf of 
Mexico, p. 4~: of .Ara.naaa Bay and Mna11olt Bay, Tei:., p. 49; at 
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Newport Bay neat' Point Lasuen, Cal. 1 p. 51; near Santa. Cruz 
lslaud, Cal., p. 5<!; Or Sau Luis Obispo Bay, Cal., p. 53; between 
Point Gonla aml Ru Uy Poiut, Cal., p. 58; between Chetko Cove aud 
Mack's Arcb, Oreg .. p. 62. 

I. 

!ARDELLA, C. T .. .ASSISTANT. T<>pography of Pamplico Sound, 
N. C., p. 34; shore-line survey of Lake Champlain, p. 24. 

ILLINOIS. Signals set up in. in connection with triangulation i.n 
Missouri, p. 4~. 

INDIAN MOUNTAIN, GA., p. 43. 
INDIANOLA, TEX., p. 49. 
INDIAN PASS.FLA., p. 42. 
INDIAN RIVER, FLA., p. 38. 
INFORMATION fornish&d from the CC»U;t Survey Office in reply to 

special calls du1"ing the year 1874-'75 (s..;e App(•1H'lix No. ::l), pp. 81 1 82. 
INSTRUCTIONS for maguetical observations (13.ee Appendix No. lG), 

pp. 254--278. 
ISLEBORO, ME. Shoal discovered south of, p. 15. 
ISLE OF SHOALS,pp.2,16. 
ISLE At: HAUT. pp.2, 14. 
ISLIP. Resumption of sur-vey of Great South Bas, N. Y., flt, p. 28. 
IT.ALY. Report of Assistant Da.vidt-1on on certaiu harbor a.nil river 

improvements of (see Appen11ix No. Ir;'), pp. 2!13-:il 4. 
IVES, C. A., AID. Services in Section lf, ]>p. 25, 26; and in Seel ion 

III, p. 32. 
IVY STATION, p. 23. 
I\V A KAW A, or Mount Dilfenback, Chatham l•lantl (see Appen

dix No. 14), pp. 231-248. 

J. 

JACKSONVILLE, CAL., p. 61. 
JACOB, E. S., LTECTENANT, U.S. N. Services in Section I, p.12. 
JACOBI, W. Division of Cba,r-ts and Instru.ment~. Coast Survey 

Office, p. 69. 
JACQUES, W. R., LIEUTENANT, U. S. N. Services in Section 

I, p. 12. 
JAMES RIVER, VA. Survey of, pp. 31, 32. 
JA.PA.N. Parties sent to observe 'l'ransit of Venus in, pp. 8, 9; re. 

port on the '.rrausit of Venus exp-edition to1 18'H (~ee Appendix: 
No. 13), pp. 222-230; ob!Wl'Yatory to be eredetl at T<>kio, p. 50. 

JEFFERS, W. N., CAPTAIN. U.S. N. R<quest fur minute survey 
of Craney Island, Va., p. 31. 

JEFFREY'S BANK, pp.1, 12, 17. 
JEF1''REY'S LEDGE, pp. I, 16. 
JOHN A. DIX (sreamer). u ... of, in Section Vlll, p. 46. 
JOHN'S MOUNTAIN. GA .. pp. 43, 44. 
JOHNSON, l'. C., COMMANDER, U.S. N. Serviooe in section X, 

PP·::;~, SJ. 
JOHNSON'S CREEK, S. C., p. 36. 
JOHNSON'S NARROWS, ME., p. I!'.i. 
JORDA.N'S POINT LIGHT-HOUSE. 'lidal obserrn,tlons at, p. 32, 
JOSEPH HENRY (schooner). Use of, in Section I, p. 14. 
JUMP. Mouth of the Misei•sippi Ri'<'"er, the, p. 46. 
JUNIPER BAY, N. C., p. 34. 
JUNKEN, CHARLES, ASSISTANT. Hydmgrapl1~ of Lak" Cbam

plain, p. 2!'.i; bydrograpby'of th~ Schuylkill Hiver, p. 30; ropogra. 
phy 01' lluuti.u&: Island, ti. C., p. 3ti; lJx-awWg Divii:dou, <Joa.st Sur
vey Office, p. 68. 

JUPITER INLET, FLA., p. 38. 

K. 

KADIAK, ALASKA. 'Magnetic observa.tions and azimuth at, p. 
65. 

KARCHER, L. Di awing Division, Coast Survey Office, p. 67. 
KEAUSARGE MOUNT.A.IN. 'l'Tiaugulation of New Hampshire t<>, 

p.16. 
KEITU, R. Computing Division, Coaet Survey Ollloe, p. 67. 
KENNEltVlLLE, LA. Survey in viclnily of New Orle:ma, iuclud

ing, )>. 17. 
KENNETT, LIEUTENA.NT·COMMANDER, U.S. N. In charge 

of steamer llache for M!rvice on Northern 001>11t, p. 39. 
KERR, L. C. Engraving Division, C088t Survey Olfioo. p. 61l. 
KEY WEST. lteport upoo the telegra.phic determination of the 

longitude fJf (ace Appendix No. 9), pp. l:i9-156. 
KING, V. E. Re@ignMion of office, p. ti!l. 

KLAMATH RTVER, c:AL. Completion of triangulation hetwoou 
Rocky Point and, p. 60. 

KNIGHT, H~ M. Engraving Dh·ision, ~oast Survey Office, p. 68. 
KNIGIIT, JOUN, late of Engraving Division, Coast Snrvey Office. 

Ol>itue.ry of, p. 10. 
.l:(~IGHT 1 \\' ... H. Kngra.viug Division, Coast Sun·ey Offico, p. 68. 
KONDRUP, .JOHN C., late Danish vice-comml at 'Vashington, D. 

C., and in Engraving DiYisiou, Coast Survey Office. Obituary of, 
p. 10. 

KRUSE, T. Tidal observations at St. Thoma.s, W. I., p. 41. 

L. 

LACKEY, F. E. Division of Charta and Instruments, Coast Survey 
Office. p.69. 

LA GRANGE, in tho viciuity of tho 'l'ennetise.a River, p. 44. 
L,\.KE CHAMPLAIN, 11. 23; shore-line suney of, p. 24; hyrlrog-

r .. p by of, JJ. 25. 
J,AKE EARL, p. 60. 
I,AKE PONTCHARTRAIN, p. 47. 

LAKEPORT, CAL., p. !57. 
LAKI~ TALLAWA,p.60. 
LAKE UNION, p. 64. 
LAMAR IlA Y. H_rdro~raphy of, p. 49. 
LAYE, J. II. Tra.naferrPtl to Computing Division, Coast Survey 

Office, p. 67. 

LA l'EROUSE. Correc•.ucos of lJis elrnrt of Lituya Bay, Alaska, p. 64. 
LATITUDE AND AZIJIIUTH at Ronse'sPoint,N.Y.,p.23. 
LATIT'GDES, LONGITUDES, AND AZIMt:THS. Formuire 

and factors for the computation of Geodetic (see Appendix No. 19), 
pp. 315-368. 

LAVENDER MOL"NTAIN, GA., pp.42,43,44. 
LA'WRENCEVILLE, GA.., p.44. 
LAWSON, F. A.., SUBASSISTA.NT. Services in Section X:, p. 51; 

and in Section XI, p. 64. 
LAWSON, .J. S., ASSISTANT. Detailed survey of Dnwamish 

Bay, W. T., pp. 63, 64. 
LEAGUE ISLAND, PA.,p. 30. 
LEF,,\. VOR, '.I'. II., MASTER, U.S. N. Services in Section IV, p. 35. 
LERIGR MINING REGION. Reconnaissance of, by Profeseor 

Haupt, p. 30. 
LESLEY, PROFESSOR J.P. Sta.le geologist of Pennsylvania, p. :W. 
LIGHT-HOUSES. Pvsitiooa of, determined, pp. 20, 22. 
J,TGHT.HOr-SE BOARD. Survey in Delaware River, at the re-

quest of, p. 29; obstrnctions in navigation of Schnylkill River 
roportcd to t be, p. 30; survey of Point Sar, Cal., for use of the, 
p. 54; tracing of survey of Point Saint George, Ual., for nae oi 
the, p. 60. 

LIGONIER POINT, p. 24. 
LINDENKOBL, A. Drawing Divisfon, Coast Snr,'ey Office, p. 67. 
LDIDENKOHL, II. Drawing Division, C<>a.st Snrvey OJli<:e, p. 67. 
LISTON'S TREE, DELAWARE RIVER, p. 29. 
LITTLE EGG HA RllOR, N. ,T., p. 29. 
LI'fTLE KONUISHI ISLAND, A LASKA, p. 65. 
LITTLE MANA.TEE RIVER, FLA.. Rydrography of, p. 39. 
LITTLE RIVER, near Trinidad, clo.00 during dry season, p. 511. 
LITUYA ENTRANCE, ALASKA, p. 64. 
LIVELY (steam-hmderl. URe of, in Heotion XI, p. 64. 
LOGGERHEAD KEY, FLA., p. 38. 
LOLA MOUNTAIN. Occupied du.-ing rooonnai80auce on Pacific 

coe•t, p. 51. 
WNG BEACH LlGHT-HOUSE. Po•ition determined, p. 20. 
WNGFELLOW, A. W., ASSISTANT. Topography above Caatino, 

Me., p.14. 
LO:S-G ISLA.NU, S. C., pp. 35, 37. 
LONG ISLAND SOUND, N. Y., pp. 2, 11, llO, 21, ~; trfangulatlon of, 
pp.00,2~. 

LONGITUDES, LATITUDES, AND AZIMUTHS, GEODETIC. 
Formula> and factors fur the oompntation <>f (""" Appe11dix No. 
19), pp. 315-358. 

LONG SHOAL RIVER, PAMPLICO SOUND,N.C.,p.3i. 
LONG SHOAL SIGN AL, PAMPLICO SOUND, N. C., p. 34. 
LOOKOUT MOUNTAIN RANGE, p. 43. 
LOUISIANA. S11rvey of Gulf cAAst 4lf, to V<•rmillion Bay, includ

ing ports and ri'>era, P- 45; suTVey of Gulf coast of WtlBtern, p. 49. 
LULL, EDWARD P., QOMMANDER, U. B. N. SoceeBl!Or \o Cap· 

tain Bree11e, aa hydrogmphio insp<>c\or, pp. ll, G7. 
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llf. 

MACK'S ARCH, OREG. A harbor of refuge, p. 7 ; inshore hydrog. 
raphy from False Klamath to, pp. 60, 61, 62. 

MACK'S SHELTER, p. 61. 
MADISON. 'VIS. University of, lonJ1:itnde <letermined. p. 49. 
:MAD RIVER. North of lfnmboMt Bay, p. 5!1. 
MAE DEL, A. :M. };ugrav-ing Division 1 Coast Survey Office 1 p. 68. 
YA.EDEL, E. A. Engra.ving Division, Coast SorV"ey Office, p.68. 
MAGNETIC OBSERV A TIO:"S. at Capitol Hill, Washington City, 

p. 32; in Georgia, pp. 42, 43. 
Jl.IAGNETICAL OBSERVATIONS. Terrestrial magi1etism, iu

Rtrnctions f'oT (Sf'.A A ppenrlix Ko. Hi•, pp. 254-27R. 

MAGNETISM. Terrestrial, instructions for map:netica.1 observa-
tions (aeo Appendix No.16), pp. 254-278. 

JI.IAIN, J. Compntinl( Division, Coast SurveyOffics, p. 66. 
MA 1NE. Coast of. l'P· 12, 13. 
MAINE. Gulf of, cleep-sea Mnnding8 off of1 p. 12. 
MALTOLE RIVER, south of Capo ~fonrlocino, p. 59. 
MARCY (Hchooner). Use of, in Section X, pp. 55, 5e. 
MARINDIN, H. L .. ASSISTANT. Ilydrography of Pro,.idcnco 

Harbor, R. I., pp. 18, 19; physical survey of New York Harbor, pp. 
26, 27: snrvey at mouths of the Mississippi, pp. 45, 46. 

MARK ISLAND J,IGHT·HOITSE, JI. 14. 
MARSHALL'S ISLAND, p.14. 
Ji.IA RYLAND. Survey of coast and ba,ys, includint:; sea.ports :im1 

dvers, p. 31. 
MARYS VIL LE BUTTE. Reoonnaiasance on the Pacific co•st t-0, 

p. 57. 
MASSACHUSETTS. Coast of, p.12; boundary between New York 

and, p. 23. 
JI.IATAN ZAS INLET, FLA. Singular "boiling •pot" reported by 

Lieutenant Hitchcock, U.S. N., uorth of, pp. 7, 37, 3e. 
MA.TlN!()US, p.15. 
MA UNGANUi, CHATHAM ISLAND (.•ee Appendix Ko. 14). 
MAULDIN, S.C., p.44. 
McCLINTOCK,J. N.,SUBASSISTANT. Services in Section I, p.14. 
McULIN'l'OUK, W.E. 1 AID. SerYioe~in Section ! 1 p.19; a.ud iu Sec-

tion VIU, pp. 47, 4P. 

McCORKLE, S. G., ASSISTANT. Reconnaissance in Virginia, p. 33; 
of Lookollt :M()uuta.in Rangll. 1 p. 4:1; recoumu ssance in A..lahama,. p. 44. 

McCRACKIN, ALEX., MASTER, U. S. N. SeT'Viceo iu Sect.ion 
VII, p. 4~. 

M.cDO,NNELL, THOMAS. Iu charge of map-room, p. 69. 
Jl.IcMURTRIE, LATE W. B. Illustrations fur final edition of Vol. 

I, of Coast Pilot, p. 22. 
McNEIL'S BAY, JI. 24. 
MEAN OF THE TIMES OF A SET OF OBSERVATIO);S. De

acription of an apparatns for reeording the (see Appendix No.15), 
MENDELL, G. H., COLONEL, U.S. E. Titlal ob•ervation• at Fort 

Point, Ca.I, p. 56; tidal and n1eteorological observation.sat Astoria, 
p. 63; tidal obRervations at Port Townshend, p. 64. 

METEOROLOGICAL OBSERVATIO:N'S at White Head light· 
house, p. 15; at .M.011.nt De-si;rt Island, Me., p. 15. 

M.ETEOROLOGWAL RESEARCHES FOR TIIE USE OF TllE 
COAST PILOT ( A.pp~ndix 20), pp. 369-412. 

l-IElJTH, M. C.H. Drawing D1\'il!lion, Goa.st Survey Office, p. 68. 
MEXICO, GULF OF. Dapth of water at junction with the Mio.sis· 

sippi River, p. 45; hydrography of, p. 46. 
M.IDDLETO:i I::!LA.ND, ALA.SKA.. Observations for latitnde, 

time, and azimuth at, p. 65. 
MINERAL SPRINGS di•covered is several eormties of Al:thama, 

p. 44. 

MISSISSIPPI. S11rvey of Gulf "°""t a.nd sounds of, intlmling ports 
and rivers, Section VIII, p. 45. 

MISSISSIPPI RIVER. Mouths ot' the, pp. 45, 46; survey of the, at 
New Orleans, p .. 47; report on recent observations at South .Pa.es 
liar (see Appendix No. 11), pp. 189-193. 

MISSOURI. Triangulation in, p. 48. 
MISSOURI RlVER,p.48. 
MITCHELL, HENRY, ASSISTANT. Suney of Providence Har

bor, R. I., p. 18 i physical R11rvey of New York Ra.rbor, p. 26; serv. 
foes at mouths of the Mlui•sippi River, p. 45 (aee Appendix No. 
11), pp. 189-193. 

MORIC A.N, COYN., p. 19. 
MOLKOW', E. Engraving Division, C<Jast Snrvey Office, p. 68. 
lrlONO.MOY, MASS., p. 2. Hydrography west of, p. 17. 

MON TA UK LIGHT-HOUSE. Position of, del<>rrnined, p. 20. 
MONTEREY JlAY, CAL., p. 54. 
MONTGO:llERY, ALA., p. 44. 
MOORE, FRA~~- DivieioTI of Charts and In~trumentfl, Coa~t Rur· 

vey omce, p. 69. 
MORRISON, G A., AID. Sen-ices ;u Section II. p. 2" : Section VI. 

p.40. 
MORRO. Fog-sil(Dal proposed on the, p. 55. 
MORSE'8 COVE, p. 14. 
MOSMAN, A. 'I' , AS8fST ANT. Triangulation in Virjl,in~a, p. 32. 
MOSQUITO INLET, FLA., p :!8. 
MOSQUlTO LAGOON, COAST OF FLORIDA., JJ. 38. 
:l'IOUNT AIRY. C!UCKAHO~IIN"Y RIVER, VA., p. 31. 

MOUNT CRI LLO~, p. 64, correct estimate of height, p. 66. 

MOUNT DECATITR, cmrn., p. 19. 
MOUNT DESERT ISLA.ND, p. 2; topography aud hydrography of. 

pp. 12, 13; mt>-teoroloi!{ioa1 obt:Fr"atious at·, p. 1::'.'1. 
MOUNT DIABLO, CAL .. fl. 56. 
MOUNT UlFFENJ>ACK, CHA.THAM ISLAND (see Appendix 

No. 141, pp. '2'.ll-24i'. 
MOUNT EQUINOX, fl· 23. 
MOUNT FAIRWEATHER., ALA.SKA,pp.64,65: correct e•tirnatc 

uf htii:!;hl·, p. 66. (Seo Appendix No. 10}, 11p. 157-18~. 
MOUNT HOPE BAY, MASS., p. IB. 
MOUNT M.AHSHA.LL, RAPPAHANNOCK COUNTY, V .L, p. 3~. 
MOUNT MERlNO, N. Y., p. 24. 
MOUNT MISERY, p. 2~. 
MOUNT RAFINESQUE. Sil(nal erected on, p. 23. 
MOUNT ROSE. CAL .. p. 57. 
MOTTXT 8HA8TA, CAI,., pp. 5fi, 57, 62. 
MOUNT SAINT ELIAS, A.LASK.A, p. 6'; correct estimate of 

height, p. 66; report on (see .A pµPndix X o. 10), pp. 15'7-188. 
MOUXT TOM. Signal erected ou, p. 20. 
),IOUTIIS OF THE 1>1I8SISSIPPI RIVEH. Survey nf, pp. 4~>. 46. 
MUIR, JOHN. Goologioal and bot:mieal char:.cteristics of .Monut 

Shasta reconled by, p. 6'2. 

MUSQU1T BAY, TEX. H~·ilrograjlhy of, p. 49. 
MYSTIC LIG S:T -HOUSE. Position of, dotormined, p. 20. 

N. 

NAG ASA.KI, JAPAN. Station at.to obsen·e fh~ 1,ransitof V~nu•. 
p. 8; difftffeDCl3 of longitmle l.Jet.we:Jn Tukio am1, p. JO. 

NANT1TCKET LinlIT-ROUSE,p.17. 
NAXTUCKET 80UX D, p.17. 
NAPEAGUE BAY. Harbor uf, p.2:!. 
N ASKEAG POI:"T, p. 13. 
NATION AL MlSEUM. Contribntion.<J of A~ifr•tant Cha~e f.r>, p. ;J\ 
NAVARRA- RIDGE, CA.L.,p. 5!l. 
N 11. WO· YOSHI YANAGI. Ghief of bur.an of b)'<lrc•~rnphJ of ua\',\" 

of J !lpan, p. 50. 

NEHALEM RIVER, OREG. Trian~n!ittion and topo~rnphy of~ pp. 
62, 63. 

KES, F. F., ASSISTANT. H:nlrogrnph)- of New Yurk Btty. p. 'li'; 

t.ria.ngnla.tion, topogrnpby. a.nd hydrography in Delawan1 Rin~r 
pp.W,30. 

NESSEL, L. Ti<lal oliserv-ationp; at Port To'i\·nshernl, Wnab. Ter., 
p.64. 

NEUSE RIVER, N'. C. ReMcne of e~amen at mouth of, p. 33. 
NEW ARK DAY, N. I., 11. 22. 
XEW BRUNSWICK, N. J. Proposrrl •tM.ion near, p. 28. 
NEW CASf LE, IJEL. 8etting up of tidu-p;au1!f1 a.I, p.JU. 
NE"r HA.MPSHIRJ~. 'l'riaugn1ati<~n in, Pll-2, 16.; coast .,r, p. 12 
NEW HA VEN H..iRBOR. Sur,·ey of, p. 00; descriptions smt not~s 

relat.lve to, p. 22. 
NEW JEU.SEY. Survey-of, p. 19; l'l'OomJa.irsancti io, p. 28. 
NEW JERSEY NORTHERY IU.ll,IW.-l.O, p. 25. 
NEW LONDON, CONN., p. 19. 
NEIV LONDON HARBOR, p. 22. 
NEW ORLEANS. Survey of ri"'cr at, p. 47i topogr.aphioa.I surn•y 

near~ p. 47 .. 
NE\V"PORT UAY, near Point La1men, Cal. Trilll1gulation, t.opog--

raphy. and hydrogr<tphy at., p. 51. 
NEIV YORK Survey of, p. IY; State bimndal'y triangnl•tion, p.23. 
NEW YORK BAY, pp. 22, 23: hydrography of, p. 27. 
NEW YORK HAHBOR. Tidal observation• at, p. 8; triangnhltion 

of, p. 2-2; ph.,Yaic-.al survey of, pp. ~' 27; diaeu11sion of tidefl in (eee 
Appendix No. 12). 
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NICHOLS, H. E., LIEUTENANT, U.S. N. Services in Hydro. 
graphic Division, pp. 11, 67 ; Coast Survey Ofiloe, p. 67. 

NICHOLL'S POINT, LONG ISLAND, N. Y., p. !18. 
NILES, KOSSUTH, MASTER, U. S. N. Services in Seotion I, p. 

13: and servlC<>s in Section Vil., p. •2. 
NISSEN, H. Division of Cbart.s and Inatru111enta, Coast Survey 

Office, Jl 69. 
NOONDAY ROCK. To be removed by blastin11, p. 7; buoy placed 

on, p. 55. 
NOONDAY (ship). Wrecked on rooks near North Fa1·allon, p. 55. 
XORTil A DAMS, MASS. l'endulnm observations at Hoosac 

Mountain, near, p. 19. 
NORTH BAY, ME., Jl. lo. 
NORTTI CAROLINA. Section IV, coasts and sounds, including 

seaports and riversf p. 33. 
NORTHEAST KEY, formerly on coast of Florida, now under water, 

p. 39. 

NORTH FARALLON. Dangerous rocks neor, !'- 55. 
NORTH, F. H., .AID. Services in Section I, p. 14; and in Section 

VI, p. 40. 
NORTH HAVEN (Penobscot entrance), pp. 2, 15. 
NORTH HUMMOCK LIGHT-HOUSE. !'osition of, determined, p. 

20. 

NORTH KEY, formerly on the coast of Florida, now under wa.ter, 
p.39. 

NORTH RIVER, N. C., p. 34. 
NORTHWEST BAY, p. 24. 
NORTHWEST HARilOR, A.LASKA, p. 65. 
NORTHWEST POINT, LONG ISLAND SOUND, p. 22. 
NORWICH, CONN., p. Hi. 
NOYO RIVER, CAL., pp. 58, 59. 

NUNIVAK ISLAND, ALASKA, p. 65. 
NYE, H. C., MASTER, U. S. N. Services in Ssction VI, p. 37. 

0. 

OAKLAND 1''LA'l'S. Soundings between the •hoal off of, and Yerha 
Buena Island, p. 55. 

OAK POINT. Survey of, Colnmhia Rinr, p. 63. 
OBITUARIES 0~' PROFESSOR WINLOCK AND MESSRS. 

KNIGHT, :KONDRUP. AND BARNA.RD, p. IO. 
OBSERVATIONS AT SOUTH PASS BAR, .MISSISSIPPI RIVER 

Report on recent (aee Appendix No. 11), pp. 189-193. 
OBSERVATIONS, MAGNETICAL. ln•tructlons for (see Appen. 

dlx No. lb). pv. 254-278. 
OBflERVA.TORY AT TOKIO, JAPAN. Instruments ordered for 

an, p. 50. 
OBSERVATORY HILL, HANOVER, MASS., p. 16. 
OCILLA RIVER, COAST 01'' WEST FLORIDA. Hydrography 

and topogra.pl1y of, p. 41. 
OFFICE WORK, ENUMERATION OF, p. 5. Estimates for .Atlan

tic a.11d Gnlf co8.l\tB, pp. 5, ti; estimates for expenses of Pacific coast~ 
p.6. 

OFFICE WORK OF THE "C'NITED !STA.TES COAST SURVEY 
durlnl( the year ending Drceml><'r 31, 1874. Statistics of field and 
(see Appendix No. 2), pp. 19, ~O. 

OGDEN, H. G., ASSISTANT. SurVf1y of ThAme• Ri..-er, Conn., pp 
19, 20; triangulation and topography of the Tortnf?a•, pp. 38, 39. • 

OGOEN, S. N., ATD. Services in Section I, p.13; and in Section V, 
p. 35. 

OHIO. Reeonnaisaancc in se'V&ral counties of, p. 44. 
OHIO RIVER. Relative to points for triangulation in Va., p. 3.1; 

reoonnaieeance near, p. 44. 
()J,D COLONY AND NEWPORT RA.ILROAD, p. 18. 
OLDFIELD LIGHT-HOUSE,p. 22. 
ORDNANCE BUREAU OF TH:E UNITED STA.TES NA.VY DE

p A.RT.MENT. Req nest from, for special snrvey of Cran.,y Island, 
Va.,p.3L 

OREGON. Sunken rocks developed opposite boundary-line of CalL 
forniR and~ p .. 7; surv~y of ooaat of, includin~ bays, ports, a-nd ri"vere, 
Sootion XI, pp. 6-4. 

ORLAND, :ME., p. 14. 
OVER, FRANK. F..leetrotypiog and Photographic Division, Coaet 

Sor.-ey Office, p. 68. 
OWL'S HEAD LIGHT-HOUSE, :ME. Height. ahove tide-water 

ascertained, p. 1S. 
OYSTER BAY, p. 22. 
OYSTER POINT. Snrveyof New Haven Harbor, p. W. 

OYSTER POND POINT. Change of ehore at, p.112. 
OYSTER POND REEF. Shoal reported near, p.112. 
OYSTER REEF, GA., p. 36. 

P. 

PACIFIC COAST. Estimates for genera.! expenses of the, pp. 5, 6; 
for field and office work, Jl. 6. 

P A.CIFIC COASTS OF THE UNITED STATES DURING TllE 
SURVEYING SEASON OF 1874-'75. Distribution of surveying 
parties upon (see Appendix No. 1), pp. 73-78. 

P A.CKARD, PROFESSOR A. S. Examination of specimens of 
dredging from Platt's Bauk, p. 17. 

PADDY'S KNOB, HIGHLAND COUNTY, VA. Statiunat,('.33. 
PAGE, PROFESSOR W. BYRD, p. 45. 
PALFREY, R. B., AID. Services in Section I, p. 15; and in Section 

II, p. 30. 
PALINURUS (schooner). Use of in Section II, pp. 21, 22. 
PA LTSADE RIDGE, N. ,J. Survey along erlge of, p. 25. 
PALM:ASOLA BAY, FLA. Hydrography of, p. 39. 
PAMPLICO SOUND, N. C. Triangulation of, pp. 33, 34; topograph_y 

of, pp. 34, 35; hydrography of, p. 35. 
PAMPLONA BANK, ALASKA. Soundings on, p. 65. 
PANTHER KNOB, PESDLETON COUNTY, V.A.,p.33. 
PARIS, S. C.,Jl.44. 
PARSONS, F. H., AIO. Services In Section J, J>.13; and Section III, 

p.32. 
PARTIES UPON THE ATLANTIC, GULJf, A.ND PACIFIC 

COASTS OF THE UNITED STATES DURING THE SUR
VEYING SEASON OF 1S74-'75. Distribution of surveying. 
(See Appendix: No. 1.) 

PAS<~UOTANK RITER. Sarvey of PamplicoSound,Jl.34. 
PASS A. L'OUTRE, mouth of Mississippi River, pp. 45, 46. 
PATCHOGUE, LONG ISLAND,p.28. 
PATTER>lON, C. P., SUPERINTENDENT UNITE!) STATES 

COAST SURVEY, submitting report of 1874-'75 to the Hon. B. H. 
Bristow, Secretary -Of the Treasury, pp.1-69. 

PAXTON'S POINT, p. 24. 
PAYNE'S 'MOUNTAIN, FAYETTE COUNTY, VA..,p.33. 
PEA. ISLA.ND, EAST SIDE OF PAMPLICO SOUND, N. C., pp. 

33, 34. 
PECK, MASTER R. G., U. S. N. Services in Section VIII, p. 41. 
PECONIC BAY. p. 2-i. 

PEIRCE, PROFESSOR B. Direction of pendulum oh•orvationo at 
Iloosac Mountain, p. 19. 

PEIRCE, ASSISTANT C. S. Pendulum observations at Hooaac 
Mountain, p. W. (See Appendix No. 15.) 

PENJJLETON, A. G., AID. Services in Section II, p. 24; and in 
Section VII, Jl. 42. 

PENDULUM. ORSERV A TIONS AT HOOS AC 'MOUNTAIN, p. 19. 
PENINSULA POINT, CAL Sounding• off of, p. 56. 
PENNSYI,V ANIA. Section II, p.19; geodetic survey of, p.ao. 
PENOBSCOT BAY. Survey of, p. 2; bydrograpby of, p. 1.5; topog. 

t'"a.phy of islands in, p. 14. 
PENOBSCOT ENTRANCE, p. !l; soundings near, p. 15. 
PENOBSCOT RIVER, p. 2; soundings in, p. 15. 
PENROSE FERRY BRIDGE, SCHUYLKILL RIVER,p.30. 
PEPPER KEYS, COASl~ OF WEST FLORIDA. Hydrograpby 

aud topography of, pp. 41, 42. 
PERKINS, F. W., ASSISTANT. Determinations of the coofilciente 

of refrAetion, pp. l5, 16; services, p. 23; hydrography and topogra
phy between Pepp<>r Koys and Ocilfa Rh'<lr, Jl'la., pJl. 41, 42. 

PERRY'S PEAK, p. 23. 
PERTH AMBOY, N .• J., p.22. 
PETERSON, A. Engraving Division, Coa.st Survey Office, p. 68. 
PETRE BAY, CHATll.All ISLA.ND (see Appendix No. 14), 

pp. 231-248. 
PHELPS, THOMAS S., CAPTAIN, U.S. N. Information. relative 

to channels in the waters of Alaska., p. 66. 
PHILADELPHIA, PENN. Survey in ..-ieiuity of, p. 30. 
PHOTOGRAPHY ANJ) ELECTROTYPING. Report upon (""" 

Appendix No.6). pp. 87, 88. 
PHYSICAL \lURVEY OF PROVIDEN(.;E HARBOR, R. 1., p. 18; 

of New York Harbor, pp. 26, 27. 
PICKERING'S ISLA.ND, p. 14. 
PILOT HILL, C.A.L., p. 57. 
PINE HILL, CAL., p. 57. 
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PINE LOG MOUNTAIN, GA., pp. 42, 43. 
PINE POINT, LONG ISLAND, p. 22. 
PINNACLE, S. C. Signal nt, p. 44. 
PLACENTIA BAY, p.17, 
PLATES COMPLETED, CONTINUED, OR BEGUN, DURING 

THE YEAR 1874-'75. Engraving Division. See Appendix 
No. 5. 

PLATT BANK DISCOVERED OFF COAST OF M.AINE, pp. 7, 
16, 17. 

PLATT, ROBERT, ACTING MASTER, U.S. N. Services in Sec. 
tion I, p. lfi; notice given of sunken wreck off B.arnoga.t, p. 29; 
sen· ices in Section VI, pp. 38-4 t; Hydrograpbic Divitiiou, Coast Sur
vey Office, p. G7. 

PLEASAXTS, E. B., AID. Services in Section II, p. 29, and in 8-0c
tion IX, p. 49. 

PLUM GUT BEACON. PUBilian dete,.mined, p. 20. 
PLUM ISLAND, LON"G ISLA.ND SOUND, N. Y. Bydrograpby 

near, p. 21; changes in shore of, p. 22. 
PLUM ISLA.ND LIGHT-HOUSE. PD8ition determined, p. 20. 
POINT A DAMS, p. 62. 
POINT AREX A, CAL., pp. 54, 59. 
POINT CA.BRILLO. CAL., p. 58. 
POINT CAVA I.LO, CAL. Soirndinga olf, p. 56. 
POINT DUMA, CAL., p. 51. 
POINT GOHUA, CAL. Hydrograpby of, p. 51'. 
POINT .TUDITR, p. 2'2 
POI:S'l' PlNELOS. TrU.ngulation of Tampa Bay, Fla., resumed at 

P· 3~. 
POI:ST SAINT GEORGE, CAI,. Copy of survey of, forwarded to 

the Light-Bouse Board, p. 60. 
POINT l:IAX LUIS, CAL. Three sunken rocks dangerous to nan. 

gation near, J>p. 7, 54. 
POINT SUR, CA.L. '.J.'opography of. p. 54; w-reck of the Ventura 

on rocks north of1 p. 55. 
POLARIS. Observations <>D, PI>- 23, 24, 43, 44. 
POND ISLAND, p. 14. 
PONQUOG UE LIGHT-HOUSE. Position determined, p. 20. 
PORT ETCHES, ALASKA. Observations at fol' latitude, time, and 

a:zimuib, p. 65. 
PORT HENRY, N. Y., p. 24. 
PORT JEFFERSON, LONG ISLA.ND SOUND. Survey of, pp. 

2~,23. 

PORT MOLLER, .ALASKA, p. fi:l. 

PORT MULGRA VE, ALASKA. Evidences of tbe murder of a 
boats' crew in 1870 at1 p. 65. 

PORT PENN, D~LA WARE EAY, p. 29. 
PORT TOWNSHEND. Tidal observations at, p. 64. 
POTOMAC RIVER. Triangulations near Wa.shi.nj:t.on City a<:rD8s 

the, p. 32. 
POTTERSVILLE, MASS., p.18. 
POW ALKY, C. Computing Division, CoMt Survey Office, p. 67. 
PRA.IHIE DU CHIEN. Reoonnaill!lance in Wil!()()nsin near, p. 48. 
PRATT,J. F., AID. Services in Section II, p.!13, aod in Sectioo VII, 

p. 42. 

PRETTY M.ARSH HARBOR, pp. u, JJ. 
PRICE'S INLET, S. C., p. 35. 
PRlMARY TRIA..NGULA.TION OF GEORGIA., p. 43, 
PRISONER'S HARBOR, C.A.L., p. ~2. 
PROMONTORY SPUR, Pacific coast, p. 57. 
PROVIDENCE, R. I. Bequest fr>r onrvey by olvil authoritiea of, 

pp.18,1<'7. 

PROVIDENCE HARBOR, :R. I. Sooncling11 in, p.11; Physical Sur· 
vey of, pp. 18, l!I; Call for S11rvey of, p. 27. 

PUDDING CREEK, CAL. CIOB6d during dry ll&al!Oll, p. 59. 

Q. 

QUIMBY, PROFESSOR E. T. Triangulation ln N&w llilmp&hire, 
p.16; conferenee rel.At.iv& io New York bowulary triangnlation, p. 
!13. 

QUINNIPIA.C. Speclal SurTey of Drummond's Bank in th&, p. llO. 

R. 

RACE POINT LIGHT-HOUSE. Position determined, p. 20. 
RAGE ROCK LIGHT-HOUSE. Under oonatrnctl-00; poeition de. 

iermined, p.1i0. 

RAGGED .MOUNT.AIN, ME. HeJ.illt:abo"l'e tide--ter-tained, 
pp. 15, 16, 23. 

RAU, W. H. second nP.siata.nt photographer on ex:pedition to ob
serve the transit of T"enns at Chatham Isla.ud (see .Appendix No. 
14,) pp. 231-248. 

RAYNOLDS, GENERAL. Light.house engineer at Phil.odelphia, 
p. 30. 

RAY, W. P., MASTER, U.S. N. Services in Section IV, p.35. 
RECOXNAISl:IANCE, in Xew Jersey, p. !J8; along the Elue Ridge, 

Va., p. 38 ; in Alabama, p. 44; and in Kentucky, p, 44. 
RED BLUFF, near entrance Ill Hombol<1t Bay. p. 5ii. 
REDDING'S IWCK, CAL., 94 fe<Jt out of water, pp. 60, ~l. 
REEDY ISLA.ND LIO HT-HOUSE, p. :29. 
REPOitr t::"PON ELECTROTYPING AND PHOTOGRAPHING 

(see Appendi:<: No. 61, pp. 87. F<l; upon the telegrapbicdetermination 
of the longitude of Koy West (Appendix No. 9). p.139-156; on 
Mount Saint Elias, Alaska (Appendix No. 1()), pp. l!\7-li;B; on 
rooe11t obBerv.ations at Sout-h P.a.e.s Bar, Miuissippi River (A..ppen· 
di" No. 11), pp. 18!J...19:l; on the Transit of Venus expedition w 
.Japan, 1874 (Appendix No.13), pp. 222-l!30; on the Trmneitof Venn• 
<'Xpedition !"Chatham Islaud, 1874 (Appendix No. H), pp. Q31-2f8; 
on certain harbor and river improvement.a of China1 E_gypt, Itlay, 
Bolland, and Great Br;tain (Appendix No. 18), pp. 293-3H. 

RESEARCH (.1mhooner). Us-e of, in Section 11, p. 26-1 and in Section 
VIII, pp. 45, 4(;. 

RESE..iRCHES, METEOROLOGICAL, for the use of tbeCoa.•t Pilot. 
(•ee Appendix 20), pp. 3'39-412. 

RIIODE IS I, AND. Survey of coast of, p. 12. 
RICHARDSON'S BAY, CAL. Soundini:s olf of, p. 50. 
R!CK.o\RD, \\'. W. Ha~boroommissionerof Proviilence, R. I., p.18. 
RING, F. W., AID. Services in Section I, p.15, and in Section VII, 

p. 42. 
RIO G RA.KDE. Character of soundings between South west Pass 

and, p. 41. 
RITTENHOUSE, H. 0., MASTER, U.S. N. Service.in Section VII 

p. 42. 
ROA.NOKF: ISLAND. Station establlshed on west oide of,p. 34. 
ROA.NOKE MARSHES LIGHT-HOUSE, \"iaited by A..Sllistant Fair·. 

field, pp. 33-35. 
ROCKS IlRVELOPl!;D, pp. 7, 16; atentraneetoGardiner'a Bay, p. 21: 

B<>eba l~ck:, Long Island Sonnd, p. 2~; in Tampa Bay, p. 40; in 
San Lui• Obispo Bay, p. 5-4; olf Point Sur, p. :,5; Noonday Rook, 
p. 55; off Cape. Mentlocino, p. 56; in the anchorage of Crescent 
City Harbor, p. 61; abr"""'t of Califomia and Oregon State line, l" 
~l. 

ROCK HARBOR, p. ~t. 
ROCKWELL, C., ASSIST A.:NT. Topography of Point Sor, Cal., PP· 

~4. 55; survey of Colo OJ llia River, p. 63. 
ROCKY BLUFF, CAL. Rocks developed ao11th of, p. 54. 
ROCKY POINT, CAL. Completfon of coast triangulation between 

Klamath River Rnd, P- 60. 
RODGERS, A. F., ASSISTANT. Rela'.ive to rocks off Cape Mendo· 

cino, p. 57 ; topogra.pby of oO&Bt of California, pp. 58-60 ; eur\"'"ey ol 
Noonday Rook by, p. 55. 

ROME, GA., p. 43. 
R03E (cutter). Uoe of, in Section It, p. 30. 
ROUSE'S .POINT, N. Y. Latitud" and atimnth At, pp. 23, 24. 
RUMP~'. G. Computing Div!eion, Coast Survey Office, p. 66. 
RUSH, R., LIEUTENANT. U.S. N. Servfoes in Sediou l, p. 12. 
RUSSI.AN RIVER. Closed during tbe dry s"""°a, p. 59. 
RYNDERS, HENRY. Seaman of the Endeavor; honorable mention 

of, p.28. 

s. 

SACHEM HEAD, L. I., p.22. 
S.A.EGMULLER, G. N. Iutrnmeut-maker, Co"8t Snrvey Office, 

p. 69. 
SA.GADAHOCK (steam-launch). Use of, in Sootioo I, p. 1~. 
SAINT ANDREW'S POIYT, FLA., p. 42. 
SA.INT AUGUSTINE, FLA.. Coast bydrograpby near, pp. 37,38. 
SA.INT AUGUSTINE HARBOR, "FLA. Increase in depth of 

channel, pp. 7, 37. 
SA.INT CHARLES BAY. Development of, p. 49. 
Sa.INT CLA.IR COUNTY, ALA. Mineral springs found in, P· H. 
SAINT GEORGE, ALASKA, p. 65. 
S.A.INT GEORGE ISLA.ND, FLA. Tide-ga.age established In· 

ahore o.f, p. 4ll. 
SAINT HELEN.A. SOUND, S. C., p. 36. 
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SA.IN'[ JOSEPH'S BAY, FL.A.., p. -~. 
SAINT LOI:IS, MO. Triang11Jation near, p. 48. 
SA.INT PAUL ISLAND, of tbePribyloft"wonp, AlN1ka, p.65. 
SAINT THOMAS, WEST INDIES. Tidad. observations at, p. 41. 
SAINT VINCENT ISL.A.ND, FLA., p. 42. 
SALISBURY COVE, p. 13. 
SALMON CREEK, north of Bodega Head, Ci.I., p. 59. 
SALT LAKE CITY,p.51. 
SAN .A.NTOYJ:OBAY,p.49. 
SAN .ANTONIO CREEK, p. !Xi. 
SAND HILL STATION. Observations for azimuth at., p. 59. 
SAN DIEGO, CAL., pp. 51, :>!. 
SANDS' POINT, p. 13. 
SANDY HOOK. Propoaed tide-gauge at, p. 28. 
SAN FRANCISCO, OA.L. Offioo work at, p. 53. 
SAN LUIS OBISPO, CAL. Hydrugraphy of, pp. 53, M. 
SANNAKH REEFS. Ob&ervatfons for determining the position 

and dangers of, p. 65. 
SANTA BARBARA GROUP OF ISLANDS, pp. 5!2, 53. 
SANTA BARBA.RA. CHANNEL, p. 51. Triangulation acroaa, p. 53. 
SANTA CATA.LIN.A. ISL.A.ND,C.A.L.,p.5Q. 
SANTA CRUZ ISLAND, CAL. Submarine <>anon developed off of, 

p. 7; topography of, pp. 51, 52; hydrograpby around, p. 52. 
SANTA MONICA BAY,CA.L.,p.51. 
SARA.TOGA., N. Y., p.23. 
SAUCELITO, CAL., p.W. 
SA V .A.GE, E. C. Survey of Sew Haven Harbor, p. 20. 
SAVANNAH RIVER, G .A.. Hydrography of, p. 36. 
SA. YBROOK HARBOR, CONN., p. 22. 
dCH.A.EFER, H. W., MA.STER, U. S. N. Services ln Section VII, 

p. 42. 
SCHOONERS REQUIRED FOR COAST SURVEY DUTY, p. 1. 
SCHOTT, ARTHUR. Charge of library and clerical work in Draw. 

ing Division, Coaat Survey Office, p. 68. 
.SCHOTT, CHARLES A.., ASSIST A.NT. M:agnotic Dboervationa on 

Caplt.ol Hill, WMhington, D. C., p. 32; in charge of Computing 
Dlvi8l.on, Cooat Survey Office, p. 00; relative to Atlanta b"'"'·llne 
p. 67; report upon the telegraphic determination of the longitude of 
Key Weat (see AppeDdix No. 9), pp.139-156; terrostrial magnetism• 
instruetiond for magoetiaal obeerV'!>tione iBOO Appendix No. 16). 
pp.1154-~8; the cloaing of a circuit of triangnhti<>n (see Appendix 
No. UJ, pp. 2'79-992. 

SCHUMACKER, PA.UL. A.gent of the Smithsonian Institution• 
p. /;3. 

SCHUYLERVILLE, N. Y., p. !13. 
SCHUYLKILL RIV.ER. Survey for placing beaoone at entrance 

to, pp. 29, 30. 
SCORESBY (schooner}. Uoe of, in Section L p. 13, and in Section Ill, 

pp.31,Jll. 
SCOTT, ALBERT H., AID. In party llellt to observe the transit of 

Venus at Cbatham Ieland, p. ~ (!lee Appendix No. 14), pp. 231-248. 
SEA ENCROACHMENT A.T HUNTIYG ISLA.ND, S. C., p, 36. 
SECTIONS OF WORK .A.S ARRANGED IN REPORT. Section 

I,pp. Ul-19; Sootlcmll,pp. 19-.'!0; Section III, pp. 31-33; Section 
IV, pp. ~; Sootion V, pp. 3S-3'7; Section VI, pp. 37-41; Section 
vn, pp. 41-45; Section VIII, pp. -45-19; Sectioa lX, p. 49 ; Section 
X, pp. 50-62; Seotion XI, pp. ~; Section Xll, pp. 64-00. 

SEDGINOT, p. 13. 
SEEBOHH, LOUIS. Chief photographer on expedition sent to ob. 

oerve the tmuait of V&nua •t Chatham lsland (see Appendix No. 
14), pp. liSl-248. 

SEEKONK RIVER AND PROVIDENCE B.A.RBOlt. Special anr. 

""Y" "~ PP· 11, 18. 
SElllIDI ISLANDS. Obeervatlone for latltnde and azimuth •t, 

p. 115. 
SENGTBLLER, A. Engraving Di'l"lsi<>11, Coast Survey 01!!00, p. 88. 
SBNGTBLLER, L. A.., ASSIST.ANT. Hydrography of San Lula 

Obi&po Bay, Cal., pp. 53, 54; aorv&y of Ten Hile River, O.U., p. 59. 
SET.A.Ull'.ET RA:RBOR, p. !II. 
SEW A.LL MOUNTAIN IN TBE REGION OF THE KANA. WB:A 

:River, Va., p. 33. 
SEWELL, W. B., ENSIGN, U. S.N. Ser .. lces in S&ction VIII, p. 47. 
BHALEB, PllOFESSO:R.N. S. State geologbt oC Kentucky, p.44. 
BBEJtTS. Origblal topographle, regiat<lnd in the Ar<lhlV<>I! of the 

Ullited Sfat6a Cout Sarvey from January, 1834, t.o July, 18'1!1, 
NO& 1 to 13'18, lnclaeive (- A.ppandb: No. 7) pp. S!J-11'; original 

bydrogre.pbic, registered in the Archives of the United States Coast 
Survey from .January, 1835, to J u1y, 18751 Nos. 1 to 1244, inclusive 
(see Appendix No. 8), pp.115-138. 

SHE~'FIELD SCIENTIFIC SCHOOL, CONN., p. 20. 
SHEFFIELD ISLA.ND HARBOR, p. 22. 
SHELBURNE BAY, p. 25. 
SHELTER COVE, CAL .. p. 59. 
SHELTON COVE, CAL., p. 58. 
SHEY ANDO.A.H RIVER. Triangulation in Virginia, p. 33. 
SHETUCKET RIYER, CONN., p. 19. 
SHIDY, L. P. Tidal Diviefou, Coast Survey Oflke, p. 67. 
SHOAL POINT, Pamplico Sound, N. C., p. 35. 
SHOALS DEVELOPED. Section I, p.15; a,t entrance toGardiner'a 

Bay, p. 21; off Block Island, p. 21; between Pine Point and Oyster 
Pond Reef, L.I., p.22; off South Fara.lion Ieland, p.!55. 

SHOA.LW ATER BAY, p. 62. 
SHORE-LINE SURVEY OF LAKE CHAMPLAIN, p. 24. 
SHUBRICK (cutwr). Dao of, fo Section X:, V· 55. 
SHUMAGINS, ALASKA, p. 65. 
SIEBERT, S. Engraving Division, Caoot Sarvey Offi<>e, p. 68. 
SIGSBEE, C. D., LIEUTENANT.COMMANDER, 'G. S. N. Deep· 

sea B-Oundings off Caahe's Ledge, p. HI; bydrographic survey at 
mouths of the Mississippi River, pp. 45, 46; bydrography of Gulf of 
:Mexico, pp. 46, 47. 

SILLIMAN (schooner). Use of, in Secti<>n I, pp. 13-16, and in Sec 
tion VII, p. 42. 

SINCLAffi, C. H., AID. Services in Section II, pp. 25, 3(1. 
SIPE, E. H. Engraving Division, Coast Survey OHke, p. 68. 
SISTER ROCK, CAL., p. 60. 
SITKA, AL.A.SKA. Coast rooonn1Lissance at, p. 64. 
SKITT MOUNTAIN, GA., p. 43. 
SWOP POINT, JAMES RIVER, VA.., p.31. 
SMITJI, EDWIN, SUB.ASSIST A NT. Chief of party sent to observe 

the tram:iit of Venus at Chatham Isla.ud, .Pa<Sitio Ocean, p. 9; report 
of observations at Chatham Island, 1874 (see Appendix No. 14) 
pp. 231-248. 

SMITHSONIAN INSTITUTION. FacilitJ.&a of transportation af. 
forded to observers for, p. 53. 

SMITH'S RIVE.R ENTRANCE, pp. 60, 61, .ia, 
SNOW MOUNT.A.IN, CAL., p. 57. 
SOME~ET, MASS., p.18. 
SO'GTHAMPTON SHOAL, CAL., p. 56. 
SOUTH BAY, LA.KE CHAMPLAIN, p. 25. 
SOTTTH BAY, ME., p. 15. 
SOUTH BUTTE, CAL., p. !Xi. 
SOUTH CAROLIN A. Survey e>f cout and -water cbaonels, in· 

eluding aounde, harbors, and rh-ers. Section V, pp. 3!'>-37. 
SOUTHEAST llEACON, SAVANNAH RIVER, GA., p. 36. 
SOUTH FAR.ALLON. .Rook developed o:ft', pp. 7, 55. 
SOUTH PA.SS BAR, MISSISSIPPI RIVER. Report on ree,,nt ob. 

aerva.tions at (aae Appendix No, 11), pp. 18!1-193. 
SOUTH PAS..~ OF THE MISSISSIPPI RIVER. ApJlropriation 

for deepening, pp. 45, 4fi, 47. 
SOUTHWEST KEY, formerly on the coa.at of Florida, now under 

water, p. 39. 
SOUTHWEST SPIT, NEW YORK HA.BBOR, p. 'in. 
SPAULDING, J. G. Tidal observations at North Haven, Me., con 

tinned, p. 15. 
SPEAR MOUNT KIN.VA., p. 33. 
SPECIAL SURVEY OF UR.ANEY ISLAND, VA., p. 31. 
SPEEDWELL (schooner). Uoe of, in Sootion VI, pp. 39, 40. 
SPRANDEL, J. Hydrographlo Dlviei.on, Coaat Survey Office, p. llT. 
SPRING GREEN, WIS., p. ~9. 
SPRUCE llEAD, p. H. 
STAR ISLAND. Rook developed between Half-way Rock and, p.16. 
STA.TEN ISLA.ND. SnM"ey ID vieinlty of, p. rl. 
ST.A.TE !:!PRING, I«>CXINGHA.U: COUNTY, VA.., p. 33. 
STATION MARKS. Inapeotion of, in vicinity of New York Har-

bor, pp. ll5, 26. 
S'.r.ATISTICS OF J?IELD A.ND OFFICE WORK of th& United 

State& Coast Survey, dnrinl!" the year eoding December 31, 1874• 
(see Appendix No. ll), pp. 'l9, 80. 

STEADFAST (eloop). tr"" <>f, in Section VI, p. 38. 
STEAMERS REQUiltED FOR COAST SURVEY USE, p. l. 
STEA.:RNS, W. H., AID. Serrioea In Seeti<>n I, p. lS. 
STEEP BROOK VILLA.GE, MA.SS., p.18. 
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STEINH.A.TCHEE RIVER, WEST FLA., p. 41. 
STEWART, C. SEAFORTH, LIEUTENANT-COLONEL U. S 
Co1~s of En¢.neers. Engaged in removal of Noonday R~k, off 
Oregon coast, pp. 7, 8, 55. 

STEW ART, G. A. Divioion of Charts and Inetromentl!, CoBSt Sur
vey Office, p. 69. 

STONINGTON HARBOR, CONN., p. 22. 
STOTT, F. H., VICJ<;.coMMODORE, of Brooklyn Ya.eht Club, cour

tesy a.nd servic.e extended to office.rs engaged in survey of Long 
Island Sound, p. 21. 

STUMPY POINT, coaat of North Carolina, p. :l3. 
SUBMARINE CARON developed off Santa Crnz Island, Pacific 

oo""t, p. 7. 
SUESS, W. Mechanician iu Coast Survey Office, p. 69. 
SULLIV A.N'S ISLAND, S. C., p. 35. 
SULLIVAN, ;J.A., ASSISTANT. Triangulation, LooglslaodSoond, 

N. Y., pp. 20, 21; triangulation, topography, and hydrography in 
Delaware River, pp. 29, 30. 

SUNKEN ROCKS opposite !J<Jundary Jin~ of California and Oregon, 
p. 7. 

SU1'"KEN VESSELS dangerous to navigation, off Barnegat Bay, p. 
29; ah<>ve the bar in Schuylkill River, p. 30; wreck of Flying 
Dragon, San Francisco Bay, p. 56. 

SURVEYING PARTIES upon the Atlantic, Gulf, and Pacific coasts 
of the United States, during the surveying season of 1874-'75. 
Distribution of (see Appen<lix No. ll, pp. 73-78. 

SURVEY OF HACKENSACK RIVER, N. J., p. 25; Great South 
Bay, Long Island, N. Y., p. 28. 

SWATARA(U. S. ship). Use.of, for transportation of Transitof, Ve· 
nus party to Chatham Island, p. 9; see, a!Bo, Appendix No. 14, pp. 
231-2!!3. 

T. 

TA.INTER, SUMNER, instrument-maker to the expedition to ob
serve the transit of Venus at Chatham Island, 1874 (see Appendix 
No. 14), pp.1!31-248. 

TALCOTT, GEORGE, LIEUTENANT, U.S. N. Services in Sec
tion X, pp. 53, 62. 

TAMP A BAY. Sonndings on bar snd channel, p. 7; rock developed 
southwest of Gadsden Point. iu, pp. 7, 3@, 39; survey of, p. 39; hy
drography of entrance to, p. 40. 

TA.PP--1.N, CHARLES. Magnetic observations at Lavender Mount· 
ain, Ga.., p. 43. 

TASilU A. STATION, p. 23. 
TAUNTON RIVER. Triangulation of, p. 2, survey of, p. 18. 
TAYLOR, H. C., LIEUTENANT-COMMANDER, U.S. N., ASSIST· 

ANT. Hydrography around" Santa Cruz I.land, CaJ., pp. 52, 53 ; 
surV6y of shoal otf Farallon light-house, p. !i5; inshore hydrography 
frow False Klamath, Cal., to Mack's Arch, Oreg., pp. 60-62; hy
drography between Chetko Cove and Mack's Arch, p. 6:1. 

TELEGRAPllIC DETERMINATION OF THE LONGITUDE OF 
KEY WEST. Report upon the (see Appendix No. 9), pp.139-156. 

TEN-MILE RIVER, CAL. Top<>graphy north and sooth of, pp. 
58, 59; olosing of, dnring dry aeaBOn, p. 58. 

TENN ANT'S HARBOR. Height a!J<Jve tide-water aacerta.ined, p. 
15. 

TEN1''"ESSEE :RIVER. ltooonnai88a.noo in the vicinity of the, p. 44. 
TERRACEIA BA.Y, FLA.. Hydrography of, p. 39. 
TE:R.REST:R.IAL MAGNETISM. Instr11ctions for magnetioal ob-

t1et"1·atione (see Appendix No. 16), pp. 254-278. 
TEXAS. Survey of Golf COBSt of. ineluding baya and rivers, Sec

tion IX, p. 49. 
THAMES RIVER, CONN. Snrvey of Rhores of, pp. 2, 19. 
THE CLOSING OF A CIRCIDT OF TRIANGULATION (aee 

.Appendix No. 17), pp. 2711~ 
THOMAS, :M:. Tidal Diviaion, Coa.at Snrvey Oftlce, p. 67. 
THOMPSON, J. G. Engraving Division, Coast Snrvey Offioe, p. 68. 
THOMPSON, W. A.. Engraving Division, Coast Snrvey Office, p. 68. 
THOMSON, SI& WILLI.AM. Ull<l of his deep-sea-aonnding appa. 

ratua, pp. 12, 46. 
TliltOO'S NECK. Propoeed tlde-pnge at, p. 28. 
TICONDEROGA, N. Y. Special aurvey of old fort and vicinity, pp. 
!H,~ 

TID.A.L DIVISION, COA.ST SURVEY OFFICE. Olll.001'8 of, p. 67. 
TIDAL OBSERV .A.TIONS, p. 2; at New York Harbor, p. 8; at Pen

obecot entrance, p.15; at Boston, pp. 2, 17 ; at Monomoy, ¥11811, p 
1'1; al: Provid&noe, B.. L, p, 19; •t G9Yernot'e Ialand, New York 

Harbor, p.27; at Brooklyn, p. 28; propos.ed at Sandy Hook and 
Throg'e Nook, l'· 28; a.t Delaware Cit.y, p.30; at ~e..- Castle, Del., 
p. 30; at Collins1 Beach, Del., p. -30; at Fort.resr.t Mon roe, Va., p. 31 ; 
at James River1 Va., p. 3'2; at Pa.mplico light-housc1 N. C., p 35; at 
Savannah, Ga., pp. 361 37; at Saint Thomas, W. I., p. 41; at Sa.int 
George Island, Fla., p. 42; at ·west Pass, p. 42, at Xew Orleans, 
La.., p. 48; at Fort Point, Cal., p. 56; at Astoria, p. 63; at Port 
Townshend, p. ti4. 

TIDES IN NEW YORK HAltBOR Discussion of (""e Appenrtix 
No. 12), pp. 194-221. 

TILLAMOOK BAY, p. 62. 
TILLAMOOK HEAD, p. 62. 
TIMES OF A SET OE' OBSEHV ATIONS. I>esciiption of an ap

paratus for recording mean of (Mee Ap1>cndix Nu. 15), pp. 24:1-253. 
TITTMAN,O. H., SDJlASSISTANT. On expedition to o\Jsen·etb~ 

transit of Venus, 1874, pp. 8, 9; a.nd triangulation across the Santa 
Barbara Channel, p. 53. 

T9M'S RIVER, N . .J .. p. 28. 
TOPOGRAPHIC SHEETS, original, registered in the Archi¥es of 

the United States COBSt Snrvey from January 18J4, to July, 1875 
(Nos. 1 to 1378, inclusive) {see Appendix lT o. 7), PP- 89-114. 

'l'OPOGRAPHY of Mount Desert Island, p. 12; of Eggemoggin 
Reach1 Me., p.13; of islands in Penobscot lfay, p. 14; a.bov-eCastine, 
Me., p. - ; near Bucksport, Me, p. 14; of Bagatlnc<' River, p. lo; 
alon,e upper ahore of Great Sonth Ray, Long lslandt X. Y ., Jl. 28; of 
Barnegat Bay, p. 28; in Delaware River, p. 29; of Crane)" Island, 
Va., p. 31; of snores of J1&mes River, p. 3l; of Pamplico Sound, p. 
34 ; of Bull's Bay, S. C., p. 3:>; of Tortuga.s, Fla., p. 3il; of I'epper 
Keya and Ocilla River, }.,la., p. 41; in vicinity of New Orleans, La.r 
p. 47; at Newport Bay, near Point Lasuen, Cal. 1 p. 51; of Santa 
Crnz Island, Cal., p. 51 ; of Point Sur, Ca.I., p. 54; near 1.1en-Mile 
River, Cal., p. SB; near N ellalem Ri"V"er, Oreg., p. 62. 

TORTUGAS HARBOR AND REEF. Bydrography of, pp. 4, 6, 
39,47. 

TORREY (schooner). Use of, in Section VII, p. 43. 
TRANSIT OF VENUS. Relative to parties sent to observe, pp. 8, 

9; return of officors to duty <m coast survey, p. 50; expedition to 
Japa.n, 1874, report on (•ee .Appendix: No. 13), Pl'· 222-230; expe· 
dition to Chatham Island, 1874, report on (see Appendix Ne>. H), pp. 
231-1148. 

TREASURY DEPARTMENT. Relative to the engraving of Cen
tennial stock certificate fornseof the, p. fi8; seeAppendixNo.6. p. ~1. 

TRIA.NGL"LATION. The closing of a circuit of (oee Appendix No. 
17), pp. 279-292; tria.ngnla.tion in New Hampshire, p.16; in Long 
Island Sound, p. !!O; on New York lxmndary-line, p. 23; in Dela
ware River, p. 29; in Virginia, pp. 32, 33; of Pamplico Sound, N. C., 
pp. 33, 34 ; of the Tortngas, p. 38 ; In Georgia, p. 42 ; primary, in 
Georgia,p.43; in Missouri,p. 48; at Newport Bay, Cal., p.M; across 
Santa Barbara Channel, p. a3. 

TRINIDAD, CAL., p. 58. 
TRINIDAD HEAD, CAL., p. 59. 
TROY, N. Y., p. 23. 
TURTLE MOUND, coast of Florida, p. 38. 
TYBEE LIGHT-HOUSE, GA., p. :W. 
TYBEE ROADS, GA., p. 36. 
TYLER, G. W., LIEUTENANT, U. S. N. Senices in Section X, 

pp. 53, 62. 

u. 
UN A.LASHKA, ALASKA, pp. 65, ll6. 
UNITED STATES .AND CANADA. Stations on bonndary-line 

betwoen, p. 23. 
UNITED STATES COAST SURVEY ARCHIVES. Original wpo· 

l(r&phio sheete from ;January, 1834, w July, 1675 (Nos. I to 1378, 
inolusivo,) registered in the (see Appendix No. 7), pp. 89-114 . 

UNITED STATES COAST SURVEY ARCHIVES. Original hy
drographic sheet.I from ;January, 1835, to ;July, 181fi {Nos. l to 1244 
inclaaiV6), registered in the {see Appendix No. 8), pp. lli>-130. ' 

lJRS..£ MINORIS. Obs&rvations on, pp. 23, 24. 
USSEL CREEK, NEAR SHELTER. COVE, CAL., p. ~9. 

v. 
V AC.A. STATION, CAL. RooonnaillllBD<>• <>f PiMJifio coaet, pp. 56, ::i7. 
VAL HERMOSA,ALA. White Sulphur Spring, noted for its 

qualities at, p. 44. 
VAN ORDEN, C.H., A.ID. Serriceo in Sedtlon VIII, pp. 47, 48. 
V .A.RINA (eohooner). Use of, in Section VIIl, pp. 45-47. 
VENTO BA (steamship). Loao of, on roo.ka north of Point Sur, p. 55. 
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VENUS, TRANSIT OF. Arrangements for observing, pp. 8, 9 ; re.. 
port of expedition to Japan for observation of ~see Appendix No. 
12), pp. !12-2-230; report of expedition to Chatham Island for obaerva.· 
tion of (se1; Appendix No. 14), pp. 231-248. 

VERMILLION BA.Y, LA. Survey of, p. 45. 
VESSELS REQUIRED FOR COAST SURVEY USE, p. l. 
VINAL. W. I., SGBASSL'\TANT. Services in Section II, p. 29, and 

in Seation IX, p. 49. 
VIOLET (light-bouoe steamer). Use of, in Section IL p. 3~. 
VIRGINIA. Survey of COB.Rt and bays, including seaport& and riv. 

ere, Section Ill, p. 31; triangulation in, p. 32. 

w. 

WADE'S POINT, N. C., p. 34. 
W AINW.RIGHT, D. B., AID. Services in Section II, p. 20, and in 

Sectic>n Vl, p. 40. 
WAINWRIGHT, RICJIARD, LIEUTENANT, U. S.N. Servlcesin 

Section IX, p. 40. 
w ALKER'S Pmm, Jl· l~. 
WALTER, ELL ~VOOD, President of .American Benevolent Life. 

Saving Sooiety ot' ~ew York. Transmitting reward to Henry 
Rynd~rs, seaman, for saviag life., p. 28. 

WASHINGTON CITY,D.C. Magnetic observations at,p.32; tri
angulation across the Potomac River near, p. 32. 

WASHINGTON TERRITORY. Coast of, including interior bays, 
PQt't.8, aDd riveJ.·e, Section XI, pp. 62 to 6'4, 

WEASEL STATION, NEW YORK HARBOR, pp. 25, 26. 
WEBBER,J'. P., .A.SSISTAKT. Survey in North Georgia, p. 42; re

COUDaissance in .Alabama, p. '44. 
WEEDE:K, LIEUTENANT. Serdces at Noonday Rock, nnder 

Lieutenant-Colone-I Stewart, pp. 7, 81 55. 
WEIR, J. B., AID. Services in Sootion I, p, 19; in Section II, p. 26; 

and in Section VIII, p. 45. 
WERDEN, REED, RllAR-A.DMIRAL, U. S. N. Service rendered 

parties engaged in snrve:y of Thames River, p. 19. 
WERNER, 'I'. W., .ASSISTANT. Compnting Division, CoaatSnrvey 

Office, p. 66. 
WEST BANK CHANNEL, NEW YORK HARBOR. Resurvey 

of, p. 27. 
WEST BLUFF BAY, west side of Pamplico Sound, N. C., p. 34. 
WEST BROOKVILLE, p. 15. 
·wESTD.A.HL, F., A.ID. Services in Section X, p. 54; in Section X, 

pp. 56, 57; in Section XI, p. 63. 
WESTERN BAY, MOUKT DESERT ISLA.ND, ME., p.12. 
WESTERN FLORIDA.. Survey of Gulf coa.st and Sounds or, Sec-

tion 'VII, p. 41. 
WEST PA SS, FLA.., p. 42. 
WEST 'VIRGINIA. Reconnaissance in, p. 44. 
WHALER ISLA.ND, CAL. Rocko developed southwest of, p. 54. 
WBALON'S BAY, p. 24.• 
WllANGAROA BAY, CHA.THAM ISLAND. Arrival of expedi. 

tion to oboerve the transit of Venne at, p. 9; see Appendix No. 14, 
pp. 231-248. 

WHEELER, LIEUTENANT, U. S.CorpsofEnglneero. E:xplaring 
expedition in Cahfornia under, p. 53. 

WlIITE, CAPTAIX, DAVID. Civil Engineer. Facilities extended 
oH!oors of the Coast Survey, p. 2f. 

WHITEHALL, LAKE CHAMPLAIN, pp. ll4, 25, 
WHITE HEAD LIGHT-HOUSE. Height above tide.water ascer. 

tained, p. 15. 
WHITE ISLA'!'ID LIGHT-HOUSE, p. 16. 
WHITING, H. L., ASSISTANT. Survey of Providence Ha.rbor, ex· 

penaes defr&yed by civil a.uth.orities, p. 18. 
WHITMORE'S ISL.AND, p. 14. 
WIGHT, J.M., ENSIGK, U.S. N. Services in Section V, p. 37. 
WILCOX'S WIIARF, J' AMES RIVER, VA., p. 32. 
WILKINS, G. F., LIEUTENANT, U. S. N. Navigating officer of 

the Swatara (see .A.ppenclix No.14), pp. 2.'ll-248. 
WILLENBUCHER, E. Hydrographic Divi•ion, Coast Survey Office, 

67. 
WIJ,LENBUCHER, W. C. Hydrographic Division, Coast Survey 

Otlica,p.67. 
WILLSBORO' ll.AY, p. !15. 
WILSON, AID G. H. St>rvlces in Section XI, p. 63. 
WILSON, L. Tidal oboervatioos at Astoria, p. 63. 
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REP()RT. 

COAST SURYEY OFFICE, 
H'"asld11gton, D. C., October 15, 1875. 

S1R: In accordance with law, I lrn\·e the honor to present my report showing the progres!l1 

during the year from July 1, 18U, to July 1, lSi;J, iu the surl'ey of tlle Atlantic, Gulf, and Pacific 
coasts of the United States. 

Field-work has been well ad\·ance<l in triangulation and topograpby, as will be seen by the 
synopsis in Appendix No. 1, which states the number of surve,riug parties and their distribution 
aloug the coast. 

The insbore hydrograpL.r, fa-.;ored by provision made in the last and the preceding Congress 
for the construction of se\•eral vessels, has been pushed as actively as the means allowed. 1\Iore 
are, however, needed, as was exphtined iu my report of last year, the laud-work being yet in 
advance of the inshore hy<lrography, and much remains to be done in the marine development off 
shore. 

On the Pacific coast, we ha\'e only one sea-going steamer; but the energetic naval officer in com
mand has already decreased the nrrearage in coast-soundings which was outstanding at the open
ing .of the year 1874. It is gratifying to record also that bydrographic progress on the Athmtic 
coast has profited by able discrimination at the Navy Department in the assignment of several 
accomplished officers. As yet., the provision for tllem in nssels adapted to the work is inadequate, 
but it will be kept in view as a duty to urge the construction of a few vessels in addition, to insure 
the completion of hydrography in all cases in the season in which provision is made for it by land. 
operations. ..Apart from tliis aim, and as explained in previous reports, most.of the smaller vessels 
used for prosecuting the coast-triangulation aud topography am wom out. Nine, used for several 
:rears merely as quarters, have been disposed of within the present year. The one last offered for 
sale, under the !'auction of the Treasury Department, was twenty-nine years old. Of the class of 
vessels here referred to, and all of wi.Jich ha\·e become useless by long service, none were built 
under the control of tlle Hydrograpllic Didsion of the Survey. l\[ost of them, unseaworthy for 
years, have served as nucomf-0rta0Ie quarters for parties workir.g near the.ports at which the bulks 
were laid op. 

The first direct provision hy Congress for means of transit at sea adapted to the requirements of 
the service took effect at the end of tbe year 1871, when two steam-vessels were lrnilt in accord
ance with plans furnished by the hydrograpltic inspector. Both of these vessels have justified my 
expectation in their construction. Snbsequent appropriation provided for the construction of sev
e1·al steamers and schooners, each of which, in i>lan and arrangement, bas been the sul!_ject of care
ful study in the office, based on foresight of the work in which the ve::;sct was to be employed, 
whether in deep-sea soundings, ordinary inshore hydrography, or in the development of compara
tively shallow bays and sounds along the southern coast. For efficiency in prosecuting the hydrog
raphy of the. Pacific coast, oaesteamer and two schooners a.re neetled, and two others are requisite 
to replace schooners that have been worn out in ser".iee on the Atlantic and Gulf coast. 

On the 1st of Octob~r, detailed estimates were submitted for continuing the field-work and 
hydrogra.phy of the coasts of the United States dnl'ing the fiscal year 18i6-'77. As heretofore, a 
oopy will be included in this report, preceded by a brief recapitulation, to show the assignment of 
Farties in the operations of the year ending June 30, 1875. In the botly of the report, more extended 
Jnention will be made of the several items of work prosecuted in the course of the year under the 
fol!owing heads: Sonntlings in the Gull of Maine; also, on Jeffrey's B:ink, Oashe's Ledge, and Jef-

H. Ex. 81--1 
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frey's Ledge; development of Platt's Bank, and of dangers to m1sigation near the Isles of Shoals; 
l'iUrvey of the northwestern part of Mount Desert Island and soundings in the adjacent waters; 
t(lpographJ of the shores and bydrography of Eggemoggin Reach; survey of numerous h;Jands 
near Isle au Hant and in the eastern part of Penobscot Bay, and of the hay-shore between Uastine 
and Bucksport, Me.; soundings in Penobscot H.iver 11ear Winterport; tidal observations at North 
Haven, on the Fox Islands, 1-,euobscot Entrance; determination of height and of co-efficient of ' 
refraction near Camden, -:Vle., and of geographical points by triangulation in New Hampshire; tidal 
observations at Boston na'l'y-yard; bydrogra1iby westward of Monomoy Peninsula, including the 
vicinity of Cllatham Roads; tl'iangulation and topographical survey of Tann ton Hh'er, :Mass., 
from Fall River to Somerset; special olJservations on currents and soundiugs in ProYidence 
Harbor and Seekonk Itiver for the use of harbor commissioners; surrny of the shores of Thames 
River, Uonn., a,nd soundings between the United States na,·al station and Norwich; topog
raphy of New Ha\en Harbor; determinations in position of light-houses at the east entrance of 
Long Island Sound; hydrography in that vicinity, and special examination for sailing-courses into 
the harbors between Point Judith and New York; survey of Port Jefferson and soundings in the 
adjacent waters; triangulatiou near the boundary-line between ::\Iassachusetts and New York; 
latitude and azimuth determined at Cheever Station, near l'ort Henry, at Uount Merino, near Hud
son, N. Y., and at Rouse's Point; shore-line survey and hydrography of Lake Champlain extended 
from J:.'our Brothers southward to Wbiteba11, including detailed stuYeys of the Yicinity of Crown 
Point an.I Ticonderoga; topography of the shores of Hackensack Uiver, N J.; angular meas
urements at Beacon Hill and Weasel l\fonntain; rneliminaries for determiuiug points in New 
Jersey; observations for deduciug transverse curves of velocity in the waters of Hudson Ri,·er, 
East River, and the main channel of ~"w York Harbor; tidal observations at that port; soundings 
in West Bank Channel and near Sonth .. West Spit in New York Bay; topography and bydrograpby 
of Great South !fay, Long Island, between Islip and Howell's Point; survey of the west side, 
and soundings through Barnegat Bay, N. J.; bydrography of the entrance and approaches to 
Little Egg H;ubo1·; preliminaries for determining points in the eastern part of Pennsylvania; 
triangulation and sounclings for light-house purposes in Dehiware Ri\'er at Liston's Tree rnd near 
the mouth of the Schuylkill River; magnetie declination, dip, and intensity determined at the 
standard station in "\Vashingtou City, D. O.; special topographical survey of Craney Island, Va., 
and soundings in the channel between it and the main shore; tidal observatio~ at Fortress 
Monroe; snr,·ey and h;ydrograpby of James Hh·er from S!oop Point npward to the Yiciuity of 
City Point, and of the Ohickahominy from Ship Yard upwaru to Forge Bridge; primary triangu
lation extended sonthwar1l along the lllue Ridge to 1''ork Mountain; reconnaissance from that 
station westward to the K:i.nawha; triaugulation of Pamplico Sound, N. C., completed and 
corrnected with the prirn~ry base-line on Bullie's Island; survey of the shores extended from 
Juniper Bay northward and eastward to the Roanoke l\f.trshes; hydrography of the sound extended 
from Shoal Point southward, including Yesocking Bay; detailed survey of the coast of Son th 
Carolina, and soundings through the water-pass:tges between 0 ape Romain and SulliYan's [sland; 
preliminaries fo1· tracing the altered shorn-line at Hllnting Island, S. 0.; hydrography of Sa\·aunah 
River from the bar upward to the head of Elba Island ; hydrography of tbe coast of Florida north 
and south of Saint Augustine; survey and sounding of the inland sea-water channels south of Mos
quito Inlet, including the head of Indian River; detailed survey of the Tortngas Islands and hydrog
rapby of the harbor and reef; triangulation and to1>ography of Tampa Bay and hydrography of the 
bar and approaches; tidal observations continued at Saint Thomas, West Indies; topography and 
bydrograplly of the western coast of Florida between Pepper Keys and Ocilla River; hydrography 
of the vicinity of Cape San Blas and of Saint Joseph's Bay; triangulation and reconnaissance west
ward and northward of the base-line near Atlanta, Ga.; latitude, azimuth, and magnetic elements 
determined at primary stations in that vicinity; preliminaries for determining points in the State of 
Kentucky; special shore-line survey and hydrograpby of the mouths of the Mississippi; observations 
on density and relative to the volume of water-discharge; the bar and approacbe~ to the delta 
sounded, and deep-$ea lines of soundings run in the_ Gulf of Mexico ; topography of the Mississippi 
above New Orleans; triangulation in Missouri extended westward from Saint Louis to the vicinity 
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of Gasconade UiYer; reconnaissance for intervi&ible stations near the Ohio l{frer; mca;rnrement of 
base-line at Spring Green, "\Vis., prnliminar.v to the determination of points in Wisconsin; and b,y
!lrography completed in San Antonio, Jlilusquit, and .A.ransas Bays, Texas. Ou the Pacific coast, a 
detailed survey of the adjacent coast of California arnl deYelopment of the approaches and channels 
of Newport Bay, near Point Lasuen; topography of Santa Cruz lslau<l, and bydrography of its vicin
ity; triangulation across the Santa Barbara Channel from Gav-iota Pass; hydrography of San Luis 
Obispo Bay and de,·elopment of dangers to n:wigation near Point San Luis; special topographical 
survey of Point Sur for the Light House Board; foles and currents obscn·ed in San Francisco Bay; 
soundings between Yerha Bneua and Oakland and abreast of Sancelito ; development of a shoal off 
the South Farallon; buoyage of Xoonday Rock: inshore sournlings completed between Cape l\Ien
docino and Rocky Point; reconnaissance for interYisiblc stations from the Pacific coast across the 
Sierra Nm·ada Mountains to the vicinity of Austin, ~eY.; triangulation and topography north and 
south of Ten :Mile River, Cal, completing the detaile(l surrny uetwecn Point Caurillo a.ml Shelter 
Cove; disco\·ery and determination in position of a dangerous rock in the passage used by coasters 
between Blunt's Heef and Cape l\fendociuo; triangulation of the coast between Rocky Point and 
Klamath Hh·er, including tlrn vicinity of Hedding's Hock; inshore soundings extcnde<l along the 
coast of California from False Klamath northwaru to l\1ack's Arch, on the coast of Oregon; 
reconnaissance of the summit an<l re,gion of :Thlouu t Slinsta, as a center for triangulation ; topogra
phy of the shO\"es of Columbia Hiver, Oreg., extellCled from Oak Point to Smith's Island; tidal 
ollser•atio:1s at Astoria; tri:rngulation an<l topography of the coast from Point Adams south 
toward Nehalem River; detailed snrrn,y of the eastern shores of Duwamish Bay, W. T., includ
ing the town of Seattle and part of La,ke Union; tidal obscrrntions at Port Townsllend, W. 'f.; 
surveys of harbors on tlle coast of Ala~lrn, witll determinations of latitude: azimuth, the magnetic 
('le men ts, and obserYatious for correcting errors in geographical positions as nmv appear on charts, 
and for the height of l\Ionnt Crillon, l\Iouut Fairweather, Mount Saint Elias, aud other prominent 
laud marks on the coast of Alaska. 

Progress in office-work has been kept up to that of the field-work of the preceding season. 
Computations of the current geodetic, trigonometrical, and tidal observations have been dnly made, 
including the preparation of records and results for publication; tide-tables for the llrincipal portH 
of the United States for the ;rear 1876 IJa,-e been pa!Jlished; the drawing of fifty-four ch:iu-ts has 
been in progress, and of this numbH sixteen haYe been completed; twenty-nine sketches of har
bors on the coast of Alaska lJa\'e l>eeu drawn for pnlJlicatiou lJy lithography; eleYen new copper
plate charts have been begun, thirty-eight have received additions hy engraving1 and eleven lJave 
been completed. An aggregate of 14,000 copies of charts lrns been issued in the course of the year. 
The first volume of tlle Coast Pilot for the Atlantic Coast, giving sailing directions for harbors 
between Eastport and Boston, has been published, and a second edition, illustrated by charts, is in 
J>reparation. Thesecon<l ,·olume, comprising the coast from Boston to New York, is well advanced 
toward publication. 

ESTIMATES. 

The estimates for continuing the survey of the Atlantic and Gulf coasts of the Unite<l States 
are intended to provide for the fellowing progress: 

FIELD-womc.-To contiane the topogr:ll}by of tlJ_e western shore and island~ of Passama
quoddy Bay al}d its estuaries; of the coast and eastward of Penobscot Bay toward Narraguagus 
Bay; to finish work on tile islands and slrores of Penobscot Bay and Rh·er; to continue the 
determination of lteights at some of the principal trigonometrical points between Hoston aml the 

·Saint Uroix, and of co-efficients of refraction; to complete the IJydrography of Penobscot Bay and 
River, and contintle soundings in the ooast-approacbes eastward of Penobscot Bay; to continue l• 
topographical and hydrographie survey of Portsmo11tb Harbor; to make such additional triangn
Jation as may be reqnisite for that and other snrv-eys on the eastt>rn coast, and determine tho 
}losition of new light-houses between Eastport, l\Ie., ancl New York; to continue soundings aloug
the co~ of Maine, and other off::;hore hydrograpby between Cape Cotl autl Manan1 and mako 
t>pecial examination for the sailing lines for charts; to continue tidal observations, and to make 
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such astronomical and magnetic observations as may be required; to continue such topograpllical 
and b_ydrographic resurveys of the coast between Cape Coil and New York as may be fouml 
necessary; to continue the survey of the Connecticut River from its mouth to Bart.ford; to make 
such examination as may be required in New York Harbor, aud sucl1 sun·e.; sin its viciuity as may 
be found necessary; to make, at tl1is po1·t, observations on tides aucl currento:; to extend the plane-. 
table survey of the Hudson River above Haverstraw; to continue the triangulation between the ' 
Hadson River anu Lake Champlain; to make the requisite astronomical observations; to continue 
the topographical antl hyurographic surveys of the coast of New Jersey, and the resurveys of the 
bydrography of Delaware lfay and River; to connect the Atlantic triangulation with that of 
Chesapeake Bay, near the boundary-line between Maryland anti Virginia; to complete the detailed 
survey of James River, Va., induding the hydrography, anil continue the plane-table snney 
of the Potomac River; to continue southward the main triangulation along the Blue Ridge, 
parallel with the coast, including astronomical and magnetic ol>sen·ations; to continue the supple
mentary bydrography betwel'Il Cape Henlopen, Del., aud Cape Hcnrs, Va., aud in Chesapeake 
Bay, and also the tidal observations; to measure a base-line of verification and determine azimuth
for the coast-triangulation south of Cape Lookout; to make the astronomical and magnetic obser 
vatious requisite; to continue the off.shore hyilrography between Cape Henrs and Cape Fear; to 
complete the hydrography of Pamplico Sound and its rivers, and that of Uorc and Bogue Sotmds 
and sound the entrance to Cape Fear ni\·er; to extend northward the primary triangulation along 
the eastern and southern slopes of the Alleghanies in North Carolina and Alabama; to coutinue 
the topographical antl hydl'ograpbic survey of ri\·ers near the coast of South Carolina and Georgia; 
to determine azimuth for the triangulation of the coast of South Carolina and Georgia; to continue 
the detailed sur.,ey of the sea-islands and water-passages between Cliarleston and Savannah, and to 
make tidal obsen~ations; to make a hydrographic resuryey of Georgetown Harbor, S. C., and its 
a11proaches, and continue the offahore b_ydrography between Cape Fear, N. C., and tbe Saint 
John's River, Fla.; to continue southward from Canaveral the triangulation, topography, and 
hydrography of the eastem coast of Florida, including Indian River; to conti1rne the triangulation, 
topography, and hydrography of Saint Jolin's ltiver; to make the requisite astronomical observa
tions, to continue bydrograplly off' the eastern coast of Florida from Mosquito Inlet to the south
ward; to continue soundings and observ1itions for sea-temperatures in such parts of the Gnlf 
Stream as may be deemed advisable, between the west end of Cuba and No,·a Scotia, and dredging 
along the coast within the same limits, in conjunction with the United States Commission on .Fish 
and Fisheries; to continue tile astronomical and magnetic observations requisite between Cape 
Florida and Pensacola; to continue the triangulation, topography, and hydrography of the 
western coast of Florida soutli of Ttimpa Bay, and to tile southwar1l of 011~,dotte Harbor, of the 
coast of the peninsula between Tamp~ Bay and Cellar Keys, and between A1)palachee Bay and 
Pensacola; to ran lines of soundings and make ol>servations of sea-temperatures in the Gulf of 
Mexico, and de,·elop the hydrography of the Gulf coast included in the field-operations; to 
connect the trigonometrical sun·ey of tile Mississippi Rirnr at New Odeans with that of Lake 
Borgne and Lake Pontchartrain, and continue the trigonometrical, topographical, and h~·drograpbic 
survey of L'..\kes Pontchartrain and .:\Iaurepas, and of the Mississi1>pi River al.love Carrollton, La.; 
to determine geographical positions, and make tile astronomical and magnetic observations 
req11ire<l; to extend the triangulation, topogra1>hy7 and hydrography of Louisiana westward of the 
:Mississippi delta, and continue the hydrograpby of the Gnlf of Mex.ico between the month of the 
Mississippi and Gah·eston, Tex:.; to continue the triaugulation, topography, and hydrograpby of 
the coast of Texas westward, between Sabi1rn P<iss aucl Galveston, and between Corpus Christi 
and the U.io Grande; to measure a base-line of -verification, and make the aRtronomica.l and 
magnetic ol.lservations requisite between S..t.l.line Pass and the Rio Grande; to continue the 
liydrography of the approaches to the coaRt of Texas; to continue the determination of the 
positions of new light-houses and life-saving stations along the coast between New York and the 
Uio Grande; to continue the field-work for the description antl •erification of the work for the 
Coast Pilot; and to continue the organized syste:n of m lJpetic o',BJrV.\tins required for a eom-
11lete ruagnctic survey. 
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OFFICE·WOlrn:.-To compute results from the fiehl-operations made along the Atlantic and 
Gulf coasts, including astronomical, geo<letic, geograpliical, magnetic, antl tidal work; to continue 
the reproduction of the original topographical maps, and to plot the hyurographic charts; to con
tinue the drawing of the general chflrt of the coast from Quodd_v Head. to Cape God, aml of Charts 
Nos. l and 2, slwwing the coast of l\laine between Saint Croix River and Petit J\Janan light-lJom;e; 
to coutirme drawing and engmYing for Chart No. 3, which includes Frenchman's B11y, ~fount Desert 
Island, Blue Hill Bay, Isle au Haut Bay, aml their approaches, also of local charts of l\Iount 
Desert lslaml, Eggernoggin Iteach, aud Penob:;cot Bay east, an<l to draw and engraYe the chart 
of Lake Cl1amplai11; to continue the drawing and engra•ing of charts of Thames liiq•r aud of 
Connecticut Rh-er to the heacl of navigation; to complete the engraying of Chart No. 7 from 
Seguin Island to Kennebnnkport, antl to draw and engr~we the resurvey of the entrance to Nan
tucket Sound including l\Ionomoy Shoals; to draw and engrave tbe resurvey of the eastern 
entrance to Long Islarnl Bound, and to continue work on a new chart of that sound; to complete 
the engraving of Chart No. 21, showing the coast hetween Sandy Hook and Barnegat Inlet; to con
tinue the drawing and e11grad11g of Nos. 23 and 23, between B~truegat and Cape J\Iay; to make 
aduitions to the charts and sketches between New York and Ca1)e Henry; to continue the drawing 
anu engravirig of a new cllart of Delaware Bay and Ri\·cr, and to complete that of James Itivcr; to 
continue the drawing and engra\·ing of the general chart of the coast lletween Cape Henry allll 
Cape I1ookout, and of Cllarts Nos. 37, :rn, 42, 4:3, 4!, 45, 46, autl 47, showing parts of the Atlantic 
coast uctwepn Uape Ileury and. Cape Lookout, including Pamplico SoulJll; to coutirmc engra•iug 
on the geueral chart of tbe coast between Cape llatteras arnl C:ipe I~omain, and the drawing and 
engra\·iug of tl..tat of tl.Je coast between Cape Romain a11d the S<tint Mary's River, and of Charts Nos. 
51. aml 52, between O~pe Fear and \Vinyau B;t.r; to co:itiane tlle drawing antl engraving of a uew 
chart of Georgetown Harbor, S. C., and to make aJJitious to the clnrts between Ca1>c Henry allll 
the Saint Mary's Ri\·er; to continue the drawing and engraviug of the general chart of the coast 
from Saint l\Iary':i River to Cape Canaveral, antl of Charts Nos. 50 and 60, from Saint Augustine to 
Cape Cana\'eral, and make additions to the charts of the coasts llctwccn S;i.int lUars's Iti\·er and Cape 
Florida; to continue the drawing and engradug of Uharts Kos. 80, St, 82, 8:3, 8±1 8;), SG, and 87, 
showing the Gulf coa:;t between Olmssahow:t,;ka l{.iyer aml Pensacola Entrance, and of the chartis 
of Tampa Ba:r; to engrave the chart of Saint Joseph's Bay an<l the chart of Saint Andrew';; Bay; to 
complete the drawiug and engra•ing of Charts Nos. !H, !.I'.!, !.13, !.I!, aud !.n, showiug Lake Borgnc, 
part of Lake Pontchartrain, 18le au Breton Sound, and tlle l'\Iississippi Hiver between ,New Orleans 
and the Gulf of Mexico, and the general chart sliowiug tl1e sea-approaches to the Mississippi River; 
to continue tlie drawing and eugraving of the genernl chal't vf the coast of Louisiana and Texas 
ftom Atcbafalaya Bay to Galveston; to continue the drawing and eugr•n·ing of that between Gal
,·eston and the Rio Grande, a~ of Charts Nos. 1.0!.I and 110, Aransas Bay, Oopano Bay, aud Oar· 
p11s C!Jri~ti Bay; for material for drawing, engraYing, m:ip-priuting, for electrotyping, pllotograph
jug, for instruments and apparatus. 

Total for the Atlantic irnd Gulf coasts, involving work on the coast of the following State,<:, 
viz, Maine, New Hampshire, Vermont, Massachusetts, ltlloue Island, Connecticut, New York, New 
Jersey, Penm1ylvania, Delaware, l\:laryland, Virginia, North Carolina, South Carolina, Georgia, 
Florida, Alabama, Mississippi, LC>uisiaua, aud Texas, will require $3~0,000. 

The cstimat~s for continuing tl1e surrn.r of the Pacific coast of the United States are intended 
to provide for tlrn following progress : 

FIELD-WORK.-To make the requisite observations for latitude, longitude, azimuth, and the 
magnetic elements at stations along the Pacific coast of the United States; to continue offshore 
soundings along the coast of Ualifomia, Oregon, and 'Vashing-ton Territory, an<l tidal obscn·ations 
at San Francisco, Astoria, Port Townshend, and such other localities as may lle necessary; to con
tinue the main coast-triangulation from .Mpnterey Bay to the southwaru, or from Point Conception 
to the northward, and from San Pedro toward San Diego, including the islands off that part of tho 
coast; to.continue reconnaissance for the main triangulation upon the mainland from Point Con
ception to San Diego, from Russian Rh·er to the northward, from Columbia Hivcr uorth to Puget 
Sound, or south up the 'Villamette Valley; to contiuue the reconnaissance for and commence tlrn 
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rimary triangulation through the Sacramento and S:m Joaquin Valleys; to continue the coast
triangulation and topography from Newport, Los Angeles County, towitrd San Diego, am] tllat 
of the islands oft' that com;;t; to coutinue the tertiary triangulation au<l topography of the coast north 
of Point Conception toward Point Sal, or the tertiar,y trfaugulatiou aud topogrnphy from Point 
Buchon toward San Simeon; to continue the hydrogmphy between San Diego and Point Con
ception, between Point Conception and Monterey Bay, develop the hydrographic changes in San 
Francisco Bay aml its approaches, exteml byclrography uetweeu Cape 1\Iemlocino and the Klamath 
River, between Cape Sebastian and Port Orford, north and south of, and in the approaches to, the 
Columbia I~iYer; to continue the hydrography of Puget Sound anu adjacent waters; to observe 
currents along the coast and take soundings aud temperature-observations in the California branch 
of the Kuro-Siwo Current, and execute snch otlrnr b_ydrographic work as local .demands may 
require; to continue tidal and current obsen'ations at the Golden Gate, and observations on the 
ocean-currents along the coast of c,ilifomia; to continue the triangnlation and topography of the 
coast between Bodega Bay and Point Arena, between Cape Sebastian and Port Orford; to con
tinue the triangulation, topography, and h,Ydrography of the Columbia Ri\-er; to complete the 
detailed survey between Cape Sebastian a1~d Urescent City, and off:'!hore hydrography at Crescent 
City Reef; to measure a oose-line arnl continue the triangulation of the Strait. of Fuca, aud the 
triangulation and topograplJy of Puget Sonnu and adjacent waters; to continue tlJe reconnaissance 
of the coasts and islands of Alaska, with ol.Jservations fo1' tides and cnrrents, anu to make the 
requisite astronomical and magnetic observations; to contiuue the field-work for the description of 
the coast and. verification of the Coast Pilot of the coasts of C,11ifornia, Oregon, and Washington 
Territory, and to continue the organized system of magnetic observations required for a complete 
magnetic survey. 

0FFICE-WORK.-To make tue computations from the observations recorded in the field, inclul.l
ing nstronomical, geodetic, geograplJical, magnetic, and ti!lal observations; to continue the repro
duction of the original topographical maps, and to plot the hydrographic charts; to draw arul 
engrave the additions on the ge1wral chart of the Pacific coast of the United States; to continue 
the drawing and engraving of the charts of the coast from San Diego to Point Conception, Nos. 1, 
2, and 3; to complete the engraving of a new chart of San Francisco Entrance and Harbor from 
resun-eys; to continue the drawing and engraving of charts of the eoast from Point Arena to Cape 
Mendocino, No. 7, of tlJat from-Cape Mend.ocino to Saint George's Beef, No. 8, and of thlit from Saint 
Oeorge's Heef to the Umpquah l{iver, Ko. 9, Shoal water Bay, Puget and \Vashington Sounds; 
to continue the drawing and engraving of the chart of Columbia Hiver and of the local harlior
cbarts of the coast, with those of the northwestern coast. 

Total for the Pacific coast, inYolving work on the coast of the States of California and Oregon 
and Washington Territory and AlaMka, will require $245,000. • 

For extending the triangulatiou of the Cuast Survf'y to form a connection betweeu the system 
of triangulation along the Atlantic and Gulf and Pacific coasts of the United States, and assisting 
in the State sun·eys, involving work iu New Hampshire, Vermont, Connecticut, New York, Penn
syh·ania, New Jerst>y, Virginia, West Virginia, North Carolina., Alah.tma., Missouri, Illinois, 'Vis· 
consin, Kentucks, Kansas, California, Nevada, and Utah Territory, will require $90,000. 

For repairs and maintenance of the complement of vessels used in the Coast Survey will 
require $50,000. 

For continuing the publication of the observations made in the progress of the Coast Survey 
will require $8,000. 

For general expenses of all the work, rent, fuel; for transportation of instruments, maps, aml 
charts; miscellaneous office expenses, and for the purchase of new iust.ruments, books, ma1,s, and 
charts, will require $34,600. 
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The annexed table shows, iu parallel columns, tlie estimates for the fiscal .rear 1S75-'7G, and t!Je 
estimates herein sulm1ittecl for the fiscal year 187G-'77. 

Objects. 

For f'ontinuing the AnITey of thA ..Atlantic au<l GnJf coasts of the T:nited StatrA. including compensation of ci\ilians j 

engaged ill the work1 aad pay a11d rations ot cn,gi1Jccrs for steamers used in tbe Coast S11r>'~y, per acts of March ! 
3, 1:.-143, and .r1111fl 12, 1858 .. - __ ------ _ -- --- _. --- . __ .. _____ . ----- .. _____ ... ___ . _ .. ____ . _. ----- .• __ . __ .. __ • __ . _. _ •..• '$400, ooo oo $380, 000 oo 

For continuing the survey of the west~rn coast of the United Stat<'s, includin~ compenf'ation cf civilians, al1d pay : 
and rations of engiDeerR for the ii.te.amers used ill the "·ork, per .act of SeptrrulJer 30, 1850 __ .. ·-. _ ... --~- .. __ . __ .. __ , 260, 000 00 \ 245, 00-0 OQ 

For.extending tho trian1'!1llation to join the sun·ey of the Atlantic and Pacific coasts of the "Fuited States, and as- 'i 

eisting in the St.ate snn·ey~ including compensation of ch·ilians engaged in the w-0r"k 1 J•er a.ct of :Marcb 3, 1~71.... 70, flOO 00 go, 000 :JO 

For repairs :rnd mainteuance oJ the com11lernent of \essels used in tile Coast Surn~y, per act of August 1.e, le.56.. 50, 000 00 50, OU-0 (0 
.E'or continuing the poUlicntion of observations made in the progress of the Co.1.st Snrvey, :iuclnding the compensa-

tion of civilians engaged iu the work, tl10 JlUblication to he made at, the GoYerumerrt Printing Office, per act of 
March 3, 18W....................................................................................................... P,000 -00 8,0()() 00 

. For general P-xprmFe~ of all the work, i;iz: Hent, fuel, tranRportation of iustruwentH, maps natl charts, for mi;icella- ' 
neoua -otfic~ expenses, an<l for the purchase of new instruments, books, maps, and charts ...••• _ ...•.. _ - ... _ .• -· ••. ! 3'7, (l.OO 00 3l, GOO 00 

Tot.al ...................................................................................................... 1 82",UUO 00, e07,GOO 00 
---·------------ ______________ ! 

DISCOVERIES AND DEYELOl'.}IEN'l'S. 

Particulars in regard to most of tlrn items which belong under this head were published as 
Notices to ]llariners in the con rse of the present year. As special results, tl1t>y are reported from 
the chiefi! of parties without delay, and the notice in each case issues immediately after tLe receipt 
at the office of snfficient information in regard to the danger. Under the beads of Se~tion I, Sec
tion V, Section VI, and SGction X, in this report, further mention will be made of the items here 
recapitulated: 

1. A. bank found off the coast of Maine (Platt Bank), 10 miles !oug and 5 miles wide, and 
l1aYing at places on it only 29 fathoms of water. 

2. Shore-line chauged by sea encroachment at the north end of Hunting Island, coast of Soutll 
Carolina. 

3. Increased depth of tbe channel into Saint Augustine Harbor, Fla. 
4. Water in 21 fathoms at a spot off l\Iatanzas Inlet, Florida, frequently agitate(], and when 

turbid appearing as a shoal. 
5. Southwest entrance to Tampa Bay, Florida, sounded, showing 19 feet on the bar at mea11 

low water and a straight channel. The notth channel into that bay bas 21 feet. 
G. A large rock found two miles southwest of Gadsden's Point in Tampa B:iy, Florida, with 

}leaks, having only 4 feet of water at low tide. 
7. Snbmarine canon oft the Pacific coast, southward of S<mta Cruz Island, Cal. 
8. Tbree 1mnken rocks, dangerous to navigation, near Point San Luis, Cal. 
!), A rock off the South Farallon. 
10. A very dangerous rock inside of Blnnt's Reef off Cape Mendocino, Cal. 
11. A sunken rock off the Pacific coast and opposite to the boundary he tween California and 

Oregon. -
12. A harbor of refuge deYeloped near Mack's Arch on the coast of Oregon . 
.Appliances in marine engineering have recently gh'en promise of tbe remo\·al, by blasting, ot 

the upper parts of isolated rocks that are now dangerous to navigation. Amongst these is "Roon· 
day Rook" in the Pacific, and more than 30 miles southwest of S;1u Francisco Entrance. In regard 
to its remo\'al, arrangements have been made by Lieut. Col. C. Seaforth Stewart, Uuited StatN3 
Corps of Engineers, under whose direction Lieutenant \Veedcn employed a diver to search near the 
buoy set by the hydrographic party, and found two additional sharp pointR of rock, one of them 
ha•ing on it only, 14 feet of water at low tide. Specifications embodying full information ba\·e bel'n 
issued since by Uentenant-Oolonel Stewart, and it is hoped that the pinnacles of "Noonday Rock'' 
that were dangerous to large vessels may be blasted awity before the close of the present year. 
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Tbc ship Noonday, on the 2u of January, 18G3, struck on one of tlrn sharp points, and in less than 
two hours r.ank in 40 fathoms. 

Continuous watching off shore by one of the Janel-parties, while working near Cape J\fendocino, 
without seeing any break, even in stormy weather, in water iu which the same party subsequently 
found sharp rocks, renders it extremely probable that on some of the most dangerous points of 
rock the sea may ne\-er break at any time. 

TIDES OF NEW YORK HARBOR. 

The continuous tidal ohservations recorded at the station in New York Harbor, between the 
years 1856 and 1874 inclusive, embracing a complete series of nineteen year.s, lfa\-e been recently 
discussed by Prof. \Villiaru Ferrel, of the Coast Survey. 

Tile amplitudes and epochs of all of the principal inequalities in tile heights and luuitidal 
intervals, found nee«lful for either theoretical purposes or for practical application in forming tables 
for the predictions of the tiaes, 11an~ been determined. 

The result of the discussion sllow8 that tile same general type of tides pre,·ails here which is 
found at Boston and alo11g the New Euglaml coast. This consists in a very small solar tide and 
declinational inequality, aml a proportionally large lunar parallactic inequalits, and likewise a 
very small diurnal ti(le. 

The most interesting result reached by Professor Ferrel, and having a bearing npon the theory 
of the tides; one, moreover, which seems peculiar to the station, is that the lunar diurnal tide at 
New York does not vanish when the moon is on or neat' the equator, lmt is a minimum, and still 
about one-third as large as the maximum at the times of greatest declination. 

Practical tables have been formed from tile results of the discussion, to be used in computing 
the heights and times of high water in N!-'lw York Harbor, and tllese are now being applied in 
computing them for the ;year 1877. Tile results of the discussion, and also the practical tahles for 
computing the tides, are gh-en in Appendix No. 12. 

'l'R.A.NSIT OF VENUS. 

At the date of my last annual report, two parties of Uoast Survey assistants, organized nuder 
the auspices of the commission which was authorized. b,y Congress to arrange for olJserviug the 
transit of Venus in December, 1874, had left our shores, one of the parties destined for Japan, tlle 
other for Chatham Island in the South Pacific Oceau. 

In forethougllt and preparations by the commission, nothing was omitted that could a.<ld to 
eflicieucy in tlle arrangements desirable for snccess in the observations. Witk reference alone to 
the parties of Coast Survey observers, the stations selected and approved by the commission were 
such that, with clear weather on the day of transit, a fair value of the 1:1olar parallax might be 
deduced from observations recorded nt these positions. To tlris end, provision was made for· obsen-
ing by two methods :-Halley's, depending upon the observed duration of the transit; and the pho
tograpl11c method, which is relied on to give a record of the apparent path of Venus across the 
sun's disc. The instrumental equipment included also means for determining the latitude and 
longitude of each of the stations,' so that, iu the event of partial success in observing the transit, 
the computer might introdnce a conditional equation for any single observation ofingress or egress 
in connection with the general system of comlitions derived from observations at all other stations. 

From the detailed reports of the two parties, gh-en in the Appendices Nos. 13 and 14, it will 
be seen that in Japan the transit was observed with some measure of success. Unfortunately, 
clouds and rain prevailed at the critical hours on Chatham Island, all(l permitted little to be 
recorded bearing directly on the object of the expedition. 

Assistant George D~vidson, ac!}ompanied by Subassistant 0. H. Tittmann and Mr. W. S. 
Edwards, aid in the Coast Survey, sailed from San Francisco on the 29th of August, and reached 
Yokohama. on the 23d of September1 1874. Nagasaki, in Japan, having telegraphic oommnui~
tions with European observutories, was chosen by Mr. Davidson as tlie station for observing the 
transit. The astronomical instruments were m'lunted on a. hill ab:mt one mile south of that city. 
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In ail vance of the period for final observations, the Japanese offich1ls took deep i11terest in 
the sultiect, anu detailed several intelligent Japanese to aid in the succes8ive steps of the work. 
These 8ubscquently reported to their government on the use of the instruments with which they 
had practice under tlie direction of Pl'ofessor Davidson, and on the operations performed. Nag-a
saki connects by telegraph·cable to the north with 'Vladivostock, and to the south with the coast 
of China. Professor Hall, of the United States Xaval Obser>atory, with a party at \Vladivostock, 
by previous arraugement with Professor JJaddson, exchanged se\·eral lrnndred clock-signals with 
the Coast Surn•y obsen·ers at Nagasaki on three favorable nights of October and November, and 
thus was carefully determined the difference of longitude between those two stations. Tbe tele
graph-station at Nagasaki was connected by triangulation with the point at which 1\fr. Davidson 
suhsequeotly observed the transit of Venus. 

Observations for latitude, others on the occultation of stars, and practice by the astronomical 
aids and photographers occupied the month preceding the 9th of December . .On the 8tb, good 
observations were recorded for local time, and another series for the same purpose was obtained 
early iu the morning of the day on which tbe planet crosse(l the sun's disc. As these last observa
tions were closing, elands began to form an11 to thicken nntil sunrise. At the first contact of the 
planet, which Professor Davidson 01Jse1·ved persona Hy, the sun's limb was much obscured by clouds. 
'l'he second contact was Yery satisfactorily observed by Professor Davidson and l\fr. Tittmann, 
though the face of tbe sun was at. the time covered by thin clouds aud haze. After the first exte· 
rior contact, the clouds partially cleared, and micrometl'ic measurements were made of the separa
tion of the cusps of the planet. After the first interior contact, Professor Davidson securell, by 
m icrometric measurement, records of the distance between the limos of the sun and planet, and at 
the meridian-transits of the two bodies lie observell the pa.ssages of their limbs for their cliffereuce 
in right ascension. His assistant, l\Ir. Tittmann, at the same time measureil for their diff·~rence in 
declination by recording micrometer differences between the sun's upper limb and the upper and 
lower limb of the planet. Before culmination, and a few minutes after noon, Professor J),n·idson 
cbtained a fine series of measures of the diameter of Venus under various degrees of brightness, 
usiug the double-image micrometer, the value of which had been previousl;y determined by transits 
of the pole·star. Soon after, the face of the sun wa,; agrtin ob,;cnred, and no otlter ob;;en'ations 
seemed possible; but, fortunatel.Y, a momentary break occurred in the clouds, and tho third contact 
of the planet was satisfactorily ouserved by Professor Davidson and also by )fc·. Tittmarrn. Deuse 
clouds shut out of view the fourth contact, and rain fell quickly afterward. 

During the tran~t, the photographers attached to the party at Nagasaki exposed one lrnntlreil 
and sixteen plates, about half of them prollucing fair negatives. For clock-correction, a final set of 
star-transits was recorded on the evening of the 9tll of December, the observations being made 
through breaks in the rain-clouds. 

Between Professor Davidson and the officials of Ja1)anese departments, cordial intercourse 
was maintained during the stay of the party in tllat empire. 

In Section X of this rpport, mention will be made of subjects to which the attention of Mr. 
Davidson was given incidentally before his return to the Uoiteu States. 

Subassistant Edwin Smitb, accompanied by Mr. A.. H. Scott, aid in the Coast Sun·ey, arrived 
at Wba.ngaroa Bay, Chatham Island, in the United States ship S1Vatara, on the HHh of Octo
ber, 1874. For detNminiug t.he longitude of the pl<ice, the transit-instrument taken by the party 
was immediately mouutetJ, and the cllronometers were compared with the results obtained for 
local time. 

Up to the 6th of Decemuer the weather continuetl fine at Chatham Island; the party was 
drilled in the use of instruments, and was in com1>lote readines~ for observing the transit of Venus. 
On the 7th, a storm set in, and prevailecl while the planet was crossing the sun's disc. Tue first 01· 
outer contact was entirely hid by a clouil, but, through a momentary break soon after, a few cusp
measurements were recorded. The second or interior contact was also bid from view IJy clouds 
The sun shone faintly at intervals afterward, and a few measures with the eqnatori.al were recorded. 
The photographers exposed twenty plates, all the points of wl1ich sl10w the presenee of clou1]A. or 
tl1e plates, about two-thirds will IJe of no value, in conscqncuce of the cloudy obscuratiou of the suu. 

H. Ex. 81--2 
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From 5 o'clock p. m. till after the egress of the p1anet, raiu fell, an(l no obstll'\•at ion was practicable. 
Latitude was carefully determined at the obseri;ing-statiou on Chatham Island, and also the mag
netic declination, clip, and intensity. Tile vicinity of the station was mapped l>y the 1mrty. 

OBITUARIES. 

During eight years preceding the untimely death of Prof. Joseph Wiulock, director of the Cam
bridge obsenatory, on the 11th of Jnne, 1875, the work of the Coast Survey had benefited by his 
r<>sources and expedients in practical astronomy, and by personal co-operation in our most impor
tant longitude-determinations. At the observatory, his tenure was made effective to us by the activi
ties of a strong intellect, that centered only on the attainment of desirable results. His extended 
list of Standard Time Stars is specially valnahle. Amongst instrumental improvements and inveu
tions resulting ft-om bis studies are the break-circuit chronometer and the horizontal photographic 
telesoope, already1.n use for special purposes, and much valued by observers at home and abroad. 
That device was particularly serviceable in recording observations on the recent transit of Venus. 
Large prospectfre value attaches also to uis labors in providi11g methods aud means for precision 
in astronomical observations and records. Fortunately, studies to such ends were the bent of 
this able man of science, aml so was lrn occupied on the last tlay of bis life. In plan and effect, 
80me of llis ingenious devices have been realizecl to the advantage of science; of some, the appli· 
eation pertains to tlrn future. Tbe important results due to them will be ga t bered hereafter by 
other men. 

Professor Winlock, though resen·ed to an unusual degree in manner and sprcch, was widely 
known. In the social circle, he was also warmly regarded. There his genial thoughts and feelings 
were quietly aml evenly manifesteu t()IVartl all, aud by all wllo knew him cou l<l be readily inter
preted as the promptiugs of a fervent nature. 

In the Engraving Dh·ision, the work of three skillful hands has been closed by death since the 
date of my last report. Of these, John Knight, who diell on the 28th of November, 1874, bad ren
dered thirty years of faithful service as engraver of titles and lettering on our principal chart!'~ 
It will not be forgotten in the division that empleiyment was llis daily pleasure, a cast of mind 
which had early become habitual iu this gentle, intellig.ent, conscientious man. Though not 
excelled as a letter-engraver, some of the last working-time of Mr. Knight was ginn to the appli
cation of forms for the improvement of style, and recently issued charts show that beyond thY.:1ge 
of seventy-one years bis hand retained its forme,r skill. Only a few months after their completion, 
and in great debility, but without any apparent disease, he resignecl life, exchanging in his last 
honr cheerful greetings and leave-takings with his relatins and many friends. 

John C. Kondrup, Danish vice-consul for Wasbin~ton City, joiuecl the office as engra\·'Cr in 
l\'lay, 1855, and, afte1· continuou$ and acceptable service, died at bis residence on Capitol llill 011 

the 10th of December, 1874. Be was valued for skill in rendering the even outlines required on 
charts of the first order. 

J:<'or some years, the health of Mr. Kondrup had been impaired by the pulmonary rlisorder that 
caused his death in bis forty-sixth year. To the last, however, he manifested before all who silently 
grieved in view of the inevitable issue tho same manly fortitude, friendly courtesy, and generous 
qualities of mind which at an early period had gained for him the esteem of a large circle in Wash· 
ington. 

Henry S. Barnard, an engraver of special talent in the branch of delineation known as 
"sanding" on charts, died, after a short illness, at the age of sixty yeaPs, on the 23d of Seph~mber, 
1874. As a. worthy and indnstrious man, Mr. Barnard fulfill<>d tlie expectations which attended 
his call to the Engraving Division in April, 18:;6. 
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PART II. 

In this part of the re1~ort, short abstracts, arranged iu geogr:ipliical order, will be gi\·en, to sbow 
the essential particulars of work done hy eacll of the field and h~;drographic parties. !<'or the 
Atlmitic coast, tlie order of arrangement will be from north to soutli, aud, as heretofore, the work 
on thf' Pacific coast, will be noticed in the r·e\·erse order. The ab,,;tmcts will he, as usual, recapitu
lated in tabular form, to accompany this report as Appendix Xo. 1. Wide!~· distributed as the snr. 
ve_ying parties have been off the coast and on the land, and subject to all the \ariations of weather 
and of climate between the \Vest Indies and Alaska, it is gratifying to record that no serious acci
dent within the year has been superadded to hardships that are in many (llaces incident to the 
ser-dce. Much rough weather pre\·ailed when parties were transferred last autumn for fiel<l-work 
and hydrography on the southern coast and in the Gulf of Mexico, !mt by cautions navigation all 
disasters were m·oided. On tue Atlantic side, some little delay was allowed in consequence of ,yel
low fe,·er, bnt the only seizure by pestilence occurred in a party on the Pacific coast. The sick 
ltautl, when sma1J.pox appeared, was prompt.Jy removed to some distance, cared for properly by 
the chief of the party, and in due time was allowed to rettun, the work meanwhile not luwing inte1·-
111itted. 

In gerwral, the notices of work done wilt be restricted to the mention of dates and limiti:, tlte 
names of tlie persons employ('(], aml tile rn~ults in statiRtics; but, in a 1ew cases, collateral incidents, 
either of. pPrsonal moment or of local interest, will also be mentioned. 

l•'or i>e,·eral mouths after the opening of the present year, I had the able co-operation of Capt. 
K. R. Breese, U.S. N., wlio accepted and effectively discharged the duties of hydrographie.inspector 
in the Coast Survey until tlie end of May last. The intelligent interest, personal cordiality, aurl 
rNldiness of tlrnt officer in applyiug the rf'sults of matured experieuce iu maritime details made it 
a matter of special regret to sever an associatiou so prornisiug for the fotnre benefit of tile Sun·ey. 
In May, however, fortunately for the serYice, Commander ELI ward P. Lull succeeded in the vacau t 
position, and to him 1 am already indebted for valuable assistance in providing for the tranS(lOrta
tion of field and bydrographic parties, and in other important details of the division, amongst 
which are plans, i;ipecifications, and estimates for the construction of vessels; arrangements for 
their repair and outfits; all(l, ou tl.Je return of hydrographic parties, inspection of the manuscript 
charts in a(h'anee of their acceptance for· registry and deposit in the archives. In general duties 
]>ertaining to the Hydrographic Division, including the selection of sailing-lines, preparation of 
notes for tbe engraved charts, and revision i11 regard to the marked positions of aids to navigation, 
<Jorumander Lull is assisted by Lieut. H. E. :N"ichols, U. S. N. 

I~ieut.. C. A. Bradbury, U.S. N., after service in the hydrograpbic party on board the steamer 
Blake, daring the summer of 1874, off the coast of New Englaud, was temporarily attached to this 
branch of tbe service. While he was at the office, exceptionally cold weather, after the opening of 
the present year1 so much iuterrnpted navigation along the eastern coast as to make a record 
desirable of peculiarities in the ice formation. At my request, he visited the ports of New Eng
land, and from pilots and others collected and reconlcd particulars at places uear which ice was 
then regarded as dangerous to vessels in approaching the coast, and at others in which it had ueeu 
or was then a ·biuderance to navigation. Inquiry was made also with reference to periods of recur
rence in excessirn ice formation; the elates at which navigation had been closed in preceding 
;years; the effect of ice on saili11g·co11rses here aud t,here; aud whether or not well-set buoys had 
been displaced by moving ice in the course of the winter. · 

As results of the in>estigatioo, it appears, from the detailed report of Lieutenant Bradbury, 
that the extensive local formations of ice in January broke up, and in tlw fir.st week of .February 
accumulated as drift-ice along the shores. Twelve days of severe cold follo1Ved, aad in that period 
the local formations were renewed l>y ice: some of which remained in place until ~he middle of 
March. l\feanwhile, the <hift ice, by subsequent freezing, had formed exten<led masses, as in the 
lower parts of bays along the coast of Maine; also, in Cape Cod Bas; and as far to the son th ward 
as Long bland Sound thefroze.u drift was fuuntl in connection ,\>ith ice, which remained where it 

. 
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ba!l formed. The movemeuto; of sailing-vp,so;cls were impecfo<l, and navigation, except by powerful 
steam-vessels, was attended with danger in most of the souuds, ba,,\·s, rivei-s, auu harhors of the 
coast bet\\"een Narragansett Bay and Eastport until the middle of ·March. On the coast of Maine, 
only a few of the buoys were displaced; but, as beiug more exposed to the.sweep of large bodies of 
drift-ice, the displacement of buoys was general iu Nantucket Sound, Vineyard Sound, Long Island 
Sound, Cape Coil Bay, Buzzard's Bay, and in the barhors adjacent. Lieutenant Hradhury's report 
was accompanied by a series of eugra\·ed charts, ou which he indicated the extent of the local 
and casual ice formations in each of the localities. The unusual impediments recorded as affecting 
nayigation s~em to be due to the sudden cold that formed into fixed masses the ice wuich was lib
erated at the end of January. The substance of Lieutenant Bradbury~s report will be embodied 
in the Coast Pilot. 

SECTION I. 

ATLANTIC COAST 01'' MAINE, NEW HAMPSHIRE, MASSACHU.SETrs, AND RHODE ISLAND, INCLUDING 
SEAPORTS, BAYS, AND RIVER::l.-(SKICTCUES Nos. 2 A:SD 3.) 

Deep-sea s01mdings.-At the encl of June, 187 4, J_,ieut. Commander John A. Howell, U.S. N., assist
ant in the Coast Snney, left Provincetown with his party in the steamer Blake, aml was engageu 
until the middle of September in running off;;hore lines of soundings between George's Bank anu 
the Bay of Fundy. In the latitude of Yarmouth, two lines were run across that bay, and one to 
the southward from Grand l\lanan Island. Further westward, several courses were steered, anll 
soundings were recorded in crossing Jeffrey's Bank and Cashe's Ledge. The least depth fouud on 
that ledge was 7} fathoms. Before the close of the season in this quarter, Lieut. Commander C. D. 
Sigsbee, U.S. N., who subsequently succeeded to the command of the Blake, joined the party witli 
improved appliances and means for deep-sea soundings. These were put in operation by Lieutenant
Commander Howell, worked satisfactorily, and were subsequently used by the party in tbe Gulf of 
Mexico, of the work in which notice will be taken under the head of Section VIII. With the 
apparatus de>ised by Sir vVilliam Thomson for dee.p-sea soundings, and modified by Commander 
Belknap, U.S. N., tlie party on the steamer Blake readily brought up specimens of bottom from a 
depth of 2,144 fathoms in the Gulf of l\faine. The work in the steamer Blake was prosecuted with 
the assistance of Lieutenants \V. II. ,Jacques, E. S. Jacob, Hicliard Ru::;b, and C. A. Bradbury, 
U. S. N. At the end of the season in this section, the first three of these officers, who had renderell 
acceptable service during several preceding season!!, were detached from the Coast Survey. ThB 
statistics in deep-sea hy<lrography of the Gulf of l\iaine are: 

:Miles run in sounding .................................................. . 
Positious determined .................. _ ......... _ ................ _ ..... . 
Number of soundings plotted . . . . . . . . . . . . . .. . ........... _ .............. . 

3,491 
110 
531 

Commander Howell, at my request, kindly retained charge of the steamer Blake until after 
the arrival of the vessel at New Orleam;, and the organization of a pa,1 ty for bydrographic work in 
the Gulf of Mexico. After the close of the season in th<it section, in June last, Lieutenant-Com
mander Sigsbee returned with the steamer Blake to the coast of New England, and will prosecute 
the offshore bydrography until November of the present year. The term of service of Commander 
Howell on Coast Survey duty was closed by his assignment by the Na"Vy Depart;meut to the 
responsible position of instructor of gunnery at the Naval Academy, Aunapolis. 

Topography and liydrograpky, Mount Desert Island, llte.-Resuming field-work in tbis section at 
Hull's Cove in Jnly, 1874, Assistant J. W. Donn traced the remaining shore-line of the northwestern 
part of Mount Desert Island_, and joined with the limits of a previo~s plane-table sheet at Pretty 
J\larsh Harbor. The interior topography was then filled in to join tbe limits of topography com
pleted in other seasons. Nol'th of th(} Mount Desert Narrows, the shores were traced to include 
Eastern Bay, ·western Bay; the island shores in that vicinity; and further to the south warJ the 
islands in Bartlett's Narrows. 
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'\Vitl1 liis party in the schoo11er Scoresby, Mr. Donn took up the l1;nlrography in the Yicinity of 
Sands Poiut, where the operations !Jad been closed in tlrn prece<liug year. Tue sou11Ui11gs de,·elop 
the depths in Bartlett's Narrows and Mount Desert Narrows, and include Clark's Uon~, ~alislrnry 
Co\·e, and l'retty J\farsh Barbor. Tl1e head of I>Jaceutia Bay was also souGded for i:;ome distanee 
from tile shore; lmt, tlrn ·water being deep iu tbe body of that llay, its general llydrogeapliy will 
be prosecuted with means which were not a,·ailablc when the plane-table work \Tas in progress. 

The work done by the party of Assistant Donn completeH the detailed surn'y of ~Ionnt Desert 
Island. Ile was aided in tile field by Messrs .F. 0. Donn and I•'. Il. Parsons. Tlte followmg sum
mary shows the statistics of work: 

Shore-line sun-eyed, miles - . _.. . . ___ .... _ .. _ . ___ . _ .. _. __ .. ___ . __ . . .. _ ..• 
Creeks aud ponds, miles ............ _ ........... _ ........... _. __ .. : ••. -·. 
Hoads, miles. _ .....• - ............•..... _ ... ___ .. _ . . _ .... __ . _ .......... . 
Area of topograph_y, sqnare miles._ .... ____ . ___ . _. ___ . _. ____ .. __ .... _ .. _. 
l\Iiles rnu in sounding ........... __ ... _ .......•...........••• _ ........ _ •. 
Angles measured._._ ......... __ .. _ ........... __ .......... _ ........•.... 
Number of soundings ....••.... _. __ ........ _. _ ....•...... _ .. _ ..... _ .. __ . 

G9 
38 
4!) 

41 z 
413 

3, !)(i7 
18, 293 

Egg Rock, in Frenchman's Bay.-\Vi th reference to its fitness for the location of a light-house 
Assistant Doun made a special sun·ey of tllis rock, urnler m:r direction, in August, 187 J. Tile sur
face was carefulls mapped on a large scale to s!Jow succcssirn elevations of six: feet. l\Ir. F. C. 
Donn, the aid, after careful examination by trial with a boat, marked 011 the s!Jeet of s1Jrn'y the 
points at which, under ordiuary circumstanees, landings might be effected. During heavy gales, it 
is not possible to Jam] a boat anywhere at the rock in safety. 

The work in this section occupied the party of .A.ssistant Donn until near the end of October, 
1874, when preparation was made for resuming operations in Section III, nuder whiclt head men
tion will be made of the work done during the winter. 

Topography of Eggemoggin Reach, Me.-The plane-table sun-ey of the coast of Maine, in the 
vicinity of Eggemoggin Reach, was resumed by Assistant \V. II. Dennis on tile 17th of June, 1874. 
After completing work to include the northern part of Deer Isle, the party was transferred to tlrn 
opposite shore of the reach, where a fringe of the usual width in topography was mapped from 
Sedgwick southward and eastward to Naskeag Point and from thence northward to the month of 
Illue Il ill Bay. The shores of Herrick's Bay are shown on oue or tlte t!Jree plane-table sheets which 
were worked ou in the course of the season, as are also the islands, rocks, and ledges that exist 
within tbe working limits of the season. In character, the touography is that generally seen on th is 
i;art of the coast, a rocky, irregular shore-line, backed by ground une\·euly hilly, and markefl hy 
considerallle detail in natural features and artificial improvements. Mr. S. N. Ogden and l\fr. ·w. S. 
Ilond served as aids. The work was closed on the 30th of September. A synopsis in the field· 
repol't sbows as statistics : 

Sbore.Jine surveyed, miles ......... _ .. - ...... _ ..... - -......... _. _ . . . . . . . 3l 
Roads, miles. - ...••........... _ ... _ • _ - ...... - .. - • . . . . . • . . . . • . ••...... - 50~ 
Area of topography, square miles. ___ ......... _ .. _. . . . . . . . . . . • _ .•.. - . . . . . 26 

The subsequent occupation of Assistant Deuuis will be stated under Section V in this 
report. 

Hydrograplty of Eggemoggin Reacli, .Me.-In the latter part of September, 1874, after t,he com
pletion of work which will be stated pre 0 ently, Assistant Horace Anderson, with his party, in the 
schooner Silliman and steam·la.unch Sagac.lahoc, sounded out the western part of EggemogginH.eacl.I. 
In the adjustm·ent for plotting the chart, the work was referred to a tide-gauge, which was used for 
recording at Sedgwick while the hydrography was in progress. , 

Master Kossuth Niles, U. S. N., joine<l the party in the Silliman at the opening of the season 
ill this section, amt after the close of work acceptably conducted the operations of a hydrogmpltic 
party in the same vessel, as will be rneutioued under the head of Section V 11 in this report. 
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Assistant Anderson was aided on the coast of Maine by Mr. F. II. North. Both were subse
quently employed in southern sections. 

The following aggregates include the hydrographic work in Eggemoggin Heach anu that done 
at several tlctaclled localities in the Penol.rncot: 

l\Iiles run in sounding ...... ----·· ......................... ···-····· .... 278 
Angles measured.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 450 
Number of Roundings ................................................... 22, 406 

On closing work early in October, tlle steam-launch was laid up at Cousin's Island in Casco 
Bay. The schooner Silliman was soon after refitted for service in the Gulf of l'rfe~ico. 

Topography of islands in Penobscot Bay, 11le.-For the survey of numerous small islands, some 
lying south of Cape Hosier, others westward of Deer Island, and some in the \icinity of Isle at1 
Haut, a party was sent in the schooner Cas\Yell early in July, 1874, under charge of Subassistaut 
.J. N. Mc<Jliutock. After completing the details about Cape Itosier and uear the Fox Islands, Mr. 
McClintock mapped the islands southwest of Mark Island ligbt,house, and subsequently Marshall's 
Island and smaller ones between it and Isle au Hant. Tlle details on the senral sheets iuclude all 
the rocks and ledges visible at low water. In the vicinity of Spruce Head, the party mapped Pick
ering's Island, Bradbury's, Eagle Island, Pond [sland, and m:1ny others of less area. Before closing 
work at the end of September, Subassistant :McClintock determined in position the lights at Burnt 
Coat Harbor. The topograpllical statistics are: 

Shore-line traced, miles ......... _.. . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 ~ 
Hoads, iniles ............................. - ................... ·.. . . . . . . . . . . 5 • 
Area of topography, square miles . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Tlle sheets containing this work show one lmndretl aml se,·enteen islanus and ledges. l\Iessrs. 
T. A. Harrison and ,V. Fraser were attached to the party as aids. 

Topography above Castine, Me.-The party of Assistant A. W. Longfellow, in tbe schooner 
Jo;;;eph Henry, rel'\umed field-work near Castine on the 11th of July, 1874, and closed operations for 
the season on the 8th of October. On tlle resultiug topographical sheet are represented tile entire 
vicinity of Castine an(l the south west part of the town of Penobscot, the east shore of' Penobscot 
Bay as far np as Morse's CO\·e, where the work of this part.y joins with that of Subassistant Berges. 
heimer, and tlie north side of Bagaduce mrnr to a point opposite to Morse's Cove. The site of the 
oltl English Fort George H-nd remains of seven hiitteries, constructed pro!Jably at the earliest period ,. 
in the history of New England, were carefully marked on the plane-table sheet b_y Assistaut Lonit 
fellow. :Mr. W. C. Hodgkius was attached to the party as aiLl. At the close of work, the vessel, as 
being no longer seaworthy, was laid up in Casco .Bay. The following are statistics of the plane. 
tal>le survey: 

Shore-line surve;yed, miles ........•..•.....•..•..... ".. . . . . . . . . . . . . • . . . . . 20 
Streams, miles ...............•......•................................ ~ . - 2U 
l~oads, miles. . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 18 
Area of topograp11y, square miles . . . . . .. • .. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 13 

The sheet represents the shore-lines at high water and at low water, and, besides details of 
surface, successive elevations of twenty feet for the entire area included within the survey. 

Topography near Bucksport, Me.-North of the work mentioned under the last bead, Sul>
assistant .Joseph Hergesheimer completed the detailed sur\Tey or the east sid.e of Penobscot Bay, 
to include the towns of Bucksport and Orland, Wbitmore's Island, and the shorel'I of Eastern 
Penobscot River, in the vicinity of the towns named. At both places, the outlines of the wharve8 
were also traced, and appear on the upper plane-table sheet as part of the deta.ils of survey. Mr. 
Ilergcsheimer extended work about elHen miles north of the line at which his survey joins with 
that of Assistant Longfellow. As the operations advauced, tracings from the shore-line survey were 
furnished for the use of the bydrogra1Jhic party. Field-woi·k in this section was begun by Mr. 
Hergeaheimer late in June, 1874, and was continned until the middle of Octobe1'.. Bis subsequent 
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service will lie stateu under the heml ·of Section VI in this report. The stafo;ties of work on the 
two plane-table sheets, showiug tlie features below Bucksport, are: 

Shore-line, high water, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
Shore-line, low water, miles __ . --·. _ ........................... _. _....... 21i:i-
1iot1ds, miles ................. _ ............... _ ... 4 • .. ..................... > ... ~ • • .. .. .. • • 2 7 
.Area of topography, square miles ... , _. _ .. _ ... _ ..... _ ......... _. _.. . . . . . l!J 

Mr. Hergesheimer is now making arrai1gements for resuming field work near Tampa, Fin. 

Topography of Bagaduce River, .Me.-Tbis works connects with that mentione!l 1uHler the two 
i1receding heads. For extending- the sun·ey eastwar!l of Castine llarbor, Assistant Hnll .lularns 
i:iommenced early in July, 1874, at tlie entrance of Bagauuee Hiver, and traced its shores, to incluLle 
t!rn expansion known as Soutll Ba,r, the islands which separate that expanse from North Ila,Y, aml 
tlie branch of the river which includes Johnson's Xarrows. All the roads in the viciuity of the 
water-line appear on the topograplJical sheet: and tlle village of 'Yest. Brook\·il!0. Coutonr-Jiues 
to show tlle character of the surface were traced as usual. Signals were set up !Jy lifr. Adams for 
ext<>nding the plane-talile surn'y as far south as Walker's l'oml, but the advance of the season made 
it expedient to close work iu the middle of October, and to defer the completiou of tlie second sheet. 
The statistics are : 

Shore· 1 ine surYeied, 1niJes .......... - . . .. . .. .. .. . . .. . . .. .. . . ,. .. .. .. . . .. . .. . .. . . . .. .. . . .. . .. .. .. !.!~11 

Hoads, miles . . . . . . . . . . . . . . ............ _ ......................... _ . . . . . ~01 

.Area of topogrnphy, square miles . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . 20 

Assistant Adams was aided in tLis surve,y by Mr. R. B. Palfrey. llis party is now at "·ork on 
tlie shores o.f the river beyond the limits of the work here noticed. 

Hydrography of .I'enobseot Bay.-Early in July, 1811, the schooner Silliman, with the party 
of .Assistant Audersou, left Portland to prosecute sonudiug-s at se,·eral lucali ties near l'euobscot 
Entrallce. The numerous ledges between Cnpe Hosier and the Fox Islands were developed. Iu 
August, Mr. Anderson found, south of Islel.Joro', and sounded out, a shoal 011 which the revenne
cntter Dou bin llad grouuded. In Penobscot Hiver, soundings were extended urnnml as far as \Yi1:
terport. Assistant Anderson remarks of that part of the rh•er that a middle groun<l is forming 
opposite to Fort Knox. Se,·eral ledges in Belfast Ilay were den·loped by sounrlings. Tile work 
between Cape Rosier and the Fox Islands was referred to a tide-gauge at Castine; tbat iu tlle reuol>
scot to a tide-gauge on the steamboat-wharf at Bucksport. The statistics of the hydrographJ !Jere 
noticed are iuclnded in the s_yuopsis given under the head of Eggemoggiu Heach in a prece<li11g 
abstract in t11is section. 

Tidal ob.~ervations.-The series begun at North Ha,·en (Penobscot Entrance, l\Ie.) in Jannar.r, 
1-870, lias 1.Jeen well maintained through the fiscal year by 1\1 r. J. G. SpaulUing. As stated in my 
Inst report, the self registeriug gauge at that station is furnished wit11 all requirements for the pn:s
ervatiou of a continuous record. Among these is tbe apparatus for heating, which 1>rovetl efl'ectiYe 
last winter, no tides being lost even w!Jen the cold was excessive. Occasionall,r, wheu the gauge, 
is stoppeJ. for repairs, 1\lr. Spaulding has continued the record by staff-observations, so that from 
the beginning of the series each high and eacL low water is given iu the record. 

Co-efficient of refraction.-The party of Assistant F. ,V, Perkins was ready for work at Hagged 
Mountain, a station of the primary t1'iangulation near Camden, Me., in the middle of July, 187!, 
but operations were hindered for i;evernl weeks by fog, haze, and rain. Duriug that interval, how
ever, as throughout the season, the requisite meteorologicnl observations were reeordeil hourly ou 
the mountain, and for periods of ten days each at }fount Desert and White llead light-house. 
The heights above tide-water of the geodetic stations -0n !lagged .Mountain and .Mount Desert, of a 
point on Tennant'8 Harbor and of the light-houses at \Vhite Head, 011·Fs II0;1d, and Matinicus 
were determined by lines of~ leYels run by tlie aids of t!Je party, :Messrs. C. L. Gardner and F. \Y. 
l'ting. 

Before commencing observations with t!Je barometer, psycbromcter, aml thermometer for 
determining the co-eflfoient of refraction, the instruments were carefully compared with staudards· 
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One series of observatione. recorded at Ragged l\lountain, included hourly measurements of the 
vertical augles made by lines from the signals on outlyi11g stations, the distances to which were 
known. Tile absolute height of each of the stations as measured bs the aids completed the reconls 
for computation. l\fr. Perkins closecl work on tbe 1st of September, and later iu the season 
nsumed the surYey of the Gulf coast in Section VII. 

'1.'rianyulation in Neu Hampshire.-Early in June,_ 1874, Prof. E.T. Quimby took the field, aml 
by reconnaissance determined the practicability of a scheme of triangulation to 1rnss from the valley 
of Connecticut RiHr, or western boundary of New Hampshire, westward to the Green Mountains. 
Tile detailed work: was then trikeu up at Obsen-atory IIill near HanoTer, N. II., a station in the 
R~-stem which connects with tlrn primary triangulation of the coast of New England. Azimuth was 
determined at Ohservatory Hil1, and Dartmouth College obserrntory was connected witil that sta
tion l>y the measurement of horizontal angles. Kearsarge Mountain was occupied with the theod
olite early in July, 1874, and Cube l\Iountain before the end of' that month. The obsernttious were 
continued at all fa\·orable interrnls until the close of' the season in August. Statistics of the fielu
work are thus stated in the report of Professor Quimby: 

Stations occupied .•............. _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • 3 
Points determined ...................... , . _ ......... _ .. _. _ .. _. _ .... _.. . . . . 70 
Number of observations ... _ .......... _ .. _...... . ................. _ ..... 4, 088 

At all the stations occupied, as many .subsidiars points as could be identifiecl were obserYetl 
m1. By such means, many objects are determined approximately in position, and noteu in the record 
ns data for the construction of a map of the State. 

Professor Quimby again took the field on the 1st of June, 1875, commencing tlie operations of 
tl1e season at Croydon Mountain. The details of work done in the course-of the present fiscal year 
will appear in my next annual report. 

Isles of Slwa 1-s.-The hs drographic party of Acting Master Robert Platt, U. S. N ., in the steamer 
Ilacbe, was in 1eadiness for duty in this section in the middle of .Tul~., 187-i, having made final 
iireparntions for work while at anchor in the harbor at Isles of Shoals. In steamiug out by tlie 
clrnnuel lletween Ilalf 'Vay Rock and Star Island, the Yessel passed very near to a rock, which was 
fonml, on examination, to have only seven feet of wat_er on it at low tide. Notice was promptly 
giYcn of tLc existence of tllis danger, and, at interYals when weather was unfavorable for ofl'shore 
work, the Yicinity of tbe rock and of the ledges adjacent to the islands was carefolly sonntled. 
The chart has been rnvise1l in accorua.nce with the results of this examination, amongst which is a 
tlm·elopment of the channel between Star Island and Cedar Island, showing a depth of only nine 
feet at mean low water. 

Je_ffhy's Ledye.-A.cting Master Platt sounded out this letlge in August, and found no depth 
lc>ss than has been heretofore reported. Working, l10wever, with a steam-\·essel, and under circum
stances otherwise fa\·orable, the coutonr of the ledge was defined with greater accuracy than has 
heen hitherto practica\Jle. The chart was plotted from records which showed the angles taken 
simultaneously lly theodolite obserYations from White Island light-bonse, and lly the sextant while 
soundings were in progress. 

Cashc's Ledge.-In reference to his work in tbat vicinity, Acting l\Iaster Platt reports as fa]. 
1ows: "The deep-sea lines running oft' to the le<lge depend of necessity ou the logs and cbro
nometer-obserYations, our <lepitrturc being al ways from shol'e points wbieb hncl been well determined 
The direction of the ship was followetl by sextant-angles on the different light-houses, and the eud. 
of each liue was determit1ed as carefully as possible by taking angles and bearings on prominent 
objects as soon as they became Yisible." 

The soundings recorded by the 1mrty on the steamer Bae.be showed no depth on Cashe's Ledge 
Jess than twenty-four fathoms; but, as the existence of less water is not at all doubtful, it seems 
probable that future soundiugs may denlop spots having as little as seven fathoms between the 
lines of soundings recorded in this examination. 

Platt Bank.-Ontside of the currn of 100 fathoms, and between .Teffre;y's Ledge and Casbe's 
J~ellge, Acting Master Platt founll a. bank the existence of which was hitherto unknown. lfo 
reports that, unlike most of the shoals in this section, the soundings showed it to be eompoaed of 
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sa111I, gravel, and broken shells, but without any mnd. Tlie bank was carefully clevclopctl, and 
proYe<l to be about 10 miles long east and west, and 5 miles in breadth, withi11 the curve of 50 
fathoms. The least water on Platt Bank found iu the survey here noticed was :!!l fatlloms. Speci
mens of tbe dredgings taken while soundings were in progress were forwarded to Dr. A. S. Pack· 
ard as having probahly some bearing on the researches now pending under the direction of Prof. 
Spencer F. Baird, United States Commissioner of .E'ish and Fisheries. 

Jejfrey's Bank.-Tbis bank was reached in the hydrographic operations by deep-sea lines 
started from well-determined points on suore. Acting Master Platt found the bottom very irregu
lar, but the general depth as developed by the soundings does not vary from the depth heretofore 
reported. 

Early in September, Dr. Packard aud two assistants were taken on board of the steamer Bache 
at Salem, and the next fortnight was passed in dredging and in instrumental tests on sea-water. 
Specimens of sea-bottom taken at forty different localities were procured in that interval by the 
observers. Temperatures of the water were recorded at sixty-three positions in tbe course of the 
operations on the several banks and ledges. The general statistics of the work are: 

Miles run in sounding ..•. _ .. __ ...... _ .. ___ .... _ .... _. _ .. __ . _. ___ .... _____ • 833 
Angles determined .. - _. - .• - .. _ . _ .. _. __ . _.. . • . . . . ... -• _ ....• _ .. _ . __ .. __ • _ 678 
Number of soundings. __ .. _ .. __ .. _._ ... ___ .. __ ._. __ •... _. _ .. _. ________ . __ • 2, 690 

Late in October, the steamer returned to Norfolk, and was there refi.t.ted for bydrographic ser
vice, of which mention will be made in Section VI of th"is report. 

)\;fr. J.B. A.damson was attached as aid to the bydrographic party on board the steamer Bache. 
Tidal obsen•ations.-At Boston navy-yard, the self.registering tide-gauge of the old form, 

although provided with heating apparatus, became clogged with ice duriug the severely cold 
weather of last winter. Several breaks in consequence appear in the tidal records. The observer, 
Mr. H. Howland, reports that ice formed in a large mass arouud the :float-box. This seems to have 
been a consequence of the accumulation of mud, and resulting want of depth in the water around 
the lower part of the box. The apparatus will be r~fitted for service at this station. 

Hydrog1•apfty icestward of jjfono1noy, Mass.-'\Vitll bis party in the steamer Endea,·or, Sub
assistant F. D. Granger resumed work near Monomoy on the 10th of July, 1874. Soundings were 
prosecuted to include, in the northern part of· Nantucket Sound, part of Handkerchief Shoal, 
Chatham Roads, and generally tbe waters westward to the vicinity of Bishop and Clerk's light
house. Along the north shore of the som1d, a space was not reached iu the operations predous to 
the date at which it was most expedient to withdraw the vessel for service during the winter in 
Section VI. The space referred to was therefore included in plans of work to be prosecuted in the 
autumn of 1875. Much bad weather was experienced in the summer of 1874. The work in deep 
water was frequently interrupted, and boat-work was impracticable during the stay of the party. 
Bydrograpbic operations were discontinued for the season on the 20th of October. 

Tidal observations were recorded during three months at Monomoy, and for part of the season 
also at Hyannis. 

On a separate hydrographic sheet, Subassistant Granger plotted soundings which were made 
by his party at favorable intervals iu the vicinity of Nantucket Jight-honse, to develop the pres· 
en.t character of Great Point Rip, and to fill a space near it and farther eastward. The aggregate 
statistics of work are: 

Miles run in sounding. _ . __ • _____ •••.. __ • __ . __ • ___ .. _ . _ . _ ......•.. - . - .... - 701 
Angles measured ................ _ •••••• ___ ...•. _ ••••.•. __ .....•. _ -....• - . . 5, 649 
Number of l!Ouudings .. _ ..• __ . _ ..••...• ___ ..• _ .. _. __ . " __ ... - .... - - ....•.. 28, G85 

Soon after the inception of this work, Lieut. R. D. Hitchcock, U.S. N., joined the pa.rt~' in the 
steamer Endeavor, aud assisted iu various details pertaining to the hydrographic survey. At the 
close of the season, he took charge of the vessel, and prosecnted work of which notice will be taken 
under the head of Section VI. 

Subassiatant Gra~ger was aidecl in the work near Mooomoy by Mr. D. C. Hanson. 

lI. Ex. 81-3 
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Survey of Taunton River, Jlfass.-For the determi11ation of points on which to fot:nd tbe plane. 
table survey of tl1e sborns of Taunton River, Assistant A. M. Harrison took the field on the 1uth 
of July, 1874 .. The triangulation was joined with stations previously occupied on the shores of 
Mount Hope Bay, and was extended ahout twenty-two miles upward. along the course of the rh'er. 
Rapid advance in local improvmnent, the extension of city-limits, and the opening of new roads 
bad, by consequent alterations of the ground-surface, displaced the station-marks iu the vicinity of ' 
l!'all River, which positions were relied on at tbe outset of the season for a prompt beginning in 
plane-table work. Points were determined, however, sufficient in number for a topographical 
sheet, by the 20th of September, when :}Ir. Harrison commeuced the plane-table survey at a station 
almut three miles above the mouth of the riYer. The triangulation was continued a month beyond 
that date, in charge of Mr. ·w. H. Stearns, one of the ai<ls in the ])arty. 

On the topographical sheet, which was completed b;r the 6th of November, details of survey 
were shown for both banks of the river from poiuts below Steep Brook Village, to stations above 
Somerset. The features generally within about one-third of a mile from the water-line are included 
in the survey. Io joining with the limits of work <lone in 1861, Mr. Harrison noticed that great 
alterations had been wrought in the interval, not only in respect of artificial features, but also in 
regard to tlie shore lines. The completed sheet represents the town of Somerset, and the villages 
of Steep Brook, PottersYille, and Egypt, t11e Old Uolony anc1 Newport Hailroad, with deep cuttings 
and higl1 embankments, its course across the river, and the high embankment opposite to Somerset. 
Above that town, the roints already determined will suffice for extending the plane-table sur\·ey 
to the vicinity of Taunton. 

Assistant Harrison was aided iu tbe topographical survey by Mr. Bion Bradbury. In the 
survey here noticed, the amount of detail relative to tbe area representefl is unusually large, hence 
the general statistics, as reported at the end of the season, do not properly measure the degree of 
labor requisite for the results. The statistics are: 

Siguals erected......... . . . • • . . . . . . . . . . . . . . . . . . . . ........... ~. . . • . . . . . . . . 33 
Stations occupied .............•.................................... _..... 32 
Points determined . . . . . . . . . . . . .. . . . . . . . . . . . ................... , . . . . • . . . . . 44 
Observations with theodolite... . . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . • 7, 008 
Shore-line surveyed, miles ..•......•........ ·.-. . . . . . . . . . . . . . . . . . . . . . • . . . . . 16 
!toads, miles . • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Creeks, pond!I, and marsh, miles............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 
Area of topography, square miles.... . . . . . • . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . · 21 

Assistant Harrison is now at work on Taunton Uiver some miles above Somerset. 
Physical surz,ey of Pr011idencc Harbor, R. I.-This work, prosecuted during the autumn of 1874 

in connection with a careful shore-line survey, was undertaken at the reqt1est of the city authorities 
of Providence. All the running expenses of the two i}al'ties engaged under tbe direction of 
Assistants H. L. "Whiting and Henry Mitchell were defrayetl by tbe municipal government. 

The question presented in the call for this special survey, as made known by previous 
conference with the chairman of the harbor commissioners, W.W. Uickard, esq., is expected to 
result in the assignment of limits in encroachments upon the harbor and its tributary basins, or 
lines beyond which the water-space could not be encroached on without injuriously affecting the 
natural order of its tidal and river streams that maintain the present channels. Anchorage~of 
course, a.nd winding-room, in present use, or likely to be required hereafter by vessels visiting the 
port and wharves of the city, necessarily make parts of the question involved. As a basis for the 
special hydrography, .Assistant Whiting carefully traced tbe shores of Providence Harbor a.nu 
Seekonk Uiver, and subsequently mapped the results in triplicate. Two of the sheets represent 
the results of the pl1ysical survey, aud on two others the proposed lines as limits of encroachment 
are traced. The six sheets on a scale ample for any future purposes of the city authorities were 
delivered to the harbor commissioners in March last. • 

For the S}lecial hydrograpllic work, the party of Assistant Mitchell left New York in the 
schooner Uesearch on the 3d of September, and, without delay, took np soundings and continued 
obsel"rntious on the currents of Providence Harbor until the 12th of Oct;ober. The resnits appear 
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on two of the sheets already mentioned as isodynamic lines and transverse cur\·es of currnnts. 
The soundings were carefully plotted, an<l re.present the hydrograpby of the lrnrl>or uelow the 
l>ridges. These details and the tidal and current obsen·ations were conducted under the immediate 
direction of Mr. :Mitchell by Assistant II. L. llfariudin. l\Ir. J. B. ·weir served as aid in the 
bydrographic party. The following is a synopsis of statistics: 

Angles measured._ ........ __ .. _ .... - . _. _. _ .... _ .......... _ ...• _ ... _. __ .. 1, 630 

Numberofsoundings ......•....... ····--·····-··········-··········-··· 8,910 
Obsen·ations on currents . ___ ... _. _ .... _ ..... ___ ...... _. _...... . . . . . . . . . . 5, 474 

While the work was in progress iu Pl'Oddence Harbor, Mr. Mitchell, as associate mem her of 
the board of engineers on tile improvement of the .l\Iississippi outlt>.ts, was called away for confer
ence relative to tllat service, further mention of which will be made under the head of Section 
vur. 

Tidal observat-ions.-Tl.ie city engineer who commenced the series of obsen·ations at Providence, 
R. I., has been furnished with a supply of paper for continuing the record by means of tile self
registering tide.gauge. This series, if well nrnintained, will in time be useful for the investigation 
of tides in Narragansett Bay. 

Pendulum observat.fons.-The series of obsen·ations commenced last _year was contiuuell duri11g 
the present season at Hoosac Mountain, near North Adam~, l\Iass., by Assistant O. S. Peirce, under 
the general direction of the com;ultiag geompter of the survey, Prof. Benjamin Peirce. Other sta
tions will be occupied in order to procure means for inYestigatiug tllelaws of variation iu the intensity 
of gra\'ity, aud thus to aid in determining the figure of the earth. The firnt will ue kept iu view 
that in many places gravitation has l>een found at the sea·level on islands, greater than on n10unt
ains far from the sea. Assistant Peirce was aided in the observations at North Adams by Mr. 
\V. E. l\fcOlintock. 

Under sanction from the Treasury Department, Mr. Peirce proceeded in April last, in accord
ance with my instractions, to repeat experiments at various stations in Europe. The objects sought 
are, to compare, by swinging at the foreign stations the non-invertible pendt1lum and the in,·ertible 
pendulum belongiug to the Cnast Survey, with penctnlnms used in the geodetic operations of the 
great European surveys. This work is yet in progres;;;, aud will include all the tests needful for 
determining relations between our own ana the foreign instruments whieh ha\'e l>eeu heretofore 
used for ascertaoiuiDg the force of gravity and of local attraction. The results of the work will be 
given in my next annual report. 

SECTION II. 

ATLANTIC COAST AND SEAPORTS OP CONNECTICUT, NEW YORK, Nl~W JERSEY, PENNSYLVANIA, AND 
DELAWARE, INCLT:DING BAYS AND HIYEHS.-(SKETCHES Nos. 4 AND 5.) 

fS.'Urvey of TJmrnes River, Gonn.-For ,coutinuing the sun'ey of the Thames uliove the naval 
statiou, a party was organized on the 8th of July, 1874, and prosecuted work in the field, under 
the charge of Assistant H. G. Ogden, until the 2d of October. 

In order to provide points for the plane-table work, l\lr. Ogden extended a tertiary triangula
tion from the vicinity of the naval station upward along the course of the river to Norwich. Tbe 
to•pographical survey was resumed at poi11ts above Gales' Ferry, and was cont.inned along both 
sides of the Thames as far up as the junction of the Shetucket with Yan tic 1'1.iver. Parts of both of 
'these streams appear on the hydrograpbic sheet, which contaius also the soundings made in the 
Thames between Norwich and the naval station. 

The topography of this season joins previous work on the east bank at a point sometimes desig
nated as Mount Decatur, and embraces a strip about halfa mile wide to within one mile of Norwich, 
bot is restricted to the river road in approaching the city. Oa the west bank, the survey by Mr. 
Ogden was begun at Mohican, and includes the tract between the river and the New Loudon turn
pike from Mohican to the vicinity of Norwich, narrowing near the suburbs. Tides were obsen·ell 
\Vith a gauge near the naval station, and also at a wlta1·f near Norwich. It is notCll in his report 
by Assistant Ogden that the records of obsenations stendily iudicatcd a rise and fall at tile city 
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six inches greater than the rise and fall of tide at the naval station. Mr. Ogden mentions his obli
gation to Rear-Admiral Reed Werden, then commandant at the naYal station, for the use of a boat 
for h;vdrographic work. The statistics are as follows: 

Signals erected . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
Stations occupied . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
Points determined... . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Shore-line traced, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . . . . 49 
Creeks and marsh, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8~ 

lwads, miles................. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37! 
.Area, Rquare miles ..... - . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
:Miles run in sounding ..................•.•.................•..•...... '.. . 94 
Angles measured............... . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 737 
Casts of the lead. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 937 

Mr. D. B. Wainwright aided in the field-work and hydrograpl1y. The work subsequently done 
by the party of Assistant Ogtleu will be noticed under the head of Section VI. 

Sun'ey of New Ha11en Harbor, Oonn.-The work of Assistant R. M:. Bache in the survey at New 
Haveu bas resulted in the completion of thirteen plane-table sheets, showing the <letails of topog
raphy along the shores above Oyster Point ancl Fort Hale. During July and August, 1874, and 
uncler his immediate direction, the sun·ey was continued ab°'·e New Haven by a party of volun
teers from the Sheffield Scieutific School, and, until November, by two others, maintained at the 
expense of ,the city, for mapping details desired by the harbor commission. 1\Ir. E. O. Savage, 
graduate of the Scientific School, conducted one of the parties, the members of which bad been 
instructed in the use of the water-level on the plain near the city. In progress eastward, contonr
lines were traced in as the--party ascended the range ot' hills in that direction. The details are full 
io nilation to the area, the ground passerl. over being largely cov-ered by extensions from the former 
limits of the city. Twenty-four miles of roads and streets, and all artificial improvements in that 
quarter, appear on the topographical eheet. The two working-parties furnished by the city were 
conducted by Messrs. Horace Andrews and Neville B. Craig, both gratluates of the Scientific 
School. Seven large sheets, each three feet square, having been completed in the preceding seasC?n, 
the parties took in hand field-work for the eighth, and closed after comphlting the thirteenth sheet. 
Tbe g1·ound features and artificial objects were mapped with great precision, on a large scale, on 
drawing-paper attached, in the manufacture, to tbln metallic plates, by a special process developed 
by Assistant Bache. Twenty-one miles of water-line were miuutely traced for the five sheets. The 
aujostment of these and other features required the determination of twenty-two additional 
points by triangulation, and the measurement of sixty-eight horizontal angles. 

_.\..dditional to the work ah'eady noticed, Assistant Ba.che made a special survey of Dmm
rnond's Bank in the Quinnipiac, and closely determinecl the differences in depth, to enable the 
harbor commission to decide on exceptions whiclt had been filed against the line marked as a 
harbor limit. In this survey, eacll sounding was located by an angle measun"d by simultaneous 
determinations with two transits. For the Rdjustment of soundings in the harbor, special care was 
taken. in the establishment of a bench-mark and in recording the tides. 

In the course of the winter and spring, the large amount of details mapped in the fiehl in 
pencil was inked, and the sheets have been delh-ered to the harbor commission. • 

Triangulation, Long Island Sound, N. Y.-Near the end of July, 1874, Assistant J. A. Sullivan 
took the field in this secticm, in order to co-operate with Assistant Cutts for the triangulation near 
the boundary between Counecticut and New York. In the course of a week, Mr'. Sullfran 1mt up 
signals at Wooster, Mount Tom, and Good Hill stations, but on an emergency be.was then trans
ferred to the eastern end ()f Long Island Sound, and was there engaged until the 1st of December. 
Thirteen. light-houses were determined in position. These include the old and tl.ie new structnre 
on Block Island, and those at Montauk, Mystic, Hace Point, North Hummock, Gull Island, Oedar 
Island, Plum Island, Long Beach, Gardiner's Island, Faulk net's Island, Pnnquogne,.and the derrick 
which gives an approxima.te.centt!r for the fottn<lation <tf a light-house under oonstructien at Race 
Rock, near the west end of Fisher's Island. The beacon in Plum Gut was .also delermiued iu 
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position. The triangulation done in this Yicinity availed for the uses of the bydrograpbic party, 
the operations of which will lJe mentioned preseatl.r. Iu onlee to complete the determinations of 
position, it will be requisite to occupy additional stat.ions, and, in July of the preseut ~·ear, Assist· 
ant Sullivan will take the field for that serdce. The statistics of the work done iu the autumn of 
1S74 are: 

Signals erected .......•................... , ........... _.. . . . . . . . . . . . . . . . . 15 
Stations occupied .... - • - . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Number of angular measurements ......•....•............................ 2, 58J 

At the outset of the season, and nntil a small vessel could be hired, this work was favored hy 
tl.ie courtesy of F. H. Stott, esq., ,-ice-commodore of the Brooklyn Yacht Club, who was then 
cruising in the vicinity. In the course of several weeks, the party was transferred from station to 
station by tliat gentleman in his own yacht; the aid being, moreover, made specially acceptable by 
the earnestness' of Mr. Stott in repeating his invitations, and by his cordial expressions of interest 
in the work of the party. 

Hydrography near Pluni Island, Long Island Sound, N. Y.-Sonndings which have heretofore 
appeared on the published chart of this part of Long Island Sound were made in the year 1838, 
and the vicinity has not been subsequently examined until within the present surveying year. In 
July, 1874, my attention was asked for the development, bJ· special soundings, of tbe channel which 
leads west of Plum Island from Gardiner's Bay into Long Island Sound. As soon as practicable, 
the work was taken up by .Assistant J. S. Bradford, who completeil the bydrography of the entire 
channel between Oyster Pond Point and the west encl of Plum Island. His party, in the schooner 
Palinurus, was engaged in this work until the 21st of August, 1874 . 

.A fow days after, Capt. K. H. Breese, U. S. X, then cruising with the United States ship 
Constellation, reported that Jiis ship had touchell on a rock or shoal between Gull Island and the 
entrance -to Gardiner's Day. .Assistant Bradford, being near by, commenced search immediately, 
but many traverses were patiently run in the cJurse of se\·en d;tys before any rock was found on 
which a deep-draught vessel could have touched. .A spar-buoy was placed by the party in the 
Palinurus to mark the danger. .A.mongst the expedients for linding such rocks, ~Ir. Bradford used 
a sweep, weighted in the usnal manner, aml which, in operation, made it plain that some of tlie 
many rocks in that locality are large bowl<lers that merely rest on the bottom near the eastern eud 
of Long Island, and that the rocks may be easily overturned. The drag used haYing 70 fathoms 
of line, and towed by the gig and cutter, finally caught ou a large bowlder, the depth on which was 
found to be 23 feet at mean low water, the depth around it ueing 5 fathoms, as was fonnd when the 
Constellation touched. The ship, however, was drawing not more than 21 feet, and her position 
was well determined. Hence, although from observation, in regard to other uowlders iu the 
Yicinity, it might be inferred that the Constellation, on tonchiug, overturned a rock, many of the 
bowlders havi11g been o'·erth10wn in the search by a force not comparable with the impact of a 
Jarg~ ship, the difference in positions makes it plain that the rock found by llr. Bmdford is not the 
l>owlder which was struck by the Constellation. The search for that rock wiII be renewed, and it 
will doubtless be identified. When the chart of this vicinity was issued some years ago, tho 
requirements in graphical bydrography were not such as they are uow. In order that the close 
supplementary souuding made by the party in the Palinurus might anil at once for the engraved 
Chart, positions on shore in the Yiciuity were carefully determined by the triangnlatiou-party of 
Assistant Sulli'\"an. 

Before resuming the work to which his party had been assigned for the season, Assistant 
Bradford made a survey of the" Ea.st Ground" off Block Island and found i fathoms. This shoal 
lies about five and a-half miles eastward of Block Island, and by a vassing vessel had beeu report.e<l 
as having shoaled to 6 fathoms. After completing the reconnaissance, a survey was made of Block 
Isla.nd·B~in, tbe breakwater.constructed b.r the United States engineers being then nearly finished. 
The following shows the statistics of work done near Plum Island: 

Miles rnn in sonndiug . • • . • • . . . . . . . . ...........•.....•.. - . . . . . . . . . . . . - . . ii8 
Angles measure1l .......... , . . . . . . . . • .. . . . _ ... __ ..•...•................. - . 1, 054 
Number of soundings .•.•••.••...•...••.... ·- ........•..•................ 3,888 



 

22 REPORT OF TilE SUPERINTENDENT OP 

The resulting hydrographic sheet shows Beebe Rock with only 8 feet of water on it, near North 
\Vest Point, and a shoal with 17 feet about midway between Pine Point and the spindle on OyRter 
Pond Reef .• Ju reference to alterations along the shore, .Assistant Bradford says: "Oyster Pond 
Point and the west shore of Plum faland have changed very much and are rapidly being cut away. 
At the nortbwe!'t point, tlie Hght-hoase site is defended by Hues of heavy bowltlers, that, falling, 
when washed out b.v the actiou of the water, now form a natural break water, wuich protects the 
face of the cliff. What was formerly Oyster .Pond Point is now a mass of bowlders with threads 
of water between them; hut, where there are no bowlders, the point is gradually giving way." 

Coast Pilot.-Tbe work noticed under the last head was done at intervals of the time allotted 
between June and December for compiling notes for a second volume of the Atlantic Coast Pilot. 
In previous years, .Assistant Bradford ha<l personally examine(! all the harbors Lietwcen Eastport 
and Point Judith. The larger part of his notes gathcrell in that work were printed last year, 
giving descriptions of dangers and sailing-directions for entering ti.le harbors of the coast of New 
England north of Boston. 

Assistruit Bradford, in the schooner Palinurus, resumed the special examinations in July, 187'!, 
uml in the course of the summer and a1.1tumu prPpared descriptions and notes relatiYe to Long 
lslaud Sound, Block Islaud Sound, and Fisher's Island Sound; and of the harbors of Stonington, 
New London, SayLrook, New II~weu, Napeagne Bay and Gardiner's Bay, Greenport, Peconic Bay, 
llem1)stencl, Oyster Ba,Y, Huntington BaJ', Bridgeport, and Black Uock; the harbors at Sheffield 
Island, Cawkins Island, Ca{\taiu's Island, Sachem Head, Hart and City Islands; the passage 
through the sound at Hell Gate; the courses of na\'igation in the waters of New York Bay; and 
notes respecting Newark Bay, Elizabethport, Perth Aml>oy, and the south coast of Long Islan(l. 
The Yessel and party were engaged in this service until the 20th of November, when the l'alinurus 
returned to Norfolk and was laid up for the winter. 

l\Ir. Bradford was· aided throughout the season by 1\lr. J. R. Barker, whose skill in graphic 
representation is well illustrated by the sixteen views, taken from the deck of the Palinurns, of 
approaches aull harbor-entrances that are mentioned in the notes of the year. In March last, after 
adapting, for a chMp and effective process of reproduction, the series of Tiews drawn by the late 
\V. B. Mc~Inrtrie, as illustrations in a fiual edition of the first Yolume of the Coast Pilot, Mr. Bar 
ker etcl1ed tlie views on glass preparatory to tlleir transfer to stone for printing. .Assistant Brad
ford occupied the winter in compiling and arranging notes for the second volume of the Coast 
Pilot, the preparation of which is now well advanced. During the summer and autumn of the 
present year, Lieut. C. A. Bradbury, U. S. N., will be associated with the party on board the 
schooner Palinurus, for revising work in advance of a second edition of the Coast Pilot. 

· Survey of Port Je;tfersan, Long Island, N. Y.-The party of Assistant F. H. Gerdes was organized 
for service with the schooner Dana, and early in July, 1874, was at work in the vicinity of Staten 
Island. For determining in position the new light-house near Fort Tompkins, a short base was 
measured, an<l connected with several triangles that were laid out between it and the position of 
the fort. Azimuth was determined for the line joinicg one of the stations with Trinity spire, the 
relath-e place of which, iu the triangulation of New York Harbor, was previously well known. On 
the completion of this work, the party was transferred to Port Jefferson, on the north side of Loug 
Island. Mr. Gerdes identified two of the stations which had ueen occupied for the triangulation 
of Loug Island Sound. From these, points were determined sufficient for a plane-table surYey, 
which vnis made in the course of the season to include Port Jefl'ersou, Setauket Harhor, and Con.
science Bay. The waters included within the topographical Jimits were sounded carefully. Out
side oft.be entrance, the hydrograpby was extended about a mile beyontl the shore, and close soond
ings between Oldfield light-house and Mount :Misery were plotted on a separate sheet. Subassistant 
O. P. ])illa.way was attached to the party in the schooner D,ma. Tile statistics of the work are: 

Shore-line surveyed, miles- .. - - ... -.... - ....... - - - ........•.....•...•.••. 
Roads, miles ..... - . . • . . . . . . • . ........ -... - ... -.......•.... , .... _ •..•••. 
Ai·ea of topogra.pliy, square miles - - . - - - . _ ..•. • ..... _ - - .. _ ..•.. _ ..... _ ...•. 
Miles run in sonndiug .. - . __ .. __ ....... __ .. _ .. _. _. __ . __ .. _ .. _ .•.....•.... 
Anglet1 measured .. .' ................. - .... -•.... - ... - ................... . 
Number of soundings. - ... - .••....•.................... _ .......... , ..... . 

2l 
9 
7 

115 
1, {155 

12,104 
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The survey of Port Jefferson was completed on the 4th of October. A few <l::lys after, the 
party engaged in work which will be mentioned presently in tliis section. 

Triangulation.-The ~ew York boundary-triangulation, commenced by the late Edmn111l Ulu11t, 
assistant in tile Coast Survey, for determining the exact geographical position of monu~ents on the 
line between that State and Connecticut and Massachusetts, starts from a line of the primary trian
gulation at Tashua and Ivy Stations, and ends at tlrn line joining Perry's Pl'ak and Yellow l'iue 
Stations1 near the parallel of Castleton. For extending this scheme northward, and thus connect 
the survey of Lake Cham11laiu witll the primary series, and also provide a basis for meetiug prns
pecti,·e requirements in regard to the determination of points in the interior, Assistant Uiclrnrd D. 
Cutts took the field at the end of June, 1874, and first occupiecl Perr_y's Peak, a point very little 
eastward of the boundary-line between Massachusetts and New York. As soon as practicaole, 
signals were erected Ly his aid, Mr. J. F. Pratt, on Greylock, on Yellow Pine Station, and on 
Mount Rafiuesque, but, owing to a succession of rainstorms, aug-ular measuremeuts with the 
theodolite were not completed at Perry's Peak until the 18th of August. Tue party was imme
diately trausferred to Yellow Pine, where the requisite observations were closed on the 21st of 
September. A few days after, tlie instruments were in position on l\ionnt Rafinesq ue. The summit 
was cleared to aiford an open horizon, and l\ir. Pratt was detached to set up signals at the outlying 
stations. By the 8th of October, observations to the southward ant.I westward were complete, lmt 
the signals on Mount Equinox, Greenwich, and Corinth Hills, which, by reason of distance, could 
be seen only under circumstances exceptionally fa\'orable, were entirsily hidden from view after tlw 
20th by tlie haze of Indian summer. On the 23d of October, Assistant Cutts closed fiehl-operations 
for the season. Twelve signafs were erected and ohsen·ed on, and thirty-two horizontal angles 
were measured by lines of from 18 to 35 miles in leugtll. The heights of four stations were deter
mined by vertical augles. The records, since rleposited in the office, include angular measurements 
made from the stations which were occupied, on prominent church-spires, for determiuing, in relati{'e 
positions, Troy, Ballston, Saratoga, Scl.Juylerville, and other towns and villages tllat could be seen 
from the mountain-stations. · 

At intervals when ti.le observing instruments were in transit, l\Ir. Cutts conferred personally 
at Cube Mountain iu reference to the interests of the work in progress at that station under tue 
charge of Professor Quimby, and also with Assistant Perkins, wllos<l work at Ragged :'.\fountain, 
on the coast of Maine, has been a subject of mention under tue llead of Section I iu this report. 

Arrangements are 11ow in band for completing the observations reqnisite at Mount Uafiuesqne. 
Latitude and azimuth at Rouse'1t Point, N. 1':-In the course of . the summer aud autumn of 

1874, astronomical observations were made by Assistant G. ,V. Dean, at several stations between 
the United States boundary-line near Lake Champlain and Catskill Mountain I!ear the Huuson 
River. His party took the field early in August, .and first occupied ''Astronomical Hill," one of 
the stations used in the triangulation of Lake Champlaiu. The station is not far froin one of ti.le 
points occupied in 1845 by Major Graham, U. S. A., for establishing the bonudary-liue between 
the United States and Canada. :Finding in place several of the granite blocks on wllicll tbe 
astronomical instruments were adjusted in li!5, Assistant Dean made careful measurements, and 
noted the distances between them and l.Jis own station on Astronomical HilL 'l'ilere the latitude 
was determined from 176 observatious on 23 sets of stars with .zenith-telescope ::So. 4. Niue nights 
favorable for observing were occupied in this work. The am-value of the micrometer was found 
from 147 observations during three nights on Polaris near eastern elongation. 

Azimuth at Astronomical Hill was ascertained from the record of 86 ollservations with the 
46-inch Transit No. 4 on lJ Ursre Minoris near its upper cuhninatiou, and an equal number on 
51 Cephei near lower culmination, with lamps east and west. These observations iu the course 
of six nights were referred by 116 pointings apou a meridian-mark, which hatl been set up about 
half a mile north of the astronomical station. .A. meridian-line was traced 011 the G0\7erument 
reservation amt Mr. Dean carefully marked th~ ends by drill-boles in. the tops of granite posts, 

I . . 
which w.ere sunk four feet into the ground. The station occupied for lat.itude is about midway rn 
the meridian·line, and the position occupied by the zeuitb-telescope was marked by a gramte post 
similar to those plaood at the ends of the line. 
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For local time at the station on Rouse's Point, Mr. Dean recorded 5V observations on 12 
standard stars with the transit-instrument. 

The augle between the meridian-line and Windmill Point light-house was carefully measured 
with the 10 inch Garn bey theodolite No. G3 by means of 432 readings of the horizoutal augle. 

()apt. David White, civil engineer, who was at .Fort :Montgomery while astronomical work was 
in progress, extended all the facilities at bis command to further the operations at House's Point. • 

Cheever Station, auout two miles north of Port Henry, N. Y., was occupied by Assistant Dean, 
in the middle of September, with the instruments which lrnd been used for latitude and azimuth 
determinations in Augnst. For latitude at Cheever, 168 observations were made on 21 sets of 
stars during th·e nights, and 9! observations were recorded for arc-value of the micrometer. 
Azimuth was determinecl as usual by an aggregate of 172 observations on six: nights; 120 point
ings on a meridian-mark and 372 measurements of the horizontal angle were made for referring 
the azimuth-determinations to Station Whitford on a line of the triangulation. For local time, 
observations were repeated on seven nights. The work at Cheever Station was closed on tl.ie 6th 
of October. Ai;, soon as practicable, Mount Merino, near Hudson, N. Y., was occupied by Assistant 
Dean for similar determinations. There the latitude was found from 146 observations on 18 pairs 
of stars on six nights, and 135 observations were recorded for the value of micrometer-di visions. 

For azimuth, 77 observations were made on .t Ursro Minoris near upper culmination, and 60 on 
Polaris; and 16± measurements were made for connecting the azimuth-determinations with the 
mark. A signal-pole was set up on Catskill l\Iountain; but, tbongh the distance from Mount Merino 
was less than 12 miles, the signal was commonly obscured in the latter part of October and early in 
November by the haze then prevalent along the Hut.Ison Valley. ·Mr. Dean, however, ultimately 
referrell the azimuth.mark to the triangulation by 69G measurements of the horizontal angles 
between the mark and the signal-poles at Catskill Station and Mount Merino. 

Mr. A. G. Pendleton served as aid iu the astronomical party, and subsequently was engage1l 
in Section VII. Assistant Dean closed the work at Monnt Merino on the 14th of November. The 
original records of bis-observations ba\'e been duplicated iind deposited in the offict>, and the com
putation of results is now well advanced. 

The proprietor of Mount Merino, Capt. William J. Wiswall, afforde1l many facilities for the 
service of the party while the work was in progress at that station. 

Shore-line survey of Lake Champlain.-This shore-line survey was completed before the approach 
of winter, in 1874, by two plane-table parties, the work of which wasjoiued at a point not far below 
Ticonderoga. 

Assistant C. T. Iardella took the field early in May. After ma1iping in outline the islands 
known as "Four Brothers," he joined with previous work: on the east side of the lake at Paxton's 
Point and on the west side at Ligonier Point, and from thence extended the snrvey suuthwar<l. 
His work is on five sheets, which show the several harbors of the lake between Burlington and 
Crown Point. Amongst these are McNeil's Bay, Arnold's Bay, Gray's Basin and Rock Harbor, 
Northwest Bay, and Whalon's Bay. The roads in the immediate vicinity of the lake appear as 
details, and also the •illages that adjoin the water-line. After completing the general sur·.-ey to 
the point designated at the outset of the season, Mr. Iardella made a detailed topographical survey 
of the vicinity of Crown Point on a scale sufficient to admit of marking in position the outline."! of 
all the fortifications and defensive lines that could be identified. Remembering that while interest 
in such remains is deepening, the objects the~Relves are wasting away and must soon disappear, it 
will be deemed a duty to include in topographical operations the mapping of localities that have 
been famous or noteworthy in our early history, when the places chance to be within the projected 
limits of work, as in the case here mentioned. 

Subassistant H. W. Bache was attached to the party of Assistant Iardella. 
Subassistant Andrew Braid, with a separate topographical party, took the field on the 1st of 

June. Beginning at a point agreed upon in conference, below Crown Point, the shore-line survey 
was extended from thence southward to include Whitehall. In the course of the operations, 
numerous points were determined for use in the hyd.rography, and tracings of shore-line were 
furnished as the work advanced. At Ticonderoga, Mr. Braid made a special survey, on a large scale, 
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of tlJe old fort and its vicinity. Traces of all the c]pfensfre lines and red-0ubts were carefully sought 
for and deli11eated. Contours of such as could lie identified were traced to show the grountl-elent
tion as it now exists. Tbe walls of the ohl fort are crumbling r<tpidly, and, as the fragments arn 
passing awa,y in the bands of tourists, the spot must soon be left without any trace either of the 
ruin or of its foundation. l\fr. Braid fomlll that tile old French lines of 1758 were toleral.Jly well 
preserved in places; but, at the eastem limit of the works, the lines ba\·e ueen nearly oliliterated by 
tile plow. Subassh:;tant llraitl wa8 aided in the fif'ld by l\fr. C. II. Sinclair. The work of the 
season done by the two plane.table parties is shown in~the following stafo;tics: 

Shore-line surveyed, miles . . . . . . . . . . • . . . • . . . . . . . • . . . . . . . . . . . . . . . • . • . . • . . . 235 
Roads, miles .. _ ........................ _ ...... _ . _ . . . . . . . . . . . . . . . . . . . . . . . . 99 
l\:Iarsb-outline, miles .... _ ...............•.. _ ................... _... . . . . . . 4 7 
.Area of topography, square miles ..•....•................... _... . . . • • . • . . 20 

Assistant Iardella during the winter conducted a plane-table party in Section IV. Sub
assistant Braid was at the same time in service which will ue mentioned under Section VIII. 

Hydrograplty of Lake Okamplain.-Within tbe plane-talile limits of the present year, the bydrog
raphy of the lake has been completed by a party under the charge of Mr. Charles Junken, work
ing with the steamer Fa tho mer. Soundings were begun in Shelburne Bay in tbe middle or J Ulll', 

and were finished on the Gth of July, 1874 • .After completing work in ·wmsboro' Bay, J\fr. Jun ken 
proceeded to Crown Point, and tllere resumed the general h;rdrographic snn·ey, all the waters 
north of that point haviug been pre\'iously sounded. Weatber being favorable, the work in going 
southward reached Ticorn.leroga by the Sth of August. During seYeral wf'eks succeeding that date, 
the charge of the hydrographic party de\·olved 011 Mr. E. H. \V_yvill, in consequence of the illness 
of Mr. Junken. Mr. G. A. Morrison served as aid. \York was steadily pushed until lbe 10th of 
October, when the sounding party bad passed Whitehall and completed tile b;5·drography of the 
Jakf', including at its southern limit the expansion known as South Bay, below Whitehall. The 
following are statistics: 

.M.iles run in sounding_ .. _ . . . . • . . . . . . . .. . . • . . . . . . . . . • . . . . . . . . . . . • . . . . . . • • 507 
Angles. . . . . . . . . . . . . . . . . . . . . . ..... _ ..................... _ . • . . . . . . . . . . . . l 0, 4.12 
Number of soundings ...................•.............•........•........ 43, 481 

As evidenced. by thfl number of recorded angles, the h,rdrography IJelow Crown Point, in places 
likely to be under consideration for future improvement, was prosecuted with reference to such cou
tingenc,r. After completing his manuscript sheets of the Jake hydrography, :Mr. Junken resumed 
duty as draugbtsmau in the office. .At the end of .June of the present year, he was lletaile<l to 
examine and report on shore-line changes and sea-encroachment on the coast of South Carolina. 
The results there found will be mentioned in Section V of this report. 

Survey of Hackensack Rfoer, N. J.-As far up as Hackensack, and in the lower part of English 
Creek, soundings were made in the river in 187::1, and the shores bad been previously traoed. In 
the middle of October, 1874, Assistant Gerdes commenced a plaue-table survey of the grOUDLl 
along both sides of the Hackensack, and extended the detailed topography eastward to tbe New 
Jersey Nortliern Railroad, which passes aloug the western edge of the Palisade Ridge. Most of 
the area surveyed is marsh, but it includes many patches of well-cultivated land, and is crossed by 
plank-roads, turnpikes, and railroads. This work was completed early in November. The 
statistics are: • 

Shore-line surveyeu, miles . . . • • • • . • . • • • . • . . • . . . • .. . • • . . . • • . • • • . • . . . . • . . . • 1G 
Roads, mile8 ......... , .....•....•..•.•...................•••..•.•.•. -. .. - 27 ~ 
Area of topography, square miles...... • . • • . . .. . . . • . . . . . . . . . . . . . • . • . . . • . . 8 

Subassistant Dillaway was engaged in this work under the direction of Assistant Gerdes, and 
Mr. U. A. Ives served in the part_y as aid during part of the season. After refitting at Baltimore, 
the schooller Dana was emplo~·ed during the winter iu Section IV. 

8tati-0n-marks.-The prospective req11irements of field-work in the vicinity of New York Har
bor making it desirable to refer to Beacon Hill and Weasel, two stations occupied in the early 

JI. Ex. 81-4 
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survey of tlrnt region, Assistant Edward Goodfellow was directe!l to search for tl1e marks whiclt had 
lwen set in the grouml, aml thus to identi(v them as poiut.s used iu the general tria11gulatio11 of the 
coast. 'Vith t11e requisite office-daLa a111l descriptions or the stations, l\fr_ Gtiodfellow took the 
field in August, 1874, and, from a preliminary station ou lleacon Hill, o\.Jsen,ed upon five known 
points of tlte secondary triaugnlatiou. From one of these, at Elm 'J'ree Beacou, angular measure
ments were also made, tlrn purpose being to identify the pomt which had been occupied by the·, 
theodolite in a former year on Beacon HilL Having ascertained within close limits the locality iu 
which the early signal must have stood, Mr. Goodfellow next proceeded to Weasel, to search for 
the grourn}.rnarks. TLei;e he readily found Ly clearing the rock of eartL and moss which had 
gathered 011 it in the course of years since tlrn station was first occupied. After adjusting a signal
pole over the point to be obsen'ed 011 from Beacon Hill, l\Ir. Goodfellow visited. that station, and, 
applying results gathered from angnlar measurements at the otllers, found, after due search, the 
stone cone which had lJeen buri€d there by Superintendent Hassler. This work was completed on 
the 18th of September, when descriptions applicable to the present condition of the stations were 
filed at tl1e office, with sketches to facilitate identificatiou of the points in future. l\Ir. C. A. Ins 
aided in the field-operations. 

In December, Assistant Goodfellow was assigned to duty under the direction of the assistant 
in charge of the office in ·washington. 

Plt:1Jsical si1r-rey o_f Ne1n rork Ha~·bor.-As far as practical purposes have demanded, this work 
has been pursued systematically. The harbor bas uudergone some changes since the early surveys 
were made, :md these alterations, with their causes, make the sul1jects of operations and studies at 
tllis time. IuciuentalJy, llowever, an investigation of the relations of the channels to lbe streams 
that traYcrso them is continued by Assistant Henry Mitchell, and is expected to show.at what 
points the old l)ier-lines are at fault, and the proper location for uew ones, not onl.v where faulty 
ones exist, but also in localities not yet occupied. 

The deepening of the Hudson below Castle Point, referred to in a previous report, naturally 
suggested an iuquir.v iuto the causes of the excavation and the disposal of the material removed. 
A glance at the earlier harbor-chart shows that this part of the river was originally of adequate 
depth for a11 the possible wants of navigation, and that the deepening is uot only no improvement, 
but im1llies injury elsewhere, since a very large volume of matfl'ial must ha>e been deposited in 
other parts of the harbor. It seems probable that the general occupation in later years of the 
New Jersey shore, and the erection of numerous wllarves, etc., on that side of the riYer, have 
restricted the former tlow, and that increased· scour has been thus induceil. 

The utilization of hitlierto worthless flats, even if some such consequenceR as those referred 
to must follow, is not necessarily inexpe.dient, but in the case under question a proper study of the 
natural conditions in advance of the erection of structures might have secured the community 
against undue sacrifices. The commission of UniteP, States oflicers, requested by the State author
ities of New York to rectify the pier-lines of Brooklyn, owes its origin primal"ily to complaints 
against the extension of wharves beyond the pre\'iously adopted harbor-lines. That board, having 
no power to remove the extensions, which seem to have been made without any pre,•ious study or 
consultation in regard to their probable effect on the cbannels, was constrained to locate a new 
pier-line, more advanced than the old one, in order to mitigate the injurious eflect of the obstruc
tions. Rei,earches iu the ph,Ysical survey ha,·e had direct bearing on the conclusions reached, and 
at times the obsen·ers in the party of Mr. Mitchell have rendered immediate service to meet the 
req nests of the board. 

Immediately after his return from Central America, Professor Mitchell arranged a projt>ct for 
farther operation~ in New York Harbor. The schooner Research was equipped anti ready for work· 
on the 8th of Jul~-. Assistant R. L. Marindin took charge of tbe party, and Mr. J.B. Weir sen·ed 
as aid. · 

In East River, Rix transverse curves of velocity were determined, both for maximum ebb and 
maximum floocl. These were compared, each with the profile of the section sounded out at the 
same time, and connected by tracing free floats, the courses of which were determined by many 
three-point positions. 
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Snbsequently, work in Hudson Hiver antl along the western part of the main channel of the 
h;ubor was taken np; four transverse CLu,·es were determined, ant! these were connected and 
extende<l by twenty.nine trips with free floats. Peculiar difficulties are offered. in tbe lludson. 
J\'fany stations are needful to give the tnw»verse curves of ''elocity, and, if not observed on simul· 
tancously, corrections cannot well be applied for yariations in the river.outflow. 

Part of the design in view is to draw isodsnamic lines thronglt tbe harbor.chart, and exhibit 
their relation to the submerged contours, especially where the bottom is yieldiug, but also where 
the flow is snlJOrdinated to the form of the channel. It is obvious that such a chart, if satif'faC· 
torily made, would show directly where artificial improvement of tbe channel will accord with, aud 
where it would violate, natural rules; which of the shoals were antecedent to the existence of the 
present currents, and which of the shoals resulted from these mo•ements-t!Je first belonging to 
the class of obstructions that can l>e permanently removed, the last· to the class of shoals that will 
at some future time re.appear. 

In the course of the work in New York Harbor, it bas become eYideut that observations in 
summer and autumn, which have been our working.seasons there; must be supplemented by obser. 
vations made in the spring, in order to find co efficients for the flood periods. 

Earnest call haYing been made for similar observations in Providence Harbor, notice of wbicll 
h:is been taken under the bea1l of Section I, the work near New York was closed on tl.ie 1st of Sep· 
tember, 11574. SulJsequently, the party was employed in special observations at the JHississipp 
delta. 

Hydrography of New York Bay.-During the month of Jllly, 1814, the party of Assistant F. F. 
Nes, in tbe steamer Ar~1go, was employed in sounding the parts of the lower bay which had not 
bePn reached in the operations of the preceding season. While that work was in progress, my 
atte11tion was asked to determine whether the barbor·dredgings for the final deposit of which cer· 
tain locaJities had been indicated were moving so as to lessen the depth i11 the adjaceut chanuel, 
an inquiry based apparently on the supposition that the barges of many contractors were all towe1l 
in accordance with the "permit" to the designated sites, an<l dischJ.trged withiu ti.le limit of deptli 
specified when the dumping.grounds were selected. Assistant )farindin being then in the Yiciuity, 
aud knowing the re<1uirements which were carefully inserted in each permit, soon observetl that 
barges were discharged elsewhere. ·while poiutiug out to Assistant Nes the signals used in th11 
suney of 1873, which resulted iu selecting the place of deposit, Mr. Mariudin saw some barges 
depositing material in the cliannel at a positiou less than three.quarters of a mile f1om tlie .Fort 
Tompkins light·bouse. Tlieir movements in reaching the place, moreover, made it very likely that 
the "permit" to dump material orily in depths greater than six and less than tweh·e feet had been 
generally disregarded. Inquiries Ly some of ti.le members of the Board of Commi,.sioners of Pilots 
led to the same conclm;ion. 'Gnder tlie adYicc of Professor Mitchell, a resnrYey was made of \Yest 
Bank channel and dumpiug·ground by the party in the Ar::igo. Mr. Nes completed that work on 
the 24th of August, and then sent to the office the reconls of tbe bydrograpby and specimens of 
the bottom. Soundings were resumed in tbe ,-iciuity of Southwest Spit, and there the operations 
of the party were continued until the 10th of October, when the Arago returned to port, to be 
refitted for bydrograpbic service which will be mentioned hereafter. l\'faster H. 0. Handy, U.S. N., 
joined the ,·essel on the 13th of August, and assisted in the work in New York Bay. The follow·. 
ing is a sy1101lsis of the statistics: 

~Iiles run in sounding ................................. - . . . . . . . . . . . . . . . . . . ;390 
Angles measured .....................••..........••.....•..•....... ~.... 4, 934 
Number of soundings .••.••••.....•....•...•..... - .....•.•......•........ l!J, GO'i 

A.ssistaut Nes was aided in this section by Mr. W. B. French. Lie11wnant Handy took clunge 
of the steamer Arago at the end of October, and subsequeut.ly conducted the operations of tile 
party in that vessel, as will be stated under Section IV. 

Pidal observatimis.-The self-registering tide-gauge, though of the old form, in charge of l\Jr. 
I~. T. Bassett, was kept in operation throughout the severe weather of last winter at Hovemor'11 
Island New York Hal'l>or by the free use of warm water wllcn circurust.ances so required. Ouly 

' - ' . a few interruptions appear in the register, and correspoud·to periods when, because of the iloatwg 
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ice, the observer foand it impossible to reach the tide-gauge. As heretofore, Mr. Bassett recorus 
the tides also with a box-gauge at Hamilton avenue in Brooklyn. 

Places have been selected at Saudy H0ok aml Throg's Neck for the estal>Iisbment of self.regis
tering tide-gauges, and it is hoped that series of observations may be commenced at an early day. 

In the following extract, Lieutenant Hrtchcock mentions an act of noble daring by a member 
of bis bydrograpbic party, of the steamer Endeavor, at Jersey City, on the 25th of June of the' 
present year, when arrangements were in progress for transferring the parliy from that vessel to 
the 8teamer Gedney, and which is here cited as specially commendable: · 

"While on shore, Henry Rynders, seaman of this vessel, noticed a crowd, and on inq airy found 
that a boy in playing ball had accidentally fallen into a sewer, and that be had been swept under 
the street and beyond the reach of a rake, the only means tried in the course of nearly twenty 
minutes for his recovery. Rynders procured a rope, lowered himself into the sewer, found the boy, 
almost lifeless, about 15 feet from the opening, and brouglit him up." 

The rescue of the boy by a humane imriulse stronger tha11 any sense of personal risk was 
promptly noticed by the American Benevolent Life Saving Society of New York. The sih'er medal 
of the society, suitably inscribed, and a substantial token in money, awarded by the society to Henry 
Rynders, seaman, have been transmitted by its president, Ellwood Walter, esq., with a communi
cation expressing the exalted motives that prompt such awards. 

Survey of Great Soutli Bay, Long Island, N. r.-This work was resumed by Assistant 
Charles Hosmer on the 23d of June, 1874, at Islip. In the CClurse of the season, the detailed topog
r11phy was extended eastward along the upper shore of Great South Bay as far as Howell's Point.. 
Conformable to the same limits east and west, the strip of land bounding the south side of the 
bay was mapped on tlle plane-table sheet. Soundings were taken up at Nicboll's Point, where 
hydrographic work had closed in the preceding season, and were extended eastward to Howell's 
Point. Un the north side of tlrn bay, the survey includes PatchQgue and all artificial improvements 
now existing between the water-line and the railroad. Under direction of Mr. Hosmer, the sound
ings were prosecuted by SulJassistant L. B. Wright in the schooner G. M. Bache. Mr. J. De 
Wolf aided in the plane-table work. The statistics are: 

Shore line surveyed, miles .... - ... - - ... - .. - . - . - - - - . . - - - - . - . - . - -.. _ - . . . . 46~ 
Iioads, miles - . _. - .... - - - .. _. - . - ........ - .. - . - ........ - ....•... - _ . . . . . . IOL 
Area of topography, square miles. - . _ .... - •.. - .. - ....•........ - - .. - - - . - . . 2'& 
Miles run in sounding .. _ .... _.: _ ... _ .... __ .. _ _ . _. _ ....... __ .. _ .. __ .... _ 219 
Angles measured ... _ ..... _ . . . __ .... _ ....... _ .... _ .... _ - .. _ . __ . - _. _ . _.. 1, 169 
Number of soundings ..•........... _ ..... _ ..•..... _ .....•..•••..... _. __ • 20, 241 

The party was disbanded on the 26th of September. Its subsequent operations will be men
tioned under the head of Section VI. 

Reconnaissance.-At the request of the governor of New Jersey, and in behalf of the geological 
survey now in progress in that State under the direction of Prof. G. H. Cook, arrangements ham 
been made for the determination of points to serve in correcting the State map. The examination 
of the ground.for stations bas been committed to Prof. E. A. Bowser, who will take the field in the 
course of the summer in the vicinity of New Bruosw ick. 

Topography of Bartwgat Bay, N. J.-l!'or resnming field-work on the coast of New Jersey, 
the party of Assist.ant C. M. Bache was organized on the 16th of ,July, 18741 a11d a plane. 
table sheet was projected for details of survey along the western side of Barnegat Bay, between the 
town of Bamegat and the north shore of Tom's River. Field-work was continued until the 6th of 
November. After tracing the shore·line, the surface-features adjacent were mapped inland as far 
as the road which passes from Tom's River to Barnegat. The survey was closed for the season ou 
the south side of the river, where it will be resumed in the summer of 1875 by the same party. 
Statistics of work for the present season are : 

Shore-line surveyed, miles ..• _ •.... _ ... __ .... _ ..••.......•• __ . _ .•. _. _... 159 
Roads, miles .....•.. - .... - . - - ..... - - .. - . - . - - - . - ..... _ ...... _. __ .. _. _... 106 
Area of topography, square mile& .... _ . _ .. __ . _ .. __ ..... _ .. _ . • . . . . • • • . • • . • 38 
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Snlmssistaut Il. M. De 'Vees was attached to this party, and l\Ir. J. J. E\·ans aided in the 
field-work. 

As nwans for transportation, Assistant Bache used a barge, which bas JlrO\·ed to be well 
adapted for conducting plane-tal>le operations in tlrn vicinity of shallow waters. It is expected 
that in the coming season the detailed topographical· sun-ey of the coast of New Jersey will t.e 
made continuous from Saudy Hook to a point below A.bsecom Inlet. 

Hydrography of Barnegat Bay, N. J.-Early in July, 1874, the party of Subassistant \Y. I. 
Vinal was transferred to the schooner Biuu. The vessel left Norfolk 011 the lltli of tllat month; 
but, owing to adverse winds, five days were spent in reaching the working-ground on the coast of 
New Jersey. Notice will be taken presently of the survey, which was immediately taken Ull, but 
in geographical order mention must be made of the work which was commenced on the 20th of 
.August iu Barnegat Bay. Duriug au entire month from the outset, sou11dings were prosecuted 
under great disadvantage, tile air being clonued by smoke from extensive tract;; of burning forest. 
By the Sth of October, howenr, the entire bay, which is abont 12 miles long and from 2 to [j miles 
wide, was completely sounded out. Ten stations ou shore were occupied for determining the posi
tions of signals. T!Je ordinary hydrographic statistics are: 

Miles run in sounding ................................. , . . . • . .. . . . . .. . .. . • . . . . 330 
Angles measured. . . . . . • . . . . . . . . . .. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 2, 2G4 
Number of soundings ...................................................... ."iG, W4 

In the progress of this surrny, the positions of six life-saving stations and firn buoys were 
determined. 

Snbassistant Vinal took up the bydrograpby of the entrance to Little Egg Harbor 011 the 
20th of .July. The lines of soundings required, being outside, could be run only at intervals, during 
which the irregular "dry northeaster" was not \:>lowing on shore. No opportunity for advancing 
the work was lost, and by the 13th of August the llydrography of the entrance and approaches to 
Little l!Jgg Harbor was completed. While the work was in progress, the officers engaged in light· 
ltouse sel'vice renewed the buopi an<l mo,-ed several of them in position. All the positions, tl1ir
teen in number, were carefully determined hy Mr. Vinal, and are mnrked on his bydrographic-sheet. 
In this vicinity, he determined also the positions of three life-saving stations. The general statis. 
tics are: 

.Miles run in souuding .................................. - . • .. . . . . . . . . . • . . . 101 
Angles measured .• - .......................................... - ............ _.. 913 
Number of soundings . . . . . . . . . . . . . . . . . • . . .. . . . . . • . .. . .. . . . . • . . . . . . . . . . . . . . 9, 587 

Mr. E. B. Pleasants served as aid in the hydrographic party, and accompanied Mr. Vinal for 
similar duty in Section IX, under which mention will lie maue of the occupation of the party during 
the winter and spring. 

In going northwat·d in the steamer Bache, for service which ha;s been stated under the head of 
Se-Otiou I, Acting i\faster Platt passed, on the 19th of July, 1874, off Barnegat, a large spar, wl1icll 
seemed to projrct from a sunken wreck. Near the spar, the depth of water was tliirteeu fathoms, 
the light-house bearing north-northwest, and distant about nine miles. Prompt notice was given 
thl'ough the press in regard to this obstacle, which, for any period that tlrn wreck might hold the 
spar in place, would be highly dangerous to navigation. 

Triangulation, topography, and hyilrograpliy -in Delaware Ri1Jer.-This work was prosecuted at 
the request of the Light-Honse Board, to meet the requirements of that service for tile proper 
location of range beacons as aids to nal'.ig;ttion in the Delaware, near Liston's Tree, and also for 
entering the rnollth of tile Schuylkill. Of necessity, the hydrography of the channels was redseLl 
in both places, the channel into the Schn,ylkill having !men recently altered by dredging, wllile that 
near Liston's Tree was represented only by the soundings made many .rears ago. Ju order to 
provide the points requisite on laud, Assistant .J. A. Sullivan took the field on the 26th of April, 
and, with tile aid of l\ir. O. L. Gardner, soon identified the station.mark which bad been placed iu 
the ground at Port Peun as one of the points in the triangulation of Delaware Bay. Tile li1Je to 
Reedy Island light-house serv·ing as a base, suitable angular measurements were interpolat.ed, and 
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twenty-seven additional points were furnished for the use of the hydrographic party. These were 
determined by 1,440 observations with the theodolite. 

After providing the requisite projections, .Assistant F. F. Nes proceeded to Delaware City on 
the 19th of .April, and set up a tide-gauge there, and another at New Castle. At Collins' Beach, 
tidal observation were also recorded. "Lntil the 4th of May, the party was employed in erecting 
signals, uuller the disadvantage of continuous bad weather. The light-house steamer Violet,-, 
assigned as means for transportation, was soon withdrawn umler an exigency of the service, but 
was replaced a week afterward by the cutter Rose. During that interval, Assistant Nes prosecuted 
soundings with a small boat. Progress in the work was very sati1>factory after tl1e middle of May, 
and, in the course of the following week, the hydrography of the channel was compl~ted. Positions 
for range-lights were then selected, tripods were erected oYer the points, and lines. of soundings were 
run between the tripods on tLe selected ranges. The least depth found on eithe1· side of the range 
was twenty feet. 

In this service, ::\fr. Nes erected twenty-two tripod·signals, and carefully determined tho 
positions of seven buoys. The general statistics of bis work are as follows: 

:Miles run in sounding . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~H8 

Angle.s measured , ............................................ _... . . . . . . . . 1, 579 
<Jasts of tlle lead. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 77:& 

The report of Assistant Nes includes descriptions of the signals used for the bydrograpbJ·, 
and of the ground selected as sites for the range-beacons. l\iessrs. R. B. l'alfrey aml C. H. Sinclair 
1>en-ed as aids in the party of Assi1>tant Nes. 

The party assigned for revising the hydrograpby at the mouth of Schuylkill River was placed 
in charge of Mr. Charles Junken, who conferred immediately with General· ltaynolds, the light
house engineer at Philadelphia, and commenced work on the 30th of April. Mr. Junken used tlle 
plane· table for tracing the shore-lines of the lower part of the Scbu;ylkill and of the adjaceut p~ut 
of League Island. By the same meant>, he determined in position a number of poles placed at low· 
water mark, each being the end of a subsequent line of soundings. As the work advanced, tlie 
soundings reduced to mean low water were plotted on the chart. The result shows that a depth of 
19~ feet can be carried into the month of tlle Schuylkill and up to Penrose Ferry Bridge. Positions 
for the range-lights were then nmrked by tripods on the grouncl. 

On the lltb of May, General Raynolds went on board of the Iigl1t-bouse cutter Rose, and 
passed into tlle Scbuylkill by the ranges as marked, finding a depth of 20 feet on the bar. Sound-

. ings above tlle bar, however, developed the existence of some obstruction, which subsequently 
proved to be a sunken coal.barge, and near it a pile of stone, probably the discharged ballast-of a 
·vessel. These obstructions were marked on the chart, copies of whicll have been furnished for the 
uses of the Light-House Board. The general statit>ties are: 

:Miles run in sounding .......... ~ •............ _ .............•. _ . . . . .. . . . . . . 11 
Nurnher of soundings .....•.......... _ ...............••....•.... _ ••..•..• 1, 987 

Ge<>detic surrey in Pennsyivania.-At the instance of the State geologist, Prof. J. P. Lesley, 
re11i:iest was malle early in the summer, by the governor of Pennsylvania, for the co-operation 
allthorized by law in regar<l to extending the triangulation of the coast so as to determine points 
for correcting the State ma1). Prof. L. M. Haupt, of the University of Pennsylvania, who lias been 
accepted as :field.-observer, conforred personally at the_ Coast Sarvey Office in June, and is now 
conducting a reconnaissance in the Leltigb wining region, where it is desired by the State geologist 
that the accnrate determination of points should be commenced. 
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SECTION III. 

ATLANTIC COAST AKD ll.\.YS OF l\LUffLA:'iD A\'D VIRGINIA, I:'\CLVDING SLU'OBTS .\:\D El\"EHS. 
(SKErcn No. G.) 

Special .~un-ey of Cta11ey bla.nil, Yff.-,Yhile Assistant J. \Y. Donn was yet engaged in arrange
ments for resuming fidd-work on the James Uiver, request was made l>.r the chief of the Orduance 
nureau of the Navy Department, Capt. \V. N. Jeffers, for a minute topograpliical surve.r of the 
ground of Craney Island, abm·e tlie low-water shore-liue. This and similar calls of course ha•e in 
view such delineations of surface as will meet all possible requirements in engineering operations. 
At Craney Island, tlie earthworks thrown up iu 1861 were fouud by Mr. Donn, in December, 18i4, as 
broken irregular mounds, hillocks, and ridges. He developed tbe entire surface of the island by 
contours, to show each successhre foot in verticfll height of the ground abO\·e the low-water line, 
an(l mapped ti.Jfl features on a scale suitable for engineering purposes. The Ordnance Bureau 
ba\·ing defrayed the expenses incurred in this special survey, a copy of tlrn resulting map was 
transmitted to Captain Jeffers for the archives of the Navy Department. Field-work at Craney 
!&laud was concluded by Mr. Donn in the tllird week of December. His party then took up ser
vice whicb will be mentioned under the next head. 

Suppleme11tary 7ty(lrog1·apliy.-I~or the completion of the cbart of Elizabetb River, the si.Jallow 
passage between Craney Island and the mainland was sounded ont in August, 1874, and several 
Jines were added, giving additional soun<liugs in Elizabeth Hi 1-er near the western eud of' tlrn 
island. l\Ir. James B. Ba~·lor, who was detailed for this service, promptly turned in the resulting 
sheet, on which is the following synopsis of statistics: 

.Miles nm in sounding ....... _ ...... - .............................. , . . . . . . . 7 
Angles measured ........... _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 100 
Number of soundings._. . . . . • . . . . . • . .........•..•................ _ . . . . . .. . 1, 126 

Mr. Ba~·Ior had been pre\'ionsly engaged in Sections YI and VII. 
Tidal observation.~.-A self.registering gauge of the uew form, with large interchangeable cylin

ders, reading-box, and clock with a ualance-wheel, is now in operation at Fortress Monroe, in charge 
of the observer, Mr. \V. J. Bodell. The record of tides at this station bas been much irupron~d by 
substitutiug the time-keeper now in ns8fo1· tlie pcndnlum-clock, which, in rough weather, was liable 
to stop, aud thus occasion hreaks in the tidal register. 

Burney of the Oltickahominy Rfrer, Ya.-In the preceding season, this work i.Jad beeu extendc(l 
from the mouth of the river upward to 81.Jip Yard. Assistant Donn there resurneJ the survey in 
the latter part of December, 1874, with bis party, in the schooner Scoresby; roughness of the weather 
making it inexpedient to undertake operations in the broad waters of J amcs River at that period· 

The triangulation of the Chickahominy was continue.a from the point gained in the general 
work of the previous season, and was carried to the head of navigation. Sttbseqnently, the topog
raphy was mapped to represent a margin about one mile wide on either bank, and as far up the 
stream as the old English cut or canal at Forge Bridge. The river was sounded within the same 
limits. 1\Iuch inclement weather and the unusual thickness of ice in the ri"ver made this service 
difficult, but.the work was finally accomplished in March within tlle limit ot' time assigned for its 
completion. The Scoresby was then immediately passed into the James Ri,·er for further service. 
In the Cbickabominy, the tides were recorded at Mount Airy and Window Shades for short }leriods; 
and, for an entire month, all the high aird low waters were recorded by means of a tide-gauge at 
Graves' Landing. 

Surt~ey of James River, Va.-When the work described under the prect>ding head was closell, 
the severity of the season had remitted. Good weather fo1lowcd iu April and .M:ay, and, under 
fa'l'"orab1e circumstanceB, .A.ssistant Donn resumed the detailed survey of the James l{irnr at Sloop 
Point. As the work advanced toward Uity Point, the details of topograplly were mapped to rl'p
resent a margin of the usual width on eacll side of the river; and, of the several branches of the 
ri'l'"er within tile limits of the survey, the shore-line and adjacent topography were included. .All 
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tlrn creeks not too shallow at the P.ntrance to admit the boats of the Scoresby were sounded gen
erall~· by lines along the axes of their channels. The t.Tork was extended up tlie James Ith' er as 
far as means aYailable for tbe season won Id allow, and was closed for the fiscal year on a line from 
the middle of Eppes Island to the terminus of the railroad ou Cit.Y Point. 

The tides wer<' obsen·ed by means of temporary gauges at Brandon Point, Dunmore Wharf, 
and Wilcox's \'\'harf. At Jordan's Point light-house, ench recurrence of high and low water was 
recorded during twenty-six cousecutiye days. The datum-planes of the gauges from Brandon to 
Jordan's Point were connected by a line or levels run at intervals during ~pril and May. 

Assistant Donn was aided in :field-work in this section by Messrs. F. C. Donn, F. H. Parsons, 
and C. A. Ives, and, after February, also by Mr. D. 0. Hanson. The statistics of work are for the 
surve_ys on the James Rive1· and the Cbickabomiuy: 

Stations occupied in triangulation -.... __ ......... _ - ... _ .... _ . ___ .. __ ...• 
.Angles me~umred with theodolite -....................................... . 
Shore-line snrve.red, miles-··-··-·-········· ....•..•..................... 
Streams, miles ........ _ .....•..................................... _ ..... . 
l~oads, mHes .......................... - - . . . . . • . . .. • . - .................. . 
Area of topography, square miles .............. _.... . . . . . . . . . . . . . _ ... _ . _ 
l\1iles run in souudiug ................... - - ...... - . - ........• - . - ......... . 
Aug·Ies (sex taut) ... - . . . - . - - - . - ... - - ... - - - - - . - ... - - . - - .... -............ . 
Numl>er of soundings_ ..... - . - ........... - ... - - - ..... -•.................. 

.44 
152 
199 
9-i 

144 
91 

426 
2,722 

23,051 

Under Section I, iu which the varty is now engaged, notice has been taken of the service per
formed umler the tlirection of .Assistant Dorm in the summer of 1874. 

JJ!.agnetic ob.~erMtions.-At the standard station, on Capitol Hill, Washington, D. C., observa -
tions for the magnetic declination, dip, and intensity were made, in June of the present year, l>y 
Assistant Charles A. Schott. This is the eighth year in the series of determinations by the same 
observer. 'Ibe uiscussion by Mr. Schott, and conclusions reached in regard to the magnetic ele
ments at the station on Capitol Hill, were given in my last annual report. 

Triangulation in Virgiltia (Sketch No. 8).-For extending southward the primary triangula
tion which crosses the Potomac in the vicinity of Washington City, Assistant A. T. Mosman took 
the field on the 10th of Juue, 1874, and occupied Mount Marshall iu Rappahannock County, Va. 
The month of June was spent in Yisiting and adj t1sti11g signals at the stations of the main trian
gulation as the-y were left in 1871. Observations for horizontal angles were begun with a new 
14-iuch theodolite at Mount Marshall early in July, l>nt progress in the work was much hindered 
by haze, so that angular measurements from that station on eight primary, two secondary, and 
twel\'e tertiary signals were not completed until the 8th of September. Vertical angles were 
measured on eight of the outlying stations. The summit of Mount Marshall is 3,850 feet above 
the sea, and is so difficult of access that· Mr. Mosman of necessity pitched the camp of bis party 
about six hundred feet below the observing-station. The close of operations there was followed by 
several weeks of rainy or thick weather, in the course of which the party and instruments were 
transferred to Fork Mouutaiu in Madison Oounty. Between the 12th au<l 21st of Cctober, a few 
observations were secured an<l recorded at that station ; but generally then, and continuously after
ward until the 20th of NO\·ember, the atmosphere was so smoky that monntains o~ly ten miles 
off could not be seen in outline. The party, however, though under much hardship, remained, and 
recorded angular measurements at all favorable moments, until the 26th of December. For some 
weeks, Fork Mountain and the neighboring summits had been covered with snow and ice, and 
communication between the party at tbe station and the lower country was cut off for days at a. 
time. The field-records show that angular measurements were made from Fork Mountain on ten 
primary, three secondary, and twenty-one tertiary signals, and that differences iu height \Vere 
measured by the micrometer on twenty-one outlying stations. Pour heliotropes were used for 
determining the direction of the longest lines in the triangulation. The party was disbanded on 
the 31st of December. During the next three months, Assistant Mosman, and his aid, Mr. D.S. 
·woleott, were employed in computing results from the records of field-work, April and May 
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were occupied in r<'connaissance for stations, to connect properly with Humpback Mountain, for' 
the measurement of horizontal angles. Mr. U. l1. Gardner was temporarily attache<l in DecembPr, 
and was again assigned to duty in the party in ,June last. Th!.' general statistics of the work are: 

Si gnrtls erected ........ ., . - . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . G 
Directions determined . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 20 
NumlJer of ol.Jsernttions .•................................................. 1, 498 

At the end of June, obsen·ations were closed at Humpback Mountain. The party was tlien 
transferred to Spear Mountain, at which the work prosecuted will be made the subject of notice in 
my next report. At Humpback, the differences in lleight between that and four other stations 
were determined by means of the vertical circle. Owing to tile difficulty of access, the observer's 
tent was of necessity four miles distaut from the station, a cowJition adding mucl1 to the labors of 
the party in this region. 

Reconnaisimnce.-For the extension of a chain of triangles westward from points in the series 
which passes southward along the Blue Ridge in Virgiuia, Assistant S. C. l\IcCorkle took up the 
work of reconnaissance in the middle of July, 1874. TI ump back Mountain and the primary station 
at Fork ]\fountain being apprornd as st,u·ting-[Joints, M:r. l\IcOJrkle visited Elliott's Kuo\); in 
connection with it, afterward selected a station in Rockingham County at State Spring; and from 
thence passing into Pendleton County, he examined the country from tile summit of Panther Knob. 
Several mountains in Ilighland <Jount.r were visited, and Paddy's Knob was selected as a station. 
Tllis is on the Alleghany Range, and near the corner of Bath and Highland Counties. Subse
qnent1.v, positions were examined near Covington, and others in the southwest part of Pocahontas 
County and on the borders of Summers and Greenbrier Ouuuties. Iu the region of the Kanawha, 
points were examined on Sewall Mountain and Ganley Mountain. In F1iyette Connty, Payne's 
Mountain was selected, aml, visible from it, a point in ~icholas County, west of Smnmers\·ille. 
Toward the Ohio River, the elevations arc less, some being twch'c hundred and others uot more 
tlrnn e1gbt hundred feet above the general level of the regiou. 

The results of this reconnaissance make it probable that a good scheme of triangulation is prae
ticable between the Shenandoah range of mountaius and the Oltio Ri\·er. Assistant McOorkle's 
report was accompanied lJy a sketch showing the approximate positions of stations which had been 
found intervisible, atul notes iu rega.rd to loc.tl facilities and means of transit from place to place. 
His subsequent work in recormaissa.nce will be mentionetl under the bead of Sectiou VII. 

SECTION IV. 

ATLANTIC COAST AND SOUNDS OF NORTH CAROLINA, INCLUDING SEAPORTS AND RIVERS.-(SKETCII 
No. 7.) 

Triangulation of Pamplico S.>und, N. C. -A'i mentioned in my report of last year, this work 
l1as been prosecuted continuously lJy the party under the charge of Asi>istant G. A. Fairfield, and 
is now completed. Early in the fiscal year, the station at Stumpy Point was occupied, but obser
vations there were long delayed in consequenca ot' the volume of smoke brought from the bumiug 
pines of the Dismal Swamp. Mr. Fairfield completed tlte angular measurements at that station 
on the 25th of November, 1874, and then transferred bis party in tbe steamer Hitchcock to G11H 
Island, where observations were continued until the l!.lth of February of the present year, through 
the coldest and most stormy season yet experienced in the sound. In tlrnt interval, a ho:tt's crew, 
sent to Newbern for the mail-matter which had accumulated, nearly perished; but, though 
coated with ice an inch thick, the men were safely landed at the mouth of Ne11se Ri\'er by tho 
energy of l\ir. T. G. Dixon, sailing master, who was in charge of the cutter. 

While observations were 1n progress at Gull Isfand, Mr. B. A. Colonna, aid, was sent to Cape 
Hatteras, and there determined the position of the old light-house, and chained the distance 
between it and the new strncturt>. The positions of both, relative to the beacon-light, were 
determined by angular measurements. 

On the 20th of February, a station on the eastern side of Pamplico Sound was prepared at Pea. 
Island. Assistant Fairfield visited the light-house at Roanoke Marshes, but found the structure 

H. Ex. 81--5 
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an<l the ground anywhere near it too unstable as a place for the theodolite, and of necessity estab
lished a station on the west margin of H.oanoke Island, at a point nearly three miles northeast of 
the light-house. Angular measurements at the st~Ltion (named Sand Island) were completed on 
the !..l5th 0f l\Iarch. Subassistant Colouna and 1\lr. W. B. Fairfield, aid, were then detailed to make 
the observations at Pelt Island, an<l completed work there on the 19th of April. The only 
anchorage for the steamer in that vicinity lJeing much exposed, the party Ii ved in camp while at-, 
l'ea faland. .Next in order, the· north and south ends of the baso lino at liodie's Island were 
occupied with the theodolite by .Mr. Colonna, and horizontal angles were measured upon the three 
signals in view, connecting that base with the triangulation of Pamplico Sound. One of the granite 
monuments set to mark the south end of the line had been overturned and broken within the past 
teu years, but was again replaced by Mr. Colonna, and securely marked. 

After completing the triangulation, Mr. Fairfield determined the positions.of two of the new 
light-houses erected within a few years as aids to navigation in the waters north of his locality of 
work. A signal was erected, and three stations were occupied for ascertaining the position of 
Uroatan light-house. The structure now in course of erection at Currituck Beach was also 
determined in position. 11'inding by examination that known points were not available for deter
mining the lights at 'Yade's Point, North River, aml Pasquotank River without additional field
work, the party in the steamer Hitchcock was recalled from this section in the middle of June, and 
proceeded to Baltimore, where the vessel will be refitted for other duty. The statistics of the con
cluding field.work in Pamplico Sound are: 

Signals erected ..... ___ .... _ .. __ ... _ ........ _ ... _ ... _ •... _ .......... ·.... . 4 
Primary stations occupied .................. _ ....................... _ . . . . 6 
Secondary stations occupied. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Angles measured. . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 
Points determined •................................ _ .........•..... _. . . . 22 
Number of observations...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . • . . . . . . 5, 886 

The field-records, containing descriptions of the stations and angles observed, have been 
duplicated and compared, and, together with the computations by Urn olJservers, ltave been 
deposited in the office . 

.At the end of the fiscal year, Subassistant Colonna, was detailed to conduct a party in
Section II. 

To1io!J1·aplty of Pamplico Sound, N. C.-Iu the field operations of the fiscal year 1874-'75, the 
shore-line survey of Pamplico Sound was completed by a party nuder the direction of Assistant 
C. T. Iardella, who resumed work in this section with the schooner Daua on the 7th of December, 
1874. Commencing at Long Shoal signal, and as data for the immediate uses of the hydrngraphic 
part.y, in the steamer Arago, the shore-line was carpfu]Jy traced as far as Hog Island. In the 
same direction, the survey was then prosecuted to a junction at Juniper Bay, with the field-work 
done in a previous year. Resuming again at Long Shoal signal, l\lr. Iardella extended the survey 
northward, and joined on the 14th of May with a plane-table sheet of the year 1864, showing 
details of the shore in the vicinity of the light-house at Roanoke :Marshes. The three plane
table sheets returned to the office by Assistant Iardella show several small bays on the west side 
of Pamplico Sound. In reference to their importance as harbors for local trading-vessels, the fol
lowing remarks are made in the field-report: 

"We8t Bluff Bay, two miles wide, with good anchorage in ten feet, is a safe harbor for small 
vessels in all except southwest winds. East Bluff Bay is also a saf'e harbor, excepting in heavy 
southeast weather." 

"Yesocking Bay, the entrance of which is sheltereu by Gull Shoal, receives vessels drawing 
eight feet, that load with corn and cattle brought down in scows through the canals that traverse the 
adjacent country." 

"Long Shoal River is two miles wide at its entrance, and four miles long. Vessels can anchor 
in twelve feet and be safe in an winds; but as yet the shores are not occupied, the nearest habita
tions beiog fifteen miles from the river." 
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Subassist:mt II. vV. Bache was iu service in tllis plane-table party. Tlle statistics of work are: 

Shore-line surveyed, miles .. _ ............ _ ..... _ .....•. _ ....... _... . . . . . . lil 
ltoads, 1niles ...............•... _ ........•.......•............. _ .•. _ . . . . . 3~ 

vVater-P-ourses, miles ... - . . . . . • . . . . . . . . . . . . . . ........................ - _. 17 

Finding that the islands near Roanoke lHarshes light-house had been waslled ancl lesaencd hy 
the action of the wat-0r in the course of the last teu years, Mr. Iardella resurveyed their shore-lines, 
and mapped them in relation with the shore-line of his upper plane-table sheet. The abrasion 
observed principally affects the islands on the side which is exposed to the open water of the 
sound. 

Hydrograplly of Pa.niplico So1md, N. 0.-The progress made in the course of the fiscal year by 
J,ieut. IL 0. Ilandy, U. S. ~.,has advanced toward the completion of the hydrography of Pamplico 
Sound. His party, in the steamer Arago, left Baltimore early iu December, 1874, and by the mid
dle of that month reached '\Vashington, N. C. Signals were set up without delay ou the shores 
of Yesocking Bay, the shores of whicll had been traced by the plane-table party, as stated nnd<>r 
the last head. Lieutenant Handy established a tidal station at Pamplico light-honse, and there 
bad observations recorded while the soundiDgs were in progress. The work closely occupied the 
party in the Arago from the Uth of January until the 27th of l\fay, when operations in this sec
tion were closed for the season. The steamer Arago then sailed for New York, and made prepara
tion for prosecuting supplementary soundings on the coast of Xew Jersey. 

For hydrograpllic work on the west side of Pamplico Sotrnd, opposite to Hatteras Inlet, eight
een large signals were erected, and nine stations on shore were occupied. The general statistics 
are: 

Miles run in ~munding .... _ .. _ -_ ........................... - .... _ . . . . . . . . . 610 
Angles measured ....•....•...........•.......•.•....... - ......... - . • . • . . 3, 355 
Number of soundings ....•......... _ ............. __ ....... _ .....•.... _. 33, 334. 

The work was closed for the season in the Yicinity of Shoal Point, below which the hyclrog
rapby of Pamplico Soun cl is complete. The past season was very unfaYorable in respect of weatlier, 
ancl progress was in consequence much hindered. It is hoped that the remaining part of tlle 
hydrography may be completed in another fair working-seai,.on. 

Lieutenant Hancly was assisted in the operations of the h_ydrographic party by Masters W. 
P. Hay and I~. fl. Lefavor, U. S. :N. 

SEO TI ON V. 

ATLANTIC COAST AND SEA-WATER CHANNELS OF SOUTH CAlWt,lNA. ANU GEORG Ii\., INCLUDING 
SOUNDS, HARBOHS, AND RIVERS.-(SKETCH No. 10.) 

Topograplty of Burrs Ba:y and vicinity, S. C.-In continuation of the work of tl1e preceding 
season, Assistant W. II. Dennis, with bis partJ·, in the schooner Caswell, resumed field-operations 
on the 20th of December, 1874, at a point about a mile below Cape Romain. From tbeuce the 
cletailed survey was extended southward and westward, and at the close of the working-season itt 
this section was joined at Sullivan's Island with the limits of a sun1ey made in 1854. Soundings 
were made as the topography a<franced, and these, plotted on separate sheets, show the bydrogra
phy of the inside water-passages within a stretch of thirty-two miles eoastwise. The two plane
table sheets represent the shores of Bull's Bay, including the surface· features adjacent to Harbor 
niver and Five Fathom ()reek; Bull's Island, Caper's Island, and J>rice's Inlet, wl.iich separates 
them; Dewees' Island a.nd Long Island, separated by Dewees' Inlet; and generally the topo
graphical feat1ues between the coast-line and the main public road passing from Georgetown to 
Charleston, S. O. '' Tlte character of the topography is similar to that of the southern coast gen
erally in this section-a line of sea-islands, with some fast land, backed by marshes three or four 
miles in width, and traversed in all directions by many rivers and creeks. The margin of the main· 
land borderin"' on the marshes is generally cultivated, tlrn remai[)(ler being pine-barrens.'' 

Assistant"' Dennis was aide<l in the field by ~lessrs. S. N. Ogden and ,V. S. Bontl. The survc_y 
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was closed on the 1st of June, when the schooner C,iswell was dispatched from this section ancl 
laid up at Norfolk. The following is a synopsis of the statistics of work: 

Shore-line surveyed, miles ______ . ___ ....... _ ................ _ ...... __ ... _ 5:!9 
Marsh-line, miles .................. __ . __ . _. _ .........•.... _ ............ _. 102 
I~oads, miles .................... _ ... - .. _.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129 
Area of topography, square miles ... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155 
Miles run in sounding ....... _ ......... _ . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 421 
Angles measured . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 3, 286 
Number of soundings ....•...................•......................... 51, 481 

Assistant Dennis is now making preparation to resume field-work in Section I, under which 
head his occu1>ation of the summer of 1874 has been mentioned. 

Sea-encrorwhment at Hunting Island, S. 0.-The topographical features of the north end of 
Hunting Island, which were mapped in the careful survey of 1850, could all be recognized some 
years after that date. Altout the year 1Sli7, however, the sea, urged by a violent gale, broke 
through the beach opposite to a small creek near the site of tile old light-house, and during f\ubse
qnent years the encroachment has not ceased. Iu order to determine the amouut of change, Mr. 
Charles Junken was detailed at the end of Jmie of the present year to make a careful resurvey of 
the north end of the island. The results show that since 1850 the ii.rm land of the north end to 
the extent of two-thirds of a mile has been washed away, and a channel with six feet of water at 
low tide now tra'\erses a part of the island tliat was thea covered with large trees. This channel, 
moreover, being bounded by au extensive saud Nhoal, that replaces what was formerly the north 
end of the island, is now the outlet of Johnson's Creek. · 

Mr. Junken found by examination that tlie other channels into Saint Helena Sound haYe not 
been influenced by the wearing-away of the north end of Hunting Island. Some changes ha'\e 
occurred in the main ship-channel, but only such as to make it expedient to re-arrange the buo,vs. 
As soon as practical>le, the llydrography of the vicinity of Bunting Island will be examine(]. 

Rydrograpliy of Savmmah River, Ga.-In my preceding report, mention is made of ·the shore
line snnrey of Savannah Hiver, and of an examination of tlle currents, made at the request of tlle 
city authorities of Savannah, and important as the basis of plans for impl'oving the channel. 
l\leans not being available for conducting the hyc.lrographic resurvey at the same time, that wol'k 
was deferred until the present season. 

Lieut. J. l\I, Hawley, U. S. N., assistant in the Coast Survey, with his party, in the schooner G. 
M. Bache, sailed from Brooklyn, N. Y., on the 19th of December, 1874, but, in consequence of much 
bad weather on the passage and continuous rain after reaching S<tvannah, found it impracticable 
to commence operations until the 20th of January. A tide-gauge was established at the outset, 
and the record of high and low water was ke1lt up until the 8th of May, when the soundings were 
completed. The limit of the hydrography abo•e is the upper end of Elba Island. From thence, 
down the stream, the river was sounded thoroughly to the bar; the bar was developed and souutl
ings were extended eastward to a line about a mile outside of Tybee light-house. The weather 
until April was very uufavorable, seldom affording an entire day for lJydrographic operations. 

In refen~nce to the changes revealed by his soundings, Lieutenant Hawley remarks: 
"I found the channel of the river in general but little changed since 1866, as shown by tile 

Coast Survey chart of that year. The shoal off the lower end of Elba. Island, between Basket 
Beacon and South East Beacon, bas increased slightly, and, as a result, the width of the channel 
is there somewhat reduced." 

''The large shoal off Oockspur Island bas grown in the direction of the channel." 
H In the channel uredged east of Oyster Reef by the United States engineers, the depth at 

mean low water this season is between twelve and thirteen feet." 
"During tl1e spring, owing to freshets, the current was so strong as to overcome the flood tide 

entirel_r, and it w:is noticed that vessels did not swing to the flood, except when at anchor in 
Tybee Roads." 

"Many of the pile obstructions placed in the river during the late war still remain, r.nd impede 
the downward passage of alluvial matter." 
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Tidal obsen'ations were r2cordecl at Savannah, at tlie western end of Long Island, and at 
Fort Pulaski. Tl1e general statistics of tlie work are : 

Miles run in soun(1iug ...... .................... _ ................... _... . ............. ~....... :!3:! 
Angles measured...... . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 31G 
Number of soundings ............................................•...... .'. 24, 97± 

After completing the hyclrographic resurvey of Savannah River, Lieutenant Hawley retarned 
to Brooklyn in the schooner Bache, aud reached that port on the 21th of May. In the course of 
the season, in Section V, he was assisterl by Ensign J.M. \Yig!J~ antl Ensign G. C. Hanus, U.S. X. 

SECTION VI. 

ATLANTIC AND GULP COAST OF THE FLORIDA p};NJNSGLA., INCLUDING THE REEFS A......,-D KEYS AXD 
THE SEAPORTS AND lUVERS.-(SK8TCIIEs Nos. 11, lla, llb, .AND 12.) 

Coast hyilrography near Saint Au;JUstine, Fla.-In previous operations by the party in the 
steamer Endeavor, the inshore h.vdrography of the eastern coast of Florida h ·Hl been advanced to 
a line about miclway between Fernandina and Saint Angnstinc. At the opening of the workiug
season of the last fiscal year on the northern coast, Lieut. R. D. Hitchcock, U.S. N., assistant in the 
Coast Sun'ey, after passing a short period at the office in noting methods and processes applicable 
for hydrograpbic work, joined the party iu the EndeaYor, and assistetl in ser\·icc alloat, as was 
stated under the head of Sectiou I in this report. In December, 181±, the vessel was refitted at, 
New York under the supen·ision of that officer, and, l.Jefore the close of the month, his party was in 
elfoctiYe working order on the coast of Florida. Aoove Saint Augnstine Entrance, souudiugs were 
resumed on tbe 2d of February, a11d the work was extended southward until the 10th of Jun!', 
when operations were closed for the season at l\latauzas lulet. From t,he shore-line to seaward, the 
coast-approaches were developed to an aYerage distance of about uine miles. In crossing the 
approaches to SaintAngustine Harbor, whicl.J. \¥as about midwHy in his project of work, Lieutenant 
Hitchcock found that the channel leading into that harbor had i1nproYed. A cart>ful examination 
was made and a depth of ten feet at mean low water was found on the bar. The course of the 
channel at the entrance changes in accordance with the direction and force of the storms in that 
vicinity; 11ence the sa!ling-directions pre.pared by Lie.a tenant Hitchcock, and which were issued 
from the office iu January, enjoin that strangers should not attempt to cross the bar without a pilot. 

For prosecnting the inshore hydrography, se,·e.nteen signals were erectccl at iuter\'als aloug tlie 
coast above and below Saint Augustine. Four stations were occupiecl on shore while soundings 
were in progress. Surface-currents were obserrnd generalls within the limits of work, an<l the 
tides were re.corded at Saint Augustine while bydrogra.phic operations were in progress. 

The general Rtatistics are : 

J'i.files run in sounding ... _.. . . . . . . . . . . . . . • . • . . . . . • . . . . . . . . . . . • • . . . . . . . . . . • 1, 036 
Angles measured.......... . . . . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . 3, 041 
Nulllber of sounclings ...........• _ ........••................•......••... 15, 206 

Lieut .• James Franklin, U.S. N., antl ~fasters John Hubl.lard, II. C. Nye, and J. I,. IIansicker, 
U.S. N., were attached to this h_ydrographic party. 

In March, Lieutenant Hitchcock, noticed from the deck of the steamer Endeavor, when about 
two miles and a half off shore and a little to the nortllward of }fatanzas Inlet, a curious agitation 
at the surface of the water, which seemed to indicate the existence of a spring issuing from the 
bottom at a spot where the depth was fountl to be 21 fathoms. Near by ancl all around the place 
at which the action was so violent tliat the ship was tbrowu off, the depth was 9 fathoms, and the 
agitation at the surface was noticeable only within a circle of about 30 feet in diameter. Tile 
specimen of bottom brought up by a cast of the lead showed very clean, brolrnn, small shells, but, 
110 instruments being at hand for special obserrntions at that time, the steamer passed on ber 
course. On the 8th of A.1>ril, the Endeavor was anchored at tl.Je same place, but no sign of ag-itaiion 
appeared in the water. It was noticed, bowever, t.hat, at interYals of a few minutes, the water 
within the space of a fow square feet, became bright yellow, and coincidentl_y gare off a ,·ery strong 
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odor of sulphureted hydrogen. Blue mud and shells were found in twenty fathoms near one of 
the _yellow patches, all of which took color quickly, [Jud, after liberating gas as quickly, disappeared. 

Next day, the surface was found iu motion like boiling 1vnter, all being yellow within a circle 
of 30 feet, and giving· off sulphureted hydrogen. The yellow water seemed to rise as in clouds 
from the bottom. Owing to haze, which obscured the signals on shore, the exact position of tlrfl 
spot could not be detnmined at either of the visits so far noticed; hut, on the 30th of April, several 
hours of continuous calm and clear weather sufficell for its accurate determination and for :securing 
:specimens of the water and of the bottom. The odor emitted and the great agitation were on that 
day the same as had been previously observed, but the water was not in the least discolored. It 
was flanked to windward by white caps, giyiag it the appearance of a shoal, and it now appears 
that the place has been sometime avoided as such. While the water is agitated from the bottom, 
pieces of shells are t.hrown up from tile center of disturbance, wbich seems to have a greater depth 
than any other spot in that dcinity. Tile surronmliug lines of soumliugs, crossing the place in all 
directions, give an average depth in the vicinity of 9 fathoms, with 21 fathoms in the small 
"boiling SJlot." 

Sun1ey of Halifax River and eastern coast of Florida.-At a point ten miles below Mosquito 
Inlet, the detailed survey of the eastern coast of Florida was resumed in November, 1874, b.v 
Assistant Charles Hosm(~r, with a party in the sloop Steadfast. Above that point, the field-work 
was then continuouis to Saint Augustine, but soundings had not been made to include the lower 
part of Halifax River and Hillsboro' I~iver. l\Ir. Hosmer completed the hy<lrograplly of botll, and 
pushed the detailed surve.r from Turtle }fouud soutllward abont twenty-five miles along the Atlantic 
coast, including, in bis limits of work, the shores and wide expanse of water at the bead of Indian 
Hiver and the adjacent part of Mosquito Lagoon. The body of water last named was sounded out, 
and the detailed survey includes also the topography of its shores. Finding it impracticable to pass 
the sloop Steadfast through the " H atdover,'' a short canal projected :some )"ears ago for connecting 
Indian River with the inland water-passage to Halifax River, tile vessel was transferre<l by land 
oYer the barrier at reasonable cost, and was laid up at the end of May in Iudian River, to be avail
able for .prosecuting the work southward to Jupiter Inltit. 

As a check on the triangulation done by his party, Assistant Hosmer measured a base of veri
fication on the neck of land which divides Mosquito Ijagoon from Indian River, and immediately 
north. of the Ilaulover Canal. The line is near!_}' 2,300 meters in length, and tlle measurement 
was found w be in near accord with the length as computed through the triangulation. 

1:5ubassistaut L. B. Wright was attached to this party, and mainly conducted the soundings. 
Assistant Hosmer was aided also by Messrs. J. De \Volf and T. A. Ilarrison. Tue general statis
tics of the work are: 

Signals erected .. - . _. _ ... _. - - . - - . - . - ...... ___ - _ ........... - . _ ..... _. . . . . 31 
Stations occupied . . . . . . . . . . . . . . . . . . ... - ... _. __ ..... _ ................ _. _ 25 
Points determined. - . - ..................... _. _ ... _ .... _ ... __ ...... _ .. _. _. uO 
Augles measured ..•..••. - . - .... _. -.•....... _ ... _ ..... _ ..... ___ . __ •. __ .. _ 344 
N 11 m ber of observations - .. - . - - - ... - . - - - . • _ - _. __ .. _ .. _ . _ ............... _ 3, 590 
Shore-liae traced, miles._ ..••............ _ •.. _ .. __ ..•.. _ .........• _...... 286 
Roads, miles ... _ ..... : - __ . _ - - - . - .. - -'- - ........... _ . • . . . . . . . . _ . . . . . . . . . . . 31k 
Area, square miles. _ .•••. -..... - .•. - ... - _ . _ .... ___ . _ ......•........ _ . _ _ !}9 ~ 

Miles run in sounding ....•.... -.••. - - . - ..• _ ........•... _ .... _. _ .... ____ . 346 
Angles with sextant_ .•..••........ - - ..... __ • __ .........•..•........... _. 3, 638 
Casts of the Jea.d •.••.•.•••••.. - -....... - . _ . _ . _ . ___ .. __ • _., ••••.••..•..• _ 35, 052 

Field-work prosecuted by Assistant Ilosmer in the early part of the fiscal year bas been 
noticed under the head of Section II. 

Triangulation and topogl'aphy of the Tort11tgas.-For this service, Assistant H. G. Ogden tempo
rarily left llis party while it was engaged at Tampa. Day, an1l sailed with Acting Master Platt in 
the steamer Bache from Egmont Key early in .March for Key West, where arrangements were com· 
pleted for determining the rclatin:i positious of the seven key8 of the Tortagas grnup. Ou the 21th 
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of l\farch, a base-line was measured on Loggerheall Key, and from it angnlar measurements were 
recorded 011 te11 signals, to include in position all the ·keys aud the reef to the soutlnrnrd of the 
light.house on Garden Key. The triangulation. was close(l at a check-base on East Key. 

In this work, Mr. Ogden noticed that, although tlle theodolite was mounted as usual on stubs 
of wood driYeu eigllteen inches deep in the coral sand, the instability of the sand was such that 
an:y lateral movt'ment by the observer caused a perceptible change in the pointing of the telescope. 
Observations were recorded by .Assistant Ogden for azimuth, bnt under c1isadvautages arising
from the prevalence of high winds during the short period a'rnilable for tl.1e work at the Turtugas j 

J>oJaris beiug, moreover, at elongation near sunset and sunrising. 
The plane-table sheet returned by Mr. Ogden shows in detail the seven islands in the Tortugas 

group, of which Loggerhead Key is the largest. Fort Jefferson, on Garden Key, affords a good 
landmark, and the harbor is well protected by tile outlying reefs. Nor th Key, Northeast Key, and 
Southwest Key, as represented on old maps, have no existence now, not being bare even at low 
water. Bird Key, East Ke.r, and Loggerhead are partly cornred with a growth of cedar. The 
others, excepting Garden Key, are merely sand banks, of whicll the outlines change with almost 
ewry gale. 

Acting Master Platt, with his hydrographic party, in the steamer Bache, effectively co-operated. 
iu means for the triangulation and topography. :For the uses of the sounding party, l\Ir. Ogden 
determined thirteen points. Tbe ordinary statistip,s of l.Jis work iu that vicinity a1·e: 

Stations occupied with theodolite .•.... -...... _ .....•....••....... - . . • • • . . • U 
Angles measured .................. , . _ ...... _... . . . . . . . . . . . . . . . . . . • . . . . . . . 67 
N um bcr of observations. . . . . . . . . . . . . . . . . . • ·.. . . . . . . . . . . . . . . • . . . • . . . . . . . . . . 1, 47G 
Miles of shore-line traced .. _. - - .. _ ..... -....... _ .. - .. _ .. -•.... _ - - _ . - .. _ 7i 

Assistant Ogden completed the snrvey of the Tortugas on the Uth of April, and a week after
ward rejoined ltis party on the shores of Tampa Bay. 

Hydrography of J'ort11gas Harbor a.nd Rei;f.-When the plane-table work was complete, and 
traciugs bad been made for the use of the h)·drographic party, Acting Master Robert Platt, in 
charge of the steamer Bache, landetl Assistant Ogden antl bis instrume11ts at Egmont Key, and 
returned to proseeute soundings in Tortugas Harbor. That work was taken up on the ~1st of April, 
and was completed on the 14th of l\fa;1r. The statistics arc: · 

Miles run in sounding .......... - .... , . - •.. - .. - - - .... - . - , - . • . . . .. - . . . . . 367 
Angles mea~ared ................. - ..... - . . . . . . . . . . . .....•.. - . - . . . . . . . . ;;?, U90 
Number of soundings ............................ _. .•...........•••.... 24,!J.)3 

The chart plotted from soundings made this season at Tortugas Harbor and Reef essentially 
completes the hydrography of the Florida lteef. 

The steamer Bache returned to Baltimore early in June, and, after being refitted, was placed in 
charge of Lieuten.a11t-Oommander Kennett for hytlrographic scn~ke on the nodhern coast. The 
work conducted by that officer will be noticed in my next report. 

Survey of Tampa Bay, Fla.-For extending the triangulation, and prosecuting the topographical 
and bydrographic survey, Assistant II. G. Ogden bad his party iu readiuess earl.Yiu November, 
1874; but, as yellow fever then prevailed along the \Vest Florida coasi;, the schooners Speed well and 
Agassiz were not moved into Tampa Bay until the midule of the mont!J. following. The last-named 
vessel was placed in charge of Sabassistant Joseph Hergesheimer, and was pro,·ided with means 
for sounding the waters within the limits of field-work. 

The triangulatiou was resumed at Point Pinelos, and was extended northward to include old 
Tampa Bay and Hillsboro' Bay. Of old Tampa Bay, the shore.Jines were traced and the plane
table survey was completed, leM•ing for the operations of another season the detailed survey of 
the shores and soundings in Hillsboro' Bay. 

In preceding seasons, the hydrograpby of the main body of Tampa Bay had been advanced 
aboye the entrance on the Gulf, ancl upward to Gadsden's Point. Mr. Bergcsbeimer took up in 
February the hydrography of Palmasola. Bay, Terraceia .Bay, Little Manatee River, and Bishop's 
Harbor, and in those waters completed soundings by the middle of March. After that date, and 
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until the close of the season, his party was employed in the bydrography of Tampa Bny, in whicl1 
soundings were also completed. Assistant Ogden left Egmont Key on. the 1:!th of :March for 
service which hns been noticed nuder a 1ncceding hea<l. Heturning in the latter part of April, he 
conducted the se>eral branches of work in the survey of Tampa Bay, and closed operations on the 
31st of May. The two vessels were then moved to Manatee, and there the bands who bad been, 
employed in the vicinity for the season were discharged. Tlie schooner Speedwell was di~patcbed 
on the 10th of Juue for Baltimore, and was there refitted for other work. 

Assistant Ogden was efficiently aided in the triangulation by J\Ir. B. F. North. The plaue
table work was prosecuted by Mr. D. B. 'Vainwright, and is contained on four sheets. Sub
assistant Hergesheirner was aided in the byclrographic survey by Messrs. G. A. Morrison and W. 
B. French. At the outset of the season, this party assisted in erecting signals 'for the triangula
tion. 

Tides were obser\'ed at five stations wllile tbe sounding8 were in progress, the results found by 
each of the tide-gauges being referred to a bench-mark at Egmont Key. Soundings made this 
season de\·clop in position a number of shoals and rocks in 'l'ampa Bay. About two miles south· 
west of Gadsden's Point, the steamer H. M. Cool was wrecked, in the season preceding the survey, 
on a ledge of rock which Assistant Ogden's sun·cy proves to be several acres in extent, and 
marked by a number of sharp 1>eaks, on one of which the depth is only four feet at low water. 
The existence of this ledge was not known previous to the wreck here mentioned. 

During the early part of tlle season, tlle weather was very unfavorable for field-work in this 
section. After the 1st of May, squalls aml showers recurred almost daily, bnt less impeded the 
progress of the parties, as the boats were started at da_yligbt, and the min commonly foll only in 
the afternoon. The statistics ot' the work are: 

Signals erected .................... - . . . . . . . . . • . . . . . . • . . . . . . . . . . . . . . . . 67 
Stations occupied with theodolite. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . 17 
Angles measured ............ - ......... - . . . . .. . . . .. .. .. . . . . . . . . .. . . . . . . 94 
Number of observations .. . .. .. .. . . . .. .. . . . . . . .. . .. . .. .. .. .. .. .. . .. . 3, 443 
Shore-line surveyed, miles • - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219 
Creeks and ponds, miles .......... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30~ 

Roads, miles • . . . • . ........ -........ - ....... - ............•... - - .. . . . . . 11! 
Marsh-outline, miles...... ... . . .. . . . . . . . . . . .. . . .. .. . . . . . . . .. . . . . .. . .. . . . 18 
Area in topography, square miles....................................... 102 
1\liles run in sounding ......•......•............................ - . . . . . . 895 
Sextant-angles .....•..................•.. · . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 890 
Casts of the leatl recorded . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . 69, 434 

Forty-eight points were determined in position by the measurement of horizontal angles. 
Field-work previously done by the party of Assistant Ogden l1as been mentioned under the 

bead of Section- II. 
Hydrography of Tampa Entrance and its Gulf approaches, Fla.-This work was commenced by 

Acting Master l{olJert Platt, U.S. N., with a party iu the steamer Bache, on the 18th of December, 
1874, and was completed in the middle of the followiug March. Bad weather generally prevailecl 
while the survey was in hand. The steamer was very often stopped and anchored in consequence 
of fogs. Smoke along the coast and frequent winds also impeded progress in the 1:;oundings. 

The b,ydrograpl1ic sheet shows the depth of water and character of the Gulf approaches for 
fifteen miles abreast of Tampa Bay, and from the coast-line westwa1·d to a limit of about five miles. 
The two channels were developed, and also the outlying dangers. Acting Master Platt found on 
the North Bar 21 feet of water at low tide and 19 feet on the Southwest Bar. The channels are 
straight and plain, and the anchorage is safe an<l well protected from heavy gales. During the 
period occupied by the party in this surveyr there were no local pilots about Tampa Entrance, 
and no fresh water was to be bad nearer than Manatee River. Renewing supplies from a. point 
so far from the ground of work, of necessity delayed the prosecution of the hydrograpby. The 
statistics are: 
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Miles run in sounding ................. _. _ ... _ ................ _ ........ _. 400 

.Angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I, 87G 
Number of sonudings ..................... _ .............•......••..•.. 17, .'iG! 

Mr. J.B . .A<lamson serwd as aid in this party. After closing the hydrography, Acting :\Iastrr 
Platt a:lforded transportation in tl.te steamer Bache for Assistant Ogden. The wssel left Tnrupa 
near the middle of March, aud co-operatt>d in the sur•ey of the Tortugai;;, as already mentioned. 

Hydrographic WOl'k done in tile conrse of the summer of 1874 uy the party in the steamer 
Bache bas been described under the head of Section I iu this report. 

Tidal obstrvations.-The self-registering gauge set up at Saiut 'fhomas, \Yest Indies, by Col
om·! Tliulstrup, continues in operatiou, and periodical receipts from the ouserrer, Mr. T. Krnst>, 
show an uninterrupted series. It is desiral.Jle that tlle record should be maintained until No,·emller 
of the present year, as means will then I.Jc afforded for comparing the titles of Saint Thomas witll 
the tides ou:5e1ved on the southern coast of the G nited 8tates. 

SECTION YII. 

GULF COAST AND SOCNDS OF WESTERN I·'LORIDA, IKCLUDJNG THE PORTS AND RIYERS.-(SKETCII 
No. 1:3.) 

Topographi1 and Jiydrogro1J1111 bet1reen Pepper Kt'y.~ and Oc-illa Rirer, Fla.-The work of the season 
ending with June, 1Si4, on tllis part of the Gulf coast, determined points :tor the plane-taule surwy 
aml iushore b_ydrograph;r. Assistant .F. ,,-_ Perkins bad arranged to proceed Routhward early in 
NoYember, after closiug sen·ice which lrn11 been mentioned m Section I of thiR report; but, Oil 

account of ;) el low feYer in scutlieru ports, 1lie orgauization of liis part,\· WMS flelt1sed until the 8th 
of December, when the i,;cboouer 'Torrey was in realliuess for work at Cedar Kl:'ys. 

Tbe stretch of coast included within the working limits of tltis party is low and marsby. On 
the ]and-side, the line of woods in some places is ouly a quarter of a mile from tlrn water-line; in 
others, tLe forest is a mile distant, and, except at J.Jigh tide, great mud flats impe<le the approach 
to the coast in boats. At scYeral places, four miles off sl10rt>, the depth is ouJ~· six feet at mean low 
water. Difficulties encountered by the party in prosecnt.ing tliis work are thus referred to in tl1e 
fiual report from the field: "The low flat woods, deroid of prominent feature8 distingnisbable at a 
tlistance, and consequent restriction in the placiug of signals fur angular weasurements, a witle 
barrier of deep, soft mud impeding at low water the movements of the sounding boats as well as 
transfers of the plane-table party, a11d the necessity of working waist-deep on the ornrflowed marsh, 
have called for the employ of uian,Y expedientis, lmt most of tlle lliudrnnces were such as to be oyer
come simply by perseverance and endurance in tile party." 

As the first two mouths of tbe season were Yery unfaYorable, being, rainy, stormy, or foggy, 
tbe results of the work are eYidellce of constant energy. I<'our topogrnpltical s!Jeets returned from 
the party represent about seYenty miles of the Gn1f coast, aud, within a belt of Re\·eral wiles, the 
courses of numerous streams, amongst which are the Steinhatche~ River, :Fenhollowa~· River, Eco11-
feuee l~iver, and Ocilla River, the roads adjacent t-0 the shore, aud in detail the.intervening firm 
laud, wooded areas, and marsh. The aggregate statistics are: 

Shore-line surveyed, miles .•.•.•..•......... _ •... ~ .... _ .••.•.. __ ......... . 
Ri\•ers and creeks, miles _ ... : . ...•.•••...... " __ . . . . . •....... _ ... _ .... _ .. . 
Roads, miles . _ ..................••......••............•..•....•.......•. 
Area of topography, square miles .•..••......••.•..••.•.................... 

124 
171 
4±~ 

104 
Soundings were prosecuted at all favorable intcnals between tbe 30th of December, 1874, and 

the 23d of June last. The results on four sheets show the inshore hydrograpliy of the Gulf coast 
between Pepper Keys and the mouth of Ocilla River. The cha nu els of that and otber rivers already 
named were also deYeloped. Ju general, the Jines run in sounding tl.le Gulf waters terminated at 
the depth ot· eighteen foet. The cune of that drpth, as traced Oil the h~drographic sheets, is ten 
miles from the shore·line in some placei;i, but on the average llot mucl.l besoud BeYcn miles. A 
heavy growth of grass springs up from the muddy bottom. The Pora] crops out frequently, and 
that formation is nowhere probably more than a few fret lJelow the surface of the rnud. Assistant 

H. E:s:.81--6 
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Perkins reports that anchorage is goo(l in the offing, and, except near the points and capes, 
sullicieutly smooth for the Rafety of vessels in almost any weather. 

Shore-si:rnals being impracticable for the hydrography, tripods about thirty feet long were 
made of scantling, launched from the ve8sel at suitable position,; off shore, and properly weight,ed. 
Se\·eral signals of this kind were set in a day, aud determined by angular measurements, while the, 
soundings were in progress. Tides were recorded for eacl1 l.ialf.hour during a month, day and night, 
at a station on Pepper Key. 'l1he hydrographic statistics are: 

Miles run in sounding . . . . . . . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • 1, 711 
Angles me::i,sured ..............• - . . . . . . . . . . • . . • • . . . . . . . . • . . . . • • . . . . . . . . . 7, 652 
Number of smmdings _. _ ................................................ 40, 721 

The results of the work done by this party practically illustrate the terms in which Assistant 
Perkins commends the earnestness and er:durance of bis aids, Messrs. J. F. Pratt, F. W. Ring, and 
A. G. l'endleton. 

Jiydrograpliy 'llear Cape San Blas, Fla.-On the 8th of November, 1874, a b;ydrograpbic party, 
in the 8Choouer Silliman, was organized under the charge of Master Kossuth Niles, U. S. N., assist
ant in the Ooa8t Sune,v. As soon as practicable, the vessel was refitted at Jersey City, and arrived 
at .Apalachicola late in December. Continuous fog during seven days deferred active operations 
until the :.!d of Jammry. 

Insliore of Saint (}eorge faland, a tide-gauge was established at a station opposite to the ligbt
bouse and another at West Pass. Mr. Niles, noticing a slight differe.nce in results, determined 
mean low water by day and nigilt observations for one month at the last-mentioned station, and 
applied the resn\t, as best suited for the adjustment of soundings to be made by his party. Two 
sheets were projected, to represent, when filled, the hydrography of the Gulf coast from Saint 
George light-house northward and westward to Saiut Andrew's Point, and including the Yiciuit_y 
of Cape San Blas and the sounding of Sai11t Joseph's Bay. Signals for the work were set up and 
determined iu January, when the weather was unfit for operations afloat; but, in the frequently 
recurring fogs of that and the mouth following, it was found expedient to observe with two theodo
lites at shore-stations while soundings were in progress. For the survey off the shoals off Cape Saint 
George, one theodolite was used at Cape Saint Heorge light-house, aud the second at a station 011 

Saint Vincent Island. Subsequently, for de,,eJoping tl1e shoals off Cape San Blas, the instruments 
were used in conjunction at the cape light-house and at Iudian Pass. By taking ad\"antage of all 
favorable times, the hydrography was extended to Cape San Blas by the middle of April, and, with 
improved weather, the vessel was then anchored under the cape. Two observers were placed on· 
shore with theodolites, aud the shoals off the cape were surveyed. :May was favoraLle for hydro
graphic work, and dudng that month Saini Joseph's Bay was sounded. The level of mean low 
water there was derived from day and night observations, continued through two weeks at a tidal 
station on the west shore of the bay. Early in J nne, the bar was developed by soundings, and the 
bydrography of the Gulf coast was afterward extended to include the approaches of Saint Joseph's 
Bay, between Cape San Blas and Saint Ant'lrew's Point. The schooner Silliman returned to Apa
lachicola on the 26th of June. 

Masters H. 0. H.ittenhouse, .A lex. McCrackin, and H. W. Schaefer, U.S. N., rendered effect
ive assistance in the hydrography, and their zeal and intelligence in the service are specially 
commended in the conclmling report on the operations of the season by Master Niles. The statis
tics of the work are : 

Miles run in sounding ............. ,...................................... 728 
Angles measured • . • • • • . . . . . . • • . . • . • . . . . . . • • . • • • • • • . . • • • • . . • . • • • . . . . • • . . 3, 661 
Number of soundings .•.••••..••...•.••.•................•..•.....•...••• 42, 687 

In the course of the season, the observers in the party determined thirty-five shore-stations, 
and measured angles with theodolites for nearly fifteen hundred positions on sounding-lines. 

Triangulation, azimuth, and magnetic observations in Oeorgia.-.Assistant I<'. p. Webber O(lCU· 

pit>d Pine Log Mountain, in Northern Georgia, in July, 1874, and completed angular measurements 
'vitb the theodolite at that station on the 17th of Be1ltember. The party was then transferred to 
Lanmder Mountain, which lies about thirty-seven miles to the westward, where observations, after 
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some days' hindrance from haze and smoke, were resumed on tbe 10th of Odobl'r, for the determi
nation of latitude as well as for advancing tlw triangulation. On sm·en nig!Jts l'resious to the 
4th of November, 161 obsen·ations were recorded with twenty-eight pairs of stars. Azimuth-obser
vations were made s11bsequently, thirty sets of tweh·e repetitions, each being rPcor<lc!l for the 
value of the angle between Polaris and a signal at Coosa Station. Mr. J. H. Christian, ail1 in tlie 
part.y, made time-observations. Magnetic observations for declination, dip, and intensity were 
made at Pine Log Mountain by l\Ir. Christian and at La.-en<ler l\Iountaiu by Mr. Charles Tappan. 
The measurement of horizontal angles was completed at I,an•nder on the 31st of ,Tanoary. "\Yhile 
that work was in progress at favorable intervals, tlle time unsuitable for obsen-iug was occupic1l 
in computations for latitude, time, and azimuth, and iu duvlicating the field and astronomical 
records. .After the opeuiug of October, this season proved to be particularly unfavorable for opera
tions, the prevailing haze of autumn being succeeded by continuous rains auu cold weather. Early 
in February, l\lr. \Vebber stored his camp-fixtures at R_ome, Ga., in ''iew of resumiug field-work 
with as little delay as possible in the spring. 

John's "Mountain, to the northward and eastward of La.-ender Station, was occupied hy the 
party early in .l\Iay of the present year, aud tbe obsenations were completed there in time to admit 
of the transfer of the party to Indian Mountain by the middle of June. The general statistics of 
the season in triangulation are: 

Primary stations occupied ..••••••..•••.....•.....• - . _ . . • . . . . . • . . . . . • . . . . • 3 
Horizontal angles determined ........ ______ .•. . .... __ .. ___ . _ .....•.•.. _... 69 
·vertical angles .•..•.....••..••••....••..•.......•...•.......•....• _. .. . . . 4± 
Number of obser.-ations •••.••.• _ • _ .••..•.....•...... _.. . • . . • . . . . • . . • . . • . . 9, 5~4 

At the opening of the present searnn, Subassistant F. D. Granger joined tbe triangulation
part.y. The advance of tlle work westward to a liue \Tithin view of Lookout .Mountain is there 
met by some difficulty in tbe likelihood, tbat, in order to pass that high ridge, it might be neces;;ary 
to occupy another station at its eastern approach, for the determination of Gulf Point and Bran
don, two positions on the Lookout Mountain Raug e. a like difficulty was to be e:iq)eeted on t!Je 
western side of the ridge. Tbe question thus pending at the opening of the present season was 
committed to .Assistant S. C. Mccorkle, whose wmk will be mentioned under tbe next head. 

While employed at Lookout Mountain, Mr. Christian, aid, when overtaken by a tornado in 
June, was seriously injured by an uprooted tree wbicL was hurled against bim. 

Pri1nary triarig11lati-On (Sketch No. 9).-As stated in my report for last year, tbe party of 
Assistant c. 0. Boutelle was encamped in .lune, 1874, at Grassy Mountain, in Pickens Counts, 
Ga. The theodolite-station there being about 3,300 feet bigb, and thirty-five miles distant 
from any railway-station, arrangements for observing involver! much personal discomfort, and the 
labor incident to the construction of a road several miles long. 

Magnetic observations were recorded at Gras8y Mountain between the 12th and 31st of July. 
At the :same time, angular measurements were made on sen•n distant signals with the uew :.mci11cn 
theodolite, which Mr. Boutelle reports aR being sati!lifactory in regard to precision, and as saving 
much time in easy adjustment, due to the facilities afforded by the pecnliar construction of the iron 
stand of the instrument. 

Observations by zenith-distances for differences of level were made in the usual manner . 
.At Skitt !Iountaiu, which was next in order occupied, eastward of the preceding station, the 

measurement of horizontal angles and observations for magnetic declination and iuteusity were 
recorded between the 14th and 31st of August. Vurtical angles were measured for determining 
the relative heights of the outlying stations. .At this station, Mr. Boutelle noted also the approxi· 
mate direction of e.aclt of the prominent mountains that could be identified as means for correct
ing in future the State map. Twenty-six points, chiefly mountains, were thus added for such 
revision, exclusive of the stations occupied by his party for actual triangulation . 

.Assistant Bontelle transferred his party in the first week of September to Currahee }\fountain, 
Habersham County, Ga., and there established also an astronomical station. O!Jsen·ations for 
horizontal and vertical angles were begun at Currahee on the 17th of l::leptember, but their com
J>letion was delayed hy smoke until the 21st of ~o,·ember. Ten signals were obscrrnd ou. Thirty-
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oue sulJsidiary poiuts were approximately determined iu direction, and noted separately, as data 
for future reference in constructing a ~Hate urnp. One of the signals observed on from Cnrrahee 
Station was sixty two miles distant. 

Azimuth was determined by 198 observations on Polaris within three hours of elongation. 
For latitude, 44 pairs of stars were ob8erved ll.Y the aids, Messrs. H. \V. Blair and J.B. Boutelll'" 

with zenith-telescope No. 3, in the course of three weeks in Octoller, by 223 measurements on 
seventeen nights. Local time for latitmle and azimuth-observations was obtained with Transit 
No. 11. The micrometer-value and level-divisions were found by the aid, l\fr. Blair. The geueral 
statistics of the primary triangulation pro::iecuted tllis year northeastward from the Atlanta base
line are: 

Stations occupied...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . • ;) 
Angles measured...... . . . . . . . . . . . . . . . . . . . • . . . . . • • . . • . • . • . • . . . . . . . . • . . . . . . 20 
Number of observations .•............•..............••....... _ • . • . • . . . . . . 2, 158 

"\\'"hen observations were closed at Cnrrahee Station, Assistant Boutelle sent :Mr. Blair to Law
renceville, where the theodolite was mounted on the obserdng-tripoll at Academy Hill for perfect
ing the measurement of horizontal and vertical angles immediately connected with the lmse-line· 
This service was completed on the 18th of December . 

. For extendiug the triangulation northward and eastward, Assistant Boutelle bad conducted a 
recounaissance in order to preserve ad vantages afforded for stations by the Blue Hill Range, and 
avoi1l the disadvantage of occup.Ying higher mountain-tops in the region of the Allegbanies. The 
three stations selected, mHl the signals at which were observed on from Ourrahee, are Paris, 
..Mauldin, and Pinnacle in the mountain region of South Carolina. Iu May, the triangulation-party 
transferred the instrurneuts to a station on Blood l'l'Ionntain, whel"e observations were in prngress 
at the close of the fiscal year, June 30, 1875. 

Reconnaissance in Alabama.-In ad\•auce of resuming triangulation for determining points 
westward of those last occupied in the, vicinity of the base-line near Atlanta, Ga., Assistant 
McCorkle was assigned to select statious that would connect properly with the work of Assistant 
'Vebber at Lavender and John's Mountain. 

Crossing the State boundary of Georgfa, the examination for stations was continued in Northern 
Alabama as far as Aurora in the northwestern part of Etowah Oounty. 1rhis point is more than a 
hundred miles distant from the Atlauta base-line. Signals are now iu place on Brandon and Gulf 
Point, intermediate between Aurora and John's Mountain, which last-named point was occupied by 
the party of Assistant \Yebber in the latter part of the present fiscal .Year. Assistant H. Ander
sc.n accompanied Mr. l\lclJorkle on the reconnaissance. The region through which he passed 
affords no facilities for comforts in tra\·el, and the service has in consequence been prosecuted 
under mnch personal discomfort. Ry the end of ,June, the examination was pushed as far west as 
La.Grange in the vicinity of Tennessee River. 'Vei;t of Lookout Mountain, and through the entire 
tract between the Tennessee line and a line near Montgomery, 1\ssistant McOorkle noticed evi· 
deuce of mineral resources. Mineral spl'ings were found in De Kalb, Saint Clair, and BlountCounties, 
and a white-sulphur spring noted for its qualities at Val Hermosa in Morgan County, Ala. 

Reconnaissance.-To meet requirements in the State of Kentucky for geographical points on: 
which to base the geological survey now in progress, Asiiistant R. E. Halter was assigned to the . 
field early in July, 187 4. After a personal conference with Prof. N. S. Shaler, State geologist, the exami
nation was begun near Cincinnati. In adva.ucing up the Ohio Hiver, the country on both sides was 
included, but is reported as unfavorable for triangulation. Mr. Halter readily found a site suitable 
for a base-line, but no distant points were in view, and no scheme of triangles with sides of ordinary 
ll'ngth was found practicable. In exceptional cases, a line of sight ten or twelve miles long was found, 
coincident with the course of a valley; but, in general, the connecting-points wez:e only three or 
four miles apart. The reconuaiRsance was extended through Jackson, Pike, Scioto, Meigs, and Vinton 
Counties; and then south of the Ohio in the vicinity of Big Saudy Uiver, in parts of Carter, Boyd, 
and Lawrence Counties in tbe State of Kentucky; and through Wayne and Uabell Oonntfos in West 
Virginia. 'fbe region tran•rsed is hilly and heavily timbered, especially in KentucJ.y and West 
Yirginia, and affords no facilities for.tl.Je rea<ly transfer of instruments from station to station. 
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.Assistant Hnlter returned from this section late in September. 1 

Late in June of the present year, Prof. W. Byrd Page personally conferred at tlie office in 
regard to the requirements for effective triangulation in advance of taking the field near Cumber
land Gap, a site of work indicated by the State geologist, and which will be occupied during the 
early part of the present fiscal year by Professor Page. 

SECTION VIII. 

6ULF COAST AND BAYS Ole' AI.ABA~IA AND THE SOUNDS OF MISSISSIPI'l, AND OF LOGISIA~A TO 
VERMILION BAY, INCLUDING THE PORTS .AND RIVERS.-(SKETCII No.14.) 

Mouths of the Mississippi.-With the Tiew principally of furnishing information for the com
mission appointed to examine plans for improving the outlet.s of the :Mississippi River, subsequently 
replaced by a boarrl of engineers appointed by the rresident of the United State!i, and of which 
board Prof. Henry Mitchell, .Assistant in the Coast Survey, is an associate member. bis party in the 
schooner lfosearch reached Pass a Loutre on tbe 12th of December, 1874. The illness of the 
sailing--mastflr, however, delay in the arrival of a substitute, calms on tbe passage Routh of Norfolk, 
and adverse winds, had consumed much of the time during which tbe commission awaited the 
co-operation of the party. Under advice of !\fr. Mitchell, who returned north when p1·eliminary 
deliberation was closed at tbe delta, Assistant H. L . .Marindin, and the aid, Mr. J. B. Weir, 
remained, and prosecuted physical resear(1hes during tbe early months of the present year with 
the party in the schooner. These operations, as far as then practicable with the means at hand, 
were closed in March, and the schooner Itesearch returned to New York. :Meanwhile, a special 
appropriation had been voted by Oongress for deepening the South Pass of the J\lississipi)i, and, 
to meet the prospective reqnircments of the board of engineers, Assistant Marindin was detailed 
to proceed immt>diately by land to the delta, and to hasten the return of bis vessel. Pending the 
arrival of the Researcu, tue physical hydrograpby was resumed and prost>cuted by 3fr. Marindin, 
with assistance afforded by Mr. Boyd, who detached from bis party the schooner Varina and a 
working force in charge of Subassistant .Andrew Braid. The schooner Research arrived at the 
delta on the 30th of .April, nnd, the party being thus re-enforced, observations upon currents, tides, 
and densities of water at the river-outlets were·pushed without intermission until the end of .June. 
Good observations were obtai11ed at the three passes, and notably at; South Pass, which will be 
valuable for comparison with series recorded as t_he work advances in the construction of jetties. 
These records, it is hoped, may furnish data for a physical history of the effects artificially wrought 
by expedients for deepening the water on the bar of the Mississippi. The preliminary report by 
Professor Mitche11 (Ap[lendix No. 11) describes the method by which he proposes to formulate the 
results of observation. At the Head_of the Passes, observations were made in order to show in 
what mauner the main stream separates as it approaches the passes, and the relation of the mud 
bank at the bead of South l:'ass in this distribution of the main stream into several channels. 

While weather was mifovorable for boat-work in the spring, .Assistant l\fariudin, aided by ~Ir. 
Rion Bradbury, occnpied the time efl:'ectively in setting up signals along- the shores of South Pass. 
After bis return, the shore-lines were carefully traced throughout, and subsequently the bed and 
channel of that pass were thoroughly developed by numerous souudings. An abstract appended 
to the field-report shows that the density of the water at the junction of the ~Iississippi with the 
Gulf of Mexico was testt>d by 203 observations. Amongst the details of the ph:ysical snrHy were 
determinations giving six profiles of sections, and currents along lifteeu lines were determined by 
free floats. The general statistics are: 

Angles for determiuing currents .......................... __ ............... 1, 74H 
Cnrrent-obse.rvatious recorded_ ......•.....•...••..•............. '· .. - ... - . 2, lt!4 
Miles run in sounding ................................................... · 21i8 

Angles measured .... -......•. _ ................. - .. . • . . . • . . . • . . . .. . . . . . . . . . 5, 84:3 
• Number of soundings ......••.••.•....•...••......••..••.•. - ......••... · 21, 646 

Operations in the physical survey were much ad\'anced by the co-operation of the hydrographic 
party in the steamer Blake, uuder I.ienteuant·Commander Sigsbee. During Ma.y and June, Mr. 
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Marindin employed, by tlrn courtesy of Capt. Ed. A. Freeman, the steamer John A. Dix, and a 
launch, temporarily assigned by the Navy Department, for lines of soundings off the bar. These 
lines radiate from the delta, and connect as inshore bydrograph:)· with soumliugs made off the 
delta by Lieutenant-Commander Sigsbee. 

Under the immediate direction of Assistant Marindin, the special hydrographic survey at tqe 
Bead of the Passes was prosecuted by a party in charge of Subassistant lfraitl. As the prospect
ive operations in engineering required, the ratio of discharge was determined by obsen·ations at 
the junction of Bayou Grande and South Pass witlt a view to the closing of the first-named outlet. 
)[r. l\Iarindin measured sections above Bayou Grande in South Pass, ah;o in tlie bayou, and in the 
pnss below it, and at each ascertained the discharge of water per hour on the 4th of June of the 
present year. The result showed tbat the diRcbarge through Bayou Grande' was twenty-two per 
cent. of the volume emitted by South Pass above the ba;you. In the pass below the bayou, observa
tions were made also for set and drift of current. 

Sections were measured on the 22d of Juue at Cubitt's Crevasse and the Jump. The former is 
a breach 2,700 feet wide, and with a maxim um depth of 132 feet; but the water quickly shoals 
beyond the mouth of the crevasse, t11e depth in the course of a few hundred feet not being more 
than fixe feet at au average. When these observations were made, the surface of the river was 
about two feet above the extreme low-water stage. At the Jump, the section across measured 642 
.1cet, and the maximum depth was 5Cl feet. 

The shore-lines of the pass with those of the Heacl of the Paeses, and the outline of lumps at 
the bar, were traced by means of the plane-table, and the statistics show an aggregate of thirty-four 
miles. 

At the Head of the Passes, Mr. Mariudin made sets of free-fioat observations on fifteen different 
lines, to determine locations for tbe spur-jetties proposed in the engineering operations of l\lr. 
Eads for diverting part of the water from either the Southwest Pass or Pass a Loutre into South 
Pass. 

After the close of work at the mouth8 of the Mississippi, at the end of June, the schooner 
Research underwent repairs, made necessary by exposure to the extreme heat in that month, and 
was then dispatched for New York. Assistant Marindin immediately eugagetl iu the computatioQs 
aud other office-work pertaining to the several operations of the physical survey. T1·auscripts of all 
tl1e data gathered in tl.Je physical survey will be forwarded at an early day to the War Department. 

HydrograpJ1y, Gulf nf Mexico.-Commander .John A. Bowell, U.S. N., assistant in the Coast 
Survey, with the hydrograpbic party in the steamer Blake, left New York on the Gth of November, 
1874, and in the course of a fortnight arrived at New Orleans. 

Under the direction of a board of commissioners, appointed by the President of the United 
States, to consider plans for improving the navigation at the mouth of the Mississippi, several 
weeks were emplo:)·ed by the hydrograpbic party in work outside the bars of the several passes, 
and in co-operating for tbe advancement qf the physical survey, respecting which an outline was 
given under the preceding bead. 

Commander Howell having been transferred by the Navy Department to duty in the Naval 
Academy at Annapolis, as stated under Section I, Lieut. Commander 0. D. Sigsbee, U.S. N., Assist
ant in the Coast t::!urTPy, succeeded to the command of the steamer Blake on the 12th of December. 
After that date, and until the 26th of April, the party was engaged in running lines of soundings 
outside of the :Mississippi delta in depths varying from ten to fifty fathoms. This work supplements 
the hydrogmpby which was prosecuted in the course of the ph_ysical survey. Twenty-seven lines in 
all were ruu, anraging 120 miles in length, and radiating into the Gulf from the shallow water 
of the approaches to the delta. The temperature of the water, and also its deusity, were recorded 
at each of about five bun<lre<l soundings. At iutervals until May, the party in the steamer assisted 
in the various operations of the physical surwy at the mouths of the Mississippi, mention of 
whicll service was made in the notice of that work. 

Early in May, Lieutenant-Commander Sigsbee ran a line of" soundings in the Gulf or Mexico from 
Soutl.Jwest Pass to the mouth of the Rio Grande, and another from the mouth of that river to the 
Tortngas. Wire and the Thomson apparatul', which, for bis immediate purposes, bad been modified 
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by Lieutenant-Commander Sigsbee, were used for deep soundings, and the results pro>ed to be 
entirely satisfactory. 

111 reference to the lines run in the deep water of the G11If, it is mentioned in the summary 
report that the specimen of mud brought up from a depth of 583 fathoms emitted a strong odor 
of sulphureted h,Ydrogen. This was on the line uetweeu the Southwest Pass and the Rio Grande. 
On both of the lines, temperatures were observed, and specimens of the bottom soil, and of the 
water there and at the surface, were taken at intervals corresponding with the determinations of 
depth. The greatest depth found was 2,119 fathoms, ou the line ue.tween the Hio Grande and the 
Tortu gas. In the hsdrographic registers, se>en hundred observations for temperature are recorued, 
and three hundred for densities of the Gulf water. 

The temperature.observations so far made lead to the inference, that, in general, the normal 
temperature of the Gulf water is about 3H2"° Fahrenheit, that temperature Leing reached at 350 
fathonrn, and remaining apparently constant to depths of 2,000 fathoms. 

The general statistics of the work are: 
Miles run in sounding ......•..............•............•.....•.......... 
Angles measured ....................•...•....•.........................• 
Number of soundings .................................................... . 

2,724 
764 
761 

In prosecuting hydrngraphic work in the Gulf of Mexico, Ueutenant-Commander Sigsbee was 
ably assisted by Lients. U. T. Hutchins, J. W. Hagenman, and .T. l\f. Grimes, U. S. N.; by Master 
R. G. Peck, U. S. N.; and by f<j11sign \V. E. Sewell, U. S. N. At the close of the fiscal year, I,ien
tenant Hutchins and 

0

Lieutenaut Grimes were assigned to take charge of separate hyclrogmphic 
parties for work on the coast of New England, near which Lieutenant-Commander Sigsbee will 
also be engaged iu deep-sea soundings. 

Survey of the Missi.~sippi River at New Orleans, La.-Tbc schooner Varina was refitted at New 
Orleans for the scn•icc of the party of Assistant U. H. Boyd early in Nornmber, 1874; but as 
yellow fever prevailed then iu the city, the vessel was not moved until the end of that month, 
when the topographical survey of tbe vil.linity of New Orleans was t:1ken np. Two plane-tahlt>s 
were employed; and, with frequent weather-interruptions, the work advanced upward from a sta
tion about three miles below the city, where the detailed surrny h:td stop1)ed in the previous year. 
In the course of the season, the plane-table ope.rations included the city of New Orleans and the 
towns of Algiers, Gretna, McDonoughville, and Uarrollton, and both banks of the river from sta
tions near the battle-grouucl to Keunen·ille, or about nine miles above Uarrollton. Tbc triaugu
lation was extended from the town last named to stations several miles aboYe Kennerville. All 
the field-operations in this quarter were retarued during Decemher and months followiug until the 
1st of March. The field-journal noted rain during some part of every day in January. 

Late in March, Assistant Bo;yd, under special instructions, uetached from his party Sub
assistant Braid, and co-operated also in person at the outset, for a miunte survey of South Pass, 
refereace to which was made under the last bead. A triangulation then conducted through the 
pass determined in position forty-two points for guiding in the detailed plane-table survey. Be· 
turning to the site of his own field-operations, Mr. Ho_yd closed the river-triangulation for the sea
son at the eud of April, and made a reconnaissance of the Amite River region for stations that 
might serve to connect the survey of L<ike Pontchartrain with that ()f the Mississi1)pi above X<.'w 
Orleans. Assistant Boyd also ran lines of level (fourteen miles in all) to connect the Carrollton 
bench-mark, established in the survey of 1858 by the Uuited States Corps of Engineers, with the 
bench-mark at the mint in New Orleans, to which last are referred the tidal records of the Coast 
Survey. :Messrs. O. H. Van Orden and W. E. McClintock were attached to this party as aid.~. 
The work was discontinued on the 23d of June. Few soundings bad !Jeen made in the river :tbo\·e 
New Orleans, as, when arrangements had boon completed for such work, the emergency arose for 
the services of Mr. Braid in South Pass. The general statistics of work reported Ls Assistaut 
Boyd are: 

Signals erected • • • • •• • • • • • • • • • . • . • . • . • ••.••..•..•......•. · . · · · • · · · • • · · · · 
Stations occupied .••••••.....•..•••....••.•••.•...•••...•.....•.... · . - · · · 
Angles measured ...•••..••...•..•.••......••..•..•.•.•......•.. • • · · · · · · · 

EURA.TA. 

16 
21. 

182 
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N un1ber of observations .......•......................•................... 
Shore-line surveyed, miles .......................••..................•.... 
Creeks, miles .......•.......•. ,. . . . . . . . . • . . . • ...........................• 
Roads, canals, levees, and streets, miles ..•.•......•........•..•............ 
Area of topograph.1, square miles ......................................... . 

3, Oi2 
56 

4 
810 

78 
The river-currents were observed at three stations, and tides were recorded daily at .:Sew 

Orleans throughout eight months. The topographical sunrey is comprised on three sheets, which 
will he inked as soon as practicable. 

Triangulation in Missouri (Sketch No. 15).-Tllis work was resumed by Assistant Boyd on 
the ltith of August, 187 4, at a station ou the south side of the Missouri River, about thirty 
miles west of Saint Louis. The cl.lain of triangles laid out westward extcuds the work to the 
vicinity of Gasconade Hiver. Signals have been set up in eight connties of Illinois and Missouri; 
and, of the stations alread;r occupied, eight. are in the immediate neighborhood of the parallel of 
latitude that passes tbrougb Saint Louis. 

The triangulation done this year previous to the middle of October, when the part,r resumed 
work in auother part of the section, extended the determination of points westward thirt~· miles, 
through a country thinly settled, and offering some obstacles tllat are not commonly met aloug the 
seaboard. All the ridges relied on for stations are densely wooded with hickory aud oak, and, being 
nearly of the same height, their identification at a distance is difficult. Ulearing liues for sight 
proved to be very laborious, and no lumber could be p1·ocnred in the .region for signals. In cross· 
ing the fifth principal meridian of the United States land-surveys, Assistant Boyd occupied a sub
sidiary station, and connected one of the marks on that meridian with bis scheme of triangles. 
Another corner was identified eastward aud northward of that line, and was brought into connec
tion with bis scl1eme of geographical points. The latitude and lougitmle of Saiut Louis baviug 
been well determined since the 1ieriod of the land-surveys in that part of the State, the two points 
referred to, as might be expected, do not accord on tbe local maps with results grveu by the geo· 
detic work. The statistics of the triangulation are: 

Signals erected __ ... _ ... ___ .•............................. - ... _ • . . . . . . . . . 6 
Stations occupied ............ -···-· .......... _ ·--·-····· .... .... .... .... 9 
Angles measured .......•......... - ......•........ _.. . . . . . . . . . . . . . . • . . . . . 56 
Number of observations ... --· ....... - ..................................... 4, 03'.i! 

Of the lines connecting stations, seveuteen r('quirc<l clearing to admit of observing with the 
theodolite. As usual in work of this kind, a number of oujects were observed on, additional to 
erected signa1s, the positions of which were to be precisely determined by means of angular meas
urements. ~Ir. Van Orden accompanied Assistant Boyd as aid in this work and in that noticed 
under the preceding head. 

Reconnaissa11Ce in 1fisconsin.-In order to provide for the systematic determination of points 
in the State of "Wisconsin, a reconnaissance, conducted by Prof. J.E. Davies, was commenced at the 
opening of the :fiscal year, as \Tas mentioned in my last annual report. Dnriug the season, until 
October, 1874, and at intervals in the course of the winter and spring, the work was vigorously 
prosecuted through the region included between the Wisconsin River, below Grand Rapids, and 
the east bank of the Mississippi, between .Black River and Prairie du Chien. Three chains of tri
angles wP.re laid out, bounding that region, and making in the aggregate a belt of about 225 miles 
iu linear extent. Some of the lines iu the scheme are thirty miles long; but, in places where obsta· 
cles intervened, the lengths lessen to six and eight miles. The practicability of some of the lines 
is yet uncertain, but the scheme as presented, results from the patient examination in person of 
ground, in traversing which, Professor Davies traveled abou tnine hundred miles over rough or 
sandy roads, the stations desirable being of course in parts the most elevated and the farthest from 
social comforts. '"\Vindfalls, marshes, and uuiuhabited traftts fully tested, but they have not lessened, 
the interest of the intelligent observer who has enlisted in this work. In the spring of tlte present 
year, and in advance of the appearance of forest-leaves, Mr .. Davies again took the field, witb a 
view of improving the scheme of triangulation, which was provisionally .marked out for including 
the region of Black River at a time when foliage bad not fallen from the trees. Preliminary 
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arrangements for snch work include as conditions for ultimate success, tJ1at sites for 11ase lities 
slwultl be a\·ai!aule at snitallle inten·als in the triang11latiou. The grotind to IJe measu re1l, if not 
leniI, should !Jc such tlrnt the measuring-oar shall in no case have an inclination of more than 
6°, and the line should be so related to the ue11rcst geodetic stations as to a<lmit of corwection witlt 
them b.v large angles. At inten·als in the scheme of triangulation, it is desirable also that qnad
rilaterals should appear, if tue reconnaissance shows that a chain of successive quadrilateral11 
is impracticitble. The conditions here mentioned were kept in view in the operations of Professor 
Davies, and will !Jc met as far as the difficulties of the ground allow. As now pro\·isionally mark ell 
out, the three connecting chains of triangles will require as many bases of verification, determina
tions of azimuth at four stations, aud of latitude at two points of the triangulation. The longitude 
of the university at Madison bas been already determined. 

Early in June of the present year, 11rofessor Da,·ies perfected arr:rngementB for resuming 
field-work at Spring Green, near wuich, iu the >alley of the \Yisconsiu Hiver, the plain seemed 
favorable as a site for a base-line about three miles in length. In the middle of the month, Assist
ant Richard D. Cutts reached .i\fadison, and proceeded with Professor DaYies to Spring Green. A 
Rite for the line was selected, the a<ljacent countr.r was examined with reference to its connection 
with station-points, and reconnaissauce was made for conducting the triangulation out of the valley. 
Assi;;tant Cutts co-operated in the movements of the party during several da_ys, and gave detailed 
explanations in regard to all the requirements for field-work, iu particular the scheme of lines for 
emerging from the confined valley, and for connecting the base with the main triangulation. "'When 
be left Madison, at the end of June, to arrange for the operations of his own party, in Section I, 
l'rofessor Davies was in readiness to occupy stations for the measurement of horizontal angles in 
the vicinity of Spring Green. 

SECTION IX. 

GULF COAST OF WEST.lmN LOUISIANA AND OF TEXAS, INCLUDING BAYS AND .RI VERS.-(SKETCH No. Hi.) 

Hyilrography of Aransas Bay anil Afasrptit Bay, Tex.-For this duty, tbe schooner Bibb: after 
ser1ice which has been mentionell u11der the head of Section II, was re1itted, and sailed from :Nor· 
folk on tlie 3d of December, 1874. The party reached Indianola, Tex., after a run of three weeks. 
As soon as practicable, Subassistant ,V, I. Vinal 1 who was in charge, proceeded to San Antonio 
Bay, and sounded a space near the western end to complete an interYal in the operations of the 
preceding season. Stormy weather preYailed through the month of January. This hindrance, and 
the fact that by reason of her draught of water the schooner conld not be used in extending the \vork 
further, constrained the engagement of a lighter of fifteen tons, !Jy means of which Mr. Vinal com
pleted the supplementary work in San Antonio Bay on tbe 21st of .March. I•'requeut and heavy 
"northers," the extreme scarcity of fuel and of fre;;h water, and sickness amongst the crew retarded 
the operatious. 'Vitb weather somewhat improved after the equinox, the tender wa-s able to pros
ecute work near the anchorage of tl.Je Bibh, and made satisfactory progress during .April and May. 
By the 1st of June, soundings were completed through Musquit Bay, and about two thirds of the 
upper part of Aransas Bay had been sountletl out. The statistics are: 

Miles run in smmding .. - . _ - . _ ... _ ... _ .. _ . _ .... - ...........•.. - . - . . • • . . . . 635 
Angles measured .... _ ..•.......... - . : ............. , . . . . . . . . . • . • . . • • . • . . . . . 5, 1.56 
Namber of soundings...... . ............................... - ........... -· 89, 697 

Subassistant Vinal was aided by Messrs. E. H. Wyville an<l E. Il. Pleasants. Early in the 
season, Lieut. Richard Wainwright, U.S. N., was associated with the bydrographic party in the 
schooner Bibb, On the 1st of June, the charge of the party was transferred to that officer. l\lr. 
Vinal then took in hand the details of office-work pertaining t-0 liis hydrograpbic operations in this 
section. Uuder the direction of Lientena.nt Wainwrigut, the hydrograpby of .Aransas Bay was com
pleted by the end of June. His operations include, also, progress in the hydrography of Lamar 
Bay and Copauo Ba.y, and the development of Saint Charles Bay up as far as the reef which trav
erses it from shore to shore. 

The party of Lieutenant Wainwright wili continue work in this section during the summer. 
fl. Ex:. 81-7 
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SECTION X. 

COAST OF CALIFORNL\. I:N"C'LUDJC\G THE UAY8, HARBOR>;, A:>n lUVEft!'.-(SKi·~TCllES No><. 17, 18, ID.) 

Good progress has been m~ule h,r the land-parties working in Lliis seetion, aml a large au;-anc(I 
in hydrograpby. During the greater part of the fiscal J·ear, tlw tielll-a:;;sistants, who haYe hitherto' 
made the astronomical o\Jsci·vatious at stations on the Pacitlc eoast, were absent lts meml>ers of 
several expeditious sent IJ,\· oul' Go\·erumeut to Asia and the South Pacific Ocean fm observing the 
transit of Veuus in Decem lJer, 187-!. The junior obsen-crs, mentioned in my report of last year as 
on that special astronomical service, returned in the spriug anll resumed their accustomed field
work. Assistant George D,widsou, tlrn principal observer in J:ipau of the December transit, was 
requested to improYe the opportunity afforded by ti.Jc dista11t voyage for recording magnetic obser
vations while crossing the J>acific Ocean. As arranged, also, with that experienced obsen•er in 
personal conference preYions to his departure, be passed some weelrn of the present year in India, 
carefull.r examiuing systems of irrigation, with reference to provision for an ackuowle<lg€d want 
in some of our great western >alleys, Professor Daviilsou being himself a member of the com
mission appointc<l by the President of the United States to devise plans of irrigation for California. 
At the same time advantage was takeri to note the methods in field-work for the geodetic sur>ey 
of India, aml generally the appliances. and expedients as compared witll 0t1r own resources for 
prosecuting the work of triangulation. In Egypt and el:;ewhere, Assistant Da\-idson gave a,tten
tion to results gained in marine engineeriug, and has recorded the metllods adopted in successful 
works of that character. The scarcit.y of harbors on the upper coast of Oa!ifomia aud on the coast 
of Oregon, must at an early clay, in view of tlie iuerease of settlements, call for the construction of 
breakwaters at plaees capttble of beiug so sheltered an·d affording good anchorage as harllors of 
refuge. l'or such prospective requirements, information has lJeen gathered from all available 
sources in Europe, and, incidentally, the methods pursued there in the reclamntion of title-lands. 

The comprehensive report presented by Profes!ior Daddson, iilcludes the result8 of his iuspec
tiou of insteuments of precision now used by European obsen·ers, a branch of research for which 
be is specially qualified. Ju the introductory part of this report, allusion bits hmm ma<le to the 
results obtained by Professor Davidson at the station occnpie1l in Japan by himself and his aids 
for obserdng the transit of Venus. The details in regar<l to his overatious for that service are 
given in Appendix No. 13. 

Of the several Japanese officers who visited tbe transit-station of tl1e Coast Stn'vey observers 
at Nagasaki, Capt. Nawo-Yoshi Yan1igi, chief of the huroan of ltydrography of tile imperial navy, 
is regarded a.s one of the most learueu men of Japati. From tile ILM"al station 11t 'I'okio be made 
the trip to Nagasaki for the sole purpose of witnessing and studying t!Je operations of the party. 
After 1rnrsonally noting the processes for determining tlrn ditt"i:;rence of longitude by telegraph 
between Nagnsaki and Tokio, the captain consulted Professor D:1Yi<lson in reference to instruments, 
11ml requested him to procure and forward such an outfit for an oliservatory as would include 
means for rating the chronometers of the naval vessels of .Japan, anu serve for general purposes 
in astronomy. This first observatory in .Japan will be erected in the extensive grounds of the 
imperial mwy dep:trtment at Tokio, and on· the site occnpir.<l b.r J\lr. Dadd son for longitude-obser
vations. At the joint request of C<tptain Yanagi and other high officials of the goYernment, the 
longitude-station at Tokio was connected by telegraph with the transit of Venus station at 
Naga.saki. 

In passing through Europe, JUr. Davfdson g:we the orders of Captain Ya.n{Lgi for an astronom
ical clock with break-circuit attachments, at Berlin, and for the Hipp cllronograph. A break·circuit 
chronometer wiH b3 sent from ~e\V York; and. a meridian instrumeat, of the form devised by 
Davids011, ancl made by 1Yiirdeman11, will be forwarded from 1Vas!Jington. Mr. Da,·idson has co~
sented also to arrange all tlw. neetlfnl telt1graphic apparatus, test the instrnments as they are 
delivered by the maker, an.d furnish copies or papers descriptive of the lfold-nses of the several 
iitstruments, and in regard to methods of reducing the olJsen·ations. 

Proceeding uow iu geographical order, notice will· be taken of the work done iu each_ locality 
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to which parties haYe been assigned within the fiscal ,rear on the Pacific coast. lu the arrange
ment, mention will fir,;t be made.of work: done near the southern bouudary of California, and the 
report on field-operations will close with an abstract of the results gathered on the coast of Alaska. 

The operations of parties working near aud along the coast to the soutllward of Sau }'raucisco 
were inspected in A11ril last b.r As:,,istant Uichard D. Cutts. 'Yith some, then at work with the 
plane-table, special conferences were held in regard to the delint>ation of the abrupt and 1Jig-l1 
elenitious that mark the topog1•aphy of the coast acljacent to the Santa Barbara Channel, and for 
which the methods employed on tlw less rugged coast of tlte Atlantic would pron~ both too labori· 
ons and expen:,;ive After general consultation at Sau Francisco, iu reference to these aml other 
details of field-work, 1'\Ir. Cntts left early i11 .l\1ay to return to \Yashington, but, at my request, 
remained a few da;ys at Salt Lake Uit,y. Tbere he examined the ,-alley with reference to its facili
ties as ~site for a I.Jase-line to serYe in a chain of large triangles, fur part of wliich, starting near 
the Pacif:ic coast, reconnaiss:rnce has ueen made, as will ue noticed furtller on in this section. The 
large experience of Assistant Cutts in field-work on lJotb sides of the continent gi,·es special value 
tu the notes and obser\'ations wllich were tiled at the office on hi:s rP.ttuu from Sau Francisco. 

!l'rianuulation, topography, a1Ml hyrlragraplty at Se1cport Bay, ne1tr I'oi1it Las1tcn, Cal.-In order 
to resume operations on the southern cuast 11ea1· Aualleim, 4.ssistant A. ,V. Chase touk passage, 011 

the 25th of January, from San Fraucisco, bt1t on his arri\·al fountl the entire region flooded, aull 
railroad and stage communication cut off by high water. Early in February, however, he took up 
the Slll'\·ey uearXewport, where lie wasjoiued at the eud of tl!e preceding mouth by Subassistaut 
Bugeue J.;llicott and l\lr. F. A. Lawson. Signals were erected for extcuding tllC work along the 
coast southward toward Sau Diego, and ti11al obsen·ations were commenced to prodde data for 
the adjustment of soundings on a chart of 2' ewport .Bay, the commerce of that region in wool a11d 
other products haYing recently attractell ,·essels from San Francisco. At tlle end of April the 
hydrography of the approaches and cl!:wnels, the triangulation of the Yiciuity, and two })lane-table 
slieets of the d<>tailed surn'y had been completed. Early in l\fay the party wns discharged as tlrn 
smil allotted for fteld-operations was then exhausted. J\lr. Chase completed his records and com
patatious by the end of th~ fii,;cal Jear, and is now eugaged in exteuding tlrn isurn\y to include the 
ishores of Santa .Monica Bay eastwarcl ft·ow Point Duma. '!'Im general statistics of the work douc 
within tlie ~·ear pre,·ions to tl.te end of June are, for this vicinity: 

Signals erected ..•. _, .. _. . . . . . . . . . . . . . . . . _ .... , . . . . . . . . . . • . . ; . - ...... . 
Statious occupied . - . , . __ .......... _ ... _. _ ......... __ . _ ......... __ ..... . 
Angles measured .•.... - ..... , - ...................•..........•.. - . - ... - . -
Number of obsen·atious. ___ .. _.... . ..... _ .... , ................... - - . 
Shore-line traced, miles ............. _ .. __ . . . . . . . . . .. . . . , _ ..•..•••.•..•.• 
Roads, 1i1iles ..••• _ .. _ ..... _ ...... - .......••........ - .... - - .....•..... - • -
Area of topography, square miles ....... _ ..... __ .. . .. _. - - ....... - . - . - .. 
1\liles run in sounding ................. - .................. - .•...•.... - • - -
Arigles measul'ed, sextant ••.• _ ....................•......... - . _ - - . - .. - - . 
Number of soundi ugs . _ ...................... _ ... _ . . . . . .....•........... 

19 
Ir:i 

108 
1, 716 

41~ 
6 

16& 
GO 

ms 
5, 514 

Periods unfavorn.ble for field.work and all incide11tal opportunities ba,·e been for some year;; 
improved by Assistant Chase for collecting objects of interest iu arcl1roology, geology, aud natural 
history, in which studies he bas maintaiued intimate relations as ii correspondent with the Switb· 
sonian Institution. At the instance of Prof. Spencer P. llaird, aud in well-founded relia11ce on the 
discretion of Assistant Chase, full scope has been allowed for securing in time, aml without cost, such 
objects within his macJi as would be deemetl worthy of tl•e National .Museum, His researches and 
contributions lrnve already mlclcd much that will a\;ail in compiling a history of earlier times for 
the coast of California. 

Early in the fiscal year, Mr. Chase was occupied in extending the snn·ey of the coast abo\'C 
Cape Mendocino, in regard to wllich, notice will be taken presently in this chapter. 

Topography of Banta Cru:: Island, Oal.-Tbe detailed Rnrrny of Han ta Crn;r, lslan~I was prose
cntetl by. Subassistant Stellman :Forney during the summer mul autumn, aud 1111t1l th~ ·Hh of 
lJecember, 1874, when the party was Jisbaucletl for the wiuter. Mr .. Forney emplo~·ed the rntcf\'al 
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until February in wol'king up, at San Francisco, the field-obser"ations and p-erfecting the plane
table sheets which hail been br-0ught from the fielu. His party. was re-organized as early as the 
weather would permit, and resumed the detailed survey. Owing to the scarcity of fresh water in 
tile region to which the work had extended early in the spring, temporary camps were used at sites 
near small springs in the interior of the island, and from these ns centers of work the topogmpby was 
advanced and joined with the details of previous seasons. Before leaYing the west end of the 
island, Mr. Forney selected and marked a station at which signals on all the outl~·ing islands of the 
Santa Barbara group will be in view untler favorable circumstances. 

Along the shore at Prisoner's Harbor, on the north side of the islanu, changes wen} obsen·ed, 
to which is probably due the loss of the poiut occupied for astronomical obserYations in 1852. 
The shell-mound on which tile instruments were placetl bas been washed awa~- b~· subsequent winter
t"reshets, 

The field-report states that on the northwest and nortl1east ernls of Santti Cruz Island ter· 
races, supposed to mark old sett-beaches, are yet distinctly defined. Snell features in. topography 
have beeu frequently noticed on the main; and within tile limits indicated fur plane-table work 
along the coast the terraces there and elsewhere will be mapped as details of special interest in 
researches relati\·e to the geology of the coast of California. 

Santa Cmz Island is nearly twenty.five miles long, and has an average width of about four 
miles. The surface, though exceedingly rough, is well represented in the plane-table sheet by 
cur\'es drawn for each 200 foet of successive elevation above the water.line. The highest 
point of the island is 2,410 feet above the level of the sea. On the lower parts of the surface, grass 
is a bnnilant, and for iwme ~ears has sustained a stock of sheep so considerable that :fifteen to 
twenty thousand head haYe been taken from the island annually. 

The detailed slll'v~y has developed several good anchorages and boat-landings additional to 
those heretofore resorted to, and the exact location of each of the fresh-water springs, some of 
which, when more generally known, will doubtless be of account to sea-going vessels. 

The following synopsis gives the statistics of work in the conclulli 11g season of the snrrny of 
Santa Cruz Island : 

Signals erected for triangulation. . . . . . . . . . . - .........••. , . . . • . . . . . . • . . . . 13 
Shore-line surveyed, miles .• - - . . . . . . . . . . . . . . . __ .. . . . . . . . . . . . . . . . . . . . . . . . 32 
Creeks, miles . _ ...... __ ... - - .. - .. - - . __ .......... _ ....... __ . _ ........ _ . • 6 
Roads, &c., miles.... . . . . . . . . . .......................... _ ..... _ . _. . . . . . . 39 
Area of topography, square miles .••.... __ ... J • •••••••••••••••••••••••• _ • 4-1 

At the close of the fiscal year, Subassistant PorneJ'- made preparation to take up the detailed 
sun-ey of Santa Catalina Island. 

Hydrography arotmd Santa Ornz Island, Oal.-The work done in the summer of 1874 by the b,rdro
graphic party of" Lieut. Commander H. C. Taylor, U. S. N., assistant in the Coast Survey, in the 
steamer Hassler, will be mentioned nuder a subsequent head in tltis section. When the season closed 
for operations abreast ·Of the ooundary-lipe between California am] Oregon, the steamer returned to 
Sau Fraucisco, was promptly refitted, and commenced soundings in the vicinity of Sllnta ()ruz Isl-
0nd on the 12th of November, 1874. The work was steadily pushed until tlie 19th of December. · 
During the winter, Lieutenant-Commamler Taylor and bis officers completed and forwarded to 
'V ashiugton the charts and records of the season passed on the no:rthflrn coast. The bydrograpby 
near Santa Cruz was resumed on tlte 19t,h of Mareh of this year, and was Eiteadily prosecuted 
onward and througllout June, when the work was essentially finished. Near the west end of the 
island, soundings were made la.st season by the party in the Hassler under the direction of Com
mander P. C. J obnson, aml near the east end the approach bad been developed previously in connec
tion with the hydrograpby of A.oacapa Passage. Joining with the lunits of completed work, 
Lieutettaut-Commander Taylor sounded the approaches of the north and of the south side of the 
island, making in the aggregate a belt of forty-eight miles in leugth and nearly six miles wide. Of the 
features developed, two of the most important are the well-marked submarine plateau extending from 
the north face of Santa Cruz Island, and a remarkable submarine canon oft' the southwest co1·ner 
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of the islam]. Commauder Johnson, in sounding Santa. Cruz Channel, found 100 fathoms with 40 
fathoms on each side, and snpposed the vessel to be directly over tile head of a cafion that 
stretched (lirectly to seaward, but time did not then allow of the development. lu the course of 
the present year, Lieutenant-Commander Taylor found exceptional depths at places southward of 
Santa Cruz Island and some miles to eastward of tbe Santa Cruz Channel. Followiug the course 
indicated by large variations in depth, the cafton was traced to its head, and that was fouud at the 
position in which Commander Johnson llarl recorded tlie soundings before mentioued. In furtl1er 
reference to this remarkable depression in the sea-bottom, Lieutenaut-Commauder Ta~ !or says: 

"Commencing at about the middle of tile southern part of Santa Cruz Cllaunel, the caiion 
turns at once to the eastward and sweeps aloug parallel to the south shore of Sauta Cruz Island 
for some miles, when it again turns southward and goes to the deep sea at a point a little east of 
Gull Island. It ayerages 300 fatLoms iu depth for tbe greater part of its leugth, witlJ 40 and 50 
fathoms on its seaward side. Tile bottom is rock and shells as far as the turn to seaward, where 
tile ooze of the deep i;:;ea begins to show. Tbis remarkable feature has been fully <leYeloped, as 
will be seen by the manuscript chart.". 

The statistics of hydrographic work in the Yicinit,y of Santa Cruz Island are: 

Miles run in sounding _ ... _ .. _.... _ .. _. ___ . _. _ - . __ . _ . __ •... _. __ ..• ___ ... 715 
A11gles measured ............ __ ... - _ . - .. -- - - . - .. __ . _ .. _ - - - - ... - ... ___ . - __ . . . 6, 18~ 
Number of soundings._. - .• - ... - - .. - .. - - _ - - ... - . - . - .. - - ... : . - .... - - .. __ . - - 6,iJSO 

Lieutenant-Commander Taylor has been assisted in the operations of his party by Lieutenants 
Talcott., Uourtis, Clover, Adams, au<l Tyler. 

In order to further as far as practicable important researches conducte1l under directions .from 
the Smithsonian Institution, the steamer Hassler and means at his disposal were temporarily used 
lJy Lieutenant-Commander Taylor in June for facilitating the movements of l\Ir. Paul Schumacher, 
agent of the lusti~ution; a11d for the transfer of a scientific party untler Dr. Yarrow, United States 
Arms, attached to the exploring expedition under command of Lieutenant \Vheeler, United States 
Corps of Engineers. 

At Santa Barbara, on Uie 7th of June, Lieutenant-Commander Ta~·lor relieYed tlie ship Ark
wright by passing tile Hassler out to lead tllrough the kelp, when it was foareu tlaat a shift of wiu<l 
would throw the first-named vessel on shore. • 

The hydrogra}Jhic party, when this report closes, is about completing work in the vicinity of 
l::lanta Cruz Island. 

Triangulation. across tlte Ranta Barbar-a Channel.-Suhassistant 0. H. Tittmann, after his return 
from Japan, where be was of the party seut under tho direction of Assistant Da•i<lsou to olJsen·e 
tlie trausit of Venus in December, 1874, resumed field-work at Gadota Station ou t110 shore of 
Santa Barbara Channel. Heliotropes were stationed on San Miguel Island and on Santa Cruz, and 
angular measurements were mnde on them in con11eetion with a signal at Santa Barbara, until June 
of the preseut year. The season was unfa,·orable, and the signals were consequently often invisi
ble from the obsen'ing-station. Several partial series of horizontal angles were, howeYer, measured, 
and astronomical obsen'ations were recorded succeiss!'ully on four nigbts. Mr. W. S. Edwards was 
attached to this party as aid. In the course ol' a continuous spell of foggy weather, l\Ir. Edwards 
ran a line of lcn~ls from Gaviota Station down to the beach. Tl:Je beucll-mark established there 
will be referred to a tide-gauge, w4j.ch it 1s the intention to put in operation when the pa1ty returus 
to this qnarter in the course of the present year. The wharf now under construction will prol>ably 
be completed in August, and will atfonl the facilities neeclecl for tiua.l observations. 

Hydrography of San Luis Obispo Ba9, Cal.-As mentioned in ms last a1111ual report, Assistant 
J_,. A. Sengteller remained at San Francisco during the early part; of the present :fiscal year in con
sequence of a ,·ery serious accident, which disabled him for months from UIH1ertakiag field-sen·icl'
When at length able to sit np und mo>e ou crutches, bis office-work was taken in lland and com
}lleted. Three plane-table sheets were inkecl and placed in the archi•es, with nineteen Yolumcs con
taining the records an<l computatioos of bis 11revious field-work. The offiee dt"positor.r iu Sau . - . 
l<'ranci.sco was carefull~· examined, and its con~euts were classified and arranged for con veuieut ref-
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cn•nce. In tbis duty, Mr. Seugteller was busily engaged during the winter. Fiutliug· himself ahlc 
to take the field iu tLe latter part of February, a party was organized, and prosecuted under his 
direction the hytlrography of San Luis Obispo Bay. In that ·work, three sunken rocks were \lis
coYered and repo: ted as dangerous to ua'l'igation. One of these, in fourtern feet water at mean 
low tille, lies a mile io the Ronthwanl of Hock.}· Elnft'; the others are in eighteen fic•et water, arn, 
about half a mile apart, :md lie about a mile aml a lrnlf' soutliwest of \Ylrnler Island, at the 
extn•mity of Point Sau Luis. All were carefully determined in position; raug:es for aYoidiug· the 
dangers were promptl;'I- furnished, and in l\fay a "Notice to Mariners," in the usual form, was 
issued frnm the office. 

TLe hydrography of San Luis Obispo Ba;y was developed to a line about thre<>. miles west of 
l'oiut San Luis) so as to include the approacl1es to the bay from the northward. Souuding·s were 
extemle<l to abont tho s:1mo distance eastward of tbe point. The cur>e of t\'l'Cnt.r fathoms was 
traced 011 the chart after its completio11, and appears at varying distances from the line of mean 
low water, in some places being a mile and a half allll at others f'om· miles off shore. 

Mr. :F. \Yesttlahl sened :ts aid in the party of Assistant Sengtcller. Soundings were rnrn-
meuccll ou the 1st of J\larch an(l were completed at the end of April. The general statistics are: 

J\liles run in souucliug - . . . . . . . . . . . . . . . . . . . ... , . . . . . . . . . • . . . . . . . . . . . . . . . 54U 
Allgles n1easun•d ............ - ...•....•........................... _.. G, llll 
Nurnber of sonmlings ... _ .. _ .. - . _ - ... - - . - . - ....... - - - - - ..............•. l!J, 649 

For the adjustment of soumliogs, uineteen signals were erected on sliore and determined i11 
pm;ition l1y means of the theodolite. 

}fr. Seugteller completed Liis ofiicc.-work by the end of June, aud then made preparation for 
resuming ficl(l-du(y on tlie coast between Bodega Ilead and Point Arena. 

Topogropli.I/ of Point S11r.-This surn'y for the uses of the Light-House Board was committed 
by mv instructions to Assistant C. Itockwell in the latter part of Ja11uar_y, and in expectation that 
11;ea11~ or tranl5it could be readily Lad. Finding, however, that the light house temler was laid up 
for repairs, aml wishing to a\·oid delay, a small Yesselwas engaged to move tlie party to the work
iug-grnuntl. Tbat vessel proving unequal to the service, l\fr. Hockl'l'ell engaged the Rtearner Sau 
I,nis to put himself and tbe party and instrume11ts ashore on the uext trip of the vessel to Sau 
Diego. A storm from tbe south ward detaiucd the vessel two da:ys in l\lontere.r B.t;r, but she was 
off Point Sur on the morning of the .Uh of March. The San Luis lay off all day uuuer steam; but, 
finding it impossible to land the carnp-fixtmrs :rn<l son\e of the instruments and tools, she i)assed 
on to San Dit>go, lea\ing Assistant Hockwell, \'l'llo lrn<l 'gone at-1hoi-e in the oul_y boat that it was 
found practicahle to laud ou tbe point. Two hands belouging to the party werc.canie<l off hy tlie 
steamer. \Vith the remaining hands, Mr. Hackwell took shelter in a deserted dairy-shanty, and, 
pemliug the retnrn of the Yessc1, comrnence<l next day and continued field-work with sucb instm
!ll(~nts as be had taken ou shore. Ile sele<.;t\'d a site for a base-line, aud marked points as stations 
for the triangulation. Ou the 17th of lllarch, the steamer Sau J,uis, on the upward passage, was 
again off Point Sur, hut a northwest, gale matle it impossilJle to n.•store to l\lr. !tock well what was 
on l.Joar<l belonging to his party outfit. The articles 'o/erc consequently left at Monterey, and ftnally 
were delh·ered on Point Sur by a small SC'a-going lrnat hired for the purpose. Unfortunately fur 
the owners, while moored under the rock, after landing .her cargo on Point Sur, the boat l.Jroke 
from bcr moorings mid was clashed to pieces on the l.wacb. A111sistant Hackwell measured a base
line with a twenty-meter drniu, and made a triangulation sufticil•nt for the desired plaue-table sur
vey, which iucltHles sm·eral miles of the coast adjacent to the point. 'fhe journal of occupation 
sbows that at Point Sur tbe wind blew illccs:rnntly from the 10th until the 22d of March, aud vei·y 
fre<1nently for shorter periods in the course of the season. The result of this topographical survey 
is a valuable map on a scale sufficiently large for an~· purpose of the Light-House Board. Ee;uings 
up and down the coae;t to m1merous points in Yiew were taken by :Mr. Hock well, an<l such details 
were included as were decrncll iudispeusahle for the selection of sites proper for a light-house an cl 
fog-signal. Owing to its 1wculiar ishayw, the hill preEeuts ditlicult f'Pat,ur<>s with reference to t110 
coast-lines of Yisibility. ""hile the triangulatiou was iu ha111l, two of the monntain-pcaks hack of 
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Poi11t Sur wrre <letcrmine11 in 1rnsition, and, both bl•ing sharply 1lefined, tlH'Y will, aF< la1H1ruarks, 
be of .<;pc'cinl 11s1' in pro;;;ecnt ing the offshore Lydrography. 

Ou tl1c .'.!lst of .April, 'Thile ::\Ir. Hockwcll was at work near by, the stearnsldp Y1•11tnra Llll 111Hm 
the rocks n mile north of Point Sur, aud l•l'O\'ed a total loss. The opiuiou is exprcs~e!l i11 his rl'port 
that the 1lisaster could not b:rn~ occurred if a fog-sigual ha<l been 4fti operation Oil the ::\Iorro. 
l~rom that which lie oceupied as one of Lis statiuus, he noticed outl,Ying roel~s aml hu11cheos of 
kelp to the sontheast of the-rock and at com;iclerable distances off shore. Re remarke1l that ,·essels, 
in rounding the poiut, rau too nuu·; and such appears to be the custom in 11avig-ation at otlrnT poiut::i 
on the western coast not less markec1 hy dm1ger,.; in 11a,·igatio11. Tlie statistics of work do11e in tlie 
sun·ey of Point Sur are: 

Signals erected _ . _ ... _ ...... _ ...............•.... - .... _ ..... _ . . . . . . . . . . . . . . 1 O 
Stations occupied . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............ - . . . . . . 8 
Pointsdetprminc>cl ......................................................... 12 
Angles nieasure<l .. ...... _ ................. - .. ~ ....... - .............. ~. - ............ - ............ - . ~.... 32 
Numlle1·ofohservations .................................................. !HIS 

The topographical sheet of the J'.Iorro at roiut Snr, on a sc:tlc of ~-''"''' shows by cnn·es thr 
successiYe elenttions of tiYe feet. These curves were c1trcfully traced l>y mearrn of the Jc•\·el. .A 
second topographical 8heet, on a scale of T•>ho• shows the rntim vici11it,Y of the cape. The work 
depernls on a measured base of 800 meters. 

'l'he party of Assista11t ltockwell left Point Sur ou the 13th of :\Iay, on the steamer Santa Crnz, 
and returned to San l'raIJcisco. 

Blwal o_ff South Parrillon L~land.-Late in June of the present year, Lieut. Commander JI. 
C. Taslor, U.S. N., assistant in the Coast StuYey, in charge of the steamer Hassler, while takiug 
in coal at Sau Francisco, was informed of the existence of an nnm:nked rock near South Farallon 
Jight-lwss<>. Defore resuming regular work near Santa Ornz Island, search was made, and the 

_shoal was found at tlJC reported bearing, but only about half a mile from tl10 light house. 'l.'hc 
tlepth found was six and a lialf fathoms, an(I, as reportNI, the sea breaks 011 it only in exceptionally 
heaYy weather. 

}{oonday Rock.-In October, 1874, Lieut. Col. 0. Seaforth Stewart, Corps of United Stat<'S 
Engineers, prn\·ided means for increasing the (lepth of water on :Noo1Hlay Hock, the i10sitio11 of 
wLic.h was <letenuiued some sears ago by Asi:;istaut A. F. Itodgers of the Coast Suney. Tliis 
danger was eighteen miles from the coast of California, and about three miles northwest of tho 
Nortli I<'arallon. As Fanny Shoal, its exi~tence had been known; llnt there was much nncertaint.v 
in regard to its whereabouts pre\ ions to 186:3. On tile 2d of Jauuar,v, in that year, the ship Xouu
day, wllen the n'ssel by her reckoning was eight miles from the Xorth Faralldn, strnck on the roek 
near midday, and within two honrs sunk in forty fathoms. 

When arrangements were com11lete for tl1e operations proposed in submarine enginl•eri11g, no 
suitable H'Ssel could be procure1l nt Sau Fraucisco, and· the cntter Shubrick con!tl not be spare<l 
from pressillg clutiPs in tlie light·liouse Rcrvicc. Untler these circnrnstances, applicntio11 wa:-; made 
to Lieutenant-Commander Taylor for tlie co-operatiou of bis party in the steamer Hassler. The 
vessel accordingly left San Francisco on the 30th of October, and by nightfall a buoy was plact•:l 
on the top of the rock, where tLe deptll was found to be 20:! foet at low water. 

Subseqneutly, I ... ieutemmt Weeden, of the Corps of Engineers, in close "examination, h.r tl1t; 

aid of a dh·er, discon>rctl that the rock did IJOt terminahl in a single })oint, but in three, aml that 
the depth on one of the pt>a ks was only fourteen f<>et at mean low \\'ater. .J\lensnr<'meuts made hy 
Lieutenant 'Veeden were embodie1l by Lieuteuant-Colouel Stewart in a published notiee i11viting 
1}ro11osals for the remO\'al of the. upper part of Noonday Hock, to insure an average depth of 
forty-five feet at mean low water. As tl.te terms require the completion of the operation within 
the ;yenr 1875, and all the comlitions are well known, the early remonil of this obs.t~1cle in the 
seaward approach to Sau Francisco Bay is not a matter of douht. 

Hydrograpliy of 8an Francisco Bay.-At the opeui11g of tl1e fiscal year, work was rt'SllllJPd in 
San l!'mncisco Bay by the bydrngraphic party in the schooner nfarcy, under diarge of Assistn11t 
Gershom Bradford. Soundings wern made between the shoal north of Yerba. Dueua Islaucl and 
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the Oakland Flats, and, compared with pre\'ious results, these give evidence of both deepening and 
widening of that clian nel. 

Sonth of Oakland 'Wharf, aml near the mouth of San Antonio Creek, where close soundings 
were recorded, no <cry cousiderahle change is apparent. The twelve feet and eighteen feet curves 
coincide nearls with those tf:wed twenty sears ago_. A'lsistant Bradford notes that Blossom Rock_ 
at the lowest t.ides may hav-e on it a depth of only about twenty-one feet, and that some of the' 
vessels that resort to San Francisco as a port draw twenty-six feet of water. 

In a previous report, mention was matle of the wreck of the ship Flying Dragon as a danger 
in navigation. The party in tbe schooner Marcy carefnlly examined, by means of drags, the spot 
in which the obstruction had settled, but no part of the wreck remains there. Numerous observa
tions were recorded on the currents of the bay. Those at the surface were determined by a pole 
reaching down about tweJye feet, so that results might a11ply for vessels of average draught. 
In the snhcurrent obsernttions, the number of sets recorded were proportioned to the deptll of 
water. Mr. Bradford used for results below the surface the connected cans first proposed by Prof. 
Henry )Iitchell. Of three current-stations in each series, one was in the fair-way of the channel, 
and 011e on ea~·b side of it, but near the edge of the clJannel. About SoutlJampton Shoal, tlie 
stations were increased iu number, with a Yiew to results that may aid in developing the causes of 
its formation. In regard to it, Assistant Bradford mentions as a significant fact "that the sand of 
which tbe shoal is cbiefly composed was, at one of the stations, found to be underlaid by mud at 
the depth of seven feet." This was noticed on raising a screw-pile wbich he had used there as a 
tide-gauge. 

For stations at the surface and below it, the currents have been plotted in diagrams, slrnwing 
velocity aud direction, and also the corresponding tidal curYe at the nearest station. :From these, 
current-tables were constructed in which the large flood and large eub were separated from the 
small ones, the mean of the two differing, for practical uses, too much from either. In tb.e course 
of the work south of Bird Rock a great difference was noticed it1 the slacks of ebb aud flood. 

Assistant Bradford and his aid, Mr. F. 'Vestdahl, recorded upward of 6,000 obsenations for 
determining the direction and velocity of currents. In pecember, 1874, the party sounded out the 
space between Peninsula Point and Point Cavallo, and developed the character of the bottom 
from that line upwards abreast of Saucelito a11d into Richardson's Hay, as far as the transverse 
line of soundings showed a depth of seven feet. Opposite to Sa.ucelito, the eighteen feet curve 
includes a space somewhat more than a hundred ~-ards in widtll, and for tl.Jat vicinity the cha1·t 
shows some soundings in five fathoms. The general statistics of the bydrographic work are: 

:Miles nm in sounding ........ - ... - - - .. - - . - ........ - - - - - - . - . - . _ - .... - . . . 481 
Angles n1easni-ed .. - .... - .. - .. - . - - .... - . - ....... - - . - . - .. - . - - - .. - - , ..... - . . 5, 237 
Number of soundings. - ·'- - . - .. - .... - . - .... - - . - .... - . - - - .. -.. - -... - ... - ..• 18, 434 

Through the winter and until March of the present year, l\'lr. Bradford continued the series of 
observations on currents. As the time approached for resuming hydrographic work near Hum
boldt Bay, the party was transferred from the schooner Marcy to the i;choouer Yukon, the former 
being no longer serviceable for work along the coast.. 

Tidal observations.-Under the immediate direction of Colonel Mendell the series of tidal and 
meteorological obser~ations at 1''ort Point, Cal., have been kept up by the observer, Mr. E. Gray. As 
usual, tbe observer tabulates the high a.ud low waters and the hour)~- ordiua.tes as derived from tho 
curve of tidal rise and fall. 

Recomiai11sanae.-In order to adjust the preliminaries for a chain of large triangles to pass east· 
ward from points near the Pacific coast, Assistant William Eimbeck took the field on the 20th of 
April at Mount Diablo. After several days passed there in expectation of determining the' practic!l
bility of a line of sigbt to Mount Shasta, the party proceeded to Fairfiel<J, and from thence to Vaca 
Station, which was reached on the 1st of May. The mountains in this locality being very rugged 
and densely covered with brush, many hardships were endured. In successive ascents from one to 
another of the points deemed fa\·orable for seeing the distant !Stations which bad been marked for 
recognition, the issue was not promising, but after seven days and passing several nights at ditfer
ent places on the highest part of the mountain, Mr. Eimbeck recognized the crest of the Sierra. 
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At the snme point, ltow<wer, tho snmmit of Shasta was i11\·isible. Proceeding eastward, tltc partJ' 
traverst'd the country to 1\1onticello and K11ox\·ille. At Lakeport, arrangm1Jl•.11t.s wen• mat!P for 
occnpyi11g Snow l\1onutain for rcco11naissance purposes, and the southel'n summit was J'('nche1l 011 

the 14th of ~fa,r. This l:leiug unf,worable, Urn party mo,·c1l to tlte northern smumit, and in the 
course of two days a position was fonnd at wltich 1\fonnt Shasta could he sePn. The station i>'I 
:~,000 feet high and extremely difficult of access. In tlte middle of l'tfay, the partJ' ou the 
summit found tlw air so col<l as to require a constant ftre near the shelter-tent. After comtlleting 
the preliminary observations at Vaca, l\Ir. l<Jimbeck left for Marys\·ille Butte hy wa.y of Colusa. 
The summit of the South Bt1tte was reached on the 24th of May, and the practicability of a line 
to Mount Shasta was quickly decided. H.eturning to l\faryS'ville on the 26th of l\Iay, Assistant 
l1Jimbeck plottetl the points which had been determined by reconnaissance as interdsible, and 
studied for perfecting the scheme with additional points in the chain of triangles. 

Early in June, ~fr. Eirnbeck made repeated examinations from the summit of Pilot Hill atHI 
also from points on Pine Hill. Other localities wrre examined in the course of an extended journey 
by way of Promontory Spur and through Auburn and Colfax to the summit of the Central Pacific 
Railroad, where all the members of the party rf'joincd Assistant Eimbeck in the middle of .Tune. 
A few days after, the summit of Lola Mountain was occupied, and·witl1iu a week a peak of Mount 
Shasta was reoognized. From l\fonnt Rose, that high summit 1iot being visiUle, l\lr. Eimheck went 
t 1 Castle Peak and spent a d:iy in making observatiou8 from tlrn snm 1nit of its eastern prong. 
His party was in that vicinity at the end of ,Juue, when tlie last field·report was dispatched by 
Assistant Einrbeck. 

Dangerous rock o:fl Cope Mcndocino.-At intern1Is, in past years, many rocks lla\'e been deter
mined in position in the vicinity of Cape Mendocino. On most of these, however, the water breaks 
in ordinary weather1 and being thus commonly known, the,Y are probably not reckoned as dangers 
by mwigtitors who pass and repass the cape frequently. The usage of vessels along this part of 
the coast, iu going inside of known dangers, has heen repeatedly meutionecl in the field-reports. 
Assistant Hodgers, while the topography of the aujacent coast \Yasin progress, provided, as far as 
practical.Jle, against resuJt,iug disasters by watching, in stormy weather, for breaks that had uot 
shown under ordinary circurnstauces. .Assistant Bradford, in charge of the hsdrograpbic party, 
early in 1Si3 garn special attention to the de,·elopmeut of unknown dangers that might exist 
between Bluut's H.eef and the cape, aud several spots at wlticll the water broke were then approxi
mately detcnnined l>y the hydrograpllic aid, Mr. F. Westdahl. To his careful observation at that 
time, is mainly due the discovery, wllich was made in April last, of a dangerous sunken rock south
west three-fourths west by compass, and distant a mile and three-quarters from t,!Je !ight-house ou 
Cape Mendocino. The rock has onl.r six feet of water on it, is not more than three feet iu diameter 
at the top, and is uot marked by kelp. Soundings alongside giwc nine and ten fathoms, and near 
by, the water ra1•idly deepens to fifteen fathoms. In reference to tltis danger, t!Je IO!fowiug remark 
is made in the repo1·t of Assistant Bradford: "The development of the r~k settles auy question 
in regard to the danger of this passage without a pilot, for it is eYideut ihat a stranger could only 
make moderately sure of safety by keeping clos1~ inside of Blnnt's J:,eef, and the gain of barely onr. 
mile in tbe run, between Point Gorda and ~'alse Cape, would not compensate for the risk incurre1l 
in passing midway between Blunt's Ueef and Cape l\Ie9docino. Moreover, the water on a rock of 
sncb peculiar shape will lncak only under very exeeptional conditions; and, though so near the sur
face, the <!auger rarely shows any sign of its existence." 

Of the particular point of rock found and determined in position by Mr. Bradford, there was 
110 pre"Vi-0us knowledge, or even a hint, unless .it be taken as the rock mentioned !Jy Assistant 
Davidson in his Directory, as seen in 1857, under tlw wlwel of t!te steamsl1i11 Oommorlore. Such da11· 
gers are likely to lmfile

1 
in tile search for them, all ordinary expedients. Pilots, of tried skill and 

experience, have repeatedly run their tug-uoats througlr this passage without seeing the rock in 
f}ue!!lion. While setting Utt signals on shore, in l8i2, Assistant Bradford carefully inspected the 
reef from a station on high land, located many breaks, and afterward found the rocks which occa. 
sioued the brea.ks. At that time, he also brought into requisition a drag, about sixteen feet-long, 
anu reaching well below the surface of the water, and tha.t was constantly in use while the party 

H. E:x. 81--8 
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worked near Cape Mendocino. It is evident that the e:d;;tence of r<)cks so sharp as to elude detec
tion when such mean8 are applied. makes the passage ins1de of Hlunth-1 Heef un;.;afo for naYigation. 
The risk will lie only in a degree lessened when all the hidden dangt>rs are found and accurately 
marked on a chart showing their relatiYe positions. 

Hydrography l!ct1cccn Point Gor111i wul Bocl.:y l'oint, coast of California.-In the course of the 
preseut _year, additional sounuing,,;, to develop the coast hydrography, ha\·e been made between 
these limits hy A;;sistant Bradford, with a party, in the scl10011er Yukon. l~al'ly in April, he OC'~ll· 
pied some of the stations, at which signals had been previousl:y erected, to inelu<le about 1ifty miles 
of coast-line. Tlie work wa8 coutiuued tlirongLout l\lay aud June, aud was joined with tlrn bydrog
raphy of 1872, completing the inshore soundings l>etween Hocky Point and t,lie limit, two miles 
below Cape Mendocino. As means additional to the facilities afforded by the sehooner, a steam-tug 
was chartered, aml was effectually used iu prosecuting the imshore hydrography. A 8YJ1Upsis of 
the statistics of work is appencleu : 

Miles run in sounding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 766 
Angles measured...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G, 31;-: 
Number of soundings ....•...•.....• "· .................................. 11, 106 

Thirty-one signals were erected, and eightecu positions were determined at interval;; along t!Je 
coast between Uape Fortuuas and Hocky Poiut. 'l'he hydrography done this season, clmiing with 
the 30th of .Tune, is represente11 011 three RheetR. Humboldt Bar was examined by .Assistant Brad· 
ford on the 12th of April. He remarks iu· reference to it: "I found a great al tcration in the direc
tion of the chaunel, though the change mnst have occurrerl previous to l\la;i.·, 1872, for the !'\}tme 
ranges are in use now as we often used for m·oRsing the bar while so1l!Hling on Blnnt's !{eef off Cape 
1\Iendocino. The depth, however, is about two foe.t less at the present time. At favorable times 
this season, lines of soun<1ings were run across the bar, showing that depth only bad ueen affected, 
and uot the direction of the channel, which is straight, of good width, and in the direction of the 
swell, so that, with a steady, fair wind, and moderately smooth sea, there is little tlifficnlty in 
entering with a sailing-vessel, the ranges being known and Yisible. At meau low water, the aver
age depth is nine to ten feet." 

The coast hytlrograpby was extended seaward to an a\·erag-e dist<tnce of rather more than four 
miles from the water-line, tlte work terminating gcnerall~' at the depth of thirty fathoms. \.Yhere 
1idlleu rocks were suspected, the soundings were increased in number; and a drag was kept in con
sbint use, while the hydrography was in progres!'l, between Itocky Point and Pilot Hock. The 
approach to Trinidad Mr. Bradford found to be exceptionally free from dangers. The sunken rocks 
in that vicinity being qnite near to the rocks in Yiew are readily avoided. "The general character 
of the bottom is fine gray saud, looser and with black specks off' the bar at Humboldt; and, 
receding from shore, the sand becoming gradnally mixed with mud. Iu depths of thirty to thirty
five fathoms the bottom fa wholly of mud, and that mm1·1iue (well defined by soundings made in 
1872), will, if sought for, be found of benefit to vessels when apprm•ching the coast.11 

For the adjustment of sonnuings, made by the pa.rty in the schooner Ynkon, the tides were 
observed at Hed Bluff, near.the entrance to Humboldt Bay, and at Trinitla(l. By a pre,·ious com
parison of tidal results it wa8 found that the difference iu time was not appreciable bet,wccn Cape 
Mendocino and Trinidad. 

Coast topography north and south of Ten 111.ile Rii,ei·, Cal.-At the opening of the fiscal year, two 
})laue·table sheets were pr~jected to receive the details of topography yet ummrveyed between 
Shelton Cove and Point Cabrillo. For prosecuting the field-work, tlrn )larty of Assistant .A. F. 
Rodgers was dispatched from Sau Francisco on the 22tl of July, 1874. l\ir. I<J. F. Dickins, the aid, 
took up the coa8t topography at Abalone Point, and concluctell the work southward, while l\fr. 
Rodgers was engaged at San Francisco in computing the positions of several light-houses from 
obsenations recorded earlier in the season. '\Yhen he joined his party, the plane-table survey had 
been ad\-anced to a poiut about seventeen miles ·northwarrl of Noyo Hi>'er. Early in September, 
the working-camp was moved to Belobida Creek, from which station the sheet tben in band was 
conveniently fiuis.hed, and work was commenced on the remaining sheet. Meanwhile, Assistant 
Uodgers examined the region, aud se1ected a site on the beach at Ten Mile River, with a view of 
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111ca1'uri11g a bage-line for nori(ying the tdaugnlation which b c ba!l extendet1. from the northward to 
joiu with that done in prpcetling seasons. A preliminar.Y aligument was made, but the measure
meut was defnred until the plaue-tahle operations bad adyauced to the vicinity. 

l\luch 11iftlculty was experienced in crossing Te111\Iile RiH'l". Ew•n at low tide, the party fouml 
at the beadt a heavy s1n·ll that sent runners seYeral feet high np the ri,·er. Assistant Rorlgers anrl 
]\fr. J)icki ns cro:-;s!'d and recrossed at the ford on the 2Hth of Septem lwr, with satldle-l10rses, and, 
by carefully leading the wa_y, the teams with the baggage of the camp safely passed the stream and 
reached a deserted cabin ih·e miles to the :-;outh ward. 

The final plane-table sheet of the coaRt work between Triuidad Head and Point Arena includes 
the details between Ten :.\file Rh·er at itR north limit, and Pudding Creek at the south, wl.Jerc the 
work was joined with that of Assistant Sengtcllcr. In the middle of October, to[lographieal work 
"·as suspemled, the weather then beiug most foyornble for determining the length of the line 
selected at 'l'en Mile River Pntrance. The result of measm'Prnent (1,filG.3!) meters) was satisfactor.v 
as a check on the detailed work, whicl1 now rppre8ent'< se\·enty-serer1 miles of eoast north and 
sot1tlt between the bases on NaYarra Hidge and Shelter CoYe. 

While l\lr. H.odgerR extended his triangulation 80t1th of 'I'en l\Iilc H.i,·er, the topographical work 
was advanced by Mr. Dkkins, and was joined on the 1st of December with a surn>,v made pre
Yiousl;r by Assistant Sengteller. The statistics of the field.work arc: 

Signnls erected .................... , ............................................. . 
Stations occupie<l . . . . . .. .. . . . •• . . .. . . . . . . . . . . . . . . . .......................... . 
Angles 111ea8ure<l .............................................................. .. 
N um bcr of obse1Tations .......................................................... . 
Coast-lille smTeyed, miles .......................................................... . 
8tl'eams, 1nilcs ............................................................... . 
Ho ads, miles.. . . . . • . . . . .. . • .. . . . • . ........................................ . 
.Arc:L of topography, HJ narc miles ................... , ............•.•...... 

The following reurnrks were takf'n from the field-report of Assistant lfodgers: 

n 
!) 

3-l 
1, [)(j!.I 

20 
1;) 

"This s<'ason was exceptional in the early co1111ne11crmcnt of settled rain; from October 18 to 
.Noycmber 24-, fourteen rainy days interfered materially with the progres:-; of our work. Barly in 
November a sudden freslrnt iu Ten Mile Hh·er carrie,l away fences, horses, cattle, and hogs, am! a11 
Indian attempting to cro8s on horseback lost his lifo, both man and horse heing swept into tlil\ 
breakers and drowned. 

".Most of tlte coast-streams here close for a period near the end of the tlry seaiion of each year, 
the sand forrniug in a bar at caeh outlet. As a result, water accumulates on the valley-lauds, 
until a lteaYy rain-storm, b,r sudden iuc1·eas0 of pressure, breaks the baerier, when the stream Bg-ain 
assumes its normal character. This is the case at I1ittle Hin•r, uear Trinidad; 1\Iad U.h·er, north 
of Humboldt, Ba;y; Bear lti\·er, three miles uorth of ()ape l\Iemlo_cino; l\fattole Uiver, twelve miles 
south of the cape; Ussal Creek, thirry miles south of Shelter Cove; l'en Mile HiYer; Gualala 
Hiver, fourteen miles soutlt of Point Arena;· at ltussian Ri\'cr (closed about fh-e weeks in each 
year); Salmon Urcek, north of Bodega Head; anll at Pudding Creek, which empties at the coa:st 
one mile north of the mouth of N oyo Hi \'Cr." 

This elosnre of the ri\·ers causes serious inconvenience, the unlimiry fords IJeing- at such 
times either useless or daugerous. lVhile his work was a<h'andng in the vicinity of Pudding 
Ureek, earl_y in NoYemuer, 184 4, .Assi;;;tant lwdgers, in tlrn cour8c of a few hours, with four meu, 
started a trench acroRs the barrier of that stream, Rufiicieut to admit the flow of some wat<:r towanl 
the mouth. \Yhile the water was shallow, an Liour wai; spent by tlte party iu riding 011 horses 
through the trench, and thus loosening the material of tJie barrier; and at noon next lhiy, farm· 
wagons crossed in ouly two feet of water at the ford, which for a long period liad been impracti
calJle. "On the 1st of November, the lower reach of this creek presented tlle appearance of a 
lake, close to the ocean-beach, but with no outlet; and during six weeks, the gradual accnmuJa. 
tion of water had co\·eretl all adjacent low ground, a11ll deepened the usual ford to about ten feet." 

After ol>serviug at Sand Ilill Station for azimutli, l\Ir. Uougcrs mornd to the No_yo, and there 
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discharged his party, and reached San Francisco on the 8th of December. Of'Ucc-work, includiug 
the computations and inking of tletails on the plane-table sheets, was completed in ti.Jc course of 
the winter. · 

On the 10th of )farch, Assistant I~odgers took the temporary direction of details in tbe office 
at San Francisco, and provided the requisites in data antl projections for .tbe intended field-work 
and hydrograpuy of the present year. Snbassistaut G. Farquhar, at the same time, joined tlie 
office, and made tracings of pnn-ions work, which was to be joined by tlte operations of tbe season 
in bydrograpby. Early in April, Mr. Rodgers, at my request, ascende(l Mount Shasta for special 
reconnaissance, mention of which will be made before closing notices of work iu this section. 

Redding's &ck.-\Vhen my report of last year closed, Lieuteuant-Commarnler Taylor, and, in 
co·operation, Assistant A. vV. Uhase, were awaiting a favora\Jle opportunity for landing on this 
rock, to erect a signal for nse in determining its exact position. The steamer Ilassler, on the 19th 
of September, 1874, was anchored off the upper gold-blnff:;, ll<'arly opposite, at the clo~e of a severe 
northwester; but the continued heavj' sea and <lense fog prevented all attempts to l.an<l until Urn 
21.st. when a boat from the steamer was safely moored a.t the rock. It was found to IJe an imrueu~e 
mass of quartz, gray and white, cont[liuing mineral of some kind, the summit of the rock being 
merely a narrow iidge. Holes were drilled to aclmit a sigual-pole twenty-seven feet i.u l1eight, and 
its requisite supJlOrt. 'While the ·hands of the topographical puty were so employed, Lieutenant
Com mander Taylor aud Mr. Chase applied tlte plumb-liue at the western side of tue rock, and 
found that it stood ninety-four feet out of water. 

Retlding's Rock is about five miles off tlrn coast of California, and about miclway between 
Iiocky Poiut and Klamatil River. The bottom all around is rocky, and the a\'erage depth is 
twenty fathoms. 

l•'ogs prevailed during all the time allottel1 for operations; and, although the signal was set and 
~cured, none of tbc signals on shore were viBible from the rock duriug the Atay of the party. 
Angular measurements were of necessity deferred, as the steamer could not be detainecl at that 
time to admit of determiuing the exact position of the rock. Assistant Chase returned to his 
working-ground on tbe mainlan1l, and completed the coast-triangulation between Klamath Hiver 
and Rocky Point, connecting at Big Lagoon with the sur\"ey which had beeu extended northward 
by Assistant Rodgers. Several attempts to land on Sister Rock were pre,·ented by stormy 
weather; and that station, like Redding's Rock, remaius to be occupied as the apex of a series of 
triangles, the bases of wilich connect with each otlter from point to point along the coast. The 
following are statistics of the triangulation in this {jll[lrter: 

Signals erected . - ........••.•........... - _ .. _ ...... _ .......... _ ..... _. _. _. 12 
Stations occupied ... ___ - _ ..................... _ ...•. _. . ... _ ....... _ . • . . . 11 
Angles measured •... _ ...................... _ .... __ .. _ .......... _ .. _. . . . . 43 
Number of observations_ ............... _. _ .. _ .. ,. _ ..•. _ ...... _ •. _....... 768 

After l1is return to Crescent City, Mr. Chase made, for the nses of the Light-House Board, 
and furnished to Lieutenant-Colonel Williamson, a tracing from the plane-table sheet of the sur
vey of Point Saint George. The tracing shows the arc of visibilit~· from a proposed light-house 
location which is 156 feet above the water-level, and was marked also "iith t.be height of each of 
the prominent rocks iu that vicinity. Subsequently, Mr. Chase proceeded to San Francisco, and 
tliere, by the middle of .Tannary, completed the computations resulting frmn.his field-work. 

Inshore hydr<>grapky from False Klcrniath, Cal., to Mack's Arch, Oreg.-Lient. Commander H. C. 
Taylor, U.S. N., assistant in the Ooast Survey, with the steamer Hassler, left Sau Frauciscc> on the 
10th of June, 1874. A few days after, his party took np and prosecuted until the end of September 
the inshore bytlrograpby of the Pacific coast above and below the boundary-line between California. 
and Oregon. The stretch of coast-approaches, developed by soundings in the course of the season, is 
about fifty-five miles, and, seaward, the lines were extenderl to an avemge dista11ce of six nautical 
miles. One of the sheets shows, in connection witk inshore soundiugs, the depths in JJfike Earl 
aud Lake ToUawa, and another, the channel at Smith's River entrance. 

In the reach included within the working limits of the party in the Hassler, four dangers to 
navigation were discm·ercd, ai1d, as cu:st-omary, reported immediately. On a rock found in the 
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anchorage of Crescent City Harbor, Lien~enaut-Commander Taylor maintained a mark pendiug the 
arrangements for placing a bnoy. Of tllese dangers, two of which were mentioned in my last 
report, one was found off the False Kia.math, and oue in the anehorage of Chetko CoYe. Abreast 
of the California and Oregon State line, the inshore sonruliugs lleveloped the character of a danger 
well-off shore. Information concerning these rocks, and other matters of interest in naYigatiou, 
was com rnunicated from the san·eying-steamer directly to captains of steamers and sailing-,7 CS8els, 
as they passed t.o aud fro. In this vicinity, Lieut.enaut-Commander T<iylor met earnest inquiries 
in regard to anchorages, the best being sought as the terminus of a wagon-road 120 miles long, to 
lead from Jacksom·ille to the coast. 

Crescent City Reef ha>ing been thoroughly sounded, a tracing of the chart was fnruishcd at 
tlJC request of an agent who was searching, witil a party of t1ivcrs, for property lost by the wreck 
of a >essel some years ago ou one of tile rocks of that reef. As state<l under the last head, tlie 
operations of the laud-party, w!Jeu working uear lteddiug':s Hock, were assistetl by tlie temporary 
use of the Hassler, and the personal co operation of Lientenaut-Cummamler Ta_ylor. In the time 
gh·eu to aid of tile wo1·k iu charge of Assistant Chase, soundings were made in the ,-icinity of tbe 
rock. The depth immediately arouud it is eiglttecu fathoms, but the water deepens to twenty-three 
fathoms mid way hetween Reudiug's lfock and the main, and from that depth the ''"Lt er shoals 
graduall.r to the beach. 

On a review of the b,rdrographic work, Lieutenant-Commander Tt:ylor thus obscnTes, in hi:1 
report, at the end of the season: "Ileginniug at the south, the water deepens off shore ahout 1in1 
fathoms per mile, and this appears to be unaffected by tlw outl_ying I'Ocks wllich, ir1 this -section, 
fringe the coast almost everywhere. 'Vi th tlle exception of Crescent City Reef, where the bottom 
is broken anu il'regular, this average deepeuiug per mile off shore continues as we proceed north
ward to Chetko Cove. Abo\Te that, a much more rapid de::ipening beuomes well marke:l off ll<tr
nacle Itock, and reaches a maximum (as far as yet knowu) ahreast of l\iack's Arch, where fonrtceu 
fathoms per mile off shore is the average increase of deptL. \Ye there fiml se\'ents fathoms, but 
off tile False Klamath oul,y thirty fatlloms at the same distance from the beach." 

On the important subject of ancl.10rnges, it is remarked by tile same oflicer: "lncreasi11g 
commerce makes orrly more distinct ihe lack of sllelter 011 this coast. At an early day, doulit
]ess, measures and means will be sought for making artificial improW\meut. lleuce, it seems 
proper to put on record sucli relial>le information as can he bad in adrnuce in regar<l to the 
few existiug anchorages. One of these, which I haYe named J\fack's Shelter, may be said to L;ixc 
been hitherto unknown. Some swell rolls in, bnt not much; the place is uudou btedly a gootl north
west lee; and, judging from the small amonnt of was!1 a.ppareu t on the cliff, a111l from the urnlis
turbed kelp in tlle upper part of tue shelter, I conclmle that there the violence of "'ind and sea i11 
the southeast{lrs of winter is consi<lembl.Y reduced, and that a tolerable southe<\st lee cau be here 
obtained." 

The following remarks bear on the capahilit.y of this anchorage for artificial imprornment: 
"A breakwater, extending from t!Je beach to the reef, or only part of the way, would girn 
excellent rei;:ults. If built; across in fiye fathoms, it would afford good accommodatiou for scLooncrs, 
small steamers, and ti.le coasting-trade; if in eight fdthoms, it would gh'e anchorage to all clas;;es 
of vessels, and ample room for all pro!Jable needs; wllile, if built in ten fathoms, the result woul(l 
be a most admirable and capacious harhor. There is no village, and the nearest settler Ii 1·es some 
miles distant; but the problem of a harbor on this stretch of coast will be soh·cll in the interest, 
not of tbe scanty population of the vicinity, but in that of the busy and rapidl.v-increaisiug popn
lation of the valleys in the interior of SoutlJern Ort>gon and :Nortlleru Ualifornia." 

The hydrogmphic sheets sent to the office by Lieutenaut-Oournn1Hle1· Ta,rlor were accompanied 
by sailing-directions for entering Mack's Shelter, for tlie channel of Smith's Ui\·er, anu also for 
uavigatiug a.t Crciscent City Heet'. The statistics of the work are: 

}files run in sounding ..•.. _. . . . .. . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . , . . . . . • 800 
Angles measured ..... -.· ... _ ..•.. _ .........•....... - .......... - .•. - •.. - . • 2, 080 
Number of wundings ................................................... 8,0JO 

As chief of tlte b_ydrngm11hic party, J,icuteuaut-<Jornwauder Taylor, in his ollicial report, 
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spe<'.ially mentions the service8 of the execntirn otti.ccr of tlw llassl:r, Lieut. Geo~ge Talcott, U.S.~., 
to whose suggestions and skill in details is attributed mncli of tile success rn operaL1011s. 'Ihe 
cheerful zeal and a!Jility of Lieut. Frank Courtis, U. S. N., J,ient. mcuanhion UloYer, U. S. N., 
Ueut. J. D. Atlams, U.S.~., and Lieut. G. W. 'rrler, U. S. X., in furthering the hydrographic. 
work, arc commenrle1l in the same rt>port. ' 

Jfomtt Bftasta, Cal.-To proYitle in advance for such nses as might be made of 1\Iount Shasta 
in the determination of geographical points, Assistant A. F. ltotlgers, at m,y re11ue;;t, visited the 
re"ioll ascended the mountain on the '.!~th of .April, atHl reachetl the top after a steady walk of 
t\\~lY: and a half hours over and through snow that, in occasionally giYing way, allowe(l himself 
and attendants to Hink waist-1leep. A.fter rem:tini11g an hour on the snmmit, Mr. Rodgers moYcd 
down to the hot springs, a tiatch of about a hundred square yards, and seYcral hundred feet below 
tlie highest point of the mountain. ::Sear the spriugs, which are alkaline, anll unfit for drinking or 
for cooki11g purposes, fr(•q uent jets of sten m Wl'l'e seen to issue from fissures and rise eigl1t or ten feet 
in air, the temperature at the time being 20 below the freezing-point. In regard to surface
features, he tlllls reports: "t3hash1 summit iR n triple ledgr of shattered lava, the fragments bPing 
of all sizes and lyi11g at all au~i:les, many of them ready to roll off down the mountain under little 
e-xertion of fore!'. In "rnnge of about 150 feet at the summit, the south point of ledge is the high· 
est, the north point being twenty feet lower." SeYcral of the large blocks of lant interforl.3 with 
Jines of ;;ight tu the ::mutlnn1nl, all(l in\·oh·e, adl.litioual to the cost of a signal, some expense i11 
securing a large arc of Yisibility from statious towarll tbc Ronthwar<l. A>1sista11t Hodger8, IJG\'Cr· 

' theles1', deems it practicaole to occupy tl.ie summit ns a station, and, for future reference, lie bas 
tiled with his report notes and rnnrnrks that will ha Ye special valne if it ;;hou1U be fount! expedieut 
hereafter to erect lt signal on ~1ount Shasta. The geologic;Ll and botanical characteristics of tho 
mountain were observed am1 recorded h;y Mr . .Tohu ::\Inir, who accompanied !\Ir. Ho1lgers in the ascent, 
and to whose iutelligeuce, physical cudnrance, ancl expt~r!ence as a monntaineer, tbe tield-rcport 
asc1·ibcs the suceess of the urnlertaking. l\Ir. ~Iuir's description of th!' storm, which constrained 
him to pass the night with a single attendant on the summit of Slrn;;ta, is m~ulc Kpeciall,y int.erest
ing by his careful I"ceord 01' all the changes attendant npon Htonn-fonnatious at an Plenition of 
ahont J.f,000 foC't. Common as they donbtles>i are at snch heights, lle,;criptions arc e\'eu more rnrc 
tha11 occasions that have com;trained some few ooscn·er8 i11 the past to witness the terl'il>lc plw· 
nOlllCll a. 

SECTION XI. 

COM;T OF OlU:GOl\' AND OF WASHINGTON n;'iu:rrorff, INCLUJ)!NG THE IXl'El~lOl{ HAYS, POHTti, AND 
RIYEl{S.-(8K1£TC1rn~ No~. 19 AND 20.) 

Jlydrography bctlCccn Clwtko Co1•e and Jlack's .Jircli.-lushore soundings along thh> part of the 
coast of Oregon were prosecuteu in coutinuation of l1y<lrograpLic operatioua i11 .8ection X by tLe 
1mrts 01' Lieuteuaut-Uounnaudel' Ta..ylor, U. S. X., a::;sistant in the Uoast Surn•.r, in the steamer 
'.Has1:1Ier. As the WOl'k was of necessity meutionml under tLat sedion, the extension of the hydrog
ntph.r somewhat aboYe the north !Jou11thtry of U;tli forub was 11ot regarded a::i calling for a subdi
Yision of tbe alistract, a subdivision in respect of the stati::1tics of work not l>eing practicable. 

CQa!lt·triangulation and to1wgraphy nea;· Nehalem Rit'er, Oreg.-Early in ,July, 1874, Snbas
:-;ista11t, J. J. Hilbert completed t.be triangnlation of the coast between Oolnmuia Hh·er eutra1we 

aud Tillamook Head. The topograpliy was the11 taken up arnl waR prosecuted uutil the eud of 
October. Four pl<rnc·table sltcet8 contaiuiug the results have smce been iuked. a11d are on file in 
the office. 'l'hcse repreo;ent hvm1t~i·iive miles of the coast·line sonth of l'oit~t Adams and the 

' adjacent features of topogruph:y, among~~ <:>:hich are Tillamook Head, and below it the vicinity of 
the mouth of Elk Creek. Mr. Gilbert remained in the field until the uth of November and 
occupied the Inst week of the season in measuring ho1·izontnl angles for connecting the sur;ey of 
Sltoalwater Has with the triangulation of Colum!Jia River. He then store1l the instruments aud 
carnp-e<Jnipage at Astoria for the winter, aml took np otli.ce·Wotk aud computations. 

At the end of April, 1875, the camp-fixtures of the pitrt.r were sent by sea to Tillamook Ba.y 
amt iu the courne uf ti.Jc following fortuigltt tieltl·work wa:; resumed at Uw rnunth of .NehaleU: 
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Hiver. 1\ s weather would permit, linrs were openrnl fi>r extcnL!ing the coast-triangulatio11, :mu the 
ref)nisite signals wern set up. The wet season, ho1vever, colltinued, aJl(l<lefcrred oh;;ervations \Yith 
the theodolite. Of forty-one tfays afcer commencing 1vork at the montJ1 of the ~elrnlem, niuPtl'eri 

days \H're rain.L Snbassistant (;.iluert is yet in tl1e field, an'1 engaged iu completiug thl' eoast
triangnlation between 'l'illamo()k lle;i.l and ::'lehalem Hi\·er. llis party will remain iu. that rPg-iou 
as late as the Wt.'ather will permit, and at the apprnach of wrnter \\'ill discontiuue fiel<l·operaLiou:-; 
as heretofore. 

Tim following is a synopsis of the stat~stics of work doue ivithiu tile fiseal _year: 
Signals erected . . . . . . . . . . ............................................ . 
Stations occupied . : .................................................... . 
Angle.'! measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15:.l 
Xurnl>er of obsen·atious .. _ .............................................. +, 51~ 
Shore-line sm·vpyed ... _ .............................. _ .......... _ . . . . . . . 50 
(]reeks, n1iles .. « o ~ • o "• • • • _. • • • ~ • • •' • .. < •" o • o • .. ,. • • • o • o • o o • • • "00 • ' a"•• • • • o • • II [)~ 

lfoads and trails, milt's . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . GOJ 
Area of topography, sqmtrc miles . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 4:.l 

.Mr. I•'. 'Yestdahl is now attached to thi:-; party ail aid, aud fHll proyision has been mitde for tl1c 
prosecution of :such hyllrography as may he fon11d pr;1ctical>le for a small ve:-;sel, 1Yithi11 the limits 
of the plane-tal>le sun·ey. 

Sun·e.IJ (!f Columbia Rircr.-Iu l\Iay, 1814, prqjectio11s \Yern made for continuing t lle drtailed 
suney of the Columbia upward from tlrn limits wl.Iich had been reached iu the }H'ecet1iug .\'l.'ar. 
As:sistant, CleYeland Hockwt'll was sona after cstahlished in camp at (hk Point, but iu tl.w cour1>c 
of a week: a case of small-pox occurred. arnougst the hands. The man ivas properly can'd for, allll 
although the t'ntire party Lad been exposell to the disea;ie, work was cvntimwd as usual, and U(> 

other person was affected by the pestilence. Early in July, )fr. Hockwell permitted tue hanll to 
return to camp and re:>ume duty. 

Tue character of grouud traversed by the party in the oprratious of this fiscal year has heen 
mentioned in previous reports. The north, or \Yashington Territor_y side of the river, is abrupt, 
precipices of columnar basaltic rock on that ;;;bore haying deep water at their bases. Tht>se walls 
are several hundred feet high and surmounted by a dense co\·cr!ng of fir timber and au abun<lan t 
undergrowth. The opposite side of the river is a hroarl expanst~ of marsh lauds, liable to be snb· 
mergetl in Juue by fresllets, and in ·winter by high tides. Numerous sloughs traYerse the gro11111J, 
and some of the channels are deep enough for naYigation. Of these low lands, the parts 11em·t'st 
to the river are in all cases a little higher than gTmrnd a hundred ya1·ds back, antl r~re con'retl l.Jy 
a Leavy growth, mostly cottonwood, with some ash and oak. As no nse is made at present of the 
low lands, the survey includes the basin on the south side of the Columbia, aud part of the l1iglt 
laud which bounds it. 'The season was more th<tn ust1all_y unfa\·orablc. Iu August, 1idd-progn'ss 
was hindered by ten rainy days in succession. Two }llaue-table sheets were completed, :J!l(l on a 
third the detailetl sun·ey was adntLJcetl as far as Smith's Island. As the plane-table work n'qnirPd, 
Mr. Rockwell. established points from time to time b.r triangulation. The statistics are: 

Sllore-liue surveyed, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
Creeks and marsh, miles ..................................... , . . . . . . . . . . . . 10 l 
At"ea, .sqn.are miles........ • ........................................................... _ . . .. . . . . . .. ~;~> 

Assistant lfockwell was aided in tile :tiel<i by l\Ir. G. H. \Vils.on. 'l'he pait.y was tlisua111kd at 
Oak Point in the middle of Octo!Jer, ancf was sul>sequently eLJgaged in work which lrns been 
noticerl under the head of Section X. 

Tidal vbservations.-At Astoria, tile excellent series of tidal a11tl meteorological obscrn1tions 
have been continued by Mr. L. \Vilson, under the direction of Col. G. H. l\Iendell, UnitPd Sta tee; 
Engineers. 'l'he hourly ordinates and high and low waters are tabulate<l by the obsen-er, i1ml 1ilt~d 
with the records which are taken from the self-registering- gauge. 

DetaUed survey of Duil'ami.~Tt Ba,y, lV. 1'.-Assistant J. S. Lawson was in foe field with his 
party, on the shores of Dnwamish Bay, when my last annual report closed. Tile triangulation 
was prosecuted until No,·ember, 1874

7 
wLeu tile i)arty in tbc brig Fnuntleroy was disbanded 
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for the winter. Mr. LawRon then took up and completed his computations and sent to th.e office 
thP. r~cor<ls of thf1 work in duplicate. Six plane.table sheets of the previmrn season were also illketl, 
and are now in the arcl1h'es. In this service, ~Ir. :F . .A. J,a wson aided until :Fellmary of tl.Je present 
year, when be was temporarily assign ell to the party of Assistant Uhase. 

Late in March, preparation w::i;.; made for resuming field-work on the eastern side of Duwamislf, 
Ilay, but, owing to preYalent bad weather, operations were deferred until the middle of April. 
The season JHOYed to ue more than usually nnfrworable. Of ;.;ixt,y-ftve working-days, tbe daily 
jonrnal murkctl thirty-fi\"C as rainy and unfit for the use of the plane-table. At such intervals, 
bowe>er, the party employed the le\·el·instrument, and thus ad\'anced thll detailed survey. The 
topography includes the head of La.kc Union, the surface of which Assistant J,.awson found to be 
about twelve feet ahorn the high-water line of Dnwamish Bay. On tlie plane-table sheet, the delta 
is also showu, and tl''O miles of the course of Dnwamish Hiver abo>e the delta. A detailed surny 
was made of the town of Seattle and of the roads adjacent. 

Mr. T. r. \Voodward, after bis return from service abroad, as an obsPrYer of the transit of 
Venus in Deceml>er, 1874, was assigned to tluty i11 tliis section, and joined Assistant J,awson early 
in April. At the end of the fiscal year be was trausferred to tile party of Assistant Chase, and 
was replacetl by Mr. F . .A. Lawson. The following are statistics of tlle work at Duwamish Bay: 

Shore-line sun-eyed, miles................................................ 20 
ltoads, etc., miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . • 25 
Details, area in square miles .............. , . . . . . . . . . . . • . . . . . . . . . . . . . . . . • 4 

For ser\"icfl in prosecnling the llydrography, the steam.tender Li\'ely is now under the charge 
of Aesistant Lawson. Soundings are in progress in Duwamish Bay. 

'Tidal obser·vations.-At Port '.l'ownsbeud, owing to the roughness of the place about the tidal 
station, tlie pendulum-clock, attaclied to tile only tide.gauge availal>le wllen the station was estab
lished, occasionally stopped when the winds were strong. To meet this inconvenience, a gauge of 
the new form, and provided with a time-keeper, which is operated l>y a balance-wheel, will 1wo11 be 
substituted for the old apparatus. The observer, i\Ir. L. Nessel, coudncts tlrn operations at this 
station under the direction of Colonel Mendell, of the Corps of United States Engineers. 

SECTION XII. 

COAST OF ALASKA TERlUTORY.-(Snc'l'cII No. 21.) 

Coast of Alaska.-"When my report of last year was closed, Acting Assistant W. H. Dall liacl 
not returned from the coast of Alaska. The schooner Yukon, '>l'ith bimself and hi~ party, arriYed 
ut San Francisco ou the 12th of October, 1874. 

On the 3d of May preceding, l\fr. Dall took up tlie coast reconnaissance at Sitka, and from 
thence in passing up tbe coast recorded current and tempernture obsen'ations and plotted sound
ings. Vertical angles were measured to determine the heights of mountains in that region that 
serrn as landmarks at sea. OLsen·ations for time, azimuth, aud latitude were made at Lituya 
Entrance, and the position gh-en on most charts found to be erroneous. 'rhe chart of the inner bay, 
by La PeronsP, was tested, and prm'ed to be generally accurate. Here the varty on the Yukon 
bad much difficulty in preventinp; the persistent attempts of the natives to board the vessel, but 
fortunately they were kept oft without blood11bcd. It is added in the report that these natives 
distil their own rum, :md are well supplied with the !.>est kinds of fire arms. Before leaving the 
place, obscn·ations were made for correcting the positions heretofore assigned to Mount ~afrweather 
and Mount Crillon. It is n1cor<led that except at slack water the sea breaks quit.; a.cross the 
entrance to J,ituya Bay, even in calm weather. 

A few days following the 20th of May were occupied in hyllrographic work at Dry Bay, in 
reaching wllicb the Ynkou passed the seawarcl face of the Grand Plateau Glacier of La Pemuse. 
l\Ir. Dall procured data for a corrected sketch of the bay, and for n general cbart of the coast south
ward as far as Lituya Entrance. Of the region inland, lie says: "The scenery is gran<l; tl;Je mount· 
ains, reaching 16,000 feet above the sea, are bed<led in forest lowlands, and are scored l:>y enormous 
glaciers." 
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At Port Mulgrave, Mr. D<tll ma!le a carefnl survey, tlie Pxi>iting charts heiug \·ery erroneou><. 
Latitude, time, and nzimnth were determined, and a good series of ohservationR werp recorded for 
ascertaining the heights of Mount Saint Elias, Mount Fairweather, and other peaks in view. Here 
the party in the Yukon found evidences of the murder b.r natinis of a boat's crew supposed in 1870 
to have been lost at sea, but wbicb in that ;rear went ashore from a whaling-vessel commandf'cl 
by Captain Herendeen, the present sailing-maste1·of the Yukon. In regard to a small trading-vessel 
from Sitka, the arrival of the surveying-party was timely, iu averting rough usage 1.J:;· the sin·ages .. 

Late in l\fay, soundings were tried on the so called Pamploua Bank, hut no bottom was found 
with 575 fathoms of line. Elsewhere on thi8 bank, to which attention has beeu drawn by the 
report that a rock with kelp existerl, it is beliernd that the depth nrny be no more than 7'5 fathoms; 
but no search has yet de\'eloperl the existence of a danger to na,·igfltion. 

At the end of l\fa.y, l\fr. Dall aud his afrl, l\fr. l\:larcus Baker, recorded observations at Port 
Etches for latitude, tillle, aud azimuth. The vessel then passed ou to Mi1ldletoo Island, where 
similar observations were made, and a sketch of the ishrnd for transfer to tbe general chart. 
Kadiak was reached on the -!th of June. After rating the chronometers of the Yukon and observ
ing for azimuth and the magnetic elements, Mr. Dall sailed for Uhirikoff Island. Soundings were 
made of the space used as anchorage, and the position of the place was determined by astro· 
nomical observations. On the 12tll of June, the vessel anchored near the Semidi Islands. A.zimuth 
and latitude were determined, and a sketch was made for the general chart. Sailing next <lay, a 
safe anchorage was sought for in Chiquik Bay. Here the vessel was detained ten days hy bad 
weather, bat, at favorable intervals, latitude, time, and azimuth were ohtainerl, the anchorage was 
sounded, and also tl1e northwest bight of the ba~·. Mr. Dall next proceeded to the vicinity of 
some rocks that exist about sixty miles west of the Semidi group. Ohsen·ations were recorded for 
position, which, however, must be regarded as merely approximate, there being no landing-place 
at the rocks, nor anchorage for the schooner, the least depth found near the rocks being 45 fathoms. 
On the 25th of' .June, a spot was selected on one of the Uhiacbi Islands, anrl observations were 
recorded for latitude, time, and azimuth. Proceeding to the Shnmagins, the Yukon was anchoreil 
on the 1st of July in Northwest Harbor, Little Koniushi Island. Iu that vicinit;r, l\fi·. Dall com
pleted the triangnlation of the harbor. Latitude, azimuth, and time were determint>d, and the 
survey of the group was extended by the tracing of shore-line and the record of soundings. 

se,·eral days were passed in the vicinity of the Sannakh Heefs, where numerous observations 
were made for:detennining in position and extent that danger to navigation. 

The Yukon reached Unalashka on the 1:.Hh of July. Currents were obserrnd constantly when 
the vessel was not in port. After due preparation at the anchorage, the party left for Saint Paul 
Island, of the Pribyloff group, and there arrived on tbe 22d. A sketch of the island was made, 
and observations were recorded for azimuth, time, and latitude. The position of the island, as 
given on the existing charts, was found to be six miles too far to the eastward, and the form as rep
resented on them is also erroneous. 

At Nunivak Island a reconnaissance was made of the ancborge a111I determinations of latitude, 
time, and azimuth. This island is much in error as represented on all previous charts. Lea\'ing on 
the 2d of August, the Yukon was next anchored under Hagmeister Island, between Cape Constan
tine and Oape Newenham. Observations were made for geographical posit.ion, but the extraordi
nary mirage which prevailed prevented any trustworthy tdaugnlation on the neighboring islamls Ol' 

adjacent mainland. Hence, sailing for Port Moller, a reconnaissance was made of that harbor, 
})roving that it has been heretofore inadequaooly represented on charts. Ou the 16th of Aug118t ~ 
after a period of good weather, the Yukon steered for Saint George, but by heavy seas and wiacls 
wa~ unable to I.and until the 22d, when series of observations were recorded for time and latitude. 
The position of that island is reported by Mr. Dall as being about thirteen miles in error, and that 
in form it diffet•s greatly from the view of it given on charts. As bad weather continued, .i\fr. Dall 
returned to Unalashka, and there at favorable intervals extended the survey of Captain's Bay, 
which work had been begun by a party under his charge in 1871. The shore-line of the WPst side 
of the bay was traced in September, and determinations were made of the magnetic declination, 
dip, and-intensity. These indicate that the declination is decreasing. 

H. Ex. 81--9 
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. Wiuter set in early at Unalasbka. A hravy fall of snow on the uplands, and constant rain, 
nn1le it muHlvisable to nnuertake further operations. On the ::l9th of SBptem'Jer, the Yukon sailed 
for San Francisco, and there arrived after a storm.'· passage of thirteen days. 

Tile following is a synopsis of statistics from the final report of l\fr. Dii.ll : 

Latitude-observations at twenty-one stations_ ..........•.............. , . . . . . 864 
Time-observations at thirt,y-one stations ..... __ ..... __ .... _ .... _ .........• .,. 2, 099 
Azimuth-observations at sixteen stations .................. _................ 680 
::\Iagnetic-observations at fifteen stations .............. - _ . - ..•.. _ . . . . . . . . . . . 884 
Horizontal and vertical angles.............. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 7:!8 
Number of soundings plotted ....................................... · ...... 1, 259 

Amongst interesting results derived from the records of observations by Mr. Dall is that which 
proves the height of -:\loLrnt Saint Elias to have been heretofore unllerei!timated. D' Agelet, of the 
JJa Perum;e expedition, assigns an ele\·ation of only 12,u73 feet; and amongst several other authori
ties that vary from each other the greatest elevation hitherto stated is 17,855 feet. Mr. Dall's 
observations, made with care and umler circumstances favorable for accuracy, have been carefully 
tPsted in the Oompnting Division of the Office. The result is for lfotrnt Saint Elias an elevation of 
upward of rn,ooo feet. As proved from the samp, series of observatiorrs, Mount Fairweather and 
1\lount Crillon have each an elevation exceeding 15,00.0 feet. Mr. D,tll's obsen·ations are confirma -
tory of the position marke(l by the eminent navigator, Captain Cook, for )fo11nt Saint Elias; and 
also of the positions assigned by the La Perouse records for Orillon and Fairweather, both of which 
have been erroneously marked on some subsequent charts. In Appendix No. 10 will be found 
an interesting paper by J\Ir, Dall on the determination of heights, including that of Mount Saint 
J<Jlias on the coast of Alaska. 

When in command of the United States ship Saranac, Capt. Thomas S. Phelps, U.S. N., formerly 
an officer on the Coast Survey service, and of large experience in hydrographic operations, had 

freqnent occasion to traverse the interior waters of the southeast coast of Alaska. Bis constant 
interest in such details prompted a communication iu "October last, which was gratefully accepted 
as containing suggestions fo regard to the relatiYe importance of the channels in that quarter, and 
which will have special value when means are available for giving effect to the suggested plan of 
work. 

COAST SURVEY OFFICE. 

The charge of the Coast Survey Office has remained with Assistant J. E. Hilgard. To his 
long experience, eminent ability, and thorough comprelrnnsion of the requirements of the work is 
due the effective co-operation of the office-operations with those of the field. 

In executive details, Assistant Bilgard bad the aid of Assistant F. W. Dorr, until increasing 
ill health made it desirable that he should be transferred to field-service in December last, since 
which time the same duties have been performed by Assistant Edward Goodfellow. 

Oomp11ting Division.-Assistant Charles A.. Schott bas continued in charge of this important 
diYision, and has kept it up to the high standard of exactness and efficiency maintained by him 
during many years, this abstract being based upon his twentieth annual report. The computations, 
according to their character, are distributed in general among the computers, as follows: Assistant 
T. W. Werner, though iu very feeble health, has computed the current simple triangulations. Dr. 
G. Rumpf attends to the secondary triangulations, their adjustment and revislon, furnishes all 
needful data for field-parties, and, where opportunity offers, attends to the bringing up of the older 
secondary triangulations. Mr. J. Main takes charge of the revision of the astronomical latitudes, 
longitudes, and azimuths, also of magnetic observations, and furnishes mean places of stars for 
observing-parties. Mr. E. H. Courtenay has charge of lea.st square adjustment of primary and 
secondary triangulations, of measures of vertical angles, and miscellaneous geodetic work. Mr. 
l\f. B. Doolittle attends to the least square adjustment of primary and secondary triangulations, 
spirit-levelings, and miscellaneous geod4:ltic work. Mr. B. H.Gerdes att~nds to the clerical duty of the 
division, sup1llies copies of records to field-parties, and inserts geographical positions in registers. 

During the year, the following temporary comput~rs were engaged: 
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Prof. R. Keith, on telegraphic longitude-wol'k, fol' three and a half months; Mr. J. H. Laue, 
temporari1y transferred from the Weights and Measures Department; Mr. F. Hudson, on reductions 
of latitudes and azimuth: Dr. C. Powalky, on astronomical latitudes; Mr. C .. Ferguson, on corn[Hl· 
tations of triangulation and love lings; Mr. J. B. Baylor and Mr. B. Caperton were employed a 
few days upon miscellaneous computations. Assistant Charles A. Schott personally examines 
and reports upon the work done under his charge, attends to the office-correspondence referred to 
him, and to such special discussions and computations as his time allows. He made the usual 
magnetic-observations in June la8t. The following reports submitted by him deserve special 
mention: JJiscussion of the magnetic-observations, both absolute and differential, made at Key 
·west, Fla., between 1860 and 1866; aud the computation aud discussion of the three measures of 
the Atlanta base-line of 1872 and 1873. Under his direction, the factors for tbe computation of 
geodetic latitudes, longitudes, and azimuths have lmen extended from latitude 500 to latitude 6.P. 
With the addition of the similar table of factors from latitude 23° to latitude 50°, already pulJ
lisbed, and a preface prepared by the assistant in cll<Hge, this appears in A1>peuclix No. 19. 

Tidal Division.-Tbe inspection of the tidal and meteorological observations receivetl at the 
office, the correspondence with the observers and others relating to tides, the furnishing of tidal 
data when wanted, the superdsiou of the constrttction and repair of tide_-gauges aud of the compu
tations relating to tides have been kept by n .. S. Avery, who bas been assisted in the computa
tions by A. Gottheil, Mr. J. Downes, Mr. !J. P. Shidy, and Miss M. Thom as. A considerable 
amount of information respecting tides has been furnished for office-use, for o\Jservers and fie Id-
11arties, and also for engineers and others not connected with the survey. To do this, the ordinary 
reductions of all the observations received are made as soon as practicable, aud the results talrn
latecl, so that they can be furnished for charts or other nses on short notice. 

A particular acQOunt of ·what bas been done at each pe.rmanent tidal station has been given in 
the general statement of progress in tbe section in which it is situated. 

The predictions of titles for 1876, for both ea8tern and western coa8ts, are nearly completerl, 
and will soon be published. For some of the places, these ban been improve<! by using· the 
results of new discussions based ou longer series of obsen-ations1 and such discussions form au 
important part of the labors of the tidal division. 

Hydrographic Division.-Capt. K. R. Breese, U.S.~., served as bydrographic inspector from 
December 27, 1874, to June 3, 1875, when he was relieved by Commander E. P. Lull, U. S. :X. 
Lieut. Henry E. Nichols and Acting Master Robert Platt, both of the Navy, are on duty in the 
office. 

Mr. E. Willenbucher has been employed as principal hydrographic draughtsman; 1\fessrs. W. 
C. Willeubncher and J. Sprandel as assistants. Their work includes the iu~pection and verifica
tion of hydrographic records and sheets, the plotting and drawing of sheets from the original note
books, the preparation of projectioos for the hydrogrnphic parties, and various miscellaneou8 
tracings and drawings. 

The hydrographic inspector acts as the immediate assistant of the Superintendent in uirectiug 
aud inspecting the construction, repairs, outfit, and presen-ation of the vessels of the Coast Snrvey. 

Drawing Dii1ision.-To this division is intrusted the preparation of all pn-tiections foi- fit>ld
work, the consideration of llrojects for charts, the reductions of the original topographic and 
bydrographic sheets, and the arraugement of the reduced drawings for the engraver or lithographer. 
The immediate direction of the details is in charge of Mr. W. T. Bright, whose experience and 
assiduity are constantly called into service. 

The information furnished from the office in reply to special calls, and consisting principally of 
· tracings from original sheets, is given in Appendix No. 3. 

Tbe charts completed or in progress, arranged in geographical order, arc given in Appen. 
dix No. 4. 

Of the persons employed, Mr. A. J,indenkohl has been, aR heretofore, engaged upon the more 
elaborate bydrograpbic reductions as well as upon the small scale of offshore charts. Mr. H. 
Lindenkohl, upon fine topographical reductions for harbor-charts and pbotolithograpbic maIJS 
and sketches. Mr. L. Karcher, principally in making tLe uumerous projections called for by the 
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field-parties. Mr. F. Fairfax was engaged upon hydrographic drawings and tracings until July 
1st, when he resigne.d. Mr. P. Er;chson has rnade diagrams, rniscellaneous drawings, aud tracings. 
M. C. Il. l\feuth traced for photographiog to the pnblicatfo11-~cale of iH>~oo all the plane-table 
sheets tumed iu tluring the past yertr of portions of the coast of Maine, and lettered thos~ of the 
Atlantic, Gulf, and Pacific Coast received during the same period. Mr. C. ,Junken returned from 
iield-duty and was assigned to the division in JVfay, since which time he has made projections fa~· 
field-parties, plotted bydrographic work, and supplied the aids to navigation to most of the charts 
issued since that d11te. Mr. M. Angles has made tracings, corrected published charts, and done 
other miscellaneous work. Mr. W. Fairfax and Mr. Hugo Eicholtz made tracings, corrected charts, 
and colored buoys and light-houses thereon. Mr. W. Fairfax resigned July 1st. l\Ir. Arthur Schott 
had charge of the librnry, and performed occasional clerical work for the dh·ision. 

In addition to the work done as given in Appendix No. 3, the following comprises a small por-
tion classed as miscellaneous : 

Projects for new charts prepared • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • 15 
Tracings made on special calls ...................•.... _..... . . . . . . . . . . . . . . . . 58 
Projections made for field map and charts. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . 73 
J)iagrams made...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • • . . • 12 
Projections made on copper for engraving charts.... . . . . . . . . . . . . • . . . . . • . . . . . . • 8 
Topographical sheets traced for reduction by photography..... . . • . . . . . • . . . . . • • 7 

EngraDilig Dim:sion.-The charge of this division has been continued with Assistant 1<1. 
Hergesheimer. Its labors are shown in detail in the table (A.ppendix :No. 5) of plates begun, in 
progress, and completed uuriug the period iudicater1. 

The distribution of work among the persons employed has been as followR: 1'rfessrs .• r. Enthoffer, 
S. Siebert, Il. C. Evans, A. Sengteller, W. A. Thompson, A. 1\-1. Maerlel, and R'. F. Bartle have been 
classified as topographical engravers; Messrs. E. A. l\Iaedel, l<'. Conrtena_y, and A.. Peterson as 
letter engravers; Messrs. H. M. Knight, J. G. Thompson, J. J. Young, E. H. Sipe, "VY. H. Davis, 
and W. H. Knight as miscellaneous engravers. 

The pantograph for the transfer and reduction of outlines has been used by Mr. E. 1\folkow. 
Mr. L. C. Kerr has performed the clerical duties of the division. 

Careful study has been given by Mr. Hergesheimer to the introduction of such improvcmc11ts 
iu desigtt anll execution as have seemed best adapted to advance the artistic character of the work 
in bis division. 

Electrotype and Photographic Division.-Dr. A.. Zumbrock has remained in charge, as1:1isted 
by Mr. Frank Over. His report, which will be found in Appendix No. 6, gives an iuteresti11g 
account of the improvements in methods and apparatus introduced by him in the course of the 
year. 

A very successful application of the recently-discornred process of st-0el-faciug c9pper plates 
has been made to the fiuely-engrnved plates of the centennial certificflte of stock for the Treasury 
Department. 

Since October 1, 1874, there have been prepared twenty-four altos, a.ml thirty-six bassos or 
printing-plates. Nine positives, twenty negatives, and fifty-four prints have been made for the mie 
of the <lraughtsmen and engravers . 

.Division of Charts and Instrume11ts.-The work of this division, which includes, besides the safe
keeping of the archives and instruments, the printing of maps and the distrilmtion of charts and 
reports, the management of the instrument-shop and the carpenter-shop, has been directed by Mr. 
John T. Hoover, who has also kept the accounts of the office and made disbursements for the 
assistant in charge. 

The duty of registering and filing for convenient reference the original maps and charts, and 
records of obserYations m~de by the field-parties, and of keeping an account of the same as they 
are used temporarily in the office, was performed by Mr. G. A. Stewart. 

A period of ten sears having elapsetl since the publication of lists of the original topographic 
and h,ydrographic sheets, forming part of the archives of the sur\·ey, arranged in geographical order 
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from the date of their earliest registry, it has been deemed ad vi;.;aule to repuulish these lists 
(Appendices Nos. 7 and 8) with the addition of the original sheets which have been uepositetl in 
the archives since the year 18G5. 

During the :rear, the copper-1)1ate printer in the office, Mr. Frank Moore, has rendered 1 .'3,319 
copies of charts ready for issue. 

Mr. H. ~issen has prepared the backed drawiug-paper for field and office work, and also tlle 
miscellaneous duties pertaining to the folding-room. 

The map-room has remained under the care of Mr. Thomas l\faDonnell. An aggre-gat.e of 
14.,000 copies of charts llas been issued during the year, and 532 copies of the annual reports of 
various years have been distributed. 

The work in the irnitrument-shop was done, under the supervision of Mr. John Ulark, by John 
Foller, ,V. Jacobi, G. N. Saegmuller, W. Suess, and E. Eshleman. 

The wood-work of in:strnments, their packing for transportation, and all carpentry work 
required in and about the office was done by Mr. A. Yeatman, assisted by F. E. Lackey and James 
Hess. 

Since the resignation of Mr. Y. E. King, in May last, the duties of clerk in the office of the 
assistant-in-charge has been satisfactorily performed by Mr. Charles H. Fitch. In the office of 
the disbursing-agent, Samuel Hein, esq., Mr. H. L. Hawkins has remained as priucipal uook
keeper and accountant. l\Iessrs. W. A. Herbert and W. I. Flenner have performed the clerical 
duties. 

In the <listrilmtion of means available for fielU and office work many details are inYolved, 
the adjustment of which, by the foresight and large experience of the disbursing-agent, Samuel 
Hein, esq., has invariably secured promptness in the operations. Under my immediate direction, 
Assistant W. ,Y. Cooper has also rendered, as heretofore, acceptable service. 

Respectfully suumitted. 

Hon. B. H. BRIS'fow, 
Secretary of the Tri:asur!f. 

C. P. P ATTEHSOX, 
Superinte1ule11t irnited States Coaat .8urvey. 
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APPENDIX No. 1. 

DitJtributfon of sun-eying pai·ties 11pon the Atlantic, Gu[f, anrl Pacific coasts of the United States 
dul"ing the sul"reying 8ea.~on of 1.SI 1-'i;:J. 

I I 
Coast-sections. i Partie« 

----S-E-C1-,l-0-.,-1.----1--·--

.Atlantic co::ist of )fainP, I ~o. 1 

New Harn psbi ro, :YeR· j 
sacbusett~, srnl Rhode 

1 

Is!and, incl1u1in;.; Hea-

port.o, bn:rn, mul 1in!l·s. I 
I 

Operations. 

Topography and 

liytlrogrnphy. 

Jlcroons conducting: operations. 

Commnnder Jobu ~.\.Howell, Li. S 

N .. assistant; Lit'utenanti;i 1\ .... 

JI .. Jacciues, E. S. Jaeob~ Richard 
l~u;sh, aud \\y. L. Fid1l, Li. S. X. 

J. \Y. Dorm, assistant; F. C. lJonn 
au,l F. TI. Parsons, aidi-l. 

Localities of work . 

lh-'f'Jl·srnt soundin~.; in thP Gnlf of Maine, be
tween the Ilay of l<\1ndy awl George's Bank. 

(Sec also Section \'UL) 

To1mg-raphy of the nortbwt>st<'rn part of ~lonnt 

D<'~ert !~land, aad S'.Htudin~s. through Ea...;te.ru 
]fay,\\~ es tern Ba~-, Clark's Co'--r, an<l I>retty 

]farsh Harbor; dt>tailc.cl snn~e-~- ol' Egg Rork, 
in J:trenchman'l"l Hay, coast of Ma.iut~. {See 
alsu s~clluu III.) 

3 To1iogr-Ap-l1y ____ . \Y. 11. lJennh;i, agsJstant; S. K. Plaue-tahlc survPy of fh-e 81iores of Eg~emogg-in 

Il. Ex. 81--10 

0.gd(ln an<l W. S. Bond, aids. 

.J.N. McC!iutock,subassistant; T. 
A. Ilarrison ancl \\.,altor :Fraser, 

aids: 

Hf'~ch,f'.oa~t of ~Jaine. (Seti also ~ection \..-.) 

Detailed i:mn·ey of m1merons islands aod h~dgPs 
adjacent t-0 Isle au Haut a.n<l Deer 11,le, Pe

nobscot cntranct•, )fe. 

5 To1l0graphy ..... A.'"'. Lnngfdlow, assls.tant; W. Topograpb.r of the east silloof Penobscot IU\?er , 

ahoi·e c~stlne, including part of tlm no-rth 

shorf" of tbe Bagadnce Uhyer~ Me. 

10 

ll 

12 

C. Hodgkins, aid. 

• Topography .•••.. ! Hull Adams, assistant; r~ E. P•l· 

'i frey, ai<l. 
Topograpby ·--·-· Joseph Hergesbeimer, subassist

ant. 

Top-0~raphioal sur·ve.'? of tho sliorcs of Baga..dace 

River. eastward of Ca~dine Harbor, }ife. 
Plane-talJ.lo surYf'Y southward from l~ucksport 

ancl Orland, Me. 1 inc1nrling "'.,.hitrnore's Island 
and tbo adjacent sl1orcs of Penobscot Rh·er. 
(See also Section YI.) 

Hy<lrograpby. ••. II. Anderson, assistant; KnRsuth Hytlro,graphy- of the 'vcsterr.: part cf Eiz:gemo-g. 

NilcFI, master 17. 8. N ., assiatant; 
:F. lL North, ai<L 

gin llench; and supplementar.r soumliri~s iu 
Penobsl:ot Rivor nnd Hay, lJeloW v1-111t.erport, 

Mo. (Soe o.l•o Section YU,) 

"l'ldes ......... ····- J. G. Spauhlin~ ·-····· .............. Series of thlal and meteorological oliser·vations 
continued atN orth lla'\'cn, Jll'lwLscotentrancc. 

Specinl observa- l!'. °"'"· P~rkins, assistant; C. IJ. Co-eftlcitut of refraction dctermiued at 11.aggc·cl 

tions. Gardner antl 11'. \V. Ring, aitls. :Mountain primary station, near Camden, Mo., 
and heights of the adjacent stationR. tSee 

also !".'cct.ion YII.) 

'Iri..a.11gulation ... . r-rof. E.T. Quimby................ Kca.TMr~c Monntain 1 Cnb-e Yiluntain, an-<l Ol1-
~ &ervatory Hill occupit>d, and embRidiary points 

J dett~rrninrd by triangulation iu New llawp-

1 sh1ro. . 
Hy<lrography .•••. Actiug Master Hobert Platt, u. I Hi•d.rographie dc,·elopmcnt, iuclndiJlg tho YH'ln• 

I 
S. N., assistant; J.B . .Adamso11, ity of Isles of Shoal.a. aeffr-e~·s I:edge, Cas.lt~c ~ 
aid. IJet\g:(';, l)latt s nank, aud Jeflre) & Bauk. {~ce 

, also Section Tl.) 

I Tjtfea ------ ,_.. .... . R. llow1ancl. ____ .,. ................. I Series of obs.ernitmns ctmfmuccl at Cha1·lestown 
j ua .. y-~~a.rd (Buston)wilh eel-fregisteriug tide-

! ~auge. 

Hydrogrnpby .... , F .D.Granger. sn\JMsistant; Lieut. : Soumlini:s extended westward of Monomoy 
R. D. Hitchcock, U.S. N., ao:stst- I Island to :Bisbop antl Clerk's li!'bt-hons<', and 
ant; D. C. Ranson, aid. / inclnding Chatbam :Roads, Maes. (l-\oo also 

Scdion VI) 
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APPENl>TX No. I-Continued. 

Coast-sections. I Parties.\ Operations. Persons conducting operations. Localities of work. 
------~------'---,-

SEC'IIOS I-Continued. No. 13 

14 

SECTION ll. 
I 

.Atlantic coast anil •ea· I No. 1 

ports f'f Connecticut, I 
New York, Xew Jer· 
sey, }>ennsylvania, arnl 
Delaware, incl u di u g 

l,ays and rive-rs; n11<l 
alsu Lako Champlaiu. 

5 

6 

IO 

11 

12 

13 

Triangulation aml i A. M. Harrison, assistn.nt; \Y 11. 
topography.. 1 Stearns an.<1 Ilion Bradbury,aids. 

SpecinlslllTcy .• .,!II. L. Whitinj!,", Henry :Mitchell, 

I 

a.ncl H~ ~- M~rindin 1 assistants: 
J.B.'\\ ei1·, aid. 

! 
Tides .••.••.••••.. 1 ...••• -····-······ ······-··--· ·••••· 

I 
To-pog:raphy and 1

1 
ll. G. Ogd.en, assistant; D. n . 

hydrography. W ainwri:;,!ht, aid 

I 
Topography······! RM B>chc,assistant .. ---· ..... 

I 
Tuangulation ••. 1

1 

J, A. Sullivan, assistant 

Hydrogrsphy ----
1 

J. K Uradford, ass19tJtnt; .J. R. 
' Barker, draughtsman. 

Topography and 
hydrography. 

Tria.ngulation .• - . 

F. Il. Gerdes, aae.istlmt; C. P. Dilla
·way, subat!sistant; C. A. IYes, 
aid (part of season). 

Richard D. Cutts, assislJlllt; :r. F. 
Pratt, aid. 

Astronomical ob. George 1V. Dean, assistant; A.G. 
servations. Pendleton, aiJ. 

Points determined on the shores of Taunto~ 

RiYer, Mass., and topographical survey ad~ 

vanced from Fnll River upward to Somerset. 

Shore-line aurYey; special observationM o-n cur~ 

rf>nts; transv·erse sections a.n•l s.oun<lings in 

Pr-oYideutc Tiarbor and Seekonk River for the 

Harbor Commissioners of Provi<lenee, R. I, 

(See also Sections II and VHI.) 
OlJservations continued by Orn city enginec·~ 

with the self.registering tide·gauge at Provi~ 

dencf', R. T. 

1'opogmpby of tho shores of Thames 'River, 

Colrn., and sonudiugs extern.led from the naval 
Htation near Kew London upward to Nor. 
wich. (See also Section VI.) 

Detailed topographical survey of the shores of 

Xew IfaYen Harbor, Conn., for Harbor Com· 
missionel's. 

Triangnlation for determiuing the positi-ons or 
light.bonses at the eastern entrance of Long 
Island SounJ. N. Y. 

801!ndings in the channel near Plum Island, and 
in the vicinit:y uf Ganliner'a Bay, Lollglsland 
Sound. Special D()tee, and Tiews of Larbor
entranc:e6 between New Haven anl1 New York, 
compiled, afterexamination, fortbe Coast Pilot. 

Detailed survey and soundings, including ihe 
vicinity of l'ortJefferson (Longlsland),N. Y. 

Topography of the ehores of Hackensack Bivcr, 
N,J. 

Determination of points m~ar tlie boundary. 
line between Massachusetts and New York. 

Latitnrl0, azimuth, and weridiau line dett'rmiued 
at Rous.e's Poin~ N. Y.; latitude ancl azimuth 
at Cheever Station, near Port Henry. and at 
Mount Merino, near Hud&on1 N. Y. 

Topography ...... C. T. Iar<l•lla, assistant; H. W. Shore-line aurvey of Lake Champlaiu from tho 

Topography ____ . _ 

Hydrography .••• 

Bache, subassistant. 11 Four Brothers" se>uthward to Crown Point
1 

and detailed topography or old military works 
in that ,·icin!ty. (See also SootioD IV.) 

AndrewjBraid, snbassistant; C. B. I Shore.line liUrvey of La'ke Champlain from 
Sinclair, aid. Crown Point f() Whitehall, N. Y., including 

1 
toJ>Ograpbical details of old military lines at 
Ticonderoga.. (See also Secti-On VIII.) 

Charles Junken (part of eeasun); Ilydrography of Lake Champlain completed by 
E. H. Wyvill (part of season): 

I G. A. Morrison, niJ. 

Station-mark• .. · I E<lward Gootlfellow, aSBistant: C. 
1 A. l 't'e&, aid. 

so1rndings between Grown Point and White. 
ball, N. Y. (See also Section V.) 

.Angnlar measur"'1lents for identifying etation
points at Weasel Mountain and Beacon Hill, 
N.J. 

I 

Reconnaissance (i,D/ Prof. E. A. Bowser ..••••.•.••• 
progre&s). 

Special liydro 
l(rllphy. 

H<>nry Mitchell, aoeistant; H. L. 
Mariudin, ""sistaut; J.B. Weir, 
oJd. 

Prelirninules for determining points by trian· 
gnlation in the State ofNewJereey. 

Transverse curvll8 of velocity determined by 
obserution in the waten of Hudson River 
auil East Rlver,anil in the main ehannel M 
New York Harbor. (Soo also Sections I and 
Vllf.) 

14 Ilydrograpby ..• _. F.F.Nes,,..eistant; H.O.Handy, Soundings in West Bank Chllnnel and near 

maet<-r U.S. N., assistant; W. Il. Southwest Spit, New York Bay. (See also 
French, aid. S..etion IY.) 

Tides . . • • • • • • • . • • . R. T. Bassett. . . . . • . • . . . . • . • . • . . . •. Tidal and meteorological observations continued 

at Governor's Isl.and &nd at Bl'-OOklyn, New 
Y•rk Harbor. 
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.APPE~DIX No. I-Continued. 

-------------··'-----------~-~--- -·-----
Coa.at-sections. (rarties.

1 
Operations. I Persons conducting operations. Localitie~ of work. 

S.KCTIO_N_Il ___ C_o_n_ti_n_u_e_d_. j No.-: 
Topography and i Charles Ilosmer, assistant; L. Il. Topography of the shores, and souudiu:rs in 

Great South Bay, L. I., extended frorn Islir, to 
Howell"s Point. (See a!so Section YI.) 

SECTI0'1 III. I 
A tla11tic coast and bays of 

:Maryland &Illl YirgiW.a, 
itJcluding sea-porta and 
rivers. 

SECTIO" IV. 

Atlantic coast and sounds 
of North Carolina, inclnd· 
iag .sea-ports a.nd rivers. 

SECTION Y. 

.Atlantic coast and eea. 
wator channels of South 
Caro] ina and Georgia., in
cluding eounds, harbors, 
alld ri r-era. 

h,ydrogrn.phy. 'Vright, subassistaot; J. De 
Wolf, aid. 

16 Topography . .. . . . C. M. Ilache, assistant; II. M. De t Detailed sur~ey of the western shores of Bar
"~ees, &ubassiatant; J. J. E\~a:us, ! negatBay,N.J. 
aid. 

17 IJ_yclrograpby ...• w. r. Vinal, SUblU!sistant; E. Il. narnegat Day, N. J., thoroughly sounded; Bllll 
Pleasants, o.id. Lydrography of the entrance and approaches 

to Little Egg Harbor (See also Section IX.) 

18 Reconnaissance (iu' Prof. L. M. Haupt·-··· .....•...... PreHrniuarieM for determining points b-'' tda11-

progress}. gulation in tho cast.crn part of PennRyh-ania. 

19 Triangulation . . . J. A. Salli van, assistant; C. L. Triangnlatiou across the Delaware Jtiver, in tbe 
Gardoer, aid. . vfoinity oC Liston"EI Tl·ee. 

20 Ilydr-ography ~ .... F. F. Nes~ as::.istant; C.H. Sinclair \ Sounding-a in the cU.antJel of Delaware Rh·er at 
and R. n. Palfreyi aids. Liston's 'l'ree, and selection of pooitiona for 

rangu-hcacons ae airlR t.o navigation. 

21 II_yi1rography ..... Charles Junken .................... Ily<lrograpliicresurve.voftheentran~eto&hnyl-

kill Riveri and positionsdetcrminedfor-raagc
lights, as aifh1 to navigation. (See also Se..c
tion Y.) 

Topography a.nd r J. \V. Donn, assistant; F. C. Dom1 1 TopogTaphical s.urvPiy of Cran('ly Island, Va., 
hydrography. F. H. Par.sons, D. G. Hanson, and for the Ordnance Bureau. Xav:r Department. 

C. A. Ives, aids. Survey of t11e slio-reH aud lJydrograpLy of 
James Ri\"cir, Va., from Sloop Point to City 
Point. Topography of shores, and sonnrlin1:n~ 

in Chickah-uminy River, Ya., from SQip-Tard 

Ilydrography .... ·! J.B. Ilayl-0r, aid ...•...• ·-· ....... . 
upward to ~'orgo Bridgo. {Seo also Sec1ion I.) 

S()uadings in the channel between Craney Island 

and the Virgioia sbore. 
Tidee ..................... \\'". J. &doll ............... ··~······-·· Series of obser'"ations continued at l"'ortrfB:'t 

Monroe with self-registering tidf'-gaug.:~. 
Magneticobsen·a. Charles A. Schott, assistant ........ Magn~tic declination, dip, and intemdt.y deter-

tions. mined a.t the standard station on Capitol Ilill 1 

3 Triangulation •.... 

4 Reconnaissance ... 

\Vashingtou, D. C. 
A.T_ Mosman, assist.ant; D. R.Wol- j Monot ::uareliall and Fork Mountain occnpied 

Cott, a.id; c. L. Gardner, aid (part I for primary triangulation in Vir~inia. oh .. 
of sea.son). I eerv.atious in progress at Humpback Mouut

ain. 
S.C.McCork1e,asshstant ..•....... Selection of Rtation.s for a chaiu of triangle8 

I through West Virginia. (Sec also Section 

I Triangulation ..... G. A. Fairfield, assistant; Il. 

I VII.) 

A. I Pamplico Sound triangulation e);.:tended. north 

2 . Topography ·-···. 

31 Hydrograpby ..... 

· 1 

Topography and 
hydrography. 

, I To,., .. ,,., -- -

Colonna., snl>a.ssista-nt; W. 
F11.irfield, aid. 

n. and east, and completed by connedin~ with 
the basC-·line on Bodie's Island, N. C. Light

honsee at Cape Hatteras, at Croatan Sound, 
and at Currituck Beach, determined in posi~ 

C. T. Iardella.1 assistant; H. W. 

Dacile, eubaBSistant. 

Lie11t. H. 0. Handy, U.S. 1'o. as. 
sistant; 1t!aoters W. P. Ray aud 
F. H. I,efavor, U.S. N . 

W. H. Dennis, assistant; S. N. Og· 
den aud W. S. llond, aids. 

Charles J unken ....•.•..•......... 

ti on. 
Snrveyof tbe western shore of Pamplico 8ountl 

from Roanoke .Marshes light-hous-e eoutb· 
ward to Juniper Bay. (See also Section IL) 

Hydrography of tbe w•stsi<l~of ParnplicoSuund 
from Shoal I>oint southward, and including 
Yesocking Bay. (Sec al"" Section II.) 

Topograpb!cal survey of the coast of South 
Caroliua from Ca.pc RiJmaiu southivaril t(I 

Sulli\~an 's Is1and, iuclu<ling the ebores of 
J3lLll's Bay, and soundings in the sea-water 
cl!annels adjacent to the coast. (Sec alao Sec· 

tiou I.) 
ShorCl·linfl surrey tfot"elo11iug U1e exte11t of sea

encroaehm(\nt at ·nuutiug Island, Saint Hel
ena Sound, S. C. (See alao Section II.) 
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APPENDIX No. 1-Continued. 

___ c_o_a_s_t-_s_cc_t_i_on_e_. ___ I Parties./:__ Opera~! PeFsons con<lucting operations. 

SECTlO~ V-Coutinued. 
1 

No. 3 HJllrography .••• Lieut. J, :M. Ilaw1C'y, U.S.~., 3t'l· 

sistant.; Ensigns .J. M. \Vight 

and G. C. Ila.n ns, U.S. N. 

Loc1lities of work. 

Sounding-~ in SaYaunah IU"V"er1 Ga., deYeloping·
1 

the bar an(l channel upward to the head of 

Elba Island. 

SlOCTlOS VI. 

Atlantic anu vart of the 
Gulf coast of the Florid!l 

penirantla, inclmliugreeL'l 

aucl keys, an!l tho sea.
ports e.nd rivers. 

SECTION V l I. 

Gulf coeat an<l the aonnils 
of \\'est PJori<la, inclucl

ing; ports ar: (] ri ver8. 

8EfmOX VIII. 

Gulf eonot and bays of Aln-

1.lama, and the sounds of 
:Afil=1sissi ppi and of L'OuiB
iana to V~rmil1o-n Bny, in· 
clndiu,g the portsan<l £iv. 
era. 

4 Triangulation.--·. C. 0. Boutelle, assi13tant; H. \\'". Geotletic obser,...aticmsatGra.ss.yMountain,Skitt 

5 I Heconua.issanc~. _ 

6 Reconnaissance 
progress). 

Illair anll J.E. Boutelle, aids. :Mountain, nn<l Cunahee Mountain, Ga. Lati

tmle, azimuth, and the magnetie elements lle
termim:'d. 

S. C. MeCorlde, aRsistant; ll. An. StatiouE 1wlect~d in Northern Alabn.ma to con-
deison, assistant. ncct with tlte chain of triangles in Up1ler 

Georgia. (See also Section III.) 

Prof.~ .... B. P.ig;o ... -~· ___ .•• ... .. . Preliminaries for 1fotermining points hy trian-
gnfa.tion in tho sou then.stern part of the State 

of Kentnck:r. 
Reconua.issanco.. R. E. Ilaltcr1 aesfatant .............. _. RN~ouuni~~ane-e in NorthernKentnckyo.ml Ohi!> 

f.1r points of tria.ngnlation near the Ohio 

Hi\·er. 

Ilsilrograpby ..•. Lieut. R. D. Hitchcock, U.S. N., Coe•t-hsdrography extended southwaril across 

Triangulation, to
pogTaphy. and 
bytlrography. 

nssistant; M:u;ters Jas. Frank

lin aud John Hubhanl, D.S.~.; 
Ensigns ll. T. C. Nse and J .. L. 

Hnn•ickcr, U.S. N. 
C:harl~s Hosmer, assistant; L.B. 

Wright, subaRsistant; J. D1~ 

1Volt and T. A.. IlurI'ison, aicls,. 

Triangnlation, to- ll. G. Ogden, nssiatant; .Joscµb 

lJO~rn.J)hy. and IIerge~hcimC'r, suhasi;oistant; IJ. 

hydrogrnphy. B. Wainwright, G. A. MorrisoJ1: 

I and W. B. French, ai<lH. 

Hydrography. -···1.A.ctiug Master Robert Platt, U.S. 
N., assistant; J. B. A.damson, 

aicl. 

Tides .•••••.••.. __/ M.Krusa ···-···············-····-

Triaa~nlation, to· 
p~grnphy, an<l 

h.rurography. 
2 Hydrograpl1y. _ .. 

F. '\\T. Perlt.ins, assistant; ;J. F. 
l'rntt., l''. W. J:ing, and A. G. 

I>endleton, aitfa. 

MaRtPr KosRuth Niles, C. S. N., fl.Fl

eiataut; II. 0. lUttP11homw, Al
exander McOt·ackiu, and H. 'V. 
Schaefer, master~, U. S. N. 

8,tint Aup:uRtine Antra-nce to M..'ltanzas Inlet; 

special deYelopmcnt off that inlet; and exam
ination of the channel inti) Sa.int .Augustine. 

(Sec also section I.l 

Detailed Bll1'"i"CY of the F1oriUa coast and parts 
a_(l,inccnt, ancl sonntlings in the water-passages 

south of Moaqnito Inlet, including the head 

of Indian Rh·er. (See ahrn Section II.) 

Ttiaugulation and topo~raphical sur'\"e.v of tho 
Tortugas Islands. Detailed &urv·ey of tho 

shores and hydro~raphy of Tampa Bay, l~la. 
(See also Section JI.) 

Sauntling8 completed in the vicinity cf Turtu
izas lleef1 iucluding the Harbor. Hydrog. 
raphy uf lhc tmtrance ancl Gulf approaches 
to Tamp• Ilay, Fla. (See also Section I.) 

1'idal ub::;ervations with sclf-r-eg-istering: gaugo 
continueU at Saint Thomas, West Indiee. 

Detailed :mrvcy of the coast -of }"'lorida, aml in
~110re sonn(lings completed between Cedar 

Keys and Ocilla. River. (8eo al~o Section I.) 

llyclrol(rnphy cf the Gulf coast from S:iint 
George light-hons~ to Saint Andrew's roint, 
irwluding the ahoals off Cape San DJ.as; and 

tlrn h~·<lroi(raphy of Sai11t Jol!<'ph '• Bay 
(north>, (See also ~ection 1.)-

3 Ttian,gulation and F. P. 'YeblH'lT, as~i:itant; }', D. Pino Log lfountnin, Lavender Mountain, and 
astronomica.l ob· 
ser\·ations.. 

1 Sp£'eial snrvey n.nd I hydrography. 

2 Hyilrogrllphy _ .. 

Granger, subns~istant; d. Il. 
Christian and Charles Tappan, 
a.ids .. 

Henry 1rUtc11ell, assistant; R. L. 

llarindin, REsistant; J.B. 'Veir 
'> nnd Dion Bradbury, n.ids. 

Cornnumdct" .John A. Howell, U. 
S. N., assistant (part of season); 
Lieut. Cummmlller C. ll. Siga

bcc1 U.S. N .• assistant: Liouts~ 
C. T. Hntd1ins, .r. W. llag«n
man, and Jame~ M. Grimes, r. 
S. N.; Master R. G. Peek, U. S. 
N., aml Ensign W. E. Sewell, U. 
S.N. 

Jobn'.s '?i:lountain, Ga., occupied as points in a 
chain ()f primary tria~gles westward of tho 
Atlantic base-Hae. Latitude, azimuth, and 
the magnetic elements determined. 

Development of 1l1e physical hy<lrograpby of 
South Jl.d.aR, including obse-r't"ations on tho 
density o-f water at the mouths of the Mis.~is
eippi, and on the currents of the river and 
bar. (Se~ ai.o Sections I and II.) 

Lines of sounclings in the Gulf of Mexico radia.t· 
ing from the 'Mississippi Delta; a.nd deep.Rea 

lines run fro;ii Sonthweet Pa.ea t-o the Rio 
Grantlc ei1trnncn, and from thence W the Tor
tng.... (See also Section I.) 
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APPENDIX No. I-Continued. 

__ c_·o_a_•_t--•e_c_t_io_n_•_. __ 1 Parties. : __ <_lp_e_r_a_t1-·o_n_•_· _! Persons conducting orcra~-on_•_· _______ L_o_c_a1_i~i~~:~~~------- __ 

SECTION Vllf-Continner1. 

SECTJO" IX; 

Gulf l'Oast of Wc.Mtern Luu
itiiana. and of 'l'exa.s~ in
c1nding bays and rh·ers. 

SRCTIOX X. 

Coast of California, includ

ing the bars. harbors, and 

ri\"'ors. 

I 
No.3 Triangulation an'l j C. H. B0.\«1, assistant; Andrew Detai1ed surYe.r of the bankA ofthr l!iAsigsipJli 

topography. .Braid, subassistant; C. H. Yan RiYer from tlw hattle-;:!r(mu<l n1nvard to Kcn-

Orllen and 1\r. E. McCUntock, n.C'rYille, inc1uding New Orleans, AlgiC"rn, 

I-

.aid.s. Gretna, McDonongh>ille, and Carrollton. La . 

Determination of points in Missouri by a 
chain of triangles westward t-0 the vicinity of 

the Gasconade Rin'T. 

4, Rooonnaissance ... Prof.JohnE. Da\"ies ....•....•..•. 1ireliminary mcasureru('nt of a base-line at 
Spriug Green, Wis., and arrang-ernent.g for 
trian.~uiation a!ong the \Yisconsin Ith·cr. 

1 : HJdrogra.phy.... W. I. Vioa1. 1mbassiistaot: Lieut. Ilydrograph,y completed iu Sau Antonio Jfay. 

Jtichard Waiuwright, U.S. ~L~ 

a:ssi8taut; .E. H. Wsvill an1l E. 
13. Pleasants, aids. 

lilnsqnit Bay, and Aran8as TI!ly. l,ro~rc·ss 

in snunding8 in Lamar~ COJJano, and Saint 

Charles Bays, Tex. (See a!s> Section IL) 

1 l Triangulation, to- A. W. Chase, assist.Rot; E11gen~ : Detailed survey of the coa.Rt of California a<lja-

2 

pography, uud · 

hydrop;raphy, 
.E!licott, suln1..s:sh;tant; F. A. ceat to Newport Bay, near Point Lasuea, an1l 
Lawson, aid. 11ydr-ograpliic de,·eloprnent of the npproaches 

i and channel of tbe ba~-. 
Topo~rapby ...•.. ! Stehman Forney, assistant........ Topograp11ical survey CQm:pletcd on Santa Cruz 

Island, Cal. 
3 Hytlrogrnpby. Lieut. Commander II. C. Taylor, Ilydrograpby oftbenortb and south approaches 

L. S. N., assi8tant; Lieut.:;i. 
George Talcott, Frank Courtis, 

Richardson CloYer: J.D. Adams, 
ant! G. W. Tyler, U.S. N. 

Triangulation ..... i 0. ll. Tittmann, suba.ssistant; W. 
S. Edwards, aid. 

5 ' Hydrograpby. ·--·; L. A. Sengteller, assistant; F. 
I ' Westda!Il, aid. 
! 

to Santa Cruz. Islanrl, off tlte coast of Cali
fornin; dm-clopmcnt of a shoal o.ff the South 
Farnllon Liglit·Homw; lrnnys placecJ: on Noon
day Rock. 

.Angular nrna.snremPnts.at Gavlot!l, coast nf CnH

fornLa., for determining- tho po.sit ions of points 

on S,m Miguel T~laud aml Santa Crnz I!:ifantl. 

Hydrography of San Luis OMspo Ili5. Cal. iu

.r~nrling the determination in position. and thn 

development of dang;cra to navi;::a.tion near 
Point San Luis. 

Topography .. ·-·- Clcvola.nd RockweH 1 assistant ..... lktailed topographieal snn·ey, indmlin~ J>oint 

8 

9 

10 

11 

Hydro;rapliy. .... Cershom Bradford, assistant; I<'. 
'\Vestdabl, aid. 

Tides·--·-···---··/] Cul. G. II.Memlell. Fnited States 
Eugineers; E. Gray, obserzer. 

! 

Topograpliy __ -- _ 

Trian.!!llfation .... 

Hydmgraphy ••••. i 
I 

I 

'Vi11i<1m Eimbeck, assistant; T. 
J. Lowry, aiil. 

A. F. Rodgers, assist•nt; E. F. 
Diekine, aid. 

A. W .. Cha.ee,assista.nt ·---··--·--· 

L'e11t.Commander H. C. Taylor,U. 
S. N., assh1tant; T.ient.il. George 
Talcott, F. Coortis, Uicbardson 
Clover, J. D. Adams, and G. W. 
Tyler, U.S. N. 

Sur and Morro Rock, coast of Ca1iforn in, for 

the uses of the Light-Hom1e Board. (Sec 

;1lso Snction Xl.J 

So-untlings in San .Francisco Bay abreast of Sau
celito, nn!I between Yerba Buena and Oakland; 

series of current observations cunti11ue1l in tlu~ 

bas; in-sho:re h,rdrog-raphycomplefoU he>twN!ll 

Capo Me1ulociuu am) Itocky Point, iocludin,; 

the yicinit,v of a dan~erou:::i rock fmrnd in tho 

chanuel between Illtrnt·s R,~ef 1.tud Gape Men· 
docino. 

Tidal series continued at J\Jrt Point, C1:1L, ·with 
self-regiHtering tide-gauge. (See also Section 
XL) 

Rec-onnaissa.nc~ for station a interY isi ble as pui ntiol 

in a chain of triaugl<'s eastW'urd of Mouut 
Shasta and tho Sierra Nei.-ada range. 

Topog-raphy or the coast. fJf California north aud 
soutl.1 of 'I'en-Yilc ltivcr, complt•ting tl1e de· 

tailf'!dsnny~y between Point Cabrillo and SLel· 
tcr Cove:; measurement of A '"erificatiou bas\~. 

Triangulation completed along the coast uf Cali· 
fornia he.tween Rocky I)oiot and Klarnat11 
Eh·er, lncludiugtb6~kiaityofHudding'H Rock. 

In-shore hydro~raphy of the coast of CaJJforuia 

an<l Ore:,ron in the vicinit.r of the buu ndary 

completed," frorn False .Klamath northward t.() 

llfack's Arc!J. in Section XI; tlcYelorment of 
llang~rs to na.vigation and of a ba.rbol'of re~·ugc 

nt.,a.r h[ack'.:s A1·ch. 
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APPENDIX No. 1-Continued. 

~~-C-o_a_a_t--s-c-ct_i_o_n_s.~~-,.-,-?-ar-t-ic_s __ .,--~Q-p~er_a_t-io_n_s __ ~~l~P-e_r_ao_n_s_c_o_n_d_u_c_t_in-g~op_e_r--:::---~ 

SECTION X-C-outinued. No.12 Recounail!sauce. _. A. F. Rodgers, a.ssistaIJt Reg-ion and snmmit of Monnt Shasta, Cal., ex. .. 

1 Localities of work. 

SEC1:'!0l< xr. 
Ce>ast of Oregon and of 

"\Yashington T~rritory1 
including tlte interiof> 
bays aud the ports and 

rivers. 

SEC'JIOl< XII. 

Coast, harbors, and islands 
of .Alaska Territory. 

amin-td as a center available for primary tri-: 

an;;alation. 

Hydrograpby Lient.Commanderll.C. Taslor,L. In-shoTe soundings from the lower boundary of 

S. N., assistant. Oregon northward to Mnck's Arch. (See also 
Section X.) 

Triangulation and .T • .r. Gilbert, assista11t; F. West~ Triangulation and 'plan(>-table 1nrvey of the 

topograpbJ. da.hl, aitl. coast of Oregon from Point Ada.ms southwartl 

to the entrance of Nehalem River. 
Topography .. CleYeland Rockwell. aeaiaita.nt; G. Topographical surve)' of the shores of Columbia 

H. Wilson, a.id. lUver, Oreg., extended upwa.rd frQm Oak 
Point to Smith'•lsland. (See,.Jso Section X.) 

1 Tides.········-~·· Col. G. H. Mendell, United Stat-ea Series of observations continued at Astoria, 
Engineers; I. 'Yilson 1 observer. Oreg., with self4 registo1·iag: tidc4 g:auge. (See 

also Section X.) 
Triangulation and Jame.a S-. Lawgon, assiBtant; T. P. Detailed topo!Z'raphical EJar'\"ey of the eastern 

topography. Woodward, sid (part of season); shores of Duwamisb Bay, "\V. T .• including the 
F.A.Lawsoa,aid (part of season). 

Tides ............. ; Col. G. II. Mendell, United States 
Engi.neera; L. Nessel, observer. 

Astronomical ob· W. II. Do.111 acting assistant; Ma.r. 
senations, tri· I ens Baker, aid. 
a.ngula.tion, to. 

pograph~·. and 
hydrography. 

town of Seattle and part of Lake Union4 

Tida.l and meteorological o\Jl"\ervationR continned 
at Port Townshend, W. T. (See alw Sootiuu 
X.) 

Siuvcya. of numerous harbor-a anfl anchorages on 
the eoaet of Alaska; dcterminationa of lati~ 
tnde, az.im nth, and the magn0tic ele.menta, and 
of the hE:iights of .Mount Crillon, Mount. Fair-

1 

weather, Mount Saint Elias, aull other promi
nent landmark11. 

Naga.saki, in Japan.~ .......... j ......... 1
1 

Astronomical - .... : Prof. George. Davidson, assistant, Observations recordetl during the Transit of 

I
I 1' I chief observer; 0. n. Tittmann, II Venus! December 8, 1~74 j latitude and 1ongi-

I 
suba.ssistant; "\.Y. S. EclwardM, aill., tu de determined at the obMcrviog-station, 

. I f Nagasaki, Japan. 
Chatham Island, in the It········) Astronomical ..... ) Edwin Smith, snbassistant .. chief 

1

1 Obser'\'ations record.ed on the Trauait of Venna 
Sontb Pacific Oc<lan. I I observer; A.H. Scott, aid. December 8, 18H, at Chatham Island; latitude 

!
i I' I and longitude detcrmine<l at the obsorving-

1 station. 
~~~~~~~~--'-·~~~~:~~~~~~~~~~-



 

ERRATA. 

Page 79, in eoltunn of table headed "1874," number of soundings should be 743,451, instead of 892; and in column 
headed "total to December ::IL, 1874,'' number of souuding" should be 1~,793,247, instead of 12,050,688. 
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APPENDIX No. 2. 

Statistics of field and office work of the united States Coast Sun1ey during the year 18i4. 

Description. 
! Previous to 

January I, 

187'4. 

RECOSXAJSSANCE, 

Area in square miles .•••.. -----·_ .....••.•......•.•.....................••. -----· .....• ---- ...... . 
Partie.s, number of ..... _ .. _ ...•....... ----- ..... _ .................•........•...•......•.•........•. 

BA.ffE-LlXES. 

P1·imar:y, nurnher of .....•.........••••..•......••..•••..•......•...•....•....••.•..•••••••..•.•••. 

S1~con<la.-r;v, n111nber of ... , •••••••••..•.•••••...•••••••.••••.••••••.••• -- • ----- ---- -- -- ...•• ; ....•••. 
L 0·ngtb of, in miles. (primnry) .•.... ·----- ---- ....... --------- ...................................... . 
Length of. in miles, {eecondary, iuclutling line measures} ............................................... . 

TRIA...~GULATIDN. 

Area in rquare miles ............................................ ·-·--·. -- .. ----- .•.... --- .......... -
Horizonta1-anglA station~ occupied .... __ .. _ ... _._ ... __ •..•.. _ ............................................ . 
Gcoi:Taphical positions determined .................................................................................. . 
VortJcal-ani1Zle stations occupioU, nurube-r of ................................................................ . 
Ele"\·ations determined, number of ...................................... ·---- .... ___ ........................ . 
Partie"", number of ..... _ ............................................................................................ . 

ASTR-O~O:.IJCAL OJ"ERATIO~S. 

Stations occupied for azimu~h .......................................................... ··-··- ....... ------· .. . 
Stations oeeupi~d for latitude ..................... --·- ....................................................... . 

Stations occupied f{)r longiiude .....•.. ---- ........................ ·-· .................................... . 
Parties, number of ................................................................................................................. . 

~::i;::.i:!~~:;o0~~ -~c-~~:'.~~:.~~~~-e~ ~~::::: ::·:: :::::::::::: ::::::::::::: ::::::::::: :: : :::::::::: .
1 

TOPOGRAPHY. I 
Area surveyed in square miles ................................................................................................... ) 

Length of general coast in miles ................................................. ,. .... •· ...... -- ···· · · · ·· ......... ····I 
Length of shore-line in miles, including rivers, creeks, and ponde ---·. --· --· ·--- -· ··· - ·· ··--·- ··· - · -1 

~::~::.~:::: i:f ~'.'.~~ :_·: .·.-: ::: : : : .·:::::.-:.·:.· .. _. :::::: ::: : :: :::: :: ::: .. : : : : : ::: :: : : :: : : : :: ::: : ::: : : i. 
lIYDROGRAl,HY. 

Parties, nuruber of ................... - - ......... - .. - ...................... - -- ·· · · · ·----- · •·· .................... · ·· i 
Number of miles run while sounding ................ ··· ................. ·····• ......... ·····•• .................................. · 11 

Area sounded in square miles ...................................................................................................... . 
Miles r11n additional of outside or dee1•-sea soundings .••.•.••.•.•••.••...•.•••..•.....••.....•.•.. 

1

1 

Number of soundings ·----- ---- .......................... ·----- ---- ..... ---~ ...... -----· .......... --·--- .. . 
Sonni'lings in Gulf Stream for temP"rat11re .•.••.....••.•••.•....•••..•..... !' •••..••......•.•••.•... i 
Tidal stations, permanent ............................................................................................... •w•• ........ ! 

~:!:~ ;::~i::~·n:~:~~":t'~~~~~~i~:. :::::: ::: ::::::: ::::::::: :: :::::::::: :::: :: :::::::: ::: ::: ::::::I 
Current stations oocnpied ............................................................................................... ! 
Current psrtiea .•••••••.•..••••••..•...••••.••••.•••.• ---·-· • · · -· - ·•••• • •·•· · • •••• •• · •• •· • - --· · ·• · · · ! 
Spooimons of bottom, number of .....••••• -·-······- .••••• ·······-----··-········-··········-······· I 

RECORDS. I 
Triangulation, origin:1.1.s, nnmbel' or Y-olnmes .......... ·-·---- ... _. ............... - ................................. 

1

1

' 

.Astronomical observations, orlginale, nu.mber of volnmeB ................................................................... . 
llagnetica.1 observations, originals, number of volumes............ . .. • .. •• .. .. . .. .. .. .. . . .. .. • . .... • ................... 1 
Duplicates oftbe above, number of volumes ............................................ --·--.· ...... --- . --· .. . 
Comp11tations, number ofvolomes .......••.•........••••••.........•.••..•.•.••••••••...••.•. •••· ·· 
llydrograpbical soundings and angl<>s, original, number of volumes ••••.••..•.•.•••.••...•••••...• 
Hydrographical O()uuding& &nd angles, duplicates, number of vol nm es .• _ .•••.•••.•••••..••••.••.••. 
1""ida.J and current obeervati-one, originals, number of volames ...................................... ·----· 
Tidal and current observations, duplicates, number of volameo ..••••..•......••..••..••••••.•..• ·· 

94, 500 

GI 

13 

94 

;9 

219t 

65, 833 

7, 739 

14, 499 

4:10 
U25 

377 

127 

230 

317 

e3 

358 
76 

23,505 
5,491 

65,581 

..,.s•. 791 

= 
260 

26-0, 696t 
66, 596 

39, 931 

12, 049, 796 

4,072 

l&I 
1, 424 

288 

55 
3 

9, E37 

l, 710 

9!!2 

314 

2, 101 

2.023 
6,0€0 

5:15 

2, 434 

1, 811 

' 

1874. 

6, 0;1(1 

2 

41: 

5, 747 

281 

49-i 

12 

3S 

27 

2 
8 

19 
5 

l,2!!7 

l!i5 

3.329 

!, 310 

21 

11, 213 

1, 609 

4, 438 

892 

! ............... 

70 

41 

1-02 

557 

130 

12!! 

9 

5 

lW 

355 

83 

109 

3:; 

I Total t-0 De-

l 
cemller 31, 
1~7.t. 

I 

110, :150 

63 

13 

97 

79 

221' 

•1, 500 

8, u40 
14, 991 

432 

96.1 

404 

134 

23• 

319 

91 

377 

81 

24, 132 

!i, 64tj 

6~, 910 

36, 101 

3i3 

WJ 

277, 0091 

6H, ~05 

44, 371 

12, 050, 6~8 

4, 07:! 

l!J'.i 

l. 4~4 

32!1 

157 

9 

10, 394 

1, SJO 

r,'114 
32:1 

2, 106 

2, 145 

fi, 4:J!i 

ooa 
2,543 

I~ 84~ 
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APPENDIX No. 2-0ontinued. 

• Prc\'ions to Tot"! to D<-
lJescl'iption. January 1, 1874. cember 31, 

1874. 1874. 

llBCORDI-Qontinaoc.L 

Sheets from self-registering tide-gauge~, number of_ ___ .. _---· ... ---- .... __ .. ---- -- .................. . l!, 14~ 108 2,25-0 

Tidal ret:luctious, nuiub~r of volu1ne-s. --· •.. ·-·- .................................... , ......................... . 1, 527 38 1, 565 

Total number of ~olnmes of rcco1·ds .............................. -----· .............................. . 19, 517 1, OOB 20, 52:> 

MAPS A.:\lJ Cl:IAUT8. 

Topoi;rapbical maps, originals .............................................................................. . 1,3H 75 1, 419 

llsdr.igraphic charts, orig;iuals ..................................... ; ...................................... , ............ . 1, 2;i2 D2 I, 324 

IteductioDS front orii:::inal sboets .......................................................................... . 749 16 765 

Total number of manuscript maps and charts to anrl induding 1874 ........................ · ........... i 2, !'il7 9 2, 526 

Number of sketches rua.<10 in ficlUa:i:.d offico ............................................................... I 
ENGilA. YTNG AKD PRIX.flXG. 

Engrav-ed plates of finbhcd charts, number of ................................................................ . 

~. 785 50 i. 835 

184 11 195 

Engraved plates of preliminar_y clrnrts, sketches, and diagrams for tho Coast Survey Reports, 552 560 

rmmberof. 

Ele!·trot~·pc-plates made .......................................... · .... -- .............. · · ·•· ·· · ····--· --- ·· · ·•·· 
1 

I, <>13 47 1,090 
FiuiijbcU charts publiisht'd .............................................................................................. i lb"8 177 

Prelirninary cl1a.rts and hy(1rograpbical skctche.s published ...................................................... i 453 11 464 
Printed shect8 of maps and charts distributed ....................................................................... ' 30~. 851 19, 423 326, 276 

Printed sheets of maps and charts deposited witl.i. sale-agents ................................................ . 111, 455 7,697 119, 152 

Lllltt.AUY. 

NumbeT of "°oluroes ..................... .. 5, 562 95 5,657 

IX!5TU.Ul\olE.NTS. 

Cost of .................................................................................................................... ···-~- ..... . $91, 418 73 $10, 976 09 $102, 394 82 
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APPENDIX No. 3. 

Infonnation furnished from tlw Coast-Survey Office, by tmdngs from original sheets, <f:c., -iii reply to 
special ca/111, to July, 1875. 

Uate. • I JS'amc. Ilata furnishell. ______ ,_____________________ -------- - -- --- -------- ---------

18i4. I 
OctolJer '28 <..:hailes F. Fdll, civil engineer ........................... 1 ll_yUr.:igrnr•hic informati-on of harbor of Daltimorr, ~<l. 

1 zanl'~ Bay, Ma.ss. 

29 , Col. Theodore Lymau ................................ 

1

1 1.\_i.po_!.!;raphica.l i:mn·ey of the shores of Buttermilk BaJ. head of :Buz-

November 27 I W. I l.!i'la.r, SomcJ"R(~t Connty, Pa...................... Mag11etic l."ariations in Wea tern Pt~m1syl,nrnia. 

30 S. T.Abert, Luitetl States civil eu;;.dueer ·······-····· 11""'opo1'taphical ~m\~P\ of tbu Khort: of Cbes.apeake Ba.y, between tlJe 

l l~ittle and Grt'at \\~icomico Il1Yers1 \~a. 

December 16 Ilon. L"renzoDanford ··-··--·----·······--······---·· llagnettc\ariat1-onsin Southeaste1n Ohm. 

1875. 

January 

:February 

March 

April 

!24 Htm. R. \\.,. Hngbes, United States district JLtdge, east- I ComparatiYe descriptions of Hamp~n Hood.s an<l rortlan(l ll:i.rbor. 
ern district of Virgrnia. 

2~ H_ydrographie burean, empire of Japan .. ____ .. ___ ---, Azimuth encl altitudes of Polaris n.nll lra.m:ut.-!,ltar place::i. 

31 Col. R. S. Williamson .•.. _............................. Topographical st1rvey of Point St. Georlo(e, Cal. 

8 
8 

13 

14 

15 

16 

19 

21 

2!I 

26 

10 

13 

24 

6 

8 

l:J 

IS 

22 

ll6 
2;; 

8 

S. T. Abert, United State~ ciYil eng-ineer .. _ .. . . . ... . .. Hydrographic survey ot approaches to Little \\ri-cmni<',o T!in~r, ~<t.. 

..•... - . do . ----. __ .. _ .. __ .... ______ ... Hydrographie survey of Totouske_v Creek, 1~ i.ppahannock Rh«.1r. \'a. 

......... do,·-·-·····--·--········· .. ·--·----···-·-···· Hydrographic snrveiy of the Grea.t \V'it.~om~c-o Rive.r, Va.. 
Prof. C. G. Forchey. New 01·leanR . ·-··--. ___ .... ___ --· Line of S[)undinga H.cross the Yucatan Cll~m1Al. 
Internal improvement comlllitt&\ North Carolina Topography and Jiydrography of' Beaufort and vlcinit.y. N. U,, in-

lrnuse of representali'\""es. eluding Clnbfoot. Cref'k Canal. 

Mayor of Savannah. Ga .••...•.• ··--·- ....•... --·... Hydrograp-hic survey of the city fron~~ from the <llllf Railroad wharf 

to the Central Ra.ilroatl wl1arf. 

G. Danbeney, civil engineer.·-· ...•. ·--·.............. Hydro-graphic snTvcy of month of Ilaanah !\fills Creek. Sai11t John·e 

Noble Carter, county .surveyor, Cla.rkeB"\·iller Obio ... _. Magnetic decliua-tion at val'ious places. I 
River. Fla.; alao, magnetic variatiun in tlic same locality. 

~elson Beale. esq ..................... ·--- .. ---- ............ :opograph~eal aorvey of. Pa.ramor-e·s Isl.an_d. ~ea-.coast of Virginia, 
Ca-pt James B. Ea.de ....................... _ ••..•••.••. ' Topo-graplneal survey of Son th Pass, Y1es1ss1pp1 D~lta. 

Daraot a.ad Borner, \Va.shiugtun City ..•.....•.•.. __ l Tupo~raphicaJ and hydrogra.phic surn~y of tlw Mississippi lli'\'er. from 
I Polite.s tfa,~-staff to Mag-1rnlia sugf\.r-lrnUA0. 

Gen. ,V. W. Wright ..••.•••..••..•..•..•......•....••. I M<t~ae.tic tleC'liuation at Harrlslmr,!!, Pu .• in 18::!~. 
8. 1'. Abert, United States ch•il engiuoer .............. j H.\ drog1apltic surve.), oa 10 iau scale, of I)agau Cret>k, .Jame-s Hiver, 

Hon. IlEory II. Starkweather, M. C ............. --· ...•. · i 'l\::~raphical and hJt.ll'o_gra.phic &Ul'\·ny ot Xur" lch an•l vicinity, 
Cunu. 

Unreau of Ordnance, N a.\"y Departm ~nt ..• _. __ •. . . •• • . Copy of topographical s1tr\."l'Y of Craney Istnnd, sc:th• n,1 ;-:; 

E.Dexter, csq.tProvi<lenoo, R. !. .............................. Tfipo~raphic:i.1 and hydrogra.p-hic surre.r of the ca..-,tt~rn sliore of Prod-
denee Ritter, from Nayat Point to Ea.st Pro\•i1icmC:f3. 

Edwin F. Kit toe, ei:iq -~-... ... .... .......... .... .. ......... ....... ff,ytlrographic imn·ey of Beaufort River and Ilrickyar<l ereekt S. C. 
Bureau of Eniineera, U11ited Statfl.i-i At·my ....... _ ..... . 

Intern.a.I impro,·e-roent cnmmittee1 Nor1h CaroJlua 
house of representatives. 

Bureau of Engineers, UJJited States Army .•..••...•• 

----·-----do·-··------------·-·········---···--···-···· 
S. T. Altt>rt, United States engineer_ ... -········ ..••.. 

Hydrograpltic su1.Tey of the chanrn~ls lending to Bostt.nn. ~Ia1u1. 

Tupu_g-111.pbicaland h:.-~«Jr-ogra11hicsnrt"eys. niast of Xo1·tl1 Carolina, from 
~""or·t Mac.cm to Bogue Inlet, inclmlin~ Xt-'wport Hi,·f>r t-o the Narrow~. 

Ilsdro,g1u.p)1lc surrey of the cha11nt:l8 lot~adiu~ to PortJa1ul 1 Me. 

Hydro.graphic survey of .Kewrort Harhor, H. I. 
Hydro:;!'raphic s.urve.y of the Eastern Branch of the Potomac River, 

from Uni~d States navs-rard to HlaclAnshurg. 

8 ......... do·········-····-············ .. ·······-······ Hydrographic eur~cy of Edeoton Day, N. C. 

9 Alex . .Agll88iz, esq. ···-·-·----. __ -···- ____ --··- -·- .•. _ 

I 
15 Arubrose W. Thompson, presitl-0nt Intemationa.l 

Steamship Company. 

111 Bureau of Engineers, United States Armr---·-··-···-

TopoJ.?I'apbica.1 SUt"''ey of Castin Rill and vicinity, entrance to Narra

ga.n8ett Bay, H.. I. 
Topographical sun·ey of Xewport Ntws Po-iut. Va. 

Hydr-o~raphic snrve-.r of the rotomnc River, between Fort.a 'Yashi11g

ton and }'oote. 
16 ............. do ......... ·-- ..... ____ ·-----. ___ • .... _ ... ___ --· Bydrographic i;ur\rey of Hampton Roads, Va. 

16 .......... -~.do _. ~ .............. --·- ................ ~ ................ Bsdr(l.graphic sar\·ey of Pen.sacoJa Barl>or, Jna. 

H. Ex. 81--11 
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April 

May 

.June 
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Xamc. D.ata. far11lslletl. 

16 Bure:i.u of Engineers, United States Army ..•...•..... I liydrograph!c our,·ey of entrance to Mobile Day, Ala.. 
lG __ - -- . ___ flo - . --·. --·. ----- _ ......• ----· _ .•.••.. --· ..•. 1

1

, H5drograpbic survey of Sa.vanuall River, Ga. 

16 , ------ ... do ...•...•...•..... ---------------------- .... 
1 

Ilytlrographic aurvey of New Lrrndon Ha.rbor, Conti. 

l'; : ,John J»unnctt, esq .......... --- ............................. ·1 Hydrographic a-11rvey ot' tho Ha-clrnnsack River, froru Newark Bay to 
[ the wwn of Hackeuaack. · 

20 i Jnstns Roo, esq ........................................ liy1lrographic survey uf Great South Bay, from Nicoll'• Point to Iluw-
1 ·

1

; ell's Point, Long lslaml, N. Y. 
8 ,! 'Villiam W. llaTding, e!lq., Philadelphia.·----- ........ 

1 
Hydrograpbic survey of the Delaware River, from Riclimo~<l to Bricles-

i I burg. 
l:t Ilntca.u or YarJsan<l Docks, Navy Department ..•••.• 

1 

Hytlrographio survoy of the Thamc.s River. from naval station to 
Clar-k's Ca.Ye, Conn. 

13 Ron. George A. Halsey, New Jersey ....................... \ !Iydrog:rapbic survsy of the Pa.ssa.ic River. from :Morris's TurDpike 
j BrMge toaml incJmliu~ city front of Newark, N . .r. 

14 : Capt. W. S. Stanton, c11iet' engineer, Depa.ttment of I Latitude and longitude of Omaha, Nebr. 

I the Platte. 
19 i .Advisory board on lHu··OOr of Norfolk, Va ................. ) .Hytlro;?raphio anrvey of Nm·folk: !IaTbor nnll a<ljat.cnt. wat.er~. 
19 · J ... ient. Col F. 'iV. Reynolds, ligllt-hou~e ~uglneer, ! llydrog;ra.phic ::iurve_y of the 8chu_ylkill River, frm11 t.he bar to Penrose 

fourth clistrict. bridge.. 

31 

2 

10 

~3 

30 

Franklin .A., Stratton} civil engineer, ·united St.ates 

Navy. 

Hydrographic s11rvey of tlte ThameK RiveT, from npp?,t- limits of pub
lished chart t-o souther~ boundary-line of naval ata.tioD. 

United States Ligbt-Ilouse Board ..•••.••..•••.•••.... Hydrographic sun•cy <if the Sohuylkill River, from die bar to PenrosP 
bridge. 

L.B. Ward, e•q ...................................... Topograpllical •urvey of Snake Hill. Ilnckensaok River, N. ;r, 
]'rauklin .A. Stratton? oivil enginser, United States 1

) Shore-line survey of 'l.'ha.meS- Rivar~opposite na.,·al station. 
Na"\"'.V. 

Gulf W""lem Texas Railroad ........................ \ Hydr<>graJ>bic survey of Paos Ga.va.llo, Tex. 

Marius Schoouma.ker, New Y<nk .•••••••••.•.•••••.•• ·1 Hydrographic survey of the Iludoon rnver, froru T1irkey Point to 
Sa.u~erties Creekw 
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APPENDIX No. 4. 

DRA WI.NG DIVISIOX. 

Charts completed or ·in progress from September 30, 1871, to J1tly l, 1875. 

1. Hydrogrnpby. 2. Topography. 3. Drawing for photugrarhic red1wtion. 4. Detail~ in phot.ogra.phic outlines. 5. Verification. 6. Lettering" 

------·~-------------

Title of cha· t. Scale. Draughtsmen. Remark~. 

----·----- ---- ---- ------------

General coast chart No. I, Quvddy lit!atl, Me., to Cape 

Cod, Mass. 
Coa6t cha.rt No. 3, Petit .M..anan light to Naakeag Point, 

Me. 

Coast chart No. 4, N1<skeag Point to \Vhito Hea.d light, 

including Penohecot B.ay, Me. 

nelfast llay and Penobscot llker, Me .. --- ..•..... --· 
Coast chart No. 6, Seguin l&.lan<l light to 'V.ood Islanc1 

ligl1t, Me. 
Itic-hmoncl I.81and Harbor, Mo ...•.. ---- .•... --·.----
Isles of Shoals, N.11. ..••.........••...••.....•.....•... 
Rockla11d Harbor, Me .......•...........•..•...... 

Newport a.cd Y.foinity, R. I. .......................... . 

Paesaic River, near Newark, N. J ....................... . 
Raritan Rh·pr, sheet No. 1, South Amboy to Crabb i 

Island, N. J. 
. Raritan River, she-et No. 2 1 Crabb Is:aud to New Bruns- ; 

wick, N.J. ! 
Coaat chart No. 20, New York Bay and Harbor ..•••••.••. j 
New Hi;ven Harb<>r, Conn ...•.••.........••............. j 

New York Bay and Harbor, (lower sheet) .••••..•••••.•.. ! 

Fire Island Inlet, N. Y ..... --- --· --·----- ---·-· --- --· .... ! 
Coast chart No. 2l, Sa.luly Ilook to Darnegat light, N. J. -! 
Coast chart No. 2'2, Barnegat na.v t.o Absecom light, N. J - I 

I 1otQmac Rivcr1 Iu•lian Hoad to Little Falls Brhlgo ....... j 
Craney lslan<l, Y.a. .......................................... --··i 
Norfolk Harbor, Elizabeth River a.nd branches ..••....•.. / 

Coast chart No. 41, Albcmnrle Sound, (wa.tern part) ..••. I 
General coast chart No. V, Cape Charles to Lookout, N. C [ 
Coast chart No. 42, Roa.nokehland to Hatteras Inlet, N. C ! 
Coaat cha.rt No. 43, Pamlico Sound, Ocracoke Inlet, to i 

month of Pamplico River, N. C. I 
Coast chart. No. 441 Pamplico aod Neu~c Rh·ers1 N. C .•••. 1 
Core Sound and Straits .•.. -········-················----: 
Il ·aufort Harbor, N. C .....••.••.•..•••...•.••..•••.•.•.. i 
In~i(le Pass.age between Broad and Cooaaw Rivers, S. G .. I 
Atlanta base and vicinity, Ga.., trianga.lation of .......•••. 1 
Sawpit and Sister Creeks, J<'la ..••.•••.•...••••.•••••••••• / 

I 
Coaat chart No. 9il, Ro<tnd Isl1>ud to Grand Iolancl, Mls- / 

slssippi Sound. 1 

Pa.as Cavallo, Tex .••.••..••.•.•••••...•••.•••.•.•.••..•.. ! 
Caialina Harbor and Isthnrns Cove, Cal. ..••••..•.•..•••. ! 
Pacific Coast,. No. 21 Point Vincent to Point Concepcion, Cal j 
Sa.u Francisco Bay and entrance. Cal. ....... -............... 1 

S"lnt George's Boor and Crowent City, Cal ..•..•.••••••. ! 
lluuter'sCove,Oreg. ··················--···············I 
:Uaek'a Sholter, Oreg ....•••.•••••...•••..•••• ··-··· .••• ··! . I 

1 

Columbia Rh·er, (sheet No. l) ........................... \ 
Columbia River, (shoot No. 2) ...•...•..•..•••.....•...... 

1

. 

·DU.gram of tid&a, c:oaet of Ala&ka .•••••.•.•••••.•••...••.. 

1-400, 000 2. A. Lindeukohl. ...••.•.••. .d.dditlons. 

1-80, 000 3. H. Lindcnkohl. 3. C • .A.. :Menth. 4. 

P. Erichson. 5. P. Erichsen. 
1-80, OCO 1. .A. Lindenkohl. 3. L. Karcher. 3. 

P. Erichsen. 3. C . .A. Meuth. 4. P. 
Erichsen. 

1-40, 000 I. .A. Lindcnkuhl. •.•••.•...•••.......... i 
1-80, 000 2. H. Linden kohl... . . . . . . . . . . . . . . . . .. . . ' 

1-211, 000 

1-20, 000 

1-20, 000 

1-12, 000 

1-6, 000 

1-15, 000 

1-15, 000 

I-BO, 000 

1-20, 000 

1-40, 003 

1-30, 000 

1-80, 000 

1. A. Lindenkohl .•..•• _____ _ 

I. ]', Fairfds: .....•....•••...•..•..•..•. 
1, 2 . .A. Lindenkohl.· 5. P. Erichsen._ ... 

l. L. Karcher. 1. P. Erichsen. 2. C. A. 

Meutb. 
1, 2, 6. C. A. ]\[euth .......•••.....•...•. 
1, 2, 6. IL Lilldenkohl. .•..•••...•.••..•• 

New edition; eomplet-ed. 
Do. 
Do. 

I Pbotolithograph. 
I 
/ Photolithograph; oomplotccl. 

i Do. 

1,2,6. ll.Lindenkohl .•..••...••••...•.. i Do • 

I 
1 . .A. Lindenkohl. ..... -.............. __ ..•.. : New editiouof h_ydro~raphy. 
1. C. Jonken. ----- ------ ..... _ ... --· ___ ' Cnmpletml. 

1. H. Lind.cnkolJl. 2. C. A. Meuth ....... i Additions; comp~ete'l. 
1, 2, 6. A. LindcmkohL _______________ ----! 
2, A. Lindonlrohl. •...••..••..........•.. : 
2. A. Lindenkohl. 2. H. Linnen kol1l .••. 1 

2. A. Lindonkohl. 6. Il. Lin1lenkol.Jl. .. i Addition; comp}t!ted. 

1-1,200 2. !>.Erichsen. 2. Jt',Fa.irfax ..••....•.. i Special map; completed. 

1-25, 000 I, !l. A. Lindenkohl. I, 2, ~- H. Lin<lon- I Photolithograpl1; com plctr>d. 

kuhl. 2. M. Augle._ I 
1-80, 000 i 1. II. Lindenkohl. ...................... ! Additior;s; completed. 

1-400, 000 ! 2. A. Lindenkobl. ....................... ! .Ad!litious. 
1-SO, 000 i t. H. Linden ko!JL. ..................... i 
1-fO, 000 : I. rr. Lindenkohl. 2. II. Lindenkohl. •. I 

1-80, 000 i 1. II. Lin~enkohl.. ...................... f Additions; complotcd. 
l-4D, 000 l, 2. H. L1m1Ankohl ...................... i Do. 
1-40, 000 11 ~' 6. A.Liudenkohl. 2 H. Lindonkohl i ~ew Cilition; complsted. 

l-'10,000 2. P.Erichsen ---·-·-··----·············I Additiun~: completed. 
l-60D, 000 .A. Lin<lcnkobl .....•..•..••...•...•..... i Completed. 
1-15,00J 1,2. F. l"airfax .......................... ! 
1-80, 000 

1-15, 000 
1-15, 00() 

1-!lOO, -000 

1-50, 000 

1-40, 000 

1-12,500 

1. JI. Lindcnkohl. ........•.....•...... · 1 Additions; comiileted. 

I, 2, 6. C. A. Mentb ••..•.••............. 1 
l, 2, 6. H. Lindenkohl. .•..••..........•.. i Pltotolitbo;r;ra1>h; completed. 

II. Lindenkohl. engraYiog topography · -1· 

l. L. Karcbt"lr. 2. A. Lindcnko11l........ Additions. 
1. II. LindenkolJL ..•...• ___ . ____ . _ .••. ··i Additioni-;: -complctc'L 

!. L. Karcher. 1. Il. Liodonkohl. 2. 1 Photolithograph; completed. 

H. Lindenkohl. 
1-2:5, 000 1. L. Karcher. 1, 2. M . . An.:;:les. 2.. IL Do. 

Lindenkohl. 
1-40

1 
000 2. L. Ka.reher .............. ·--· ..•........ _ Aflditions.. 

l-40, 000 2. A. Lin•lenkohl........ .••... .• ........ Do. 
2, ~- L. Karcher..... . . . . .. .. ., Completed. 
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APPE~DIX No. 4-Continuetl. 

Title cf chart. l:icale. 

-------------------------

l'IIOTOLITHOGRA.l'UIC CHARTS. 

I Harbors in Alaska. 

---~--D_r_a_u_g_h_t_•m_an __ ·~--~-1 

I 

Itcmarke. 

I 
Southwest ancl1orage, Chirikoff lHlaml .••••••.•..•• -·· ---l ·-- ... ---- .. 
Haint George Island, Pribilofl' Islancls, Bering Sea ..... ---1--- --· ...... . 

I, 2, 6. H. Lindenkohl. ••....•••.......•. ·I Completed. 
I, 2, 6. ll. Lindenkohl ......•............ , Do. 

Pribilotr l!!lautl8. Bering Sea. ...•......... ········-····--·!·-···· ...... . 
Sirneonoff Harbor, Simeonoff Islancl, Shumagins ......... ! ............ . 

1, ~. 6. H. Liudenkohl. .••...•......•.... I Do. 

Northeast-Harbor, Shurnagin hla.nd .....••.•.....••.... .!. .......... . 
Eagle Harbor, Nngd.i Islarnl, Sbuma.gins ..•.•...•••... ---1--- -- ....... . 
Falmouth Harbor~ Nagai Islancl, Shuruagiu.s ....•...•.. -··I······ .... . 
Ky1.1ka. Harbor. GC'eat Kyska ltJlaa<l, .Aleutian Islands ••. 1 ••••••••••• 

I, 2. 6. H. Lindenkohl 

l, 2, 6. H. Lindeukohl 
1, 2. 6. H. Liudeukohl 
1, ::1, 6. H. Lindenkohl 
l, 2, 6. H. Lindenkohl 

Do. 

Do. 
Do. 
Do. 
Do. 

Sa.nnakl }jj}anrls and reefs._·--· ....••... --- ....•• __ ... ---.--- .... .•••.. 1, 2. 6. H. Lindenkohl...... .••. .. . ....... Do. 

Acherk llarhor, Sanna"kl Islands ... -·-· ................. ---1··-. .. ...•.. l, 2, 6. H. J ... indenkohl ...... ----... .•.... Do. 

Northwest and Yakon Ha<bors, Slmmagin Islands .••.••..•.....•... _ 1, 2, 6. H. Lindenkohl ................ _. Do. 
Middleton I.land .•••.•.•......•......•...••...•..•..••. f ... . . . .. . . . I, 2. 6. H. Lindcnkohl....... ••. . . . .•. . . . Do. 
Saint M11.tthew and a1l,ioining: islands ..................... '. ........... ·. 

Semidi Islands, Chirikoff Island a.ud Lighthouse !tocks .. ! ....... -- _. 
Anchorage at Cape Etolin, ~uni'7ak l:Rlamh, Bering Sea .. ' ............ . 

Lituya Bay .............................. ·-- .. - ...... • ··-· ·· · ---i --- ··· ---- · 
Entrance to Lituya Ba)· ............................ _ ..... :·--- ....... . 
Port Mulgrave, Yakutat B~y .•..••.••...••••••.••••..••. : .•......... 
Shuma.gin Islands .. _____ ... ·-- ..... ____ .... -·._ .. ______ ----r------ ___ __ 
Saint Panl Island, Pribiloff Islan<l, Jlering Sea ••••.•••.. 

1 

••••••••••• 

11a.y of Island!'!: Ada.kb Ialand, Aleutians.-·--·.-·-· -- - -- -11--- ••• -----

Constantine Harbor, Amchuitka Island, Aleatiane ..................... . 
Ant:horaJ:e Chiachi lsla.n.ds, Alia..sk~ Peninsula ...... ·---- ·I·-·- .. __ ... . 
Port MOller, north side Alia.ska Peninsula, Bering Sea ... I ............ . 
Iliuliuk Harbor, Unalashka __ ........... ·-···-·········-· 
Saint Elias, Alpine region ............................... ·--~-. 
Anchorag& Cbignik Bay, Alia.ska Peninsula ............. . 

l, 2, 6. II. Lintleukohl ·----. ----··. ---·-
1, 2, 6. H. Lindenkohl. ..•....•.....•.... 
1,2,fi. H.LindenkohL ................. . 

1, 2, 6. ll. Linden kohL. ................ . 
1,2, 6. H. Lindenkohl ............ ------ _ 

1, 2, 6. ll. Lindenkohl. •...•..•....•..... 
1. 2. 6. H. T,indenkohl. ............... _ .. 

1,2,6. H.Lindenkohl. ................. . 

1. 2, 6. R. Lindenkohl. •.....••....•..... 
1, 2, 6. Il. Lindon kohl. ..•.•..•.•..•.... 
I, 2, 6. H. Lindenlrnhl ..•..•.••...••..•.. 
11 2, G. II. Limle-nkohL .................. _ 

I, 2, 6. H. Lin.Jenkuhl. •...•.••.•..•..•. 
I, 2, 6. If. Lindenkohl. ................ .. 
I, 2, 6. II. Lindenkohl. ................. . 

Capt..ln'o Bay and vicinity, Uualashka Island .••......•.. 
1
.•.• .. .. .. . I, 2, 6. II. LindenlrnhL. ................ . 

Mount Saint Elias and Coast Range tc Cape Spencer ..•• ·J ······ .... ·- 1, 2, 6. R. Lindenkohl. ...••••..•..•...•• 

Do. 
Do. 
Do. 
Do. 
DI). 

Du. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
no. 
Do. 
Do. 
Do. 
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APPENDIX No. 5. 

ENGRAVING DIVISION. 

Plates completed, continued, or commenced Octo"/Jer 1, 1874, to July 1, 1815. 

1. Outlines. 2. Topography. 3. Sanding. 4. Lettering. 

Title of pla tee. 

COMPLETED. 

Ooa~t.char/Ji. i 
No. 29, Chincot.eagne Inlet to Hog Ishnd. _ .....•. ·--- ...•.. i 

No.30, HoglslandtoCapoHcnry ......................... 1 
No. 80, Cho~ta'."h~tcbee Inlet to Pensacola ent~a.nce ....... I 
No. 94, M1ss1sa1pp1 Rl ver Passes to Grand Prairie ......... . 

Ha.rbor-c!Larts. 

~~~:~:~~;r;::~~-;: ::: :: ~::: ::: : : : ::: :: : ::: :: ::: : :::: :: .:: : I 
Saint A11drew's Sound ..................................... 1 

Entranc-e to Saint Mary's River and Fernandina- Harbor •.. 

Scale. Engr.avers. 

I 
1-SO, 000 I 4. F. Courtenay, J. G. Thompson, and .a. Petersen. 
l-801 000 I 4. E. A. Maedel, J. G. Thompson, a.nd .A. Petcrs1.m. 

1-80, 000 I 4. E. A. Maed"l and J. G. Tlwmpson. 
1-80, 000 4. E. A. Maedel. 

1-20, 000 2 and 4. W. H. Kuight. 
1-40, 000 4 .• J. G. Tbompaou and E. H. Sipe. 

1-40, 000 2. R. F. Bartie. 4. J. G. Thompson aml W. H. Davis. 
1-20, OOJ 4. A. Peter!ien and J. G. Thompson. 

85 

Trinidad Harbor ......................................... .. 

COXTINUED. 

1-15, 000 1 and 2. Ii. F. Bartie. 3. W. A. Thompoon. 4. J. G. Thompson Rnd 
W. H. Knight. 

General coast-charts. 

No. I, western part, from Isle nu Ha.nt to CalJO Cod ...... .. 
lfo. V, from Cape Henry to Cape Lookout ................ .. 
No. VII, from Cnpe Roll!ain ta Amelia Island ............ .. 
No.XIII, from Cape San Bla.s to :Miosissippi Passes ...... .. 
SantaBarbaraCbannelNo.2 ............................. . 

Oo/l,;Jt-charts. 

No.3, Frenchman's and Rine Dill Bays ................... .. 

No. 4, Penobscot Bay~----------· .. --- . -..... --- -- -- . -- .. -- . 
No. 6, Kennebec entrance to Saco Rh· er - ......... -......... . 
No. 7, Kennebec entra.nc.e to C.a.pe Porpoise ................. . 
No. !IO, Now York Bay a.nd Harbor ....................... .. 
No. 40, Albemarle Sound (ea8tern sheet) .................. .. 
X o. 41, Albemarle Sound (western sbeet) ................. .. 
No.M, Long Island to Hunting Island .................... .. 

No. 55, Hunting Island to Ossabaw Sound ................ . 

No. 56, Savannah to Sapelo IRiand ........................ .. 
No. ll7, Sapelo Island to Amelia Island .................... . 
No. 58, Cumberland Sound to Saint John 1

E1 River ........... . 
No. lOT,MatagordaBay .................................. .. 
No.108, Pass Ca\"alloand San Antonio Bay ............... .. 
No.109,.A.ransaaand Copano Bays .............. ~ ......... . 
Pamplico River (1874 edition) ............................ . 

Har!m--ch4~"1. 

Frenchman's Bay ........................................ ·•·•·• .... . 
Iale an Haut Bay and Eg11emogglo Reach ................ .. 
Penobsoot River a.nd Belfaat B&y ........................ .. 

Penohaoot Bay ........................................... .. 
Rookland Hal'bor ........................................ .. 
Islee<Jf ShO&l• ........................................... .. 
Plymouth, Kingaton, and Dnxbnry IIarbors ............... . 
New Haven Harbor ...................................... .. 
Potomac River No.(. .................................... .. 

1-400, 000 4. E. A. :MaedeL 

1-400, 000 2 . .A. M. Maedel.. 4. A. Petersen. 
1-400, 000 , 4. E. A. Ma.edel and A. Petersen. 
1-400, 000 I 2. A. M. Maedel. 4. E. A. Maedel a.nd A. Petcr11eu. 
l-'100, 000 j 2. H. J,indenkohl. 

1-80, 000 
1-80, 000 

1-eO, 000 
1-80, 000 
1-SO, 000 
J-80, 000 
1-80, 000 
J-80, 000 

1 and 2. J, Enthoffer. 4. E. A. Maedel. 
1 and 2 .• r. Entboffor. 4. E. A. Maedel. 

I. .T. Euthoffer. 2. J. Enthoffer and W. A. Thompson. 
I and 2. J. Ent.hoffer and W. A. ThomplJOn. 4. E. A. Ma.ode!. 
1 and 2. H. C. Evans. 4. E. A. Maedel. 
4. A. Petersen. 
1. A. M. :Maedel. 2 and 3. W. A. Thompson. 4. A. Petersen. 
2. A. Songtelicr and W. A. Thompson. 3. IT. M. Knight. 4. E. A. 

Maedel. 

1-80,000 2. A.Sengtelleran<i W. A. Thompson. 3. H. M. Knight. 4. E . .A. 
Maedel. 

1-60, 000 I 3. H. M. Knight. 4. E. A. Maedol. 
1-80, 000 ! 3. H.111. Knight. 4. E. A. Maedcl. 
1-8), 000 2. A. Sengteller. 4. E.A.Maedel. 
J-80, 000 4. E . .A..Mae<lel. 
1-80, 000 1. H. M. Knight. 2. R. F. Bartle. 
1-80, 000 1. H. M. Knight. 4. E. A. Macdcl. 
1-80, 000 3. H. M. Knight. 4. A. Petersen. 

4. E. A. l\iaadeL 

1-40, 000 1. E. llfolkow and W. A. Tliompson. 
1-40, 000 1. E. Molkow, W. A. Thompson, aod J. J. Yonnp;. 

1-40, 000 1. E. Molkow and J. J. Young. 
1-tO, 000 1 and 2. ,V, A. Thompson. 3. ll. 111. Knight. 
1-20, 000 1. R. F. Bartle. 4. E. H. Sipe, J. G. Thompson, and W. H. Dads. 

1-20, 000 4. E. H. Sipe. 
1-40, 000 2. S. Siebert. 3. H. M. Knight. 4. A. Perorsen. 
1-20, 000 3. R. F. Bartle. 4. ,f. G. Thompson and W. H. D.>\'i•. 
J-tO, 000 1. R. :ll. Knight. 2. A. M. Maedel. 
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APPENDIX No. 5-Continued. 

--------

Titlo of plates. / __ s_c_a_le_._ Engravers. 

Whn.le Branch, Inside Passage. between Tiroa.d and Cooeaw 

Harbor-eha.rts-Contin ueil. I 
Rhiers. 

Doboy ,"n<l.Altamaha. Sound ....•... :· .••.•....•...... --· .. ·1 
Smet George f! Reef and Crescent City·- .... - ................. . 
Columbia. RiYer No. 2 ........................................... 1 

COM:ME!'\CED. 

General coast-chart. 

Pacific Coast No. V'III, from Point Arena to Capo Mendo-
cino. 

Coast-chart&. 

No. 42, Pamplieo Sound (ea.stern sheet) ...................... . 
No. 43, Pamplico Sound (middle &beet)." .......................... . 
No. 87, Pensacola entrance to Mobile entrance ................ . 

Harbor-charts. 

Blue Hill B•y ...... ··········--·--·-· --·····-·-·· ·····-···· 
Ilar Harbor .•..•• ---···-····----··----·---········· .••..... 
New York entrance (1875 eclitio11) ............................... -·. 

lle.aufortllarbor, N.C ···-····-·······-·······-···--······· 

1--40, 000 3 and 4. J. G. Tl1ompson. 

1--40, oao I 3. E. n. Sipe. 
1-IO, O~O 2 and~. }(. F. Bartle. 4 .• r. G. Thompson and W. If. Knight. 
l-40, 000 i 2. H. C. Evans. 4. J. G. Thompson. 

'-~ .... / •~"'· n.u"'""'""'" 

1-80, 000 11 ancl 2. H. C. Evans. 4. F. Conrten:i.y and A. Petersen. 
1-EO, 000 , 1 and 2. II. C. E'"'ana. 4. F. Courtenay a.n(l .A. Petersen. 

1-80, 000 11. A. Sengteller. 

1-40, 000 I 1. E. Molkow. 
1-10, 000 1

1

1. 2. 3, and 4. W. II. Knight. 
1-40, OGO 4. E. A. :llaedcL 
1-40, ooo i 1 and 4. E. H. Sipe. 
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APPENDIX No. 6. 

REPORT UPON ELECTROTYPING AND PHOTOGRAPHING, BY DR. A.. Z UMBROCK. 

It lJecame necessary during tlie year to replace the old vat, used in the electrotype room for 
holdiug the copper solution, by a new one. The new vat, twenty inches wide, forty-two iuchcs 
deep and fifty.two inches long, lwl<ling about one lrnmlred and ninety gallons, is ma<le of tlJree· 
inch white-pine boards, tongued and grooYcd. Botll sides were covered with two coats of coal-tar, 
and just before being pnt together all of the joints were !'!en·ed with a hot cement of rosin, aspha1t, 
and coal-tar; when finished the sitme cement was applied boiling hot to all of the joints on the 
inside. 

The first trial of a.1ifatc in t!Jis new vat was made with tlte copper solution whicli had always 
worked well in the old one. Tt was foun1l that the copper was deposited iu regular vertical streaks 
or ridges, most of tile ridges running from top to bottom of the plate, others stopping short at 
different heiguts, as thougll a viscid fiui<l l!ad ruu dowu the plate. Some of tl!e ridges were oue
eighth of au incl! wide, an<l there were often as many as five in the brea<ltli of one inch. vYeakeniug 
and strengtheniug the copper solutiou, filtering and boiling it, had no effect npoa tuis unusual 
:iction ~ neither bad a stmnger or weaker electric cnrrent. When the paper, throngh which some 
of tl.tc copper solution had IJeen filtered, was digested with alcohol, tile alcohol IJecame brownish, 
and left, after e,·aporation, au oily :Buid of an empyrenmatic odor. J~ther shaken with the solution, 
left, after evaporation, a similar fiuitl. A new copper solution acted in the same way. 

The effect was uudoubtellly due to the fact that the copper solution had dissolved some of the 
cement. A box of thin sheet-copper was then made to fit loosely in the ,·at, the narrow space 
betweea this copper case and the vat was fillell with melted paraffine, and with this arrangement 
the solution has worked very well. 

Last ~·ear Congress made au appropriation for the engraving and printing of the plate of the 
Uentennial stock-certificate by the Engraving and Printing Bureau of the Treasury Department. 
In order to print the number of impressious required for one million shares of stock, the Treasury 
Department rl'quested the Coast Survey Office to have ma<le twenty electl'Otype copies of the origi· 
ual plate. Tllis plate is twenty-two by twenty-six inches, weighing a!Jont fifteen pounds. 

To make so large a number of plates in additfon to our own work it became necessary to put 
up new batt~ries. The number of goocl sharp impressions which can l>e taken from a copper·plate 
Leing limited to ahout twelve hundred, it is evident that the required number of impressions 
could not be taken from twenty copper-plates; it was therefore desired to hani the plates 1' steel
faced ''-that is, covered with a thin layer of electrotype iron. After a number of experiments I 
succeeded with a solution recommended many years ago by Professor BOttger. I used a strong 
solution of one part of protosulphate of iron au,9. one-half part of chloride of ammonium; a. J>late 
of the best boiler-iron was employed as an anode and a weak electric current. In spite of tlw 
most careful cleaning of the copper-plate there were always some spots which woL1l<l uot take the 
iron unless the plate was removed from the solution and cleauecl very frequently. If during the 
deposition of the iron there should be the slightest evolution of hydrogen on the copper-plate, 
the plate would be spoiled, for each little bubble of gas will cause a minute hole or pit which takes 
the ink and spoils the impression. This evolution 'Of hydrogen must be prevented by the proper 
proportion between the strength of the solution, size of the plate, and battery-power. As soon as 
the proper amount of iron is deposited, the plate must be washed and dried rapidly or it wouhl 
immediately rust. This is best done by pouring hot water over the well-washed plate and drying 
it by means of a. soft cloth while yet hot; it should then be covered IJy a film of paraffine. 

The electrotype iron is quite hard and becomes a permanent magnet, tl!e eud of the plate 
which is lowt>st in the process becoming a north-pole. The amo11nt of iron deposited I found to be 
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2.56 milligrams for each square centimeter, equal to a thickness of 0.033 millimeter, or about one
seven-hundredth part of an inch. The iron deposit can be dissolvcll from the copper by acids with 
the greatest ease and without injuring the engraving in the slightest degree. After ten tlrnusanll 
good sharp impressions had been taken from one of these plates, the iron deposit seemed as perfect 
as ever. But sl10uld it at any time show signs of wearing off, the iron coul<l l.Je removed and a 
new deposit made upon the same copper-plate; and as this process could be repeated over and over 
again, there is, by the method of "steel-facing,~' practically no limit to the number of impressions 
which can be taken from one coppPr-plate. 

In the operations for photographing, several improvements llave been made in the large camera 
and its stand i I also constructed an apparatus for measurin_g- the photographic image on the wet 
plate. In consequence of these improvements, Jlhotographic reductions of charts are now made 
with much more expedition and accuracy than heretofore. The collodion, varnish, anu some of the 
other chemicals used in photographing and electrotyving were made by me. 

During the autumn of 1874 some experiments were made in transferring drawings upon a 
copper-plate by photographing aml etching by perchloride of iron. A tlolished copper-plate was 
silvered, exposed to vapors of iodiuc in the dark, exposed to the light under an inverted urgative, 
fixed by byposulphite of soda and ni.rnished witll a tongh transparent varnish. The drawing was 
then engraved with a dry point and etched with perchloride of iron. In the opinion of experts 
this process is quite a success. 
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APPENDIX No. 7. 

List of original topographic slieets, ,Qeograpltiaally arranged, registered in tlte archives of the enited 
States Coast Survey from January, 1834, to .Tuly, 1875. (Kos. 1 to 1378, inclusiioe.) 

Localitioa. State. Soale, Date. Topographer. Rogistered 
11urnher~ 

-----'-----~!-----------
' ' LetitePaesageand,•icinity ..•••........••..••••...•.•. NewBmoswick .. 1-10,000 18U5 j W.H.Dennis ..•....•..... 

Partofllayof Fundy .•.....••.......••.•••.••.•....•.. Maine and New: 1-10,000 1861-·2-·3 •••.. do------··-·-·····---
Brunswick. 

Saint Croix River (Calais and Saint Stephens) ............ do ............. 1 

:::~~::~; ~::ai~;:::_·:::::::::::::::::::::::: :: ::::1. ~~·-::::: :: :: :J 
Moo•e·a-becReacb (nppershoot) ...................... ! ••• do ............ .. 
Moose-a-boo Reach (middle sheet) .................... I __ .. do ............. ! 
Moose-a-bee ROIWh (lower sheet) .•.•.. ····-----··· .... j_ ... do ............. ! 
Gouldsborough BBy .••••••.•••• ·--·--·-···-······--··--1-··-do ............. j 
Winter Harbor to G<tuldsborongh Bay ....• · · •••.•.. • · · 1 · ... do - •• · · •. • · · • • · ! 
MountDeserHsland,SomesSonndalldCarter's Mountaill ..•. do •••••••.••••. i 
Mount Desert Island, southwest part ................. -: .... do ............. ; 

:Mount Desert Islo.nd. western part. --- --- .. - . -----·. - .. L- .. do ------. ··--- : 

Mount Desert I~la.ml, northeastern part (2 sheets) - . · · · \,~ -.·. ·.·.ddoo .·.·.·.·-. ·. -. ·.·.-•• ·-.·.I 
Mount Desert Ioland, Egg P..ock ..••.••..••••••••.••.•. 
M<>uDt Deeert Island, Hull'~ Co~e to Pr~tty March .... , .... do ............. i 
M'.ooat Desert Island, Sand s Point to H1gb Head -.... T ... do ........... - . 

1 Frenchman'& Bay, east side from Wank.sag Neck to ,. ... do ............ . 
Winter Harbor, inch1ding Stave, Jordan, Iron Bound, 
and Calf Islands. 

X.laods sooth of Mom1t Desert ........................ '. ••. do·--·-···--- .. 
Crr""t and Little Cranberry JslAnds and Slltron Island. • •. do .... ·-·-··· .. 
North HaveD JsJ,.nd, iueluding ledges, and ial,.nd north 1 ... do ........... .. 

of !fain and Llt~ie Thoroughfares. I 
Bt.ker'eloland ......................................... : .... do ..•••.••••... 
Belfast and Searsport .••••....••• ··--- ................. ! _ .. do .......•.•... 

1 

Cam<len and Rook.port Harbors, Penobsoot Bay . • . . • • • : do i 

North part of Villa! Ialand, with Stimpoon's, Calder-: :::do :::::::::::::1 
wood'a, and Babbag" Islands. 1 , 

North Ialeboroagh, Penobsoot Bay ......................... do ............. 1 

Sooth lslaborough, Penolmoot Bay ......................... do ............. 1 

Eggemoutn Reach, east part (2 ahoeta) .................... do ........... .. 
~rlele, Isle au HautBay ................................ do ............. 1 
Isle au Haut and adjoining islands ................ ---· .... do. ·····--·-···I 
IslandR in Penoblloot Bay, north and aon.th ............. _ ••. do ............. ; 
Ielaudo In Jericho Bay .................................... do ........... .. 
Bugadnoo River, from mouth to bridge .. . • • • •• .• ... •• . ••. do ............ . 

Castine and part of Penobacot ······--------··---··--·- .••. do ............ . 
Cape Rosier, a part of Brookeville ..•.••...•.•.•.•••. --· .••. do .•.••.•.•.... 
Penobscot> Bay, north shore from Sear'• Island to S&ndy .... do ............ . 

N" I I 
Penobscot Bay, lslan.d south of Ialeborougb ........... l ... do ............ . 
PooobeootBay,weataborsfrom .MegnntiOOBk toKnil(ht's .••• do .... _ ....... . 

Point. 
Penobacot.Bay, weshhore Crom Knight's Point to Little .... do .••••••.••••• 

River. 
Fox Ialanda, wet1t.8r11 pr.rt of ............................... do ............. 1 
Fox Isla. nda, IM>lltheaatern part of . • • • • • • • . • • • • • .. .. • • • • _ ... do _ ........... · 1 
Fox Ialaiida, auutbeaat part of, and Slllilh, Saddle-back, .... do ............ . 

. &nd Brimetone hlanda. 
Rockland Harbor and :Rockland, p.,nobscot Bay (re, '. ••• do ............. ( 

jectcd). I 

H. Ex.81-12 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, OJO 

1-10, 000 

1-10, IJOO 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10,000 

1-5, 500 

1-10,000 

1-10, 000 

1-10,000 

1-10,000 I 
1-I0,000 

1-10, 000 

1-~, .50() i 
1-10, 000 

1-10. 000 

1-10,000 

1-10, 000 

1-10, 000 

1-10, 000 
I 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-IO, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10. 000 

1-10, 000 
I 

1869 ..... do ........................ 
11361-'2-'3 .d> ......................... 
1861-'2--'3 •••.. do .................. .-

1870 J.W.Dmm ................ 
1870 •••.. do ................... 
1870 ! ..... d<> ................ -. ·--
1865 C. Rock well ............... 

1865 ..... do ...................... 
1871 J. W. Donn ............... 
187il ..••• do .......................... 
1e1~ ..... do . ···--- ---·-----. -
1873 .•••. !lo .... --- ... -........ -.. 
1874 ••••• do 

: ........................ 
1814 ...•• do ·-·-· ................. 
1874 .••.. do ····---·------··-·· 
1862 C.Rock.well ............... 

1871 J. W.Donn ............... 
1~71 ..••. do ................... 
1867 F. W. Dorr ................ 

185' \V. E. Greenwell .......... 
1971-'2 C. T. lardella ...•.• ....... 

1863 F.W.Dorr ...... ·····--· 
1866 ...... do ···------- ···-···· 

1871 A. W. Loni:fellow ......... 

1871 ......................... 
1872 C. Hosmer···-~· ........... 
1'31'2 W. H. Dennis .. ---···-··--
1872 ' J. N. McClinrock ......... 

1873-'~ ...... do ................... 

1874 • ••.. do ................... 
1874 H. Adams ................. 

1874 A. W. LonfP'ellow ...•..•.. 

1872--'3 ...... do ........................ 
1872-'3 C. T. lardella .............. ' 

1870 . ••••• do ··----···-······-·· 
1871 I F.W.Dorr ..................... I 

i I 

1872 
I ._ ..... do ··----·-···--------

1868 L .......... do ......................... 
1870 i H. M. De Wees ............ I 
1870 / .••••• do ···---··········-·· 

1"61 ·c. Ferguson .•.•.... '""'"[ 
I 

10Q7 

gst 

1150 
!180 

97fl 

117~ 

1171 

1173 

1039 

1040 

1243 

12~1 

1282 

1334a o 
1334c 

1364 

1365 

€91 

1215 

lZH 

107':2 

403 

127;) 

930 

1075 

12->7 

HIS~ 

1281ia • 
1297 

13ll 

13S(Ja b 

1351 

137~ 

1377 

1330 

13211 

1167 

1233 

128rl 

1093 
ll574 

1157b 

813 
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APPENDIX .No. 7-Continued. 

I
I Scale, 

·--~-

Localities. Stat<>. 

R<>ek1arid Barbor amt -vicinity............................ Maine ......... ····! 
South Thomastlln, Wcskeag River, &c., Penobscot Bay .... !lo . ------ .... ··I 

(rejected). 1' 

ThowestcTn entrancoto Penol>scotBay, including Saint ..•. do .............. . 
George's Islanll, M-0he,gan 1 and M&tinicns. 

1

1 

Seal, Tfmnant's. and .Mosquito Harbor, Penobscot Day _ .. d.o _ -----· ..... 
(11'jected). 

Seal, T-ennaut's, a.nd :Mosquito Harbors, Penobscot Day ... do .............. i 
Tlrn :Matinicue group of islands ....................... . 
The Green Islands, off tl1e month of Penobacot Bay .. . 
:Muscle Ridge Ia'ands, Peuobecot Day (njected). (See 

li191.) 

... do·-----·-·---·) 

... do----------·-· 

... do-·---·----··· 

"Mn.sele Ridge Islantls1 Penobscot Bay·--------·---·--- .... clo ------------
Friendshi~ a:ppruaches to :Medomak River __ ......... . .. d·1 ............. . 
Penobf!-cot Rh·er from Indian Point to Parker's Point ...... do ..•..... --·-· 
Penob~ot River, Indian Point to Sandy Point and •.. do ........ . 

eastern s.hor-e. 

Weakeag River and V"icinity ............. --·-·-··· ........... Oo ............. . 
S &.i11t Geo['ge"a ltiver from Na.nows to Thollla.ston (re- ... do ............. . 

jected}. 

Saint George's River from enttan<ie to Narrows (re- ... do ............. . 
jooteu). 

Saint Georee'sRivf'rentrance ................................. do ............. . 
Saint George's River ............................................. do ............. . 
::Muscongns Ba..y, h~ands and ledges-··--···-·-·....... . .. do_ .•...•...... 
:Muscongns Ba..r~ southern part .................... _ ........... do . ·----- ..... . 
Musoong-us Bay from Round Pond to Hocamoc. ..•..•• . •. do ............ . 

M-edomak River ............................... -· ...•. ---1· ... do - ··--·-·-···-
Jdedorun.k River1 upper part ...... -------------------- ... do_-··---······ 
Pemnmquid Neck, including Jo~n's Bay and Pewma- ... do ........... . 

quid Itiver . 

.remmaquid Point, including New Harbor end ""eat .•. de>_···---~---· 
shore Hu.aeongns Bay. 

Damariocot.ta River (upper part) ................... __ .. . .. tlo . -··--· ·-- .. 

Damariscotta River (lower part) . .. ••. ......... ....•. •• . . •. <lo-_ ............. . 

Linekin'e Bay and Iolands at m1mth of Damariscotta .•.. do ..•••••.•.•.. 
River. 

Merry Mooting Ray, including Amlroscoggin1 :Muddy, 
and Cathancc Rh·ers. 

Booth B•y Harbor and vicinity . • • . • . . . . , ............ . 
Sbeepscot River ........................... ·-·--- ........ . 

. do··----···-·-· 

. do .•.••••..•.• 
. .. do .••.•••.••••. 

Part-of She-epaeot River and vicinity ....................... do ...........• 
Sheepscot, Back, and Oven mouth Rivers .•..•.•.••.•••...•. do ...... _ ..... . 

Sheepscot and Ilaek Rivers .•.• __ •.•.•..• ••• :......... . •.. do ............ . 
Hack River and Montaeag Ba.y ............................ <lo-···-······· 
HGackomoak Bay and isiands gonth of Phipps' Point, •. do ............... . 

Back River. 
Kennebec River entrance and Cape Small Point . • ••••• • _.do .•••.•••••••. 

Cape Small Point a.nd a.djacent islands .••••••.•.•••.••..•.• do . - ••..•.• •••· 1 

Kennebec River a.ppToa~bea ... _ .............................. dlJ _ ............. . 
Kennebec River (fmm Indian Point to Cox'a Head) _ ....... do .................. . 

Georgetowa lelaud o.nd vioinlty ..•••••..••.•.•••••••• " .••. Jo .••••••.••... , 

Kennebec Rivor, from Bath to .Jones' Ed1\y ••.••• ······1 · .. do ........... "I 
Xennebec River,victnity of Bath .......................... , ···:do .................... . 
Peninsula formed by oonftucnce of Kennebec and An-

1 

.... do ..••.••••.... ' 
droecoggin Bi vers. 

Weatportand Anows\c Islands (part of) ••••••.•••.••.••. do ............ . 

Kennebec Rin>r (bead of)······-··-···-·--····-······· ... <lo···-··-···--· 
Kenne boo 'River (from A.h&gadUAet Point to Richmond) .••. do ...•• _ •...... 

~:::i:: !!:'r~!::~~::~~--~-~~-·-~~:~~::::::~:: ::::: :: ::::::::: ::11 
New Meadow Xiver fronl FOTSt.,l''s Point to New l ... do .•••••.••••. 

Meadow Bridge. 

1-10, Q\\O 

1-10, 000 

1-llll, 000 

1-10, 000 

1-10, coo 
i-~o. ooo 
1-20, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10,000 

1-10, 000 

1-10, oco 
1-10,000 

1-10, 000 

1-10,00ll 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

I-10, 000 

1-10, 000 

1-10,000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

l-10, 000 

1-10, 000 

1-10, 000 

1-10,000 

1-10, 000 

1-10,000 
1-10,000 

1-10,000 

1-10,0CO 
1-10,000 

1-10, OOJ 

Date. Topograplier. 

-----· i-----------1 

1870 

1~61 

1864 

1862 

1868 

1864 

1864 

186~ 

1871 

1A67 

1~73 

1813--'4 

1864 

1869 

1868 

1865 

1865 

1eao 
11'67-'8 

1865 

1865 

1866 

1865 

1865 

186a 

1811 

1864 

1864 

1859 

1864 
18()0 

18BO-'l 

1861 

18:>6 

1854-'i 
li1S6 

1857 

181">2 
18!;7 

1858-'9-"60 

1864 

1865 
1859--'65 

1869 

1870 

18.>7 

1866 

I 
\V. H. Dennis ............... . 

C. Ferguson .................. _ 

! IF. W.Dorr ............... . 

! C.F'rrgnson ... _ .......... . 
I 

i ".,.· H. Uo~ni& ................. [ 

I. ~~-~;,~u·.~:::::::::: ::::: 
j C.Ferguson .............. . 

,V. H. Dennis .....•....... 
Cbarles Hosmer ......... . 
F. W. DoTr ............... . 
C. T. Iaruella ..•••••••.••. 

W. H. Dennis ............. . 
C. 1-""erguso-n ................. . 

C. Ferguson .............. . 

F. W.Dorr ...•.•.•.•.•••• j 
Cha des Hosmer ............ .. 
F'. W.Dorr ...•.•.•.••••••. 
. .... tlo .•... _____ .•••.•. _. 

C. Rock well .•••••..••.•. _ 
Cbm·les Hosmer .......... . 
C. Fqr~u~on ............... .. 
F. W. Dorr .....•...••.... 

S. A.Gilbert ............. . 
. .... do .................. . 
F. W.Dorr ............... . 

C.R. Boyd ............... . 

P. C. F. Weet. - ••.••..•..•• 
R. E. McMath ............ . 
W.R. Dennis ....•........ ; 
R. E.McMat,h ....•.•...... i 
H. Adamo, C. Fergnson .•.. 

1 
C. Ferguoon, H . .Adams ... ! 
H. A.dams, 0. Henricks .••. [ 

II11ll A.dams •••.••...•••.. / 
S. A. Gllbert, C. T. Iardolla i 

Rnll Adam& .............. 1 

W.S.Gilbert .•......••.••. 
C. T. Iardella .............. . 
W. S. Gilbert .••••..••••••• ! 
R. M. U..Ohe ....•••.•••.•. ·I 
.••... do .................. . 

E. Hergesholmer •••••••••. 
f R.M.Bache ....••••••.•••. 

I ~~-~.-:~~:::::::::::::::: 

I 
C. T. Iard6lla ............. . 

. J_ W. Donn .••••••••••.• ··[ 

Rcgfatcrt-d 
numl.ler. 

1100 

>IH 

904 

10e1 

93'! 
959 

877 

1287 

1058 

1309 

1357a b 

1151 

915 

957 

1117 

lll6 

lOOl 

100;! 

102il 

1076 

ll84 

Wl~ 

10:J3 

!J!lt 

995 

1000 

1214 

9fjl 

954 

845 

953 

801 
80"2 
842 

:187 

46S 

588 
6G6 

8~9 

667 

728 

961 

91!-l 
1061 

1115 
11!)8 

655 
lOtl 
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APPEXDIX .:No. 7-Uontinne<l. 

---------------------- -----------

Loca.Ji t!es. State. Scale. Date. Topographer. I Re;!istered 
number. 

-------- ---·----- --- ---- ------ --------

Rigged Island and adjaceut islands neat' Cape Small 
1 

Maine·-·········· 

Poio:. . . . i 
Maqoo1t and Middle Days, W11h adjacent shores of Free· 1 •••• d<> .....••...••. 

port, R.runswi~k, and liarpAwell Nee-k. ) 
Yarmouth and Fr-eeport- .........•. -- ...•...•..•..•.... : .•.. do .............. . 
Part of Harpswell Kock, with tlte adjacent island~ io i ... .<lo • --· ··- ••.••. 

Casco Bay. . I 
CnscoBay (outer folands) ...•.••.•..•..........•..•..•. : ..•. do ..•..•....•.. 
Casco Bay (The Green Islands) ..••.•.......•.......... ! •••• do ..•..•.....•. 
Greet Jebeig,Couains,and Little Jobn's lslo.nds,with .•.. do ............ . 

smaller islands and part of the maln shore. I 

Casco Bay ··-· ......................................... ' .•.. do ............ . 
Ptesumpscot Rit'"er, mouth of. and islands in Casco Da.r-1 ·-· .tlo .............. . 

CaMco Eay (from Middle Bay to New ~lead.ow River, .••. do ............. . 
including 11orth end of Se-baskaliegau lMland). ] 

Ca.sco Day (Sebaskahegan an l Orr's Islands) ...•....••. : .... do ..•.•.••..•.. 
Ca.co Bay (sketch of Half-Way Rock).---······--·····!····do ............ . 
Pol'tland Hal'bor and en,·irons -- ........ --- ............... -- <lo . --· - ..•..•.. 
Portland Hat'bor (reconnaissance of the'en~ironsan<l: .... do --··--·-···· 

approaches to). 

l'ortland Harbor (wharf and shore-line) ........•. ' ____ do····--······· 

Portland City and Harbor 1•p•cial survey, shoot No. lJ .. ' .... do_ .•.•••...... 
Porthwd CiLy and HarlJOr (special survey, sbee~l!o. 2) ...•.. do ...••••••••.. 
Portland CityandHarbor(special snrvey,sheetNo.3) : .... do ........•.•.. 
Portland City aud Harbor (special sun•ey. sheet No. 4). '--·.<lo ..•••••••..•• 

Portland City and Harbor (special survey, sheet No. 5) ..••. do ....•..•..... 
Portland City and Harlwr (•pccialsun·ey. sheeL Nu. 6) ..••. do .••.••.•..... 
Portland City and Harbor (•1>-•cial snrvey, sheet No. 7) •.•.. do ..•.•.•...... 
Portland City and Harbor (•i>OOial survey, sheet No. 8). ' .... do ....•..•••••. 
Portland Uityand Harbor (Hpecial survey, sheet Xo. 9). i •••• do ....••••.•••. 
Purtland City and Harbor (special survey,ehe<lt No.10). [ .••. do .•..••.•..•.• 
Part of Cape Eli..,beth .............. ·-·-·· .•••.•...... / .••. do.···-········ 
Riclummd's Island.···-····-··· ..•.•.•...•.••.•....••.. 1 

•••• do.···-·· ..••.. 
Saco Bay, north shore, including Stratton an1l Bluff .... do ....•... ·-· •. 

Islands a.nd Proat's Neck. 
I 

Mouth of Saco Hi ver an<l Biddeford Pool .....•.•.•.•• ., .... do ....••...•.•. 
Saeo Rimr and towns of Iliddeford and Saco ........... 1 ..•• do.···-·· ..••• I 

Goos,e Fair Creek to Spnrwink Rit"er ............. · ----- · · 
1

- - --•lo · ......... · --- ·· 1
1 

Fletcher's Neck and \·icinity ........... ---- ............ _ .. : ..... do ................. . 
C~le Porpoise and vicinity ......................................... i. ... do ................ . 

Kennebunk Portand Cape Porp<>ise to Hoyt's Neck ..•. l ..•• do. ············1· 
Well's-Beach, included in eheet No. 1121. ....................... ) ..... do ................. . 
Coast from Ogunquit, ia 'Vells, to Mousa.tu Ri~er- ..•• --:·- •. do . ---· ........... 1 
Cap<> Ned.dick and O,:unquit ..•••..•..•.•..•••.......•. 1 •••• do .•. ·-· •..•... i 
York and Cape Neddlck Harbors, with intermediate !. .•. do · ·••••• ······1 
c::•~rom Kitt<iry to York ..•..••.••••.•..••••.••.••• J ... do ..• ·-· ..••••. 
Coast from B<Mlr's Head to Rye Harbor ....••••.••.•••. ! New Hampshire . _ 

Coast from Ryo Harbor to near Portsmouth .•••... ·····i·· .. <lo ...•••..••••. 
Isl.,. of Shoala .......••.•.•..•......... ·-·· ..•......•.. 1 .... do ......•...... 
1''rom Hampton River oo·EIMlt Salisbury •..•••.•••.•••.• / ..•. do- ...•••..••.•. 
New!mryport and mouth of Merrimac River ...••.••.. [ Maesachuaetts .••. 

Rowley River and pa.rt of Plum Island to Newburyport. I- ... du .•.••.•. ···-. 
Ipswich, (11nfinished) ••• -·- ............... ·-·-· •.•..•. .,. ... do . ··-- ••.••••. 
AnniaqO&lll Harbor &ud vicinity, Cape Ann .••..••.•.•. j ..•• do .••••••.••••. 

Cape Ann, nortbero shore, inolndiog Essex River •••.• ·1' ····do · • •• • • • · · • • · · 
Rockport, extremity of Cape A1rn, from Milk Island to .••. do .•••.••.••••. 

Lane'a Cuve. 
G louQOeter Rarbor and vicinity, Cape Ann .••••.• ____ .. I ..•. do .••••.•.••••. 

South abore of Cape Ann, from DanTers' new mi!L. to ·I. ... do .••••••. -···. 

Beverly f&rma. I 
Salem HQ.rbor, from Beverly ·farms to Keitle Cove._. . • . . ••. do .•••..•••.... 

1-10, 000 

1-10, 000 ' 

1-10, 000 

1-10, 000 

1-10, 000 i 

1-10, 000 

1-10, 000 

1-10, 000 

1-10. 000 
1-10, 000 : 

1-10, 000 

1-2, ()(}() 

1-10. 000 ' 
1-20, 000 

1-5,000 

1-1, 200 

1-1, 200 

1-1,200 

1-1. 200 

1-1,200 

1-1, 200 . 
1-1, 200 

1-1, 200 

1-1, 20-0 
1-1, 2l0 

1-10,000 

1-10,000 

1-10, 000 

l-JO, 000 

1-10, 0110 

1-10, 000 

1-W, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10,000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-lD, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

18Jt-'57 

1863 

1961-'2 

1860--'l 

185G-'5:3 

ltl56 

lil64 

U73 
18.)j..'59 

1867-'611 

1865 

1867 

1854-'58 

1~6~ 

186'7 

1868-'9 

186'!--"9 

1868-'9 

1869 

1869 

1069 

1869 

1869 

1869 

1869 

18.>2 

18.'ill 

18.;)9 

1870 

1871 

1871 

1859 

18J9 

1870 

1E61 

1869" 

18:i4 

1€53 

1867 

1866 

s. A. Gilbert, C. T. Iardellai 
, I 
: I ! A. W.Longfollow ...•..••. j 

. ..••. do ................... j 

...••• do ..••.•..•.•....•... : 

. I 

! ::::::~~: :::::: :::::: ::::::1 
i ...... do .••..•. ············! 
I::::::~::::::::::::::::::: 11: 

, ...•.. do ..•••...•••..•..... 

C. H.lloyd ·············-· 
A.""· Lon;gfdJow ...•..•. 

: F. \\'.Dorr ............... -

! A. W. Longfellow, Il. W. 
I Bach~. 

A. Lindenkobl ...•....•... 

...... do .•.....•.•.. ···-· 

.•.•.. do········-········· 
Charles Hoarnei· ......•... 
.•.•.. do ................. . 
,J.W'.Dom:: .........•.... 
...... do ..••....•.•...••.. 
ChaTlf's Hos.mer .. _ ..• _ .. . 
,J. W. Dono ............. . 
;J N.MoCliutook ........ . 
A. W. Longfellow ...•.... 
----do-·-· ............ . 

C. Fendall ..•..•...••.•.. 

Il. Adams .......•...•.... 
: .....• do ..•... -~--
' ..•••. do ................. . 
. C. Feudal!.. ....•.•..•.•.. 

h~.-~::,,;~:::::::::::::::: 
1:::::::: :::::::::::::::::: 
1 

A. S. Wadsworth ........ . 
I A. 'V ~ Longfellow ....... . 
I 

H.Adarns ..••.••..••....• 

..•••. do··-··············· 
11161 I ..... do .•. ····-· ...••.... 
1859 I C. Feudal! .............. . 
1855 H. L. Wbltiog .•••..••.... 
185~ A. W. Loogf•llow ..•...•• 

1854 I H. L. Whiting, H. A.dams. 
.•. .•.•••.•• H. L. Whiting .•.•....... 

1852 I H. L. Whiting, R. M. Bach• 

1855 I H. L. Whiting .. ····-····· 
1851 .•••.. do .•••..••.•...•...• I 

1851 I H. L.Whiting, R.M. Bache 

1851 I H.L. Whiting .•••.•.•..••. 

1!'51 ! ..... tlo 

46G 

923 

918 

847 

757 

756 

919a 

919b 

7:>5 

1129 

1012 

1056 

735 

£5.8 

llll 

lHOa 

1140b 

1!4la 

114lb 

lH~a 

!l42b 

114Ja 

114~b 

llHa 

UOb 

414 

31::!: 

759 

1225 

12"2! 

760 

761 

lli;9 

105j 

11~1 

459 

HO 

1-0j() 

1()23 

1047 

762-

835 

35:; 

559 

467 

396 

5.56 

341 

397 

304 

340 
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APPENDIX ~o. 7-Continued. 

Lora.litieR. State. 

Salem Harbor, Manchester (inclnding the city a.nd Massachusetts ...... 
islands}. \ 

From Sangnli :River to Marblehead, noribwest shore of i ... • do .................. . 
MalU!aclmsetts 13ay. I 

Nahant Neck aEd Tinker's Island.................... ...d-0 .••••..•.••• 
i 

From Point Shirley to Point Pi11es and Winnessimit j ..• do ...••....••. 
Village. ~ 

Governor•s I11la.ndand Castle Island, Boston Harbor ___ j. --_do - ......, ____ ---- -

~hompaon l~land, Outer Ere"W.ster1 ancl interm-ediate I. - .. do ...... -·· ---
islands, Boston Harbor. \ 

Cities of Boston and Charlestown •••.•••...••••..•••.. I· ... do .......... - -
East and Son th Boston ....... ··-·· ....•.. ·-···- ........ 1.- •• do ... ·-·· -- .. . 
From Neponset to Roxbury lintt:riorJ .••...•..•.••••••. r .... do ............ . 
From Roxbury to :Malden (interior) ..••....•..•...•........ do ... -·; ..... -
l'rom ::11'.llton Mille to Hingham, southern shore of BOM· ... d-0 ........... .. 

ton Bay. ! 
PartofBoeton Harbor (inclmllngthe outer and Brewster i .... do ...•.....••. 

Islands. 
Part of Boston Harbor (including Gallop's, Lovell's, ... do .. -.- ...... . 

George's, Ligbt-House1 and Gt'eat Brewster Islands). 
Part of Bost<m Harbor (including Loni:: and Deer Isl- .. do ....•....•••. 

ands and Point Shirley). 
Part of Boston Harbor (including Thompson'• and ... do ...........• 

Spectacl6 Ialands, Moon!1tad, and Squantum). 
Part of Boston Harbor (R.ainaford and l'eddock's Isl· : ...• do.···-······· 

and, am1 Nantaoket). 
' From Nantasket Hill to Groon Hill, Boston Bay ....... J-···do ······-····· 

From World's End Hill to Cohall8et H~1hor, Boston [····do ..•.•.••.••. 
Bay. 

From Cohasset to Seitnate Hlll'bor, eB.l!tem shore .. _... . .•. do ..•••••..•••. 
North Riv-er ............................................... do .•.•••...... 
North River (sheet 1) ..••.•..• - ••••••......••...••........• do ........... . 
North River (sbeet2>. •••••..••••..••••....•••••••••.....•. do .......•.••• 
Back River and vicinity. near Plymouth _______ ·- ..... _ .... do .................. . 

Kiugoton to Duxbury Beach .••••..••••••.•••. :······· /·.·.·.·ddoo -_.··.·.·.·.·.·.·.·.·.·.·. 
Plymouth Harbor and vicinity.······-··· ...... -·-····· 
Cape Cod Ba;-, weateru •hore, from Eel RiYer to Ship ..•. do ..••.•••••.•. 

Pond. 
Cape Cod Bay, western shore, from Sl1ip Pond to West . , •. do .••••.•.••••. 

Sandwich. 
Cape Cod, part of, from Sandy Neck, near Barustabl<>, , .... do ..•••..••••.. 

t<> West Sandwich. 
Ramstable Harbor and vicinity .•.•••••.•.•..•.••.••••..•. do ........... . 
Cape Clod Bsy, north shore, from North Dennis to .•. do ........... . 

BrewsteT. 
Cape Cod Ba:;, 80nthern shore, from Orloons t<> Drew· .•. do ........... .. 

eter. 
Cape Cod Peninsula, from Billingepte to Pamet River 
Wellfleet Harbor, Cape Cod Peninsula.·-···· ........•. 
Northern part of Cape Cod and Provincetown Harbor . 
From Higland to Nansett Light ..••.•••••.••••.••.••••. 

From Nansetl Light to Orleaos ••••••••••..•.•.•....••. 
1 

Cape Cod Bay, eut.em sho»e, from Ploaaant Bay to i 
Nanse\t Harbor. 

Cape Cod, 8QUthem extremity, inclnd.!ng Tillage of 
Chatham. 

Cape Cod, from Pleasant Point to :M:onomoy !eland •••. 
Cape Cod, 80Uthern e:dermity of ..•.•..••.•.••••.••.••. 
Honomoy Poiot ....................................... . 
Mon-0moy Ialand ..................................... . 

From Basa River eutward .••.......•.••••.•••••••.•••. 
From llala IU:ver to :Hyiuwia, inolnding Weat Yar

mouth and Sonih Dennie. 

.••• do •••••.••••••. 
... do ...•.••.•••.. 

.••• do ••••••••••••• 
••. do •••••.••••••. 

1 
••• do •••••.••••••. 
••• do ••••••••••••• , 

. ... do············· 

. ... do············· 

.••. do ••••.•.••.•• 

.... do············· 
•••• do ••••••••••••• 
.••. do .•••••.••.••. 
.••. do ••••••••••••• 

Seale. Date. 

1-10, 000 11!51 

1-10, 000 1849-'50 

1-10, 000 1847 

1-10, 000 1847 

1-5, 000 1~46 

1-10, 000 1847-'9 

1-5, 000 1841i-'7 
1-5, 000 1~46-'7 

1, 10, 000 ! 1847 
I, 10, 000 1947 

1, JO, 000 : 19;7 

1-5, 000 1800 

1-5,000 le60 

1-5, 000 i 1860 

1-5, 000 i 1860 
I 

1-5, 000 ! 1860 

1-10, 000 1847 

l-10, 000 1847 

I 
1-10, 000 i 1847 
1, 10, 000 ' 1858 

1~'>. 000 18i0 

1-5, 000 1870 
1-10, 000 1856-'7 
1-10, 000 1833-'4 
1-10, 000 ls:;:! 

1-10, 000 lll66 

1-10,000 lll(i1 

1-10, \IOO 1800-' I 

1-10, 000 18'>9 
1-10,00Q 1868 

1-10,&00 1868 

1-10,000 1818 
1-10,000 1851 
1-10, 000 .......... ·--· ....... 
1-10,000 1818 
1-10, 000 I 1856 

I 
1-10, 000 ll:!GS 

l-10,000 1868 

1-10, 000 181i8 
1-10,000 ..................... 
1-llO, 000 1868 
1-llO, 000 1853-'56 
l-10,000 ........................ 
1-10,000 18:>5 

Topographer. 

H. L. Whiting .••••.••••.. 

. .•••• do ..••.•••••••••.•••. 

. .•••• do ................... 

.•.•.• do ................... 

..... do_ ...••.......•...•. 
;J. S. Williams, H. L. Whit. 

iug. 
H. L. Whiting .•.....•••. 

·-·-· do .. -··········-· ..• 
• .••• do ..••.•....••.•••••. 
.••.. do ..••......••...•••. 
;r, n. Gluck ............... 

H. L. Whiting .••••..•••.. 

··-··d<> ···-·····: •.....•.. 

. ..•• -d() ··················-

. ..•.• d() ···········-······ 

.••••. do ................... 

;J, S. Williama ............. 
;J.B.Glilck .••..•••.•••.•• 

I 

H. L.Wbil.lng, S. A Gilbert 
A. M. Ha.rrison .•••.•• · .•••. 
H. L. Whiting .••......••. 

.. •••• do ··- .... ·---·· ..... -· 
R. M. Bache, A.M.Harrioon 
S. A. Gilbert, R. :M. Bache . 
S. A. Gilbnt .............. 
P. C. F. West .•••••.••••.. 

....•• Clo ...••..••••....•••. 

A. :M. Harrieon .•••. ·-···-· 

. .... do········-··········· 
P.C. F, West .............. 

H.A.dams ..•...•.••••••••. 

H. L. Whiting ................ 
J.D.Gliiok ................ 
B:. L. Whiting . ............... 
••••. do ............. , ........... 
C. T. Iardella ............. 
H.A.d1111111 ........................... 

H. W.Baohe ..••....•••••. 

C.H. Boyd ................ 
J. B. Glll<>k ................ 

: P.C.F. Weat .••..••••••••. 
S. A.Gilbert,C. T.hrdellii 
J'. B.Glllek ••••• · ........... 
H. L Wh~ ... J. A.. Snm-
van. 

I Registered 
number. 

303 

305 

235 

234 

231 

23" 

22!} 

230 

2.12 
233 

2'21 

!!"JO 

831 

8.13 

832 

82'.l 

237 

228 

2:16 
719 

1251a 

l25lb. 

til2 

4'l5 

455 

100J 

1062 

901 

'195 

1088 

1078 

2511 
368 
1516 

lillO 
579 

1877 

loell4 

10!'51> 

ff! 
1090 

•• «U 
55:1 
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Localities. st .. te. 

Part of South Yarmouth, Barnstable County ...• -: •... ·· I Ma.soacbuaetta ..•. I 
From West Yarmouth oo Hyanni• Point .................... do ............ i 
From Hyannis Point W Sucoonnesset ...................... ) ..... do ......••.•... 
From SuooonnellStlt Point to Falmouth Sf>lre ...•••••••. ! .... do ........... . 
Eastern part of Nantucket, Great Point to Siasconsett •. ) ..•. do .•..••••••••. 

I 

i 
Weet.ern part of Nantucket, including Tu.ckanuc and I .••• do .•••.•••••••. 

Muskeget Islands. 
Martha's Vineyat"d, eastern part, from Cape Poge to 1 

•••• do ......•••••. 
Enst Chop. : 

Northern shore of Martha's Vineyard, from East Chop : ..•. du .••..•••.•.•. 
to Menemsha :Bight. 

Scuthern ehore of Martha's Vineyard, from Sampson's ; ..... do ............ .. 
Hill to East Edgartown Harbor. : 

Gay Head, pert of Mutba'o Vineyard, and No Man's : ..•. do .•.•..•...•. 
Lm1d. 

Cn1tyhu11k Island, with Sow and Pig Shoal............ • •. do ...•..••.... 
Elizabeth Islands...................................... . .. tlo ............ . 
l<'rom Falrnonth to &ck Rh-er, eastern aborc of" lluz. : .••. do .•••.•••.••• 

zard'8 Bay. 
Frvm Great Hill Neck to Sconticut Neck, western ; .••. do .•...•••••••. 

shore of Hazzard'• Bay. · 
From Back River to Great Hill N eek, northern part of ' .••. do .....• : •.••• 

Buzzard's Bay. ! 
From Scontieut·Neck t.> Clark'a Neck, ioclndlng New ! •••• do .•.•••••••.•. 

Bedford. ! 
From Clark'• Point to Miahaum (misoinitl ••.•••••.•••. 

1

1 .... do •••••••••••• 
From Mishaum Point to Sani:bkonnet Point .••..•......... do ......••...• 

'.l'ann1'.'n River, part of .••...••••.•••••••••••••.•••...•. i .... do .•••.•••••••. 
Fall River, part of. (See No.1053) ••••..•••..•..•...... , .••. do ...••••.••••. 
City of Fa.II River and vicinity .••••..•..••.•••..••...• I .... do ...•.•••.•.•. 
Mount ilope Bay, lnelading parts of Taunton, Lee, and 'I :Massachusetts and 

Cole Rivers. (See No. 10~4.) , Rhode Ioland. 
Sanghkonnett (or Seaco11net) Rh·er, from Church's ! Rhode Island .•••. 

Point uorthward. , 
Sau11hkonnet Point .•.••..•....•••••.•....•..••••.•.••. ! •••• do ...•••••.•.• 
Saughkonnet River, eastern part .••....•••••.••••.••... ! •••• do .•••••••••••. 

Mount Hope Bay, part of ......••.•••.•.•.•••.••••...••. i .... do ··········-··/ 
Mount Hope Bay, northern part ..•....••••..•.•..•••• · I· ... do ...•••..••••. 
Warren .•••.••..••....•••..•••..•••.•..•••••••..•..••• ] .••. do ....••••••••. 1 

BristolNeek. (See SIIB) •••••••••••••••••••••••••••••••. : .•• do ..•••••.••••. 

Monnt Hope and Bristol Baye, part of. (See 956) ······I· ... do ...••••.••••. 
Part of shore-line of Narraga.ooett Bay and Providence j .... do •.•••••.••••. 

River. 
Shore-line of part of Providence River .•.••..•.••.•.••..... do ..•••.•...... 

City_ o.f Providence, wharf-line .•••••••.•....••.••••••• · 1· ... do .••••••.••••. 

!:°~:~ku!i:':e::;,;~h~~rN~~~~~,;.;~~~;;;,;.:;~d:· :::!: ::::::: :::::: 
Ing Greenwich Bay and Hope Island. I 

Town "of East Greenwi<lh and vicinity .•••..••••••••••..••. do .••••••.••••• 
Prndence llll&nd, NarTBgansett Bay . • • • • • • • . . . • • • . . • • . . . .. do ... __ .•.•..•. 

Prud<>oce Island, Namagansett Bay. (S~ 10S4) •••••••..••. do ••.•••••••••. 
Iahmd ef Rhode Island, northern part .•...•.•.•.•.•..•..... do ..•••••.•.••. 
Shore-line of the weatern side of tbe weatern pamage .•.. do ..••••.•••••. 

of Narn.gao&ett Bay. 
Cooanicu.t, Dutch, and Goold !&land& ..•••••.•••••.••••..••. do ..•••••.••••. 
Conanientialand,partorNarrag...,seUJJay. (Seell19) ... do····-········ 
Coast of :Rhode lallUld, from Croea lt:llla easiward .•••...... do ..•••••.••••• 
Cout of :Rbod<i Ialand, from Croaa Milla to Weet Pond. • •. do ..••.•.•••••. 
Newport and vicinity •••.•.••..••••.•••••••••.••.•••••..••. do •••••••.••••• 
lll~t :Bay, inolu.Ung Coaeter'e lelaud Harbor .••. do •.••••••••••• 

and atllacent ebnretL 

Seale. 

1-10, 000 
l-lfl, 000 

1-10, 000 
1-10.000 

1-10, 000 

1-10, ooo I 
1-10, 000 

1-10, 000 

1, 10, 000 

1-10,000 

1-5, 000 
1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 
1-10,000 

1-5, 000 
1-10, 000 I 

1-10, 000 

1-10,000 

1-10, 000 

1-1-0, 000 

1-10, 000 
1-10, 000 
1-10, 000 
1-10, 000 

1-10, 000 
1-10, 000 

1-10, 000 

1-10, 000 

1-5, 000 
1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 
1-10, 000 

1-10, 000 
1-10, 000 

1-10, 000 
1-10, 000 

1-10,000. 
1-S, 000 

Date. 

1851? 

1846 

1846 
1846 

1846 

UN6 

1846-'56 

1845-'53 

1853 
1845 

1845 

1845 

1845 

1844 

1844 

1844 

1874 
1861 

1867 
1861 

1844 

18'!0 
1870 

l~l-'65 

18tlS 

1~ 

18tl4 

181l!i 
11!63 

1863 
lt!fi7 

1865 

1863 

1869 
18115 

18&.I 
1870 

1863-'6!1 

1860 

1861 

lfl'l'2 

lll'r.l 

1871>-"1 
1!!62 

Topographer, I Registered 
number. 

A. W. Longfellow .. - ••.... 
W.M.Boyce .......••.... 

. ..••. do ..••••••..•..•..•• 
. ...• do ..•....•......•.... 
H. L. Whiting, W. E. 

Greenwell. 

H. L. Whiting •••..••.••• 

. ...•• do .••••••...•.••..... 

. ..•.. do ...•..••...•.•..••. 

. •••• do .••••••••.•.••••... 

W. M. Boyce, H. L. Whit· 
ing. 

H. L. Whiting ...••••..... 
W.M.Boyoo ...•.•........ 

. .•••• do ..••..•••••••••..•. 

H. L. Whiting •....•••.•.. 

. .•••• de .•••.•••••••••••••• 

• •..• do .•••..••.••..•.•.•. 

. ..••• do .•••.•••.•••..•.••. 
I W. M. Boyce ....•••.•••••. 
' A. M. ll&niaon .•••..•..•. 

..... do···············---: I 
• •••• do .•••.••••.•. ·•··•·· i 
A. M. Harrison, r: ([ F. 
West. 

a L. Whiting .•.....•••.•. 

Charles HoeJDer ..•..••.... I 

..•.•• ilo ···:···············! 
A. M. Harrison ...••••••.• · 1 

. ••••. do .•••.•••...••..•.•. 

..•••• do .••.•.•••••••••.... 
A. M. l:Iarriaon, C. Roamer I 
.1.. M. Harrism •..•••..••. · I 
.•••. do ···················1 

. ••••• do .•••..•••.•.•••.••. 

• •••• do·················-· 
..•••• do .••...••..••...••.. 
.••••• do ..••..•••••.....••. 

..•••• do·················-· 
. •••• do .•••..••..•••••.••. , 

::: :::: : : : ::::: ::: ::::::::I 
••••• do ···················1 
••••• do •••••••••••••••••• 

. ::: :::: : :::::: :::::: :::::: ! 
••••• do .•.•••••••••••••••. ! 

J 

...... <lo ••••••••••••••••••. ) 
H. L. Whiting ..••..•••••• · j 

356 

~J 

318 

289 

206 

203 

437 

lJl2 

191 

100 

195 

194 

193 

183 

1313 

885 

JO;;;J 

886 

180 

1161 

11!;6 

884 

lo:l4 

WlO 

11:16 
SSS 

913 

914 
1041 

978 

912 

1-079 
!OM 

887 
1162 
fill 

1119 

898 
l!l71 

13U 

1191 

t!69 
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&ale. Date. Localities. I Staie. I 
Entrance to N arraganaett Bay, Ea.stern Rock to Bcave~ I-nh~c Iol1>nd ..••. 1 ___ --

Tail. 

lslllnd of Rhode Ieland, from Black Point to Easton .••. do ......••...•. 

1-10, 000 18H 

1-10, 000 1870 
Point. 

Part of the west shore of Rhode Island, from Codding- .•.. do ......•.•.... 
Wn Cov13 northward. 

Part of the west •bore of nhode Lsland, from Bristol .•.. do .•......•.•.. 
Bay sonthWl\rd. (See 1162.) • 

Narragansett Pier to South Ferry .......................... i •••• d.o ............. .. 
J<'rom McSparrai Hill to Point J"udith .....•.••...•..•. 1 .... do .••.....••... 
From McSparran Hill to Ti!I"s Hill, (interior) ••••.•.....••. do .•••..•..•••. 

l!"'rom Point Judith to Noyes' Poiut --··················l···-Uo ...... . 
Fr01n Tiff's Hill westward, (intt!rior). ___ .. ----- .. --- --·I ·---do ..........•• .: 
Point .Todith and vicinity.............................. • .. do .•.•...•.•••. ] 
Kingston, from Fairbanka's Cat northward .................. do ...•..•.•.••. 
Joahua Champlin Fairbanks• Cut to Saud Hill wuth- ____ do ....... ·----. 

ward. 
lllock !&land ............................................... do .•••....•.••. 
From Big Hill to North Sto-nington, (interiol') .... ·----. -~--do . ---- ... ____ . 
M.iJltown aud interior, from Norr 11 Stonington to Niantic Connecticat ....... . 

Village. 
North Stonington and interior, from Eel's Hill to Qua. ___ .do .•.•....•.... 

quotogue. 
From Fort Hill to :Mystio Ri<er .••...........•.....•••..... do .•••....•••.. 
From Myatic Bridge to Noyes :Xiv-er on Fisber'g Island .... do_ ...... ···--. 
}l~roru Lantern Hill to Thames River. ........... :· .............. dQ ................. . 
From Fort Hill to Bia~"- Point, inolu1liug Niantio llay ...•.. do ...•...... _ .. 
New London Harbor,e&stern shore of Thames Ri'\·er.. . •.. do __ .... _ .. ____ . 

Tha-mes River, western eh-ore ............... .-.................... do ................ . 
Thames River, (con tinned) •.•...•.••....•...........•...•.. do .....•..••... 
ThamesRiver,fromNewLondonto Mohican ............. do .............. . 
Thawes River, ('tboma...-ille and city of Norwich) ..••...•. do .•.•.••.•.•.. 
Navy-yard near New London ...••••....•.•....•..•••...... do ...•......•.. 
Between Niantic and ThamesRiverE11 (interior) _______ ...... do-·-----·----· 
From Niantic River to Lynn City, (interior) ..•......••..... do ...••••.••••. 
From Lynn City to Westbrook, (interior) .•................ do .•.••••...•.. 
From Black Point ta Cornfield Point, month of Con- .... do .........•... 

ne-0ticut River. 

1, 10, 000 1862 

l-10, 000 1861 

1-10, 000 : 1860 

1-10,000 I 1839 

~=~:: ~~ 1--... ~~;~ .... 
1-20, 000 ', 1839 

1-10, ooo r 1s11 

1-20, 000 1840 
1-20, 000 1840 

1-10,000 
1-10, 000 
1-11/, 000 

l-10, 000 

1-10, 000 

1-10, 000 

1-10, 060 

1-10,000 

1-10, 000 

1-10, 000 
1-10, 000 

1-10,000 
1-10, 000 

1-1,200 
1-10, 000 

1-20, 000 

1-20, 000 
1-10, !JOO 

1839 

1840 

1840 

184-0 

1838 

1839 

1839 

1838 

18~6 

1816 

1841 

183Y 

1874 
1869 

1839 

1838 

183tl 

18.18 

Mouth of Connecticut River........................... • •. do............. 1-10, 000 1850 

l83l:! From Cornfield Point to Ham111onasset, Saybrook. and .... do ..... __ •.. _.. 1-10, ooo 
Clinton. 

From EllS<lx to North Killingworth, including Clinton ...... do............. 1-10, ooo 
From Nortl1 Killingworth t.o North Hill, East Haven, .... do............. 1-10, ooo 

and llammonasl!<'t. 
From Rammonasset Point to New Ha.ven ........................ do ................. .. 
From New Haven to .Fairhal'en, Catron's Rock, and .... _do _ .. _ ..•.. _ .. . 

"Wbitneyvllle. 
New Haven Harbor .•••..•...••.••......•.•....••••••...••. do •.••.•••••... 
From West Haven to Black Rook, (oound shore) ..•.•.•.... do ..•••••...•.. 
From Cheahire and Mt. Carmel to Tashua and Mer-vin ..... do ••••.•••••... 
From Tasbua westwud, Chestnut Hill to New Canaan ..... do ••••.••••••.. 
From Centre Redding to Wilton, east of Ridgefield.... . .•. do .....•...... _ 
From Bridgeport to San;:atuck, Sherwl>\>d, and Gorham .•• ,do .•••••••••••. 
From Black Rock to Norroton ••••.. .•. .•••. .• .•••. .•. _ •.. do ..••••••..... 
From Saul(atuck and Westbrook to Do.ri&n, (interior) ...... do .....•.... _ .. 
Sea11.eld and vieinity, {interlo<) •.••..•••.••...••••••••....•. do •...••••..... 
From Round Hill to New Castle, {lnterioT) ...••••••.••...••. do •••.•••••.•.. 
From Darien to Glenvillfl and ll1>rt0e Neck ...••••.•.....•.. do .••••••..••.. 

From N"noten Point to Delancy'• Point. inclnding Rye ..•. do ..••.•••..•.. 
Lake Champlain, from White's Landing to.A.pple Tree Vermont .•••••.•.. 

Point. 
Lake Cllamplaln, including eity of Durlingtoa .••••.••.••.• do ••••••••••••• 

1-10, 000 

1-10, 000 

1-10, 000 
1-10, 000 

1-20, 000 

1-10, 000 

1-20, 000 

1-10, 000 

1-10, 000 

1-10, 000 
1-10,000 
1-10,000 

1-10,000 

1-10, 000 
1-1-0, 000 

1-lD,000 

1840 
1839 

1838 

183$ 

18751 

1837 
1e3p_·40 

1839 

1810 

1838 

1835 
1836 

1839 
1839 

1838 

1836 

1870 

1872 

Topographer. 

W.M.Boyce ............. . 

H.G.Ogdcn ..•....••...... 

A. M. Harrison .•••••...•.. 

. .•.. do--··- ............ . 

. ••••. do .•••......••.•..•• 
J. J. S. Hassler .......... . 
.•••.. do ••...•.••••....•.. 
. •.•.. do .••...•....•..•.•.. 
..••.. do .••......•........ 

A. M. Ilarrioon .•..•....••. 
J.J. !:l. Hassler .••......... 

. •••.• do .•••..••.•......•. 

. ....• do·-···········-····· 
F. H. Gerdes .•••••....••.. 

.•.••.. do .•.•..•••••....... 

. ••••• do .••...•..••••...•.. 

Charlss Renard •..•..••••. 
F.H. Gerdes .•••.•. -··.···-

. •.••• do .•....•.••......•.. 
Charles Renard ...•.•••••. 
J.B. Gliick .••• , ••••....... 
.....• do .••...••••••...••.. 
F. H. Gerdes .••••...•..••. 

.....• do ..•........•....••. 
H.G.Qgden .••••....•••••. 

. ..... do .•••..•.••...•..•.. 
F. H. Gerdes .•••••..•..••. 
Charle• Preuss .••.•.•.••• 
J. J. S. Hassler .•.....••... 
B.F.Sands ...•.•....••.•.. 

H. L. Whiting ..••.•..••••. 
.r. J. S. Hassler .......••... 

T. W. Werner ..•....•..••. 
•.•••• ilo .•••••••••..••••••. 

Registered 
nuw~r. 

182 

ll63 

e96 

897 

1118 

!n 
93 
91 

91 

1226 

12~ 

129 

90 

126 

l'l:l 

124 

65 

88 

89 
6( 

85 

84 

87 

86 

1359 ab 

1107 

83 
78 

79 

8l 

130 

105 

W. M. Boyce.............. 8".! 
.Tohn Farley.............. 76 

R. ll:. Bache............... 1296 
C. M. Eakin .••....... :.... 22 
T. W. Werner............. 1116 
T. A. M. Craven........... 107 
JI.L.Diekens............. 131 

T.A.:M.Crav.n ... .,...... M 
C. M. Eakin............... 19 
'l:. A. M. C!'aven.. •• . •.•• .. 50 

.••••• do .• ···-· •••••••• •••. 108 
. .•••• do . • ••. ••••••. ••••••. 109 

..•••. do··-·····-·······--· 4ll 
G. M. Eakin............... llO 

F. W'.D<>rr................ 11814 

H.G.Ogden .............. 11811> 



 

THE UNITED STATES COAST SURYEY. 95 

APPHNDIX No. 7-Continued. 

Localities. Stat.e. Sea.le. . Date.. ! Topographer. !Registeretl 
1 \ \ number. 

Lake Champlain, from .Apple Tree Point to Hog Back 
l•land. 

Lake Champlain, from Trem bleau Point to Port Jackso1 
Lake Champl.aiI1, from Trerubleau Point to Ligonier 

Point. 

1---i-------1 ' 
Vermont.......... 1-10,000 i 1870 IF. W. Dorr ................ I 1182 

::::: :::::::::::: ~=~:::~II ~:~ Ii.~:::.:~-~~~-~~~~~~~-· ~::~ 
Lake Champlain, vicinity of Plnttslmrg .............. New York........ 1-10,000 1870 , Cha.rlcs Hosmer.......... ll84a 

Lake Champlain, \"icinityof Plattslmrg .................. do............. 1-10,000 1872 I ~-G.Ogtlen ............. .. 
Lake Champlain, vicinity of Plattsburg ...•........•. Vermont.......... 1-10,000 1870 Charles Hosmer ..•.••... 

llBH> 

1186 
LakeChamplain,YkinityofMallet's:Bay ..•........••..•. do ..•.....••••. 1-10,000 1871 l······do ................... , 1205 

Lake Cbampla.in shore-Jine surv-eys ••• - - •. ----- -- ... - - . - .. <lo - -----· ---·-. 1-10, OUO 1871 1·. ------·. -.ddoo . ·.·. -.·.· •• · -.·.·. -. --·· _··_·_-_ -.. , 
1
1;::u

7
• 

Lake Cbampl11in •horn-line surveys................... . ... do ..•.•.•....•. ) 1-10, 000 1871 •v 
Lake Champlain slwre-Jinesurve;-s ....................... do............. 1-10,000 1871 

1 

..... do ···-··············- 1203 

LakeChamplainshore-Jlncsurveys .•.......•.......•..•. do............. 1-10,000 1871 ...••. do.................. 1209 
LakeCbamplain,1romCumherlandilc .. dPointtoPoint- New York ...... I 1-10,000 1871 I ILG.Ogden ............... ' 12l7 

au-Roche. 
Lake Champlain, the Gut acd Poict-au Roche .......•...•. <lo............. 1-10, 000 1871 ..... do................... 1218 
LakeChamplain1 fromJ>oint-:10-RocbetoLongPo-int ... ___ do .. _. _________ 1-W,000 1 1S11 I -----do ....• ------·------' 1219 

Lake Champlain, La Motte <Lnd .Allmrgh Pa•sages.. .. .. •. <lo . .•.. ........ 1-10, 000 hnl j ...... do , ...••..•.....•.... 
LakeChamplain,fromlHle:La.Mottetoboundary-Hne ...... do ...•••••••••. 1-10,000 1:371 

1 
••••• do- ..•••.•.•..•.•••••. 

Lake Ghamplaio,par! of .Missi•<Juoi Bay ..•••••.....••. Vermont......... 1-10,000 1871 

J,ake Champlain, MissiS<]uoi Bay son th of bonndary-llot ... do ..... .• ...... 1-10, 000 

Lake Cbmnplair., part next to Jones'• Point subslieet .. Ver<Dont and New 1-10, 000 
York. 

Lake Champlain, Bluff Point to Point Kemp .............. do ........... .. 
Lakfl Champlain, Fort Ticonderoga ...... ------....... . .•. do_ ...•. ------. 
Lake Champlain, Plumes Point to Kirby ..••.•••.•..••...•. co ............ . 
Lake Champlain, Kirby to Chipman's Point .••......••.... do ..•••.•.•.... 
J ... ake Champlain, Chipman's Point to Light-House No. ._.do_···-·· ..... . 

10, Light-House No.10 to Wl1iteball. 
Lake Champlain, Sexton's Point to Hill's Point, (Four .•. do ........... .. 

Brotbera.) 
Lake Champlain, from Essex to Split Rock, Split Rock ..•. do ........... .. 

to Dickers"On's Poiut. 
Lake Champlain, Dickerson's Point to Potash Point, ..•. do •.•.•••.••.•. 

Elm Point to Crown .Point. 
Fiaher'sl•landandothersadjacent, Long Island Sounrl New York ...... .. 
Plum !eland and Gall I.land, J;0ng Island Saand ...••..•. do ....•••...... 
Ge.rdiner'd Island, Long l•land Sonnd ....•.•••......•....•. do ..•••.•.••.•. 
Sag Harbor, Gardiner's Bay, and Three Mile Harbor .....•. do ..•.•••.•••.. 

Cooper's Hill and Oyster Pond Point ....................... do ............ . 
Shelter bland, Peconic Hoy, Long Island Sound ..•..••...•. do ............ . 
North Peconie Ray, from Catehor1ue to Halleck'• Poiut .... do ..•...•..•... 
Pecouio Day; from Noynok to Sa;; Harbor .................... do ....•........ 
Peconic Bay, Riverhead to Little Hog Nook ..•....••.•.•. do ............ . 
P~nic Bay, Goo<l Ground to Noyaek ..................... do ............ . 

Old Lauding, Cooper's Hill, a.nd Cypress PuinU. . • • . .•• .. •• do ..••••••••••. 

Friar's Head, Rivllr Il<>&d, and Old Landing .............. do ..•••••.••••. 
Smith's Point to Good Ground and Inlet West ............. do ..•••••••.••. 
From Rnland'a to Riverhead, (interior)................. . .. do ...•.••....•. 
Drowned Meadow Ha.-bor, Monot Mioery, and Friar's l ..•. do ..••••••••••. 

Rud. 
Setauket City and Drowned Meadow, Old Field Point .... do ............ . 

and Mono& :Mi11ery. 
From Stony Brook to Drowned Meadow, (interior) .••••.••. do ..••••••••••. 
From Old Field and Setanket to Stony Brook •••..•.••.. ,.:do ..•.•••.•.... 
From Smithtown to Stony Brook, (interior) .••••. ···-·· .... do ..•••••...... 
Frvm West Hille to Ruland's .••..•.•••.••••••••.••.••...•. <lo ............ . 
West Bills a.nd vieinUy, (i11terlor) ......................... do ..••••••••••. 
NiMaquaqne River, SmithtoYD, aod Stony Brook ..••••..•• do ..••••••••••. 
lfed Hook, Bread and Cheese Hollow, and Smithtown, .••. do ..•.•••.•..•• 

(lnserior.) 

ltatoa'a Neck to Smlthtowa, (lotc1ior) .. •• ••••• ........ • •. do ............ . 

1-10, 000 

1-2, :iOO 

1, 10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10,000 

1-10, 000 
1-10, 000 
1-10, 000 

1-10, 000 

1-IO, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10,000 

1-IO, 000 j 
l-10,000: 

1, 10,000 ! 
1-LO, 000 j 
1-20,000 ; 

1-10,000 

1-10,000 

I 
1-20,000 
1-10, 000 
1-HI, 000 

1-20, UJO 

1-10, ooo I 
1-10, ooo I 
1-10,000 I 
1.10,000 I 

l~il 

187J 

1873 

1874 
1874 
1874 

1~74 

1874 

1874 

1~74 

1338 

1818 
1838 

1838-'~6 

1838 
1~38 

1838 

1838 

lil38 
1838 

1B38 
183B 

1833 
IBJ<l 

1838 

1837 

1837 
1837 
1831 

1831 
1SJ6 
1837 

1837 

lS.17 

...... do ....•.•....•.....•. 

..•.•. do .................. . 
.••••• do ...••.•.•...••••••. 

.A.. Braid .................. 1 

I :::::~: :::::::::::::::::::! 

I

I ••••• do ................... . 
. ..••• do .................. . 

I 

, C. T. fardella .••...••...•.. 1 

. .... do ................. .. 

I 
..... do ................... ! 

F, Il. Gerdes ............ .. 
• ••.. do .................. . 
T. A.Jenkins .......... . 
T. A. Jepkina anu J. B. 
·Gluck, 

.1.-. H.Gerdes ..•.....••••.. 

T. A.Jenkins--·· 
.•.•• do .................. . 
.•.•• do ................. .. 

.•••• do ................. . 

...•. do ....•.••........... 

F. H.Gerdes ............ . 

~-~~;~:_~~~~~-~~::: ::: ... 1· 

H. L. Dickens .•.....•.•.. 
}"'. H. (}erdea .•...•.. ~ •... 

• •••• do .••.•••.•••••.•.••• 

Charles Preuss .•.•.•.. - - - . 
F. H. Gerdes ............. . 
...... do .•••.......••..•... 
H. L. Dickens ....••....... 
. .... do .................. . 

F. H. Gerde• ............ .. 
Charles I'reaea .••••••••••• 

f F. Il. Gerdes ............ • · 

12'i2 

1223 

1319ab 

1320 

1360a 

1:!601> 

1360c 

13Glab 

136Gab 

1367 ab 

136ea/! 

72 

55 

69 

68 

71 

f7 

70 

51 

5'.I 

53 

77 

si 

43 

:ll 

4~ 

45 

44 

3J 

41 

!!9 



 

96 REPORT OF THE SUPERINTE:NDENT OF 

APPE:NDIX No. 7-Contiuued. 

Localities. State. 
--s-ca-,:---D-a-te-.--1, - ~:::_h_e_T_--- -~;~.~~: 

number. 

From North Port to Red Hook (interior) .............. New York ..•••••. 
Cow Harbor, North Port1 and Eaton's Nook. - ........ - - . --- .do -~--- .. ·-----· 
Lloyd'11 N..:k to East Neck and Lloyd's Harbvr .••..••..•.. do ..••••• ······I 
Huntington Bay .................................. · ........ do .•• • • · · ····"I 
oy8ter Ho.y, Cold Spring, and Hog l&)and ........... ·•· .. · do ............ 1 
Glenco~e to Oyster llay (interior) .......................... do ........... . 

From Cold Spting to Glenoove .••••...•.••..•.•••.••••..••. do .••••.•. ·····1 
From Hog Isl1U1d, Matinicock Point, and Red Spring ..... do .••.•••..•••. 
:Matinloock and Hempstead Harbor ........................ do ............ . 
Cow Neck and !'fanhaooit ............. • : ••• ................ do ............. [ 
From Great Neck to Bowen Station ........................ do ....... ----·· 1 

Hewlett'• Cov•" Wilkins' Point, and Great Bay ............. do ............ . 
Rye Point., Delaney's Point, and Rodman'• Nook ........... do ............ . 
From Horse Neck to Rye .................................. do ........... .. 
Frow Hewlett's Cove to Brooklyn ......................... do .•••••••••••. 
Throg'a Neck to Rodman'• Point .••.••••••••••••••••• _. .... do .•••..•.•••.. 
Throg·a Neck to Harlem River ............................. do ............ . 
Harlem Rivtr, """t aide, from High Bridge to King's .••. do .•••••••••••. 

Bridge. 
Harlem River and Throga Neclt ............................ do ........... .. 
From Tbrog'• Neck to Ward's Island ...................... do ............ . 
From Little Neck Bay to Flushing Bay ••••••.•..•••••..••. do ............ . 
From Flnahlng Ba.y to Hnoter'e Puint ..................... do ••••••••••••. 
Hell Gate and vicinity ..................................... do ............ . 
From Hell Gate to Brooklyn ............................... do ........... .. 
Wanl'e, Randall's, N. and S. Brothen, and Reeker's .••. do ••••••••••••. 

islands. 
l'art of Brooklyn, inclodiog Williamelmrg &Dd Green .••. do ............ . 

Point. 

1-10,000 
1-10,000 

1-10,000 
1-10,000 

1-10,000 

1-10,000 

1-110,000 

1-10,000 
1-10, 000 

1-10, 000 

1-10,000 

1-10,000 

1-10,000 

1-10,000 

1-10,000 
1-IO, 000 

1-10,000 

1-10,000 

1-10,000 

1-10,000 

1-10,000 

1-10, 000 
1-5,000 

1-10, 000 

l-5, 000 

1-10, 000 

Reconnai818nee of Brooklyn, Williamsburg, and Gr""n .... do............. 1-10,COO 

Point. 
New York, Brooklyn, and vicinity ......................... do . ••••.• •••••. l-lG,000 

Longleland (interior) between Brooklyn, l!'lnabing, and .... do . ..• . .. ...... l-10, 000 

Jamaica. 
From Brooklyn to Jamaica .•••••.•••••••••••••••••••.•..•.. do .•••••••••••. 
From Brooklyn to Fort Hamilton acd Gowaon~ Island .... do ............ . 
Vicinity of Gowaoue Bay .................................. do ............ . 
Vicinity of Gowanoa Bay .................................. do ............ . 
Gowanua Bay and vi<..~nlty. ~--··· ••.••••••••• •.••••• •• . ••. do .••••.••.••• 
From Gnwanua Bay to llaUl ................................ do ............ . 
From Fort Hamilton to CODey JBland ...................... do ............ . 
Coney leland and Dead Horse Inlet ........................ do ••••••••••••. 
Fro1u Coney Iola11d to Rooli:away Pa.-illon ................. do ............ . 
Barren Island, Roekaway lleach ............................ do ............ . 
Part of Far Roekawoy, Long Iolarid. •• • •• •••• •• ... •••• . ••. do ............ . 
From Newlet'a to Jamaica and Blekeville .................. do ..•.•..•••••. 
Rickaville and Jamaica., Brusbville &Dd Mfitham ........... do ............ . 
From Babylon to Fire Ialand and Roekaway .. ••••• ••• . ••. do .•••.•••••••. 
Weot end of Fire Island Beach, \'lelnity or Bay Shore .•.. do •••••.•.••••. 

and I&llp. 
Fire 1,Jan<l Beach (a) .••••••• •• •• •• •• .......... ••• •• •• . ••. do ............ . 
Fire :Uland Beach (b) ....................................... do ............ . 
From Babylon to Patchoqne a11d George's Neck ............ do ........... .. 
We•t end of Fire Iallloll4 to Watch Bill(copy). ............. do ........... .. 
From Patchoqne to Smith's P<>lnt •••• •• •• • • • • ••••••••• . ••. do ••••••••••••. 
Iallp and Blne Point; Vlelnity of Pateboque ............... do ............ . 
SouLbamp-. interier or Lonp; le)and ...................... do ............ . 
From Good Groand to Eaat Hampton (eoutbern ahorel. .••. do •••••••••••• , 
llridge HN1ptoll to Aeabomock and East Hampton •••..••. do' .•••••••••••. 
Neapeague to Ea.at Bampwn ............................... do .•••••••••••• 
:Neapeague Bay, vieiolty of Amag1uu10tt, Leng leland .••. do ........... .. 

.-..,nit bland, from llontauk Pc!utto N~apeaguo llay.. . ••• do ............ . 

1-20,000 
1-10,000 

1-10, 000 

1-10,000 

1-10, 000 

1-10, 000 

1-10,000 

1-10,000 

1-20,000 

1-20,()()(J 

1-9,e:l3 

l-20,000 

1-20,000 

l-20,000 
1-10,COO 

1-10,~ 

1-10, 000 

1-10,0::0 

1-10,000 

1-10,000 

1-10,000 

1-10,000 

1-10,000 

1-10,000 
1-1<>,0()(l 

1-10,000 

1-10, 000 

1837 
lf37 

1836 
1837 

1837 

1838 

1838 

1837 

1837 

1a31 
1837-'50 

1837 
1837 

1838 

1837 
1837 

1857-'59 

lll39 

1837 

1"55 
1858 

1858 
184H 

1855 

1857 

1859 

1863 

l!l55-'57 

1862 

18J7 

1837 

1856 

1800 

1856 
185S 

183S 

lllSS-'Sll 

1835 

·-------------
li!GO 

1837 

1837 
1835 

1813 

lST.l-'74 

1874 

1Sa4 

11!34 
1835 

1874 

11138 
ll'38 

1838-'46 

18!18 
184.5 
1S38 

I 

I 

Charles Prenss .......... .. 
F.Il.Gerdes ............ .. 

.••••. do ................. .. 

.•.••. do ................. .. 
...... do ................. .. 

Charle• Pren"" ......... .. 
T . .A.Jen kins ........... .. 
F. H. Gerdes ............ .. 
..... do .................. . 
T. w. Werner. ........... . 
T. W. Werner and H. L. 

Whiting. 

Charle• Renard .......... . 
C.M.Eakin ............. .. 
T. A. M. Craven .......... . 
Charlea Renard ......... .. 
W.M.Boyee ............. . 

'F.·w.Dorr ............... . 
C.Rockwell ............. .. 

Charles Re11ard .......... . 
F.H.Gerdes ............ .. 
C. Rookwell ............. .. 
H. L. Whitin~ .......... .. 
.. .... do .................. . 
F.B.Gerde• ............ .. 
H. L. Whiting .......... .. 

F.W.Dorr .............. .. 

F. H. Genies ............ .. 

A.&.,.hke .............. .. 
H. L. Wbit\ng ••••••••••••. 

T. A. Jroiki11s ............. 
Charles Rena1d ........... 
s. A. Giloort .............. 
..... do ................... 
..... .<lo ................... 
.••••. do ••••••••••••••••••• 
Charles Re111U'd ........... 
S. .A. Gilbert .............. 
Char lee ltenaro ••••••••.•. 
S. A. Gilbert .............. 
.F. W. Dorr .•.•.•.•••••••.. 
T. A. Jenkl1u1 ............. 
••••• do ................... 
Chariea Renard •.••••••••. 
C.Homaer ................ 

••••. do ••••••••••••••••••• 
••••• do ................... 
Charle& Renard ••••••.•••. 
.••••• do ••••••••••••••••••• 
.••••• do ••••••••••••••••••• 
C.Hoemer ................ 
T. A. iJenkla.. ••••••.•••••. 
Cllarlea Benat.i .•••••.•••. 
T.A.Jeakiaaaa4'J.B.Wlld 
Charles Rentd ........... 
W.ll. Boyce .............. 

, B.F.&wds,C.~ ..•. 

ll3 

Ill 

25 

39 

fi6 

26 
ll7 

34 

3:J 

15 

488 

605 

!IC8 

115'3 
483 

tr/5 

311 

)ll 

5911 
598 
597 

487 
5 

51!6 

4 
:;35 

79e 
31! 

31 
3 

13U 

137:1 al> 

l 
419 

ll 
137! .... 

T.l 

59 

n 
00 
Ill 

62 



 

TilE l!:NITED 8TATES COAST SURVEY. 

APPE~DIX No. 7-Continnctl. 

Localities. State. 

Slateu ll'llaml . ---· ...•......•.. _. __ . _ ..•••.•..•.••.... ~ Ne\.Y York ..•.•... · 
Tumpkiusville,St.iteul!ilam1. {~ee:No.9) ............... do ..••.•....••. 

From New Brigllton to Great. Kills.Staten Is1anll ...... ; ... do ..........•.. 
Staten Islan.rl, frnm New Brighton to .Fresh Kills ...... j ... do ..•.......•.. i 
RaritanBay,fromGrt>at-KHhtoWartl·f'lpoint ....... ' .•. do ..••••...••.. : 

Stllteu I la.ml, frnm "·..-ar<l's Point t-0 Grrat Kills.... . .. do. 

Nortltwest.flr111.osHhnof 8tat.._h IMland and Iier~en Point: .. tlo 

Gov-ernor'~1 ElliR'i:-1, aml Betllot"'8l:-J~a1111H .•.•.•.•.•.•.••. : ••. <lo ...•..••.••• i 

Ilellloe'1;and Ellis'H Island."', New Yvrk Har!Jor ........ ,1 __ do··---··-----· 

New York CiL._v and MauJiaLtau Ishuul. ·----- .. __ .•. '. __ .do .. __ ... _. --- . 

l1auh.a.ttan Islau~l, Eastern part of Ke« York City to ... do .. -- - .... --- . 
\\'"est Farm!-i. 

l.lunh.attan Islan<l. from )lac-ornb's Dam to S.p1ytc11 

Dn;p.-el CrePk, uud tral'ing. 

From Commn11ipaw to Palmipaw ·--- -· .•••....•..••.. 
Hudson H.irer. from Jersey Git,\' to Gutten~ursr ..... . 

llmlsou Riv-er. froru Guttenburg io Tubbs hook ...... . 
JI1.11lsoa River, Gnttenhurg to J~r.se·y City .... --- .•. 

Hurl.sou River, from Bulls' Furry to }'urt \Va~hingtou. 

Hulsou RiV"er,froru Spuyt.en DnyvelCrcek toYonkel's: 

llmlson Iliv-er, from Spuyten Duylel Creek to Fort 
\Va.shington. 

Hadson Rin~r. from Spuyten Duyvel Creek to Soun cl-
ing i:•oiJit. 

.•. <lo ........... -.. 

. .. do ·----····-·· 

.,.do ·-·······-·· 

. .. do ·······-----· 
·- .lfo ... -~ ... ---.. 

.•. do .............. 

... do ····-····----

••. do ··-······---· 

••. <lo ··--·-··-----

' 

Ha<ll"\oo RiYer, Kiug"s Brit1::i;e antl Yicinify .•.•••.•••... 

From North Castfo to IIu-dR<m Ri\'er at. Tanstown .. 

... do ............. . 

... tlo -----···-----

}'rom Fielil We8t to RomHl Hill ....... ···---·---- ... . ... do.·----- ...••. ' 

Il1ul.Af>n Rivor, Green&b11r~h an-d viciuity........... ... . .. do .............. , 
Ilml.erm Hh•er, from rookerstolla.stings ........... I ••• do ................ : 
Hodaon Ri,•er~ from Ilaetiags to 'l'a.rrs·town ... ·-· .•.... l .... clo . ·-·-· ....•.. , 

ll1uhon River, viciuit.y of Go<lwini!Jville .---- .. --- -- .. -1 ··.do····--- -- ----
Hutl.,l)n lUver, Hastings to Irvington ........................ do·····-·····-· 
HudsonRi,·e.r, f1·omlr,,.·ingtont.0PaulusHo.::kMountain 1--.rlo -·-·--· ·-----

1 
Ilmlson ll.h·er,from Sin_g Sing to Stony Point......... . .. do.·-·-····---· 
H11rlGOib Ri\"'e1'1 1'ar-ryt<twn to Croton .................... [ ••. do ............ - •• i 
Rud.son H.iver,from nea.r Tarrytown to Cr·olon...... I ... do .............. .. 

H;~~:rs~,'.::· west siJe, from llook Mouutain to, ... <lo ............. 
1 

Bltds()n River.from Croton PvinttoBakcr·'H Hill alld ... do ............... : 
Bald Hill, i 

Hull~un Riv-er,fromHavcrstra.wila.ytoAn1liony'sNo-se ... tlo ................ i 
llud~on River, frmu Antbon:fd No:to to Cold Spl'iug.... - .. du ..•..•....••. · 
Ilud•oo River, frum Cold Spring to Newbm·gh ............. do ..•.••....••. i 
Ronno11t Creek......................................... • .. <lo ............. 

1 

E•opno Creek ........•.....••.•.••......•.•..•..•.•....•.. do ............ .. 
Iludaou River, from New Bal.intor-e t-0 Ten E,.yck ....... ,, .. do ............... . 
Hndeoo. River1 above New Baltimore ........•...•.••.•.... do ..••••....•.. ! 
llndeon lUver, from Aluany, No. I .•.... .•.. ... •.... .. . .. do .••••••...••• 
Ilm180n Rlver1 from Albany. No. 2 ......................... do ............. . 
Ilmleon River, from Allurny, No. 3 _ ....................... _.do .. ---- __ ..•.. 
J<'rom Fort Lee to Jersey City .......................... New Jeracy .•..•.. 
From ~Ter-&ey City to Caven Point ..................... _ ..... do . ·-·--· ·-·--· 
}'rom Fort Lee to Boornper"s Neok ......................... do ............ . 
FromNorthScalenl>urgto PasoaicRi~or ................... do ..••••..•.••. 
Passaic River and Newark Nook ........................... do ........... .. 
From Paterl!Oll to Weasel, (interior) ......................... do - ..•••....•.. 
J<'rnm Wo>aHCI 'Mount to Springtiehl, (inl<lrfor) .•.•........... do ...•..•...... 
Springfield, (interior) .•••...••...•••••..•••••••.•••..•...•. do ..•••••.•.••. 
Bergen 1'"6k to Centrevi:le to New Jersey Railro!Ml ..•..•.. do ............ . 
From lfacltensack to Newark and lWmbAt.htown .•........ do ........... .. 
From Hacken"8<lk to Paterson, (interior) • • . • • . . . • . . . . • • do •...•• - ...•• · 
)Vuatei:u JNU·t of Newark Bay and Staten l•land Sou1ul .••. do •.•.•••.•.••. 

H. Ex. 81-1.3 

Scale. Date. 

1-10, 000 li':lJ-'30 

1-J, OJO i 1~.Jj 

1-10, o~o I 185J 
1-10, 000 ! 1 ~56 

1-10. 000 
ii 

18J.) 

1-10, ow 1d54J 

1-10. 0011 I Jt<-~7 I 
1-5, GOO 

I 
lt5i 

l-IU, O.:o 1~5;) 

1-IJ, 000 lt':i4-'j5 

1-10, 000 11337 

1-10, OJO 18.57 

1-10, 000 1E<5i 
1-10-, OOH h5J. 

1-10, 000 1.~.33-

1-10, OHO 1~51 

1-10, 01Jtj 10;;1 

l-10, uuo 1'.'.!.>9 

1-10, 000 18;)3 

1-10, 00-0 18.33 

1-10, 000 18:!9 

1-lO,llJO lHJ!i 
1-10, 00 J t8J9 

1-10, Oll-0 18:!9 

1-10, 000 18J9 
1-10, 000 . 1~;)3 

1-10, UllO 1"40 

1-10, 000 : 1360 

1-10, 000 UG9 

1-10, 000 : 1e;,4 

1-Hl, 000 ! 18:>3 
1-10, 000 18fJ:!-'O.l 

1-10, 000 1664 

1-!!0, 000 1BJ9 

1-10, OrJO JP,,H 

1-IU, 000 lBQt 

1-10, 000 1861 
1-5, 000 1'358 

1-5,000 u•5s 
1-5,000 1836 

1-lO, l.00 l85U 

1-10, OJO 1s:;o 
1-10, 000 lil~>G 

1-10, 000 ~tlSG 

1-10, 000 1837 

1-10,000 IS:l!l 

l-10, ouo 18'1~ 

1-10, 000 18Jg 

1-10, 000 lo.-18 

1-10,000 l!l:!Y 

1-10. oao 1&1~ 

1-10, ~00 lt':l~ 

1-10, 000 1858 

1-10,00o 18JJ 

1-10, 000 183i) 

1~10, 000 1e;;~ 

Topodrapber. 

Cliarlt- s Re-uard 
· ...... do -----·-······· 

a. S. Wadsworth ......... 
H. L. Whitir•g -···-······ 
A.S. Wad~worth ..••..... 

IL I~. \Vhiling .....•....... 

..... do ··-···--·--·----·· 
Jolrn Meehan ............ 

' 
Ji. H. (lenles ..... __ ...... 

...... do ···--······-······· 
Chndt-i; J:enartl. .. ____ .... 

J(Jhn M.eehan ••.. 

I ••••• do····•••··•··•••· .. 
F.H.(;erdes.- ......... . 

...•. do 

H. l ... \\" hit:ng ........... --

··· .. <lo.·····-· ... ·--- .. . 
H. IJ, 1-\1.iitiug and C. Rock

well. 

}
1

• H. GcrJeo; ................ . 

' 

' 

...... dv ···-··············-! 

' T. A. hf.Craven.··--·· .... : 
..... tlo ..... -----·-- ···--· 

..... do ................... · 

••... clo ···-·-········-·-·· 
C. l:.OOkwell ............... : 

F. IL Gerdes ............ ·-. 
H. l •. Dic'kem; .• __________ . 

i J. Mecllau ........ ----·· .•. 
__ •.• clo . 

F. H. Gerdes ........... .. 
.•..• do ....•.•..••••..... 

II. L. '\V'hHing- ··---· ·-····! 
.•... do ....•.•..•..•••••. 

H. L, Dickens .•.•••...... 

F. H. Gerdes .......... -- .. 
J.,.11.in Meehan ........... . 

..... do ................ ·· 
! (J. Fendall ·-·- ............ 1 

..... do ................. . 

A. Straus-A .•••.•......... 
..1.. S. Wadsworth ..•....• 

••... do ................ .. 

•••.. do ................. . 

...... do ................ .. 

Charl<'s Renn.rd .••.•... 

A. S. ,Y.adsworUL ........ . 
T. A. Jenkin• .......... . 

. •... do ..•.•••..•. ···-··· F. W. Dorr ............ ··. 
i T. A. Jenhins ........•... 

t···· .. do ................. . 

) ..... do---···-·-·····-·-·· 
I F.\V.Dorr .........• 
! T . .a.Jenkin'l.---···--··-

1------(lo ..••..•• ·······-· 
j F. W. Dorr ...•••..••••. 

D7 

Heg-1:-.tered 
11un1lwr. 

G 

490 

81G 

532 

6BO ab 

751 

6!0 

609 

810 

419 

113 
111 

110 
11!! 

811 
420 

132 

ROO 

770 

468 

421 

968 

U69 

95 

430 

1010 

1011 

727 

7 . .!t) 

Wl:.! 

5)6 

5)3 

5'14 

fl[):; 

17 

43l 

96 

97 
73.{ 

99 

102 

lOa 

7J3 

100 

9~ 

Till! 



 

08 UEPORT OF THE SUPERINTE~DE~T OF 

APPENDIX No. 7-Coutinue<l. 

Localities. Sta tr. 

1''rom Jersey Poillt to Cou~ta.hlt' Point ..... - ·-- ....•.... ~e\Y Jcrst·y ...••.. \ 

From Cnvto.n P()int to Constable P-c1int .••..• ----·· ••••.. ___ do.------ ··----1 
Rill Vou KnH antl Newar·k D.tJ" .••..•..•.....•...••.... : .... do ..•.••... ----: 

New 1\Iarket1 (interio.r~.------· -··------···-·········· ___ do ....•........ 
Bound Brook. (interim') .............•............ -· ... · .•.. do 

New Brunswick nml vicinity ...•.... --·····-- ...... --- · .... do 
Ra.nll Hills an<l "-"'il'iuit.y ..•....••..•.••••..•••..•..••....... do ...... -·· 
J>riueeton and vicinity, (int-eriot) ....•.••...••....•....•. do ..•.•....•... 

Inkrior, bdween J>1in<_•elon, Tnmluu, and PcnuinJ::;ton ... _ •. llo ..•••....•... 

netwcen ~hrC\.\Sbury aud Priu<>eton, (interior)·-······ ... do.·----···--·· 

I•'ro-m ihrewslrnry to New Hn1n8wick, {interi{)r) .. -· --· ..... do .. ---- ...•... : 
l 1'roru .Eliza.bcthto,vn, ea.stwar<l .••......•..•. _ .. - ..•••...... do ...•...... - .. 

}~rom Perth Aml,oy to EHzahethto'\Yn ..•..•.•....•........ clo. ···-······-

From .Perth Amllo_y to,\"ornlllridge ----··---········· ... do. 
}t . .tritan Yalley, frQrn Pc1·th .Amh1y to Sew Brunswick~ ... tlo. ··-·-· ..... . 
Elizabeth}lort to ltahway Creek.... . - ................ do ... ___ . _____ _ 

Holle-ville, (interior} ..•....•..... _ •.....•.......... --- . . ... do ... __ ........ . 

Ualnva.y. (iuteriol') ..•.....•... --- .•..... ------ ..... -- . . .. clo ..•... - .. ----

Suuth Rahway, (iub.-1ior) ..••...... - ...••...• -· ......•• '_ ... Uo ..•...•...••. 

Scale. 

' l-l", 000 ' 

1-10, 0' u 
1-10,000 i 

1-10, 000 i 
1-10, 0[·0 

1-10, 000 

1-~0. 000 

1-!:W, 000 

1-~0. 000 

1->:0, 000 

l-20, 000 

1-10, I 00 

l-10, coo 
1-lD, 000 

1-10, ODO 

1-10, 000 

1-10, OOiJ 

1-10, 000 

1-10, uoo 
Fresh Kills,southwa.rll ....•................••.......•.... do............... 1-10,00-0 

naritan Ba.:r. from Ea~t l'oint to South Amboy .•.... -- _ .. do ...•.. .. .... J-10, uuo 
ltantau Bay, from Cow bead to l\.>int Comfort......... . .. Oo ............ ' 1-10, 000 

J~a,ritan and Sonth Ri•;ter8 ... ·- .•......... ·- ....•..•.... 

Na.vef)iuk to Routh Amboy .................•..•.•••... 
Jl'rom Nsnesink to lloplnr CrN•k ___ .•. -----· ________ _ 

Sand)" Ilook arnl lligb1auds of ~an.'siuk ...•..•........ 
Sandy Hook sh()re-Hne ....... __ ·---. ----- ... ___ .... __ _ 

Sar.uly Hook, uortliwa1·d of Occau Honse .....•.....•.•. 

-- (10. ·····--··--· 

. .. do .......•..•.. ' 

-- <I> - -·- - -· ·-. -· _' 
.••. <lo .•••.••••.••• ,! 
.••. do ........... . 

___ .do-·-··---··-·< 
Saridy Hook ................................................ do ..••.•••.... ! 

!iandy Rook ·--·-·. ··-··· ·----· ·---·· ------. ·---· ·-·--· . ___ ,Jo.·---·---- .. -
Sa11tl.Y Ilo.,.k, rcsnTYt',Y of............................... . •. do .............. . 
S.antly Hook l~la1Hl ......................................... tlo _. __ .. _ ••.... ; 

Nortli and Sollth Shrcwshury Uivern ................... , .•.. do ..••..•...... 

Shrl'Wslmry Rh.-f';l', Ron th . ----· ......•. -- ....••.•....•... _ .clo ............ . 

From J1oplar Creek to Manasquatn. .... .• .... . .. . •. . . . • . .... do ..••..••..... ~ 
Co~t betwPen Deal aud Squa.m Beach.----- .........•..... do ..... ________ ; 

11itcriur,iu \..iduityof Squ:nn ...•..•.•...............•..•. do .............. ; 
Coast between Squam Villa~e and Barnegat Ba.y .•......... do ........... . 

New Jer~ey Coast, nan1egattu Tomaltiver ................ do ............... · 
llannsquam to Yetiticonck ......... ••. .• • . .... . •• .... . • . . . .... <lo ..••..•.. ·--. 1 

Me.t.iticonck to Cedar Creek ........................................ do ............. . 
}"'roni Mctiticouk t.o Barne~at Iulet ..... .... . . . .. .... . . . . . .... do ........... __ . 

~e.w Jersey coast, from Mann.bawken to ~larnegat .... 
New Jcrst>Y coa~t, from Tlll~kerton to :Manabawken .. 
Mullican River, from Port Re})tlblic to Green Bank._. 
I ... ittlo Eg-u- Harbor aud part of ?\fullit}ftll lth·or ......... . 

.... do-·--· ........ · 

·--do·---··-···-·· 
. •. tlo ............. . 

----do···-·····-·-·' 
J11terior, Goose Creek and Good Luck P(liat .... -- .......... do .............. . 

Y10i0Hyof GooseCrec"k, (iuteriot} .......................... tlu ............. . 
Ffom Cedar Creek toBarue~at ...................................... do ...•. 

Barnegat Inl"t-·--····----··---··-···--····--·-·-··-··- .... do 
From Bttrnegat Inlet tc> Great Swamp......................... . .... do .............. . 
J<'rom Barnegat Bay to Little Egg Harbor. ___ ·-···--·-- . ·-do ·--··-···--·, 
J<'rom Little Egg Harlmr to Dry lnlo>----·· -··· ·- ·-··-·· _._,do.·--·.-· ..••. ! 
From Dry Inlet to Great E~g Barbor.- .. ~----------··· .... do .............. 1 

Abseoo111 Inlet_.--· .. -··----···-. - . -· ·-· - ·- ••.••. ··-· .. ____ ,10 .. --·. _. ·- --· 
Abs•com Inlet and vicinity··-·- ...•• ·-- .••••••. ·-·_._ .. --.do __ ···--- ·-·-· 
l•'row Great Egi: Harbor toCoraon"~Inlet. _____ ·---···· ·-·do.·---·-------

J<'rorn Cor""n's Inlet to Cape May Court-IlonS<>. ·-··... . . __ do _. -·· --· ··--· 
FMm Cape May Cum·t-Ho118!l t.o Ca[}<' Mny bland ____ ·- .... do .. ·-··-- ··-·· 
From Cape May Light roCape Ji;Jay Conrt-HuW<e .•• -- ... - .. du-· ••. --··---· 
From Cape May C-Ourt-House to Dennis' Creek_·---·. ·-·.do .•••. __ •. 

l<'rom Gwhea to Fialrlllg Creak, peaioaula of Cape :llily .••. do . -·-. _ •.• ·-. 

1-5. co; 
1-'W,COO 

1-LO, 000 

1-10, UOO 

1-lll, coo 
1-10. (QJ 

1-20, 000 

1-::'), uoo 
1-5, 01:0 

1-20, 000 

1-1n, ooo 
1-10, ouo 
1-10, coo 
1-10, coo 
l-20, 000 

1-10, ODO 

l-'20, 0 0 ; 

1-10, 000 

1-10, 000 

1-20, 000 

1-~o. ooo 
1-20, 000 
1-10, 000 

1-20, 000 

1-20, 000 I 

l-20, 000 

1--10, GOO 

1-10, ouo 
1-20, 060 

l-20, 000 

1-20, coo 
l-lO, 000 

1-10, oco 

1-20, 000 

1-10, 000 

1-10. 000 

1-Hl, 000 

1-10, 000 

l-10, 000 

1-10, 000 

Date. 

1s:1; 

l~~o 

1&5:) 

1840 

1840 

1B40 

lBt.1-"!1 
18-10 

!SH 

1£4l 

1840 

1836 

1873 

1e:iu 
lo:!9 

1&55 

h51 

1e:Jl" 
H•50 

l8:l6 

lt:ti~ 

rn4s 
le65 

lti66 

1s:m 
18fi7 .. 

184:! 

1868 

1074 

18:!9 

1839 

18:l9 

1>'7:1 

1872 

1873 

1871 

1e42 

184-J 

18311 

1866 

!Rl9 

lf'J!J-'41 

U~41 

1P4l 

1864 

1eu9-'70 

ie42 

1842 

1842 

184\l 

te•~ 

1842 

lRe,gisrn·ed 
i i1um1Jer. 

' ' -~-----------; 

Chm·}t>-i:; l!eunrd -·-- .••.•. 

A.S. 'Val!"''"·vrth ........... ' 

..•... do -·-··--·-··- ----

T.A.M. Craven.---··-·-·! 
••.•. do .•••.•••.•••.••••• 

.....•. do ...•.•...•.......•. 

, ____ .. do···- --··----····--

F.H.Gerdes -·------·-----i 
T. A. :M. Ci-a Yen. - - -· .. - --
H. L. v;ckeus ··--·- ..... . 

B. I<'. Santis----····-····--· 
: Clrndes ItenarJ and T. Ji. 

Jm1kinR. 

Charles Henard ....•... 

Hull Adams ..•. ··-·-···
Cha1lrn Henard ....••••.•. 

: A.S. \Vad~wort.h ......... . 

, 'l\ A. Jcnkius ............ . 

, ____ .. do ·------ ·---- ··-··· l 
T. A.;\!. CraYen .... --·-·· 
.A...f;. \\"ath;\\·orth ........ . 

A.}I. Harrison .......... "' 
, ..•... tlo ..•..•••....•..•... : 

lB 

4BB 

s:n 
n1 
135 

l36 

137 

127 

144 
145 

122 

10 

~34 

ll 

530 

101 

1D4 

133 

531 

5-11 

~-. H. Gertles .. _ ...... --··· i 13J4a1J 
Chn.rlcs. l:.cm:_nil .......... 

1 

7 

ll. F. Sano•-·-·-·····-- .. . 
.A.. M. HaniAon ............ . 

F. 11. Gcmle.s.~---···----· 
1 R. M.. Bache .............. . 

II. L. Whitiug.---·-·--··-i 
Chari PA Renard .•••••••.•. I 

1 ll. L. "'biting ............ : 
I S. A. Gilbert. _____ .·-··---: 

C. M. B<>che .. --- -- .. -·-· .. i 
' ______ rltl ..•.......••.•.... ' 

13. F. Sands .. --·-··-·. __ --· .
1 

C. M. !Jacho _____________ _ 

Il. L. Dickens.·--···---- .. 
'<:. M. Bache.··--·-.-···---

1 ··----<1<> ··--·----·-··--·-·· 
'. B. F. SabUs ....••.••....•. 

i--·--·rl"·······-----·----· 
I Cba..tlt'R Henard ............ , 
! C. l.1. Bache ......•..•.••• j 

i···---1'10 -·--·········--·--·! 
i H. M. Do Weca .••. ----··-! 
: C. M. Bache ................ ! 
: II. L. Dickens.·--··.·--··.: 

i ...... do. ---··· -------··---i 
I ll. F. Samls--·--··---·· ·-·-\ 
i C. Fen•l•ll .-·-·-···--··-·-i 
i CbarltM I!eoard, ll.1''. 8ands! 

ll. F. San,is ____ •• _ --· -···-. 

.. ~-- .d(). ---- .. --- -- . ---· -· 

...•.. d<>------··--···-···--
lL W. llacllo.- .• --··-·--·· 

I
C. M.Baeh1> .• -·-····-···-. 
B. F. Saods-···-·······-·--1 

1·~--~-tl~-i~-_::·.::::::::::::1 
~ Georg0 D. Wis.o \ 

IF. H. Gerde;i .• ·-······-·· ' 
f,._ ••. do ···-······ .. -······! 

lH 

4t36 

4U 

'342 

27~ 

23~ 

89! 

2::--12 

100:; 

10~2 

115 

100:1 

158 

lOill 

137l 

ll6 

117 

120 

l315 b 

l31~" 

"1318 

l:l33 

ts!l' 
ltiO 

118 

l-015 

121 
ll!l 

142 

143 

952 

1166 

146 

141 

H8 
149 

1J3 
f54 

• 



 

'l'BE UNITED STATES COAST SOTLVEY. 

API'ENDIX No. 7-Continuecl. 

Lo-ca Ji ti f's. State. 

J;-.rom llen Jla\"is' Point to Dem iii;; Cref1k. Ddaware l!:-1~·- ~f:W J f'rfie~·. --··-. 

:From G rt'tml-\icb Creek to D<'nnlsYille. (interior) --- . . . . do ... __ . _ ..... 

}'rom G-reenV\"ich Creek alHl C11banr<.f".Y to Salew Creek. . .. do ..•......... 

From Liston Point to Ren Da·ds' Point··-······--·-·· X~w Jersey and 
Jl1•Jawal'c. 

From Liston l)oint tollen DaTb 1 Point, Delaware River New Jer~e.r ..•.•. 
}""rom Salem Creek to oppo~ite re.nu Grove........... . .. do .•.......... 
!from S.alem Creek to l'enn GrnnL ........•... ----··.. . . Co ..........•. 

Sehu.:rlkill }{her, from League lslaml to Grey'R }'err.), P<'nnsylvania .... 
and from Greyis Fcrr_v to Susp<'Dsion Brid:.::e. 

I .. enµ:uc l.sJand channel arnl vieioity ...••.... ··-··w---.... . .. do ..•.. ·····--

8takes ia the G11t. eaAt of the hrhlgP. l.Pn5me I~fan1l.. do ...... . 

From Lazaretto to mouth of Schu.rlkill I:in·r. -----... Xcw thTflf',Y aud 
Pennsylvania. 

IAzarettoto Dupont·s \Vharf ... ·····-·······-----··· ... <lo ..••..•..... 
J.'rom Penn's Gro,·e to La~ret.to ..................... -~do ........... . 
J>art of Philadelphia and Xcw Jersey siJe of Delaware do ........... . 

Ju,~er. 

l)art of I~biladelphia, Cnrudt•n, N .• J., and \"it~init.y ..... 

Prom Cuwperthwaite to Coorer's.Point, l!nncocusCreeli : 
"From R.ancocns Cret•k to Undinp-tun anll lkii.;tul .••... 

From Bristol to New Cold I.-.Jand ···-----·-···--·--·-· 

do··--·---·---

do .••......•.. 

do ..•........• 
do ____ ...... . 

Fnm1 New Cold Jslcind to 'Vliitellill .................. : ... do-··--·-····· 
l<'r·om "'bit('! Hill to Trenton.......................... . .. <lo ........... . 
:From "\Yilrubigton to :Pea Pa.tch Iriland .... _ 

D('la.ware. 

l'~rotn Pea PatchI.slnn<l to Listou'sTrce.---····-· ..•.. l. ... d<> ······-····· 
'rilmington to Kt"weastle .............•...... ··-·-· .•. ! DeJawal'e ....... . 
'YHmiugton to Iron llill, (intt:l'iot') .. _ .. __ ............ _ ] Deb ware an<l Ma- , l rylantl. ' 
:From .Ash Signal to Ri:::g'a Hill, (intcrfo1J .••.•. _ .••••.. 1 .••. dt> _ ·------···· 

Bombay Hook Island to Mispilli<ln Lig:bt. ............ . Delaware ....... . 
From Mispillion Light tll Cape Henlopen .........•... ... do.------···--
From Cape Ilenloptn to Indian River ................. . ___ do ........... . 

Salt Point lleach to Dromedary Siµnal. ................. . Ddnwarettnd lfa-
r_yhind. 

Bea~h Jiouoe to South Birch··--···-----··-····-··--·· MuylantL ...... . 
Heudof .A.ssate.aguellaytoPope"slstan<l .........•••.... do ..••.•.. ··-
From Pope's l~bmd Beaeh to Lone8(1me Hill........... . •. tlo ............ . 
Asaateagnc li:;lantl and Parker·E! Bay.................. . ......... . 
Loneoome Bill to Cbi11ootca~ue Iulct ..................... I. ... <lo ..••........ 
Coaot wuthward to Little Inlet ................ __ ...•. . .. do .. _ ... __ ... _ 

Chincot,Pague Inlet and Bay ........ ·---·---······ .•.... Virginia. .••....... 
Chincoteague Bay·--··--·-·--··--···-·······-·---·--- __ do .......... . 
Cbincotrague Inlet and l'icinity ......................... 1 

.••• do ........... . 
W'allop·a Island aud Aeso.waman Islanfl .............•. ' ..•. do ..•...•..•.. 
J.'i-om 1Yallop'o Iola ad to westward of Gargathj· Inlet .. I ... do ..•.•••••. ·-. 
From Gar~nthy to Wachaproa.i<u~ Inlet.-·- ...... -··-·.: .... do . ___ . __ .. _. 
Wacbapr-eague Inlet and yicinity ......................... i ··-.do ...... u ...... . 

Little ltfachipongo, Paramore"s I.eland, and "\V"ncha- 1

1

1 .••. do ............... . 
preague. 

Great and Litll6 Maclilpong<> Inli>ts .•.•••..•. _. : . .••••. 1 .... do.·------···-· 
Groat Machipougo Inlet to I,ittle Inlet.·-··- ......••••. ' ..•. tlo ... _ ·-·-·- .•. 
New Inlet,.ooutbward to Smith"• Island Light .... ·-·-·· .... do .. _ ... 
1<'rom New Inlet to Cape Clmrles_ ... ___ ·-·-·- -·- .. ---· I .... do . ·-- ___ .•. _ 
Entnlllee to Chesapeake Bay, (practice sheet) .......... 1. ... do ..•. -·------
From Cbcrrystone Inlet southwardt-0Corte11'sStation ! .••. <1o -··--····---· 
Occohannook, Naawaddox, and Hunger's Creeks ........ ; ..... do .................. . 
l'rom Sandy Point to Pungot<1agtt<1 Creok ..•.•.. _ ...•. '_ ... do ..•. ___ ---··· 
Pnngotea.gue Creek to Chcecunnessex aud Onancock l ..... do ............... , 

Creek. i ! 
P~ruokti Sounll aud &y ..••••...•.. , ••••••••.•..•.••. lc ••• da .••••••••••••• J 

Scale. 

1-20. 000 

1-20, oco ; 
1--20, 000 

1-10, !00 

1-20. om : 
1-20. 000 

1-10. 000 

1-5. 000 

l~·'l . .'iOO 

1-'.1, ~rOO 

1--10, (.00 ; 
I 

l-20. 000 

1-lll, 0-00 

]-;;, 0-00 ! 

I-IO. ll-00 I 
1-10, f-00 ' 

1--10, 000 

l-10, ( 00 

1-10. 0(1-0 : 

1--10, ()()() : 

1-11•, OGO : 

1-10, 000 

1-10, 000 . 

1-~.ooo · 
I 

1-2(), 000 I 

1-!.:0; O('O I 

1-~U, 000 

1-20, 000 

1--~0, GOU 

1-20, 000 

l-2fl, 000 

l-20, 000 

1-,0, 000 

1-2(), 000 

1-20, O!JO 

1--20, coo 
1-:w, ouo 
1-20, 000 

1-W,000 

1-W, 000 

1-20, 000 

1-<io,000 I 
1-20, OGO 

1-m,000 

1-20, 000 
l-l!0,000 

t-201 opo 
l-20,000 

1-20.000 

l-20, 000 
1-20, QUO 

1-20, 000 

l-l!0,000 

Date. 

1842 

lfl4:.? 

1~4~ 

JHI 

lHl 

lt"43 

lil4C 

1873 

1865 

lt-'65 

le42 

1R4fi 

18·.n-·2 

1843 

IE'-t:~-'71 

1843-"H 

1f<4J--"4 

1843-·4 

le43'-4 
1~4;i_·4 

1~41 

18~3 

1842 

li<42 

l84j 

1d50 

1849 

1e5o 
lf50 

ll!59 

lf.19 

1~49 

1S58 

1~!">8 

1e5o 
1851 

1852-'4 

1852 

1852 

18:;2 

1853 

1852 

············· 
!B53 

1'352 
li'.51 

Jf,~O 

18"0 

1851 

Topo~raphtr. 
nt~:_-:i1;tl'rell 

1111m!1er. 

F. H. Gerdes ........ . 

H. L. Whiting·--- ...... . 

. ..... d{). ···--··-·······--
F. H. Gerdes ..••......... 

. ..... do .• ·-·-··--··---· .. 
H. I,. -Whitin1>:----·····-
.f . • T. ~ Hassler .....•. 

11. G-. Og<len .......... . 

H. M. Bacho ....... ·--·· .. 
..... do-· ............. . 

W. )I, Boyce ..••...•..•. 

.J. ,J. ~-Hassler ...•.•..... 
W.:\L Boyce ...•..••.... 

,. ... do .. ·-- __ .• _ .•.•.... 

\\". :\f. Unyce, .A. I..inden

kol1I. 

.J. J. S. Ifossler .......... . 

_____ clo .•••... --·-·-·· 

..... do·---······· .•..... 
Ueor·gf' J>. Wise.----· 
F'. H.Ger<les .....•....... 

...... do-·--····-···-··· ·-1 
i ~--~/~~,:;~~~:::::::::::: l 
1_ ...... <lo .•••••• ··-----·--- •

1

, 
1 l~. H. Gerdes ............ . 

~ .•••.. •lo .••••. · ............ . 

I
i J.J.S .. Ha••ler ......•.•.. 
Georg~ D. \V'ise ........ _ .• I 

l.. .... t1o ·-----··-···--·---! 
· ...... do.··--············· . 
...... <lo·-··---· .......... \ 
C. Fergoson·-····.·-·-·-! 

~~~~~:!~--~'.~~::::::::::,I 
N.S.FinnE'y ··········-·· 
C, Ff'Tl!11Mll -·--········· 

(Tr-or~e D. "\\"Yise ••••.••••• 

,V.M.Jolmwn ... 
George D. 'Vise. 

. ..... do.·--···-·········· 
. ..... clo ..•••••••.•• ·-·-- •. 

. ....... clo. ············-·---

...•.. do .................... -

. .... uo. ·-------··· ···-·
·--·do.·---···········-

---··do.·---·-·······---· 
S. A. Waio...-Tight ...•. -.. 
John S<'ib ..•............. 

. ••••. do ···--······ 

I 

l.'~:~<_i~~ s._~:-~~'.·~~~~-~~: l 
, .••••. do .................. . 

6:~ 

1.3G 

JC:l 

J3l;Jal> 

n-:5 
9l51Ju 

IUI 

lCR 

IU7 

111 
1~3 

172 

13;; 

J.lO 

139 

1~9 

170 

l~iO 

1.5l 

Q26 

104 

511 
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APPENDIX No. 7-Contiauetl. 

Localities. 
i 

State. 

Tangier Island Rll(l 'Vat ts Itiln.n<l-.--.-.-. --.-.-.-.. -.-.-.-.. -.-. ----1-,-. ,-.r-~-in_i_a ______ .-.-.-.. - . 

Pocomoke Sound, from Guilford Creek to Messangt'r ... \ ..•. do ...•..•..... 
J)o<~-0moke Sound, dpc"r3 Hole Creek .•..............•• i Mar~laud ..••.... 

From }-"'ox lslaud to Little Annemcssex River. .•. --·-·· 1 · -- .do ... - . ----·. -

Deil's Islan'l arnl l\tanokin J:,frnr ...... --- .... -- ........ 1. -- .do ..... -- ... --

Smith's I~land, Chesapt:ake Bn_y ..••.•••.••.••.••...•• 1----do ........... . 
BlootL~worth Island nud South Mar~h Isluml ..... - . - - j . - do ..... - - . 

Tangier Sound and ~~icomico Uher ..........•.•.....•. \ ... do .. ----- .•. --

: 
Fishiug-Ilayand part of ~anticokeltiver ................. do···---------
1->art of Nanticoke River, Yicinits of Vienna _________ _ -- do------------
:Mouth of llouga. River and Hooper's Straits ......•. - - .. do ............ . 

lfunga RiYer, upper plu·t ..•.... __ -- ..... -- ... -·. _ ... -- 1. __ do ... ---- --- -
"b:leokin's Neck, CiD<'lud:cd in X-o. 23.J) .••••.•.••... -----·j ... tlu ...•••.••.•.. 

Rharp'alslaud, Chesap-Ni.ke Bay .. ·-···-·····--·······-·1··· do-··---··-·-· 
~!out.h of Cboptank IHn•r, Cook'8 Foiut to Camllridge , .. du ...•.......• 

Little Chopta.uk Hi\·er,from Meekin·s Neck to Cook'd ; .... do···-·-···---
Poiut. I 

Choptank River-, from Ran<lbrook's Point to Ca.Liu t. ... do ..........•.. 
' Crt>ek. \ 

Chopta11k Ri\cr, from Cahin Cre-ek to Wing 1
8 Landing ! .... rlo ............. . 

S<jint llichael's IUw•rand Tl1irdll:~"Ven Creek .... ----- ; .... dn -·--------

:J'r(jm "\Vanl's Point to Locu:st roint, Sh.ar1)1
B- IslanU1 1· -.. (lo •..•.•••.. --

Rttd .Poplar Island. · 

Kent Jr;)and, E!lstern Bay, )Vyc and Saint Michae1's l--- do ...•.•..•..• 
IUvers. · 

Kent Is1an(l baRe an cl vicinity ..•..•.. ---· ... -- .......... 1. -.. do - ..•. -· ..... . 

l'art of Kent Islau(l _ ..........•...... --- ------ ..... -- I. -- .do .. ·---- ... __ 

~~"o:~~ :! ~::::~:: :::::: :::::: :::::. :::: :: :::::: ::::: \::: ~::: ::::: ::: :: 
}~om Swan Creek to Eastern Net::k Inlet .....•........ \· - .. do ....••.•.... 
From ~wa.n Point to 'Vha.rton Point aml Pool"s Island.!. -- .do - ........... . 
Sassafras Rh·er entrance ..........•.. -- -- ................ 1· -- .tlu ...•.. -· ...• 
Sa.ssafra1:1 Ri,er ........................................ ····-·) .•. <lo ...••...•.•• 

::.:!:;~:: ~::::.:·' "'~' ':' •.• •·•••• ·:·I .•. : •• :· .•.• 
Nortb-EsetRiYer .........• -------····-·····-·-·····-1 ··do···-····---
Sus<]uehannaRh·er, Jlay1·e de Grace and Port Deposit ... 

1

. - .. do - · ..••. ·-- ··· 
Head of Chesapeake Bay, from Havre do Grace to ... do------------· 

8peca1ie Creek 
Ilea<! ~f Cbesape&ke Bay, from SusquehanDa Xh·er to 

1 

.... do ... --·- ...•. 
llusb River. 

From Swan Creek t-0 Bash P..l"\er ............................... Co ............ . 
!3nsh, Gunpowder, Ba<·b, and M:it:ld1e Rivers........... . ... do .. ----·-----
Fr-om Bush .Ri~eJ: to Baltimore City ........................... do .............. . 

!lack River .•.... ·-··-·-·············-··-·-···--·····- .... do-··----·----
North chop of Back Ri~er, :Miller's and l'ool's Islaads ...... do _ ..•.••..... 
Pa.tapscoNeck, Rear Creek to North Point, .•........... do ............ . 
Pat-apsco River, eastern shore.............................. . .. do ............. . 
Pat.a.psco RiYer, ~stern shore .......... -·-- ... ___ ............ rlo ........... .. 

Patap•C<> River ..•.•••.••••••.••..•...••.. -- .•.•..•••...... do ....••....•• 
Pa.tapscoRi'"'er. western shore .......................... ~ ..... do ............ . 
Pntapsco kiyer, from Colgate Creek to Bear Creek ......•. clo ........ ·----
Pntapsco Til·rnr, north sh,ore, from Fort Marshall to .•.. do ...•..••.. _. 

Dear Creek. 
Patapsou River, south shore........................... . •.. do .••••••..••• 

Pal.a.I"""' RiTet' .••.••..•.•. ·--·-· ......•.. --·-----·. __ .... do ..••••..•.•.. 
Baltimore City........................................ . ... <lo .•••••••.••• 
Balti111ore Cily ..• -·-· .•..•..•.. ---·. ---·-·· ..• .••.•... . •.. do ..••......•. 
Vi.i:iimty of llaltlwvre; -..rest side .••••• ••••••••••••• ••. • .. do • ._ ••••••••••. 

I h 
'R~~istt~red 

Scnlt>:. l __ n_a_t_e_. ~ ----~~~~-a_v_•_r_. ___ i1um1Jer. 

1-20, ooo I 1 •so 
l-~0.000 l····----···-
l-~0,0001······--····--· 
1-20, 000 1849-'31 

1-20. ooo I 1st~ 
1-~ll, coo I! 1ew 
1-~0. 000 ] l".1-l!) 

1-20, 000 IR-19 

1-~0, 000 I le49 

1-~o. coo I 1•49 

1-20, coo ltHd 

1-20, 000 

1-20, coo 
1-'!0, 000 

1-20, 000 

1-20, 000 

1-20, 000 I 
1-~o. ooo I 
1-~o. ooo I 
1-20, 000 

1-20, 000 

1-10, 000 

1-20, COD 

1-20, 000 

1-20, 000 

l-2<l. 000 
1-20, coo 
1-20, 000 

1-i:(\ 000 

1-20, 000 

1-20, 0-00 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-20, 000 

1-~0, 000 

1-20, 000 

1-'lO, 000 

1-20, 000 
1-20, 000 

1-20, 000 

1-00, 000 

1-20, 000 

l-20, 000 

1-20, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 
1-10, 000 

1~10,000 

1848 

li':\4 

1848 

le47 

1847-"zl 

1818 

1~48 

liH7 

1846-'7 

1e41 

18H 

li'46 

11'46 

1846 

1'345 

1'54 

1846 

lBfiO 

1845-'55 

1844-'5 

18H-'5 
18ij 

1Bl5 

1845 

1e4~·11 

1846-'7 

1846 

184&-'7 

1~;;4 

1853 

184i>-"6 

1S4i>-'~ 

1847 

1~46 

185Q 

mw 

1@65 

2831-'55 

1845 

1849 

1!163 

.J. Sdb, S . .A. '"\"'"ainwrigbt 

lS. A. Wainwright ........ . 
.••••. clc .................. . 

RD. C1ttts, J. Seil!, aud S. 
.A. \Vainwright. 

...... do -·-·-··-·--· ..••.. 
John Seib .......•........ 

___ .. do ···--· ··-·-----·· I R. D. Cutto,J. Seib, and S. 
A. \\Tainwright.. 

...• d() ···-···---- ····---
J. Seib. S. A. 1\Tainwrigllt 

H. D. Cutt:;,J. Scih .....• 

R. D.Cutts ··-··-··-···-
H.L. Whiting ...•........ 

Georg-e D. 'Vise ·····---
H. D. Cults ...•..•.......• 
George D. ",..ise ........... . 

R. D. Cutts ... -- ..•.•..... 

. .. <lo.········-·······-
-·--·do ------· ....... __ _ 

Geoi-ge D. " 7 ise. .•••...••.. 

RD.Cutts ......•.....•••. 

H. L. Whiting .............. . 
H. D.Cntts ............... . 

.J.C. Neilson ........... __ _ 
..... do ..•.•....•.•.•.... 
R. D. Cutts .............. . 
...•. do .................. .. 
FL L. \VJ1iting. _ -------. __ 

.J. J. S. Hassler ........... . 
H.Atlams .......•.....•.• 

J . .!. S. Has•ler and JI. L. 
1'TbitiDg. 

J.J.S. Hassler ..•..•••••• 
..... do .•••.•••.•....•.•• 

RD. Ct1tt• .... ·---·· ·----
..••. do······-·····-···--

George D. \\-rite ........... . 

RD. Cutt•··············· 
George D. Wise ..... ~----· 
R. D. Cntt•. _ ... --· ..... __ 
George D. Wiae .••••.•••• 

H.J.. Whiting·--·--·--·-
.. do ...•••..••.••••••••. 
GeorgeD. Wi$ ......... . 

.•. do ..•••••.•..••...•••. 
--- .do .••••••.••••...••••• 
-- .do ..••.•..•••••.••.••• 
II. L. Whiting ..•.•..••.• 
C. 1:. lllrdella .•••••.•.. __ _ 

.... do ..••••.••••••.....•• 

J. a Glii"lr, n. r.. Whiting 
Gwrge D. Wise .•••.•••••. 
J, 13.Gliick .•.••.••••.••.• 
J. W. Donn ............. . 

270 

2G8 

2C7 

2tm 

250 

2;;4 
2:H 

215 

181 

:.ui 
200 

21 l 

199 
187 

4fi9 

279 

781'! 

ltlfi 

185 

184 
18!) 

188 

S:12 

mo 
213 
197 

214 

450 

4:16 

2~8 

219 

221 

2il0 
401 

1&04 

D8J 
aoo 
216 

lll7 -



 

THE UNITED STATES COAST SUHVEY. 

APPENDIX No. 7-Contiuneu. 

Stttte. 

Vici11ity of Baltimore, nortbwe-At side._ •..•. __ .. .•.•.. Maryland .•••.... 
BaHimore and ,]c.j11it.v. nc.rtbeatit sit.le ...•.....•..•... 
Yici11ity of Baltimore, we~t i;;h1c ____ .....••....... ___ .. 

Prom Sandy Point and Merrick to Ilodkin Pf1lnt. .•... 

From Sandy Point to Tllomas Point ltnd moutll ol Se,--
ern Hh·er. 

Magof by Hiver, Chesapeake Bay ...........•... ----- .. 
Se,·ern Rh-er, 1lackett'8 Point, to Cc1lar l'oirit 

s,~vern :Rher (iudnlletl in .:-;o. 170) - -- .. -- ··-. -· -- --- • -
Routh River, Che..-apeake Eay .••••...•...•...•••..••.. 

South RiYer {inc1mletl in No.241"!) •.•.••.••...•....•... 

South River (included in No. 17fi) •.........•.......•.. 
Fr·om San<lers' Poiut to CUew 's n.nd \\Test Ri,·cr. __ ... . 

J:,,rom Cltew·s to Parke1·'s Creek --· _ ... ----- ......... . 

Fron1 Parker's Creek to Cove Point .... ·--.-·-- -- .•... 
Cove Point and Tidnity ____ ..... __ . _ .... __ .....••..... 

Patuxent RiV"tr entrance, Co""e l'oint to Drum Point. 

Pat11umt River, from Poiut Petf'riNon to Rattlt_• Creek. 

Patuxeut River, fro-w Hatt le Cnwb. t11 Gml·~ Grnce Pvint1 

Patuxcnt IUver, from God':.:i Graoe Point to Point Sullin. j 
Patnxent Rivn, ftoru Point Snlliu to Voi nt ,Jom_·s ...• _. l 
Jd1kins' Creek, Cambridge, Oyster IJciat.,and Jamaica j 

Point. 

~:it:::r:~~:P.~~~:;·~~~~~~~~ :~~~: ~ ~: ~::::: :~~~ :~ ~ :~~: ~ ~. ! 
SaintUeorg-e's lsland, Saiut Mary~s l-{it'"e1· ------ ... --·J 
Potomac Uk er, frow 8Hint Geurge1~ Rivl'r to Hi~gi11s'R l 

Point. · 

... do ....•..•••... 

. .. do.------·---

·-· do.······-···-
.do.···--··--··· 

.do ........... . 

,10 'i 

do j 
.do ............. ; 

:: ~::::::::::::::I 
... co -........... ! 

.do ....... ·--· .. 

... do.···-·--···_ 

do.···-·-······ 
·- .(10. ----······· 

... t1o. ····-······· 

.. do ....••..•.... 

.. tlo. ------··---
-·do ............ . 

. do ... ···-··-·. 

.rlo .••..••.••.. 

.1lo .....•.•••.. 

.uo .......... .. 

Potomac Ri.,rer, from Clement's I~ay to Swan Point. - -1· -. do . -- .. _. - -- .. 
Potomac River, from Smith's Poiut to l'""'air Oaks ....... Maryland and Vir-

. • . . . j ~iui:i.. 
Potomacltiver,from Sm1tl1 s Pornt to NanJemoy Store.I ~laryland ........ . 

!::::::i:::~·~~;:~:~';;;~~-: ::::::::::::::::: ::·:::: i Vir~~11ia::::::::: :-
Mattox Creek and part, of Nomiui Creek ........ ··-·····i····tlo ........... . 
Potomac River, from CobL Point to 8-A·an roint ... ·-· - . II Mt1rylnnd. - ---·- .. 
Potomac JUn~r, from Swan Point to the Tn1nk . _ ...••..•.. do ........ __ .. . 

Potomac River, from Cedai: Point to Nanjeruo:v Store ... __ (lo_ ........•... 
Po~0-mac Iliver, from Ll)ne Point t-o Persimmon Point. ) Virginia . ,. ..•. _ ... 

Potomac River, from M.etomkin I->oiat to Persi1111n.,u ( !.laryla.nd and Vir-

Point. I ~inJa. 
Potomac River, from Aletomkin Point to Aquia. Creek Virginia ____ ---·. 

Potomac River, from Shipping Point to High Poiat. -- . j .••. do ............ . 
Potomac Rh·er, from Fair Os.ks to Indian IIeiuL ..... -1 ~[arsla.nd ..... - .. 
Poto-rune River, from Incli.an H~ad to Fox Ferr;r ....... :\1&1·.vland and y-ir-

Potomac River, r:o'.'1 Broa.d Cr<>ek. to Oxen Hill ..... --· I M.::~:~<I ·- -- ... .. 
Potomac Rh·er, v1crnit.y of Rosier s IHu1f ·--· ......••. 

1 

Virg101a ......... . 
Jonea'a Point, Poto-mac River ............................... do.·-·-··--·-·· 
Jones's P.oint, near Alexandria, oontinnationofspecial ... do ............ . 

l!iurvey .. 

Poto ma<: River, fromJoocs'a Point to Little F..Jla Bridge -•.do ...... - .... -
Alexandria. to Mount Vernon .......••..•....... ···-·· •.. do ..•....•.... 

Alexandria to Bailey'• Cross·Roa1b .••.. ····--· ·---·-·- .•. clo ........... . 
AJexondr!a. to Burke's Station........................... . .. do .......•.... 
Arlington, part of, Sheet No. 1 _. -·-·- ................... __ .do ..•... _ ..•. '.. 
Arlin!l;ton, part of, Shoot No. 2 ........... ---- - .. - _ .. -·- . __ .do ...... - .... .. 
Topography around Fort Lyon.--·--·--·--------- ...... --- .do ........... . 
Bailoy'sCr01!8-lt.111ds to Mine1'0 Ili!l ....................... do ........... . 
Th>gne Run to Fairfax road .......... ··-·--··-··-- .... _ ... <lo ........... . 

Mallll4sas, rebel defences ................ ---··-· ... ·-·-1·-· do_---· 

Fotte E!ball Allen and Mercy, vicinity of .............. -.•. do ......... -·. 

~cale. Date. 

--------·- ': -----
1-lo, oor, I 1~64 

1-10, OO(J , ll"'(i4 

1-10, 00() :' HHi.J 

1-10, OOl' i l<>H 

1-10, ouu I 1'l44 

' 1-lfl, ooo l 1ti:4.5 

l-10, 000 i 1~44 

1-10, oou I l<:'H 

1-20, 000 1"47 
1-21), oou 1~47 

1-1\\ (l{)O li!H 
1-20, 00(1 lfi·lll 

1-20, OOD 10'-!7 

1-:.!D, 001> 1847 

1-20, 000 lt'.):l 

1-::0, ooo 12.fl'.3 

J-HI. 000 l~fU 

1-10, 000 1-GO 

1-10, 000 l~5V 

1-IO, l-0" 1t5:) 

1-20, 000 lc48 

1-20, COJ lf.J~-·55 

1-20, 000 1e:-,t-'9 

1-20, 000 l~.}9 

1-20, i 100 1Bil8 

1-20, 000 1808 

1-20, 000 18G2 

1-20, 000 le62 

1-20, 000 l~GS 

1-20, 1100 1~6fl 

1-20, 000 1"68 
1-'20, 000 1862 

1-W,Oi~• lfti:.! 

1-20, 000 li:-'6:.1 

1-~U, 000 l."3G:l 

1-20, 000 1<:'62 

1-20, 000 11"62 

1-~o. (){)O 18(i2 

l-;20, (~GO 186:.! 

1-'.!0, 000 1:'62 

1-10, 000 1863 

1-5, 000 186:! 

1-10, ()Oil ie6:i 

1-1, 000 lr«lJ 

1-15, 000 1863 

1-15, ooa 1~61 

1-15, ()CO leol 
1-15,(100 Hm-t 

1-1, 200 l~tl4 

1-l, ~00 181)4 

1-10, 000 1~63 

1-15. 000 t,;64 

l-15, 000 186L 

1-10, ow 1862 

1-15, 000 1864 

TopograplH•r. 

C. l\I. Jladte ............ . 

C. T. Iardella .......... -- . 

.•.•• fltt .•• - • - - • - •.• - - •••• 

.F. IL Gerdes ........... .. 

. .... do ................. . 

-- - .. d.o - + - - • ---·· ..... -----

..... do ......•.••......... 

G-eorR'fl D. 1-Vise ...•. -···. 

. .do ........•......... 
. •... do ...••...••...•..•. 
It.II.Cutts _________ , ____ . 1 

J. J. S- llassler· ........... _' 
••.•. clo ...••••.•.•••••••.. 

Joha Seil> ............... . 
IL I>. Cutts ............. - . 

H.Ada111s -------·-···---
..... do ................... ! 

. -- •.. d-0 . - ........... ~ - . ·-- • 

...... do.---· .............. . 
U. D.Cutts, John Seib .•. 

...... do ................. . 

H . .A Jams ...... -·- •. _ ..• ---
.• do_ .. __ .• ---·-· _____ _ 

J. W.Iloun ........ ·-·--· 

..•... do·----·------· ...... 

C.Ilnsmcr ······-······-· 

A. W. Longfellow ........ i 
J. ,, ... noun····-··-····-·· 
..... do-·-------- .. ---·-
...... do••••••••••••••••••· I 

C.Hosmer .............. . 
.T.Mechan ............... i 
....... do ................... 1 

..•.•. do .••..••..•••. ···--

ll. L. Whitini; _ .... --· ... 

J". Mf'chan ................. . 

.•••.. do .••••.•.•••••••••.. 

A. W. Lm1gfello~· .. ····-·-
C. IIosnH•r ................ . 

.A. M. Harrison. __ ... 

• ••.. do.--· , •....•.•.... 
.••••. do .••.••••••.••.•.•. 

C. M. Bache .. -·- - ..... -- . 

C.H. Boyd_ - ........ ____ -

J.Me~bau ............ .. 
_F. W. Dorr .............. . 

. '10 .•... -- ·-········· 
E. Jler~esbiemer ...••.... 

. ..... do ................. . 

C. M. Bache ............ .. 
c.nockwdl. ........... .. 

J.Ml'cban ---·--·"·-·--· 
II. L. Whiting and C. llL 

t Uacbc. 
t T. W.Robllius ......... . 

101 

H1~gi:->t<>red 

1111tuber. 

17.J 

174 

179 

176 

17'7 

24>'1 

24!~ 

l•ti 
Hit? 

-2~0 

:h-1 

8tJ.t 

llO:J 

110:1 

8(;5 

8f)'.l 

llO:l 

1104 

1!01) 

858 

s;:,9 

Efo! 

~co 

8tll 

864 

flfij' 

Sf.if.i 

t'.7J 

905 

~:09 

mo 
947 

9U 

~49 

10-l:.} 

10~6 

916 

UH 

91d 

8l8 

951 
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Localities. State. I Scale. 
1 

Forts Chaplin, Mahan, >Lllll Smlgwick .•... .•.... ...•. Uist. of Colnmuia I ~~~I~~~;~: 
Aquedud to Chain Bridge (L!ttleFaHs) ................... do-··-··--····! 1-151 (]00 

Chain Ilritlgc to Proopect. Hill .•. . . . ....... ••. .. . ..••. . .. do ..•....•... · I 1-15, 000 j 

Potomac River, from Georgetown to foot of 1.ittle l•"alls __ .do .... -·--· .. . · 1-2, 500 

Potornacl!ivnr,fromRushdlletoGrcat Fulls ........... ~.[.a.dr:-0.la_n __ .i_._· __ ·_··.·.·.·.1· 1-10.COO 
Potomac Hh·er, from Ymmg·i;;; lsland to Itnshville_____ 1-10, UOO 

Potomac HiYer1 from "-"hitt~'s }'erry to Yuung's I~land _ .. do . . . . . . .... . . . 1-10, CHO 

~~:.::::: ~~::~::~.:: ~:I;ti~~r'tsoI;L~:t~r~:~~~i~~·~-~-e-~~ :~::: ~:::~~~~:~~: 1.1· ~=~~:~~~ 
Potomac HiYt~r,frotn Sliarpsbnrg to l3e1·liu -·-······-· .... do............. 1-10,000 

"\Villimu~µort aull viciuity ·····--····· ·-·--···-··-··· <lo I 1-20,COO 
1,"'.'ppt:r I>otomac, from High Knob to Shephenll:'ltown .. l ~-~TJ-l~~~; ~~1-~ ~:~1~- 1-10, LOO 

t:ppcr Pot-0mac, from Lock Xo. 36 to High Knob ..••• · I· .. g~:i~: ..••.•.•.. I 1-10, 000 ' 
Vicinity of Distri<'t of Colarnbia (southeast po:rtion) . Marylan(l ......... I 1-15, 000 

From BladensLurg to I .. eesboro, ~ulJ1cent to District .... do··--~-······ i 1-15,000 
of Columbia. 

Northeast side of District of Columbia·········-··-·· 
Tenallytown to GrP.ut .Falls ............................ . 

Tena.ll)"t-O""·n to Hoc.kville ...•••.... ·--·· ... --· ...•. •A. 

Entrances to Great \Vi-0omico and Potomac RiYers 
Ingram' Ii Day, Dividing Creek, nm] l'lt>et'~ nay .... __ . 

Rappalrnnnock RivPr entraur.e _ .. _____ .... ___ . _ ..... . 

IfappahanrJoCk ltiver --·"··-·········-····--····-···· 
1::.appahannock l!.i't'er, Macllini's Creek to Stiff ....... . 

Jlappahaunock Hiver, lla.ilf"5's Bluff to .Machim'B Creek 

Ra.ppalmn11ock Hh·er and-Cnnotomau -··--·-··---···· 
Rappahannock Hi\·e.r, Lugrange to Punch Bowl ..•.... 
Rappnhaunock Rh·er, Punt_•b lfowl to Layton ....••... 
RH.ppahannock River, La;\·ton to Arc:tceek Point ..... . 

J:,a.ppa.bnnnock Riv-er, from Accaceek Point to Ferry 
~In.rRh. 

lt~ppahanoock River, from Ferry Mar.Eih to Cliff ...... . 

Rappabanno<'k River, from Chff to Lee11'.----···----· 
Rappaha1mock Rh·cr, from L-ee111J to.Urick Qtrnrter .•• 

l~a1>pahan110ck River, from Brick Qt1arter io Holland 
Point. 

... do ...•...•.... 

• •• d() ······--·---

! ... do 

I 
'\·1rgm1.a. •••.••••. i 
... do.···--···---

1 

... do ............ . 

... do ...••....••. 

... do ........... . 
.... do ........... . 
... do ...•.•••..•. 
... do ........... . 
... do ............. . 

.• . d.o .••••••••••• 

.••. do ...••.•••.•• 

.do ............... . 
do ....•........ 

.do ..•.••..... 

.•. do ............ . 

Rappa.b:o.i:nock RiYer, from Bolland Point to Larnh .... do ................ . 
Creek. 

Rappahannock River, from Taylor to Fa1montb ....... .. 
Rappahannock Ri9er1 from above Corbin's Xeck ..• __ . 

Rappilhannock River, part of the left bank in tho y\ci11· 

ity of Frederickflbnrg. 

.... do ..•.•••..•••. 

.... '10. 

... do ......••.... 

l•~ret14jricki;hurg, Yi~init,Y ot" •. • • . . . • •• . . . ••• •• • . • .... • .. . . ... do . 

Rrqlpaba.nuoek Ri'f"er, reconnaissnnceo.f roads, pa.rt of .... tlo ............... . 
left bank. 

Accomack County~ pa.rt of . . ... . • .•• .••••.. ........ ....... . .. do ............... . 
I ... ine-aeroAAtbe Peninsu1a of Ellste-rn Virginia, Acco- ... <lo .............. 1 

mack C<mnty. 
E:ua.t Sb-ore of Virgi.nin~ Ilromlwa.ter1 Sbeiet No. 1. ........ . •.. do ..•••.•...... 
East Shore of Vir~nia, Broadwater, Sheet, No. 2. •••. .• . ... do ....••...••.. 
Ea.st Shore of Virginia, Broadwater1 New Inlet nnd .... do ............ _ 

JS orth Branches. 
East Shore of Virginia, Broad,,.ater, Sheet No. 4. ••.... . .. do ...•• · •...•... 

J<;ast Rhore of Virginia, Broad waler, Sheet No. 3....... . •. do ..•••.•..••. · I 
Eut Shore of Virginia, !lead of Machipongo ru...,r..... . .. do ..•••••.••••.. 

Pia.nkatank Rl...-er ..••.•..•••. ·•··•• ···•••••••·•·••· ·· · .••. do············· 1
1 

Che•apeake Esy. from Wulf Tn1p to Cherry 1"1>lo.t ........ 1!0 ...••.••...• 
Moltjaek Bay, tribntary ol Chesapeake ...•.•....•...•..... 1lo ............. i 
~fohjnck Ilay, North, WaN',and Se\·en1 Rivero ......... 

1

1 .... !lo ..••. ········I 
M<>uth of York llinr ..................................... do .••••.••••••. j 

1-15, 000 

1-15, 000 

1-1:-i, 000 

1-~0. 000 

VlCl,000 

1-20, ODO 

1-10, 000 

1-10, 000 

1-10, coo 
1-10,01)() 
1-10, 000 

1-10, coo 
1-10,00{) 

1-10, Cl>O 

1-10, 000 

1-10, 000 

1-10. oco 
1-10,000 

1-10, 000 

1-10, 000 
1-10, 000 

1-10, 000 

1-10, OU-0 

1-IO, OU-0 

1-20,000 

1-20, 000 

1-2-0,000 

1-20, 000 

1-20. 000 

1-20, l)OO 

1-~o. ooo 
1-~0.000 

1-20, 000 

1-~0, 000 

1-20,000 

1-20, GOO 
1-20,000 

Date. 

1864 

1872 

18G5 

1~6:J 

le6~ 

l!-lfi;) 

181.iJ 

18\i3 

lr-U2 

1B65-'66 

1P66 
18G3 

1863 

lf63-'04 

1864 
1864 

1850-':ifj 

1850 

1851-';,£ 

1856 

1857 
1F57 

18"7 
1!'356 

1835 

11!55 
18~.) 

I85J 

1P5J 

1862 

1862 

1062 

1862 

1~62 

le-69-'iO 

18f>g..'70 
1B71 

lail 

lfffl..'70 

1871 

1€69 

18.>:I 
1853 

1860-'68 
l.EjJ-,M 

Top<igrapher. 
1

1 Rf>u;ist,P,rell 
, number. 

c. JII. nae be ...•.......... : 
Dorr, Meehan, and Rob- ! 
F.~~.i:;~orr ................ 1· 

C.Juukin .... ---···-··-·· 

JoLnW.Doun ............ I 

...... do····;··----······· I,' 

..... rlo ..••.•••.. : ....... _ 

:::::: :: : : : : ::::: ·:::::::: I 
...... do .......•.....•.•.. i 

: ,J. ~lrchnn anfl C. HoRmer ] 

: J. Vt'. Denn ..•.....••.. · 1 

....... do--·-··--··--······· 

.••... clo .••••••••••.•••••. 

C. ]"crguson. ~···. __ -----. 

Ferguson a.nrl AdamR. _ .. 

F. W. Dorr ....•...•••••.. 
Rockwe11 anti Donn ...•.. 

! John Seib ..•.......•..... 
John Seib and S. A. 'Vain-

wright. 

John Sdb ....•....•..... 

H11ll Adams ..•........... 
. •.... do .................... . 

! ___ ••. do.--·-·-·······--·· 
.•... do ......•..•...•.... 
. •... do ..•....•....••.•.. 
J uhu Seib arnl A. 8t rausz 

I ...... do .•••••••..••.••••. 

! .••••• do-···--···-------··· 

..do--------·-··-··--· 
....... <lo ...................... . 

. .•... do ....••...•••..•. 

John Seib ..•.•..•...•••.•. 

.••••• do ....•.••. 

. .•... do ....... .. 
T. W. Robbins ..•..••.•... 

C. M. lfar.ho .•.•.•.•••.••.. 
T. W. R-0bblns .....•..... 

C.Hosmer ·--···-··-···--· 
A. :U. RaniOQn •.•••••.•.•. 

l-.~~-~~1~~~~-~:::: ::~:::~~~~I 
1····-<lo ................... , 
) ..•... do ... ···············-! 
I ..•.. do ..•.••••..••••••.•. 

I:::::::::::::::::::::::::: 
I J~lm St>ib .••••.•••.••••••. 
i ..... do ....•.•.••..•...••. 

j G.D.WioeandJ.W.Doun. 
l JobQ Seib ................. , 

1036 

D43 

944 

1340 
900 

9~9 

9R~ 

9:'7 

986 

9{-!.) 

87!.J 

li>U 

JOI'.! 

925 

903 

9JO 

945 

946 

000 

310 

52L 

603 

660 

659 

6fit 

60~ 

520 

519 

518 

517 

516 

515 
5H 

513 

434 

435 

S'lll 

87l 

8i3 

!21l3. 

1202 .. 

lOOi! b 

lllOO. 
lWL 
1!!04 
1100 

003 
5()4 

llOL 
-41111. 



 

TilE U~ITED STATES COAST SGRYEY. 103 
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Lf1ctilitiea. State. 

York River1 from "·11rmley to Clay Bank ............ . j \.,..irgiuia ......... . 

Yor, Rh·cr, J1·crn Cl:1y lhrnk to Mount l"olly ........ _. 
York Rfrer, frnm Mouut FoJiy to \\"'e.st Point. ___ .... . 1

-- <lo-----······· 
.... do ..•.••..•... 

Dack llhTer and P1•co~in Rh· er eIJtrauct·s. __ _ 

Old Jloint Comfort, aIHl ('lltT aDCllS to llampton n()ada .. 

Hampton Romla an<l Yicinity .•.•••.•.......••••.•..... 

I- ... .Ju ••••••••.. -

I 
... do ..•........ 

.. do ........... . 
Crauey Island .......................................... . 
Elizabet.l.J Rh·er entt!"•rnce ......••........ ----·- ___ .. . 

J-llaIJS of confederate furtificatioIJs, Eliu.b"tli Uiyer .. . 

' 
'11 :: ~~: ::::::::::: 

.•. do ..........•. 

United States navy-yard, Go8port and Hebel LatterJ at j •• do .....•...... 
Saint Ildena, opposite the 11ai·y-yard. i 

Norfolk Ifarl.Jor ........................................ ! : .. do ........•.. 
Norfolk1 Portsmouth~ null Gosport .. _ ....... ·----- ___ .. .. do 

JawesRiverentraacc ........•.............•............ 110. 

Nanaemond Rh·er, upper pv.rt...... ...... ..•... ....... . •. <lo. 
NanaemondHin~r.~heet~4au<l5 ....•........•.••.... i- ... do .........•... 

Nansemond Rh·er, sheet 1. .......•.... ·········-····· 1-· do········-···· 
Newport N"ews Point. ___ ... ·----- ............. ----- _. __ do 

Jufues River, Newport NPws to Png-au Cret--k .••....... / __ .dn .. ___ ....... . 

JRmes }{her, l\1gan Creek to Puiut of Shoal ligbt-1· .... du ....... --·-·· 
hou.i:rc. 

Jomes lUver, Ilurwcll's Ifa;y, (Point uf Sh{'al li~ht-) .•. ch ........•••. 

house,) to College Creek. 1·,_ 

JnmeA Hi\'er, College Crr~t~k to Chira.horuiny Ill Yer .. __ .. do . _ ........ . 

Chitmlwwiny RiYer (2 sf1cet.~) .•••....•.•.•••.•••.•••••. do ........•.•• 

James Bivor. Maycox Point to City Poiut ...•...•.•....... do ....... ·----

Jumcs Rh·cr1 City l>oiutto Ctnb' Xeck ···-···-·-····· ... •lo, .......... . 
James Uiver, from Cm·1~· Ke-ck to Dutd.1 Gn..!L ....•.•.. .•. do ........••.. 

James River, Treut'~ Reach .. __ ...... . ....... ----· .... do ....... --·-· 
Jam~Fi Rh·er, from Dntd1 Gnp to Wilton .................. cln 

James River, from 1\rarwick Ba.rt,o Uichmonll Bar.... . .. do. 
Jamefl River, from Drewry 1.::laial to )1ayo'15 .Dddge... . . do ..... 
Bh::hmondCity .......................................... : .... (1o .•....•.•.•.. 
Apponmttox I:in~r, froru City I>oint to 'V.nhllall .........•. do ...•. 

Part of Appmrnutox U.in~r nnd Pr.t~r:8lnug . • . do 

Lynn Haven Roads •••••..........•.••.••... 
Cape Remy ......•...........•.....••..•...... ··-··-· 
Back Boy .......• ., ••.•.•..........•.................... 

North R1\·er ----·· ..••.....•.•..... ------ ·-- .. - ..... . 
Hcatl of Carri tuck Sound .........•...••..•.•....• ----

Currituck Suuntl ..................................... . 
Cnrrituck Sound, from North Banks to J-onf's"s IliJl. .. 
Currituck Sound, from Korth Banks to North Hi \.'i)r .. 

Pa&qnotank l:iver, froru cntrancn to Floati11g Bridge .. 

C&mdou and WrHle'~ Pointf<, Albemarle Sollud ........ . 

Big l"Jatt.v R:vcr, All>emarfo Sound .•...•...•........ 
Little River and eu·dron(ll, .A.Jbemarle Sonntl ............. . 
PerquiJnona River! Albemarle Sonud ................ -- .. . 
.d.lbetnar le Sound, from Smith's Point to &u11ly P-0-int .. 
.Albemarle Sound, from Lau.l'el PJ.iut to Smith's Point. 
Chowau Jth·er, month of, Albemarle Sound ............ .. 
Chowan River, from mouth to Coleraine .......... ,. ........ .. 
Chowan Bh·er, Coleraine to llarrold's Landing ....... .. 
ltoan"Oke Ri~er, mouth of, Albemarle Souoa ......... --
Ronn-oke, Eastmoat, Middle, and CasluU Ri\~e1·s and 

Ticiuity. 

Albe111arle Sound, from Loug l'ibool to Laurel Point .•. 
Alliji;awr Ri•er, from Cypr<>os Creek tn Long Shoal .. _ 
Alligator Ri.-er, from Cypress l'oint to Dear Point ...•. 
All.JenaarJe Souud, D11rant'• 13'""'1, llnlllver .•••••.••••. 
Durant's I.oland, Albemarle Sound .••••.•••.•• - .• -.••• 

. •.. do ..........•. 
... do ..........•.. 
... tlo ............... , 

, .... do ............. . 
I ViT'gin]a & 1'\ortU 

I .,,. Caro]~na. . ~ 

I ~~E:~~~;~~~~::::' 
do.----·-···-· 

... do ............. l 

... do.··-··-····--! 

... do ............... ! 

... <lo·············! 

.•. do ..••..•••. ··-I 

.• ."rlo ----··--··---! 
I 

:::~: :::::::::::::1 
... do········-··-·! 
... do ..••..•... ··-I 
... do ··············1· 
... do·-······-···· 

:: :: :::::::::::::! 
.•. do ............. [ 
... do ..•.•••...•.• ! 

Scale. 

1-20~ (\()(; 

1-20,ll(}il 

1-20, Off\ 

1-20, 000 

1-20. 000 

1-:.!0, 000 

1-1, ';.!"0(1 

1-20, fOll i 

1-2, 500 l 
1-2, 500 I 

1-W, 000 l 
1-W.oro 

1-20, oco 

1-10, 000 

1-10, OllO 

1-10, uou 
1-20, 0{1U 

1-20, coo 

1-20, 000 

1-20. OGll 

1-~0, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-!'i, ocu 
1-10, OOU 

1-5, OGO 

I-5, noo 
1-3, 000 

1-10, 000 

1-10, 000 

!-:JO, 000 

1-~0, coo 
1-20, oco 
1-~o. ooo 
1-20, 000 

1-20, 000 

1-~IO, OCO ' 

l-~0,000: 
1-20, 000 

I-'.l0,000 t 

l-'10, (){)() 

1-20, oov i 
l-20, 000 i 
1-20, 000 

l-W,000 

1-~W.OiJ(J I 

l-20.000 i 
1-20, 000 l 

1-20, 000 

1-20,000 

l-20, 000 

]. 20,-000 

1-~U, 000 

1-20,000 

l-20,000 

IJatc, 

JP.Y7 

1~:•7-'SO 

]~:Jr< 

li-:53-':i4 

1Bt12 

186;! 

1874 

l~i~ 

1er.~) 

1~71-"i-J 

1S7~-'7:J 

1673 

lt-73-'74 

li-53 

1~:;3 

]~..)3 

18.13 

lt<.33 

18.;)3 

18.:>3 

lS:ii-'51' 

Ie5J 

l1'.'5:l 

l8:J7 

1fl.3I-·~2 

Ie4t'-· w 

106! 

l,<47 

1847 

1e41 

1840 

1848 

1€61J-'ol 

187~ 

lB74 

JoGl 

1864 

1848 

lt4J 

184:1 

1~4~-·49 

1861 

Topo~rapl1t-r. l~j·;..:.i.-1en tl 
uan.'t11·1-. 

t ,Julrn SeiL .......•........ 

! .410 

.... du.··---·-·-·-··· 

.Johu Seib ..... ., .. _ ..... . 

. .... tlo. ······-·---· .... . 
J. \V. lJDnll ....••.•...... 

,fol:rn ~1~ib --····. 

A. :tr. .Hanisou ............ . 
..... do ................. . 

Sollll SeilJ ............... :. 

C. ~J. B"cl1e 

; John Sdb ............... . 

• •••. clo ...•.•••••..••.... 
C. M. Il:iche .............. . 

...... do.····-----· ...... . 
E. Ileri:;esheimer ..•..... 

J. \\. Douu ............ . 

.•••• du ....•••..••.••..•. 

. .... do ..........••...... 

. •••. <lo 

. ••••• t1o .••••••.• ·- ....... . 

John 8dll ..............•. 

..••. do .........•.•••..•. 

. •••. (lo ..••......••••.••. 

S, .A. Wainvnight . 

I
: .iulm :Sl•ih ................ . 

, S. A. 1'.,..ainw1i:.:,l1t .••...•• 

..•••• d<• ........ ··········-
ll. .. Ac.fa.mM .•••.••••••••••• 

,fohn S«•iU .•.•••..••.••••. 

,fohn Seib, S. A. tValJ:. , 

wri~i:it. 

John S<'ih ........•.••..... 

.T. J.B. IIns81f'r,J" . .Meehan. 
..•. do .................... . 

.T. lfrC'l.um . _ .. _ .. 

,J. J. s. na~sler, .r. "Med1au 

.r. J. s. Ifal';:slf'.r .•...• _ .. _ .. 

i···· .. •h ................. . 
' ..... do ...•........•...... 
: 

I ;:~:.;:~:o~-~~~~::~~:~:~~~ 
· J.C. :\"dl:son ............... . 
. .•.•. do ..................... . 

. •... .Jo ......••..•...•.... 

! .r. J. S. H11ssler. - . 

--· .. do ..................... . 

J. Mccuan·······-·- ..... . 
H. Adams ...........•. ·--

. .•.•. do ..••. 
____ .. do ___ _ 

It. E. Halter 

1T. 1T. S. Jia.-.slcr ......... - . 
A..\\ .... Longfellow ....... . 

. ..... do ..... 

J . • T. S. IJ as:.ler 
J.Mecllan ............... . 

(i.~fi 

~-06 

I 3J~ 

4!17 

.J-0.) 

I:J.j;! (I b 

13:01 

IOU" 

l:.?6.) 

l:!UG 

128!l 

12'.10 

uar u u 
4,!J 

4:{(1 

<J:.?J 

;Jq:~ 

507 

::u7 

2H 

2ll 

e~t 

u::t"in 

13.1:-Jb 

~;H) 

2.fG 
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Localilies. State. Scale. I 
North Carolina. .. _. . - .. - .. - ... 1

1 

Itoanuke Souu<l, Kill Dedl.llills to N.ag,·t'5 lieall ..•..•. 

l!oanoke bland, part of .......•................. 

Croat&n 8-0nwl aml lower eud of Roanoke Islaud •...... 

J3,oclie'.11 lHln11d. Nag's Head to Wrttck .....•.. 

___ do. 1-W, urn I 
. .. tlo ··-··--···--· 1-20,000 

.... llo -------- ___ 1-2tl. 0-00 

Dodie's Island. part of ......•.. __ ......•..•...... -- . ... do ........... 1-20,0fO 

Frum \VrccH:: Statfurd to B-iy i:;i,!!nal .. __ . ....... do ........... . 

}'rorn Day Si~nal to Cape Hatteras.················ .... do ··-·······--1' 
Vrom Cape Hatteras to llatterns Inlet.. --- ..... _ .. ---- ! -- .do . ____ -- . 

Cape Hatteras to Hatteras Iulr:t ..... - .• - -- .. - -· · · - - -- · .do - · · · · - - - · · -- I 
From Hatt.Al'aA InlAt to GrPat Swash. ___ .. _ ... __ ....•... __ .do ..........•. 

Hbtteras Inlet .......... __ ..... __ .. __ ....•.. __ .. -- .. -- . ! .do .. - ......... ~ 

Hatteras Inlet._ ............... _ ... _ ........•...••.. _ .. ' .d~10o0 .: .: :-:· .:.:··. ·:·_· .: .:_-_·:Jll 
Oc-rac<lkt: Inlet ..•....•.. __ ......••..•...••......... 
OcracoliH Inlet_ __ ...... ____ ..... __ . ___ ............... . 

Pungo l?.ivcr .... -·- ....... __ ..... _ ................... . 

Pnogo Rh· er, nppt'r part of, Jlungo J>oint to Leacl1yille. 
l>an:1plico Somul, \Yillow l 1oint to Swanqunrter ....... . 
Pamplico IUVf'T, fromRurnJe_y Mar~he...;;toHa~gedPoiot: 
Pamplico Ri""l'r, from Mnul's I>oiut to Ro-<lman's Point : 

PamplieoRh·er. fromAflam!-l':; Point to RumkylfarabeKi
1 

Pamplico Ri't""'er, froru lig-ht-hom~e to ln(lian lt->land ..•.. i. 
\\"ashington and ilsenvirons .•............•.. ---· ...... : 

:: :::::::::::::11 
.do ............. . 
do ...........• 

.do ............ i 
<lo.····-- .. ·-- I 

.do .....•••..•.. \ 

l3ayRiver,Pampl"oo~ouud ........... ·········-··--· do 1' 

Sb ore-Hue, from Bri:.v River t-o ram11lico Sounll .• - ...•.. 1 do : : ~ ~ ~ ~ ~~::~~.·I 
Cedar Island ~ntl Yiciri.ity ......... --·········----·-·--·! .. do ....... -----~ 
Portsmouth ll'llaml and part of Core Beach_ .. --- ....•. : - ~ .. do ... - ...... --· ! 
Main shore of Core Sound, fr.;m Rall'• Point t<> Will- : .... do ...•......•. ! 

ie'•Mill. 
Core Sound, north-east. part of--·--·· ......... --·... . - .<lo .. --·--·-. --

Core Sound,tK1uthweist part-of. .....•....•................ do ............. . 
Neuse Hh~er. from Newbern to Johuson's Point. 

(gee 82~.) 

.. "lb .. --·-· ..... 

Ncullelthmr.fromJnl..mi;mn'sPnint toBtH1Nl'~Crook ...•.. do --

Nense }{i,-cr, from Beard's Creek to \Yilkiuaon Point - . · .••. do .. - -·· ..... -· 
Neu1mRiver,from \\rilkinsnnPoint1oCet\arPeint ........ do ............ . 

Neu Re Ri--.eir, from Cedar I,01nt 10 Brown'ti Creek .. ~--.: ... do , ........... . 

Nen-se Rin~r, from Urown·s Point to Point of Marsh... _ .. do ........ __ . 

Xeu-se }{h~e.-, ts11orc-line. (8-ee 1031) .•...••....••...••...... do ............... : 

Goldshoro, western approache-s, including i Iii! tkfc-ns.es .•. .. do ..•.•.....•.. 

Oohl~boro, eastern approacl1es to ................... - ..... - ... do ............ . 

CatlA I ... ookont n.nd pa.rt of Core Sound .......... -·· ..•••• 
l~eaufort Har\J'()r ................ 4 ....................... . r::::~: ::·:::~:::::· 
l~ennfor-t llflrbor_ ··········----·· ..................... . 
Bieanfort Harbor ........ -- .................................. - . 

nurnfort Rarl1nr, rei'iun·ey .. --· ...••.. -·-· ......... . 

I ••• do.•••••••··-· 
... do ..•••.....•.. ' 

••• <lo ..•..•.. _. 
North an1l Newport Ri\'CJ"S ........................... . ... do ............ . 
Rogne Sound .• froru Broad Cl'(tCk to Queen's Creek ..•. . .. do .••••...... 

lt-OgneS011nd 1 pa.1·tof ..................... .................. ..do ..•••...•••.. : 

:RearJnlet,toNewRiverin1e.t~coastofNorthCarolina \ ... do····------·· 
New Inlet. including Fetler-al Point, Zee k's audStnitl1"s ! ..... <lo ............. . 

~~ I : 
New River nnd pa.rt of Stump Sound .................. :- ... do .••.•.•...... i 

i 
Top•ail Souo<l and Stnmp Sound...................... . .. do ............. · 
Topeall Sound. from Water"& Bay to Old Topsail Inlet 1 .••• do ............. . 
Rich Illletand Topsa\lS<lno<l. ........................ i ... do .•.••.•.•.... 
MlddleScnml and Topsail Somnl ..................... 1 ••• do .••••....•. :. 
Maoonboroiuletand:MiddleSouod ................... i ... do .•.•..•...... 

:Myrtle Sound .••......•.•.......• ---··· ...•.....•..... ·I · .. •lo ......• ---- .. 
1.Jyrtle Sound and 1'..,,deral Point ......... :............. • •. do ............ . 
C•p~ F<"ar entranee amt Smit-h's Islands ..•.••..•..... I .•. do .•••..••.... 
Oak Island., Cape Fear eatl'8b00,M>d Sroith-oille ........ ! ... do ..•.••••••••. 
C~P" Feu River, lower part and ap1rroaches ..••..•..• .I. ... do ..•..••.•.... 

1-20, 0-00 

1-20, 0-00 

1-W. OUO 

1-20, uoo 
1-:IO, 000 

1-20, 000 

1-10, GOO 

1-10. 0-00 

1-20,0-00 

1-~0. 000 

1-20. 000 

l-'20, 0-00 

1-20. ooo· 
1-20, 000 

1-20, 000 

1-20, 000 

1-10, 000 

1-20, coo 
1-20. oou ! 

1-20, oou 
1-20, 000 

1-20, l~(ll) 

1-~0, 000 

1-20, O< 0 

1-10, OGO 

1-20, d!JO 
1-20, 000 

1-20, 01:0 

1-20, 000 

1-20, ouo 
1-20, ouo 
1-10, {}/);! 

1-10, 000 

1-20, 000 

1-10, 000 

1-10.-000 

1-20, 000 

1-10, ol10 

1-20, 000 

1-20,0(){) 

1-10, 00-0 

1-~o. ooo 
1-10, ooo· 

1-10, 000 

1-10, 000 

1-20,000 

1-10, 000 

1-lO, 000 

1-10, 000 

1-10, 000 

1-10,001) 

1-10, 000 

1-10,_()l'O 

1-1(1,000 

Date. 

1851 

H6l 

1804 

1t:m 

]ff>() 

k52 

l~fiU 

1~7~ 

18fi0 

lfi52 

J8J7 

lt57 

18J2 

187~ 

187,l 

187,l-'4 

1~71 

1871 

1"71 

lt;7l 

ll'72 
1Bfi9 

1'369 

18;2 

180fi 

li'73 

1866 

1801] 

18!i6 

1Flfi6 

l'G7 

1~67 

1B6>l 

lt'G8 

1863-'4 
1~6:> 

18G5 

1'5~ 

18.H 

1851 

!•54 
186~ 

1873 

1871 

1"67 

187l 

1e6J 

18"6 
1857-'B 

1857 
1851 

1857 
1851 

11S>7 

JSJl-'56 

1~51 

1~58 

Topographer. ln..e.::d~tcTed 
1 1mmlmr . 

----~--·----li----

j .; .• J. S. Hassler ............ 1
1 

! ·J.Meehan ............•.. , 

I
' R. E. Ilalt-er ............. . 

A. \V. Longfollow_ ....•. 
1 

! .J.Mechan ······--·····--1 
flail Arlaru; ............ . 

..... do ... , ............. 1 

.T.M~chan ·------- .. ····· 1 

C.T.Iardel!a .. , ..... ~-·-··1 
Jolm Meehan ...... --··-·. 
Hull Adams .....•..••...• ! 

J.:Mccban ................ \ 
..... du .......••.•..•..... 
Hull A<lo.ms ..•..••.•....• 
F. W. Dorr .............. . 
....• do ................ . 
C. T.Iar<leHa ..•. __ ....... _ 

~--~~~~"~:::: .::::: :::::::! 
..•..• do ..•••...•.•. ····-··( 
..... do ......... ····•••··· I 

:::::~~ : ::::: :::::: :::::::1 
..... do ................... ! 
C. 'l'. Iardella .............. i 
C.I•'cnrlaU ............... J 

i C.'l'.Iar<folla .............. I 

1.~~:-~;~~:·.~i-·.: :: ::: : :::: :~. 
11". W.Dow .•....••..•..... 1 
I ! 

)::·:::;: :::::::~:::::::::::! 
) ..... do···············--·~~ 
1- --••• clo ..••••• - ........... I I , 

j :.· :~·~o8rzr~:~~~~ :~::~ .:::i 
j C. Rockwell ............. _I 
\ A.S. Wadsworth .. ---·····! 
; Il.L. WhiOng ...••• ······I 
/Charles P. Bolles ...•...... ! 
j A.S. Wa<lawortl1. ......... I 
j A.:Boschke ............... .. 

l C.M.Dache ................ i 
[ Il . ..A..da.ms .................. . 

i A.W.l.<mgfellaw ....... .. 

IC. M. u...,he ....... ····---
' J.S.Bratlf01<1 ..••.••..•... 
i 

I.~~~~:~~~~~~~·-~---~~~-
I 

J.Yechan .............. .. 
..•••. do .................. . 
..•••. do_ •.••••••.••••••••. 

l ::::::::::::::::::::::~::::I 
l
. Charle• P. B<>l'.u .••••••••• ! 

. ..... do···---~--·-···-···-! 

.••••. d,o. ··-··· ·"·'··• ..... ! 

331 
823 

933 
3;)4 

'79l 

367 

377 

700 

1216 

7H2 

372 

623 

62-2 

376 

1273 

1310 

1355 

lZlO 

1211 

1212 
1213 

12H 

1094 

10~:; 

12na~ 

1016 

1306 

1020 

1017 

1031 

1018 

10M 

1052 

1073 

1074 

928 
g;o 

·971 

416 

315 

348 

4:JS 
1374 

1328 

·1213 

1110 
U!ll 

9!J9 

!1115 
711 

617 

618 

619 
6;i(} 

11'21 
3~•1 

3t5 
'lea 
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Localities. 

Cape Ff!&r Ri \•-er, lower part, includillg New Iulet ... . 
Ca.pe Fear River, Bay Lights to Roove's Point ........ .. 
Cape Fear River, Ree\.·e's Point to Hill Lane ........... . 

C11ope Fear River and Ca:m.pbell's Island .................... .. 

Cape Fear River and mouth of Brnnswick Creek ----· 
Ca.pe Fear River and month of Northwest River ....... .. 
Ca.pe Fea.r River entrance and westward ............. . 
Lockwood lt"'olly Inlet and vicinit_y ..................... . 
From Lockwcod Folly to Baeon'e Inlet ............... . 
Go-ast of Sonth Carolina, North Isl11.od eastward ...•.•. 
North r,Iaud toward Little ltiver; Little River and 

vicinity. 

State. 

North Carolina ... 
... rlo ................. 
. .. do ------------
. •. do -------------
... rlo ................. 
. .. rlo .................. 
... rl> ..................... 
. .. do ------------· 
.. .do ............... 
Sonth Carolina ... 
... do ------------· 

P;1.rt of Santee River and vicinity..................... . .. rlo ............ . 
\Vinya.b Bay and vicinity·---·- .......... __ . __ ------ ... ___ __.do . ___ .. _ ... __ . 

Wiuyah Bay and Georgetown Harbor................. ..do ............ . 

Winyah Bay and Georgetown Harbor ............ ···--- ... do -·---········1 
GeoTgetown Harbor.............................................. . .. <lo ............. . 
Near C.tpe Romain.----- ........................ ----..... . .. do------------. 
Bull's .Bay ........................ --------------·------ .. .<lo.·----- .... .. 
DewesandOaper's Islands .................................. do ............. . 
Part of LonJ( Isl&od, Breach Iolet to Rattlesnake Inlet. . .. rlo ..........•.• 
Charleston Harbor, ncrth side, and Sullivan's Island... ...do ........... .. 

Charlestou Harbor, aonth side, tc Light-Honse Inlet . . . . .. do ..•••••..•••. 

yharleston City and vicinity ..•••.•...•••••••.••..••••..•. do ............ . 
Morris Island an l viclnit.y. ••• •• . . .• . •• . . •• . • .••• •• . • .. • •• do ............ . 
Part of Folly Island ............... ------·---·--------·· ... do ........... .. 
Folly Island and vicinity ................................. do ........... .. 
Folly Island, west end to Kiawah Island ..••..•••••.•• _ •. do ............ . 
Morris lo land and Folly Island... . • . • •• • • . • • . . • • . . • • • • . . •. do ............ . 
Defenses of Charleston .................................... do ........... .. 
StonoRiver, mouth of, and rebel earthworks of CtJle's .•. do ............. .. 

Island. 
Rebel earthwurke on Cole's Island and fort at Old } 

llattery, Stono River. ··.do ... •••• ·•••• · 

North Edisto River, nnrtheast.ern part •.•••• .•. .•• . . .. . •. do •••••••...•.. 
North Edisto RI ver, ROnthweatern part . . • • • • . • . . •• . . • . .. do ..•.•••.•••.. 
Part of Edisto Ieland,andJeboaeee Iala11d ................ rlo ............ . 
Sooth Edisto River.................................... . .. do ........... . 
Saint Rt>lona Sound ...................... .'... •• . • • . • . . . .. do .••••••.••.•. 
S&lnt Helena and Lady'e Ialauds. •• .. • •• • •• • . •• • • •• . • . . • •. do .••••••.••••. 

Coosaw Rivera'1d '\"lclnity ·-···-···················--·- ... do .••••.•.••••. 
Pooota.ligo Bridge, vicinity of.......................... . .. do ........... .. 
From Tripp's Inlet to Pert Royal So11nd. •• ••• • • ••• . • .. • .. do ........... .. 

Daw Island tc Port Royal S~nnd ........................... do .•••..••..••. 
PanyandCa.ue'alsl&nds ................................. do .••••••.••••. 
PortRoyalandvioinlty .................................... do ............ . 
Pm-t 'R.oyall$land, Cooeaw River to .A.ahepoo River ..••.••. do •••••••.••••. 
Brosd River, 110nth<>ru part of .. • • • • • • • • • • • • • • • • • • • • . • • • . •.. do .••••••.••••. 
llruad River, ehoree of .••..••.••.•••.• ~ •••••..••..•.•••.•.. do ........... . 
BetweenBroa.dandMayRivers,Mntaloinghydrography .•.• do ............ . 
From Port Roy.t Sound to montb of May River ............ do----· •••.•. 
FromM.ayRivertoSa,......n&hRl.-er .•••...••..•••••..••.••• do .••••••.••••. 
From S&vannah River to Cooper River, west of Danfna· .••. do ..•••••••.••. 

kl<> Inlet, eont.ainiJlg hydrograpby. 
&vaneah River, forts Jankaon and Loo, batteries Tatt- .•.. do ..•••••..•••. 

nail and BJ11"11wel1. 
GO&stofSoa~llCar<>lina .................................... do .••••••••.••. 
Cooat of SoaW. Carolina................................ . .. do ..••.••.••••. 
S.-...uoah lUver, mouther .•••••.•••••.••.••..••••.••.•• Georgia ..•••••.••• 

H. Ex. 81--14 

Scale. 

1-10, oco 
1-1•,000 

1-10, 000 

1-10, 000 
1-5, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-IO, OOJ 

1-10, 000 

1-20, 000 
1-:.IO, O·IO 

1-20, 000 
1-:l',000 

1-20, 000 

1-10, 000 

1-10,000 

1-10, 000 

1-10, 000 

1-20. 000 

1-20, 000 

1-!lO, 000 

1-10, 000 

1-20, 000 

1-10, 000 
1-2, .'\()() 

1-!lO, 000 

1-20, 000 
1-20, 00~ 

1-20,000 

1-20, 000 

1-20, 000 

1-20. 000 

1-10, 000 

1-W,000 

1-20,000 

1-20.000 
t-20. ooa 

: 

i 

1-10, OOJ I 
1-20,000 I 
1-20, 010 I 

1-~.ooo 

1-!IO, 000 

1-20, 000 

1-20, OOJ 

1-!i, 000 

1-20, 000 

1---!!0, 000 
1--5, 010 

Date. 

18.)8 

18:><-':.!-'56 

liG3 

18:>3 

1s;;3 

ls;;3 

1~52 

18;">6 

18.)7 

lHH 

lt!i3 

187! 

Bn 
1s;;1 

18~7 

18~7-'8 

1874 

1a:;1 

1&5j....'7 

1854 

1849-'JS 

1819 

1857-'8 

18~8 

1819-'50 

1858 

1854 

1'36! 

1865 

1862 

1851 

18;>1 

1856-'7 

1852 

185&-'67 

1872 

1865-'67 

1865 

18:>9-'67 

1859 
1868 
1865 

1873 

1865 
1865 

1870-'l 
18:>!1-'00 

185~-'60 

1870-'1 

1866 

1872 

181'11 
1874 

Topographer. '.ne,..::;ititerecl 
'! number. 

~~~~~~~~~~~ 

Cbarles P. B.11les ....... . 

. .... do .................. i 

C. P. Bollea, J. W. Gregori .. 1 

Charles P. Bolles ........ --1 
..... d'> .................. i 
.. .•. do ................... 1 

. ..•• do ................... 1 

. .... do ................... ! 

;_-~~i;~:u~~~-~-:::::::: I 
• .••• do .................. 1 

i 
W. H. Dennit1 --·· .••.•. 1 
_____ ft(} ______________ -----

s . .A. Waiuwrigl.it, H. L. 
Whitiug. 

........ do ..................... . 

H. L. Whiting- ............... . 

\V. H. Dennis·--·-------· 
W. S..Elw1<rds .......... .. 

Lt. C.iruman'r J. N. Maffit 
It. M. Bache ............. . 
il . .A, GillJert, W. S. El-

wards. 
W. S. E lwarus, S . .A. Gil-

bert. 

'"· S. Elw-arJs ........... . 
J~•hn Seib ...................... . 

S. A. GillJert ............ .. 
JohnSelb .............. .. 
R. M . .BAche .•••••..••..•.. 

W.H.Dennis ··-······--·
C. O. Bo11telle ..•••••.•••. 
C.Rookwell ............. .. 

••••• do •.•••••.•••••..••.. 

Goorge D. Wi&e .......... . 

•••.• do .................. . 
John Seib .............. .. 

. .... do ............. ------
JubnScib1W. H. Deania . 
Charles lloemer .... --· ..... 
W. H. Dennis ..•..••...•. 
}'. W. Dorr .•..••..•..•.•. 
.J. S..ib, C. Rockwell, and W. 

H.!Mnnis . 
. J. Seib, C. R ><>kwell ...••.. 
C. HOtimer .............. .. 
W. H.Dennis ..••.••..••.. 
Cbarlfls Hosmer ... --· ..•.. 
R. E. Halter ............. .. 
....• do .......•...••...•.. 
C.Hosmer .................... . 
C. R-ickwoli.. .......... - .. 
. .... do .................. . 

C. H.osm~r .......... --·------· 

C.O. Boutelle, H. L. Mario-
dln. 

o. Titt.man .............. . 
. .... do ................ . 

C. RGSmer ·-·--·~·····--·· 

70ll 

341 

446 

4n 
447 

H8 

6H 

b'73 

67:? 

N8011b 

1~3:-.a. b 

1108 

1276 

527 

526 

8:14 

1:147 

77l 

6~l 

47l 

26! 

l!fil 

710 

715 

29~ 

714 

491 

9fit 

976 

899 

900 

322 

327 

679 

508 
611 

1~75 

996 

974 

840 

839 

lOW 

1006 

1:107 ab 

998 

997 

1195 

809 

803 

1196 

10l!7 

t~a 

12t'O b 

1349 
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Localities. State. ·1 

SaT&llll.ah River, entrance to Fonr Mile Point. - . . .. . . G .. e.odr
0

gi_a. __ ··-·.· •• -· •• • •••••• .1 
Cross Tides to Head of Isla hlancl, Savannah River ... 

savannah :R1.T"er, Elba Island. part of l'iYcr . --- .. --- . do I 
Savannah River, City aud Elba !&laud------ ... --- .... : . ~:~do~~~:~--~::::~·_. 
Savannah City aud e11virona •••..••..•••••.••..••.•••...•. tlo ..••..••.••. 

Sa~a.1111ah City and vicinity, northward--------- -·--· ... do------------ j 
Savannah, vicinity of................................. ..do ............. I 
-'\VassawSounda.ndviciuity ······-------------------· ... do------------ j 
Wilmington lliTe.r and estuaries...................... . .. do ..•....•.... 
Jtomerly Marsh Creek ___ . _. __ ... --- .. ____ . _. ____ .• -- . . .. do ....... ----· j 
Ossabaw Sound and vicinity·-·--------·------··--··-· ..• do .......••.•.• 

1 

:From O•sabaw Souml to Saint Catheriuc's Sound . • . . . .. do ..•..•...... 
Ogeechee Sound and vicinity·-......................... . .. do . --- ... --··-
Ogeecbee-, Vernon,and:Burnside....................... ..do ............ \ 

Scale. 

----
1-10, 000 

l-10, 000 

1-:i, 000 

l-5, OOJ 

1-10, 000 

1-10, 000 

Ogeecl1eeto Medway Bay ................................. do .............. ; 
Saint Catherine's IsJautl aud vicinity .....•.••.. --···. . .. do .............. 

1

1 

:Between Medway aud Julienton Rivers ........ -- ----. . ... do ........•... 
Sapelo Sound and vicinity ..................................... do 

Sapel<> Island (reconnaissance) .•........•..•............... do··---····--· j 

Doboy Sound and vicini~y .. .•• . ..•••. .•••... ••• .• •••. .. • •. do . I 
.Alt.amahaSound and,·icinity .....•.............••.••..... do-----------· I 

:! in.to! m. 
1-20, 000 

1-2J, 000 

1-2:0, Ot!U 

l-20, 000 

1-20. 000 

1-10, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, oou 
l-20, 000 

l-10, 000 

1-20, 000 

1-W, 000 

1-20, 000 

1-10, coo 
1-20, 000 

1-10, 000 

1-20, 000 

1-20, 000 

1-W, 000 

1-10, 000 

1-20, 01:0 

1-10, 000 

~":::~~:::.:::f~~~:~~l~~~~·:::::::::::::::::::::: : ::::. :::::: ::::: 1

1

1

11 

lllythe Island and llmnswlck Ilarbor .•.••.••••..••••..... do ..•.......•. 
::Mackay's Riverandvicinity .•.. :-·-·············--·-- .... do ............. . 
Saint Andrew's Sound and vicinity .............................. do ............. . 
Cumberlandlslaud,partof .........•.•......•............. do ..••.•..••.. 
Cumberland lslanrl.basesite (reconnaiBSauce) .............. do ............... 1 

ChicJ;amanga battle-field .....••...••. __ ....•...... -·· ...... do ..••........ 
Sumwit of Lookout M:ounta.in ..•••••.•.••..••••.•. •• • · · Georgia and Ten- •

1

. 

11essee. 
Saint Mary is River and vicinity ......... --· .................. Geor,:;iaaudFloridai 
:Eastern coast of Florida................................ Florida ..... --·-· ·i 
Fernan<lina Rarbor and "Vicinity .................................... do ................. . 
.A.melia River and vicinity ..••.•..••••.•••.•••••.••••• 
N llllSau Sonnd and vicinity .•••••••••.••••••••••...•.•• 
Sisters Crook .•..••••.•••.•.••••.•••••.•••••.••.• , •.•. 

.... do ..•.......... 

..•. do ..•.•.••••... 

.... do .......•.... 
SaiotJobn'sRiverentrance ........................................... <lo ................. . 
Saint John'& River and Fort George Inlet............. . .•. clo ..•....•.•.. 
SaiotJobn's'River, from entrance to Brown's Creek ....... do ............... . 
Saint John 'a River, Brown1,e Creek to Point Suarrez ........ do ............... . 
Saint John's River, Point Snarrez to Jacksonville ..•...•• do ..••...••.•. 

J acl<aonville and vicinity .•••••..•.•.... - · • · • • · · · • · • • · · .. ·.do .. • •. · · - ·. - . I 
Sonth of Saint John's Riv-er, from entrance to General .... do .................... . 

E. Hopkin•'• plantati.,n. 
Sontl1 of Saint John's River, from General Hopkins's t<> .... do ..•••.••..•. 

Dl<'J!:O Plain11. 
Diego Plains.......................................... . •. do .......•..... 
North aud Guano Rivers, part of ..••••••••..•••••••••. - ..•.. do .••.••••••••. 
Saint .An~Btlne and vicinity •••.••...•••.•••••.•..•....... do ..•••.•...... 
Coast from Saint Angn•tlne to Matanzas Inlet ..•..••....•. do .••••.••••••. 
Jdatanzll8 Riv-er and vicinity.......................... . ... do ..•••.....•.. 
:Florida Peninsnia, from Point Padgett to Point An- ...• do .••••• : •• .••. 

drew ttriallgnlatlon sketch). 
Moaqolto Inlet and vicinity .•••••.• ·"' ••••••••••••••••....•. do ..••..••..••. 
Ilalif'itx River .••.••.•••••••••••••••••••.••••.•••••••.. _ ..•. do .•••..•..••. 
Cspe Canaveral ..•....••... ---· ..••.•.....••••...•.•.....•• do ..••..••..••. 
Indian River ..•.••••.•••••••••••••...••.•..••••.••••.•...•• do .••••••••.••. 
Coast of Fl<>l'ida, Miami River, and Key Biscayne Bay .••• do .•••..••..•.. 

1 

Heall of Key lllacayne Bay •••••.••.•.•••.•.•••.•••••••..•• do .••.••....••. 
Key .Biscayne, from Shoal PoiDt to Black Point ....•.•.•••• do .••••••••.••. 
Key lliBO&yne, from Tu.rtle Point to Fendet" Point .••••.••• do ••••••••••••• 

1-!C, 000 

l-40. 000 

l-10, 000 

1-10, 000 

l-20, 000 

1-20, 000 

1-10, 000 
l-10, 000 

1-10, 000 
l-10, 000 

l-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

l-20, 000 

1-20, 000 

1-lll, 000 

1-20, 000 

1-20, 000 

1-ti9, 000 

1-2{), 000 

1-llO, 000 

l-20, 000 
1-10, 000 

1-20, 000 

1-l!ll, 000 

1-llO, 000 

1-20, 00. 

-n~=---11·-----T----~----!Reiz;jstP-r~~ opogr-ap er. l number. 

18.52 
1s:,2 

1874 
1852 

1852 

1852 

1865 

18ti:l 

1865 

1869 

1858 

1658-'9- tiO 

18:i8 

1865 

1869 

1867 
1869 

18."17- '8 

lt157 

1868 
1869 

1869 

1~56-'7 

1869 

1R56-'58 

lrlfi9 

1869-'70 

1870 

11<;;7 

186·1 

1Bti5 

ie;;7 

1s;3 

1857 

1857 

1871 
1871 

166~ 

1853 

1855 
185.'i. 

1855-'56 

1864 
1858 

1861 

1860 
1859--'60 

1867 

1872 

18:19 

1874 

1874 

1850 
llUll 

1851 

1867 
1859 
ll!S9 

I 
\ H. L. Whiting .•••••.••.•. 
1··-···do ..•..•••...•.••.•• 
I Cb~rlt-sHusmer ..••..•.•. 

1-~--~::~'.~i~~:::::::::::· 
I······ do ..........•...... 
I W. II. Dennis ...••••..••. 
...... do: .........••...... 
C. Fen<lall ..••.•..•.•.. 

C. Hosmer.--·····-·-·· --
A. M. Harrison ............. . 

I
I H. s. Du Val ....••...•.... 

A. M. Harrison .•..•.•...• 
C. Fernlall ..••••..•.••.••. 
C.Hosmer ................. . 
C. Rock well, J. A. Sulli vau 
C.Hosmer ............... . 

i A. W. Lungfollow .••.. , •• 
H. S. Du Val ••.•.••••.. __ 

W. II. Denuis .....••...•. 

..... do----·-··········--
..••.. do ..•.•••..••.•••••. 
A. W. Longfellow ....... . 

I 
C. T. latddla ••..••...••. 
A. W. Longfellow ....... . 
\V.H.Donnfa ................. ~ 

C. 111. llache .•••...•••..... 
11{. H. Dcnuis .............. . 

A. M. Ha.nison ....•..•••• 
C. II. Boyd ..•..•..••.•.••. 

. .••.. do ••••.••••.•••••••. 

A. M. H1urison •••••• -•••. 
..••.. do ..•.••..••••••.••• 
. .••.. do ..•..•••..••.••••.. 
..•... do ................. .. 
W.H. Dennis .••••••.••••. 

..•••. do .•••.•.•.••••..•••. 

.••••• d<> ••••••••••••· •••••. 
R. M. Bache ......•...•.•. 
A. M. Harrison ••••..•.••. 

. ••••• d<> ······-·-····--··· 

. .•••. do ...•••••..•..•••••. 
W. H. Dennis ..•..••...... 
J.Mechan ••••.•..•••.•••. 

..•••• do ..•••••.••.•••••••. 

F. W.Dorr .•••.•.•••.••••. 
• ••.. do ..••.••••••••..•••. 

C. :M. Jlaehe .•••..••.•••••. 
A. M. Harrison .••••••••••. 
Capt. M. L. Smlt.h ••••••••. 

A. M:. llarrlaon .•.•.•..•••. 
.•••.• do ..•••••.••••••••••. 
Holl Adame ••••••.••••••. 
C.Ferguson .•••••••••.•••. 
H11ll Adam& ••..••••.••••. 

C. T. IardellJl •••••••••••••. 

...... do.········'········· 

. •••.. do •••••••.••••. ·-··· 

379 1 

380 

134tl" b 
383 

343 
385 

97~ 

006 

10~ 

706 

841 

707 

991 
1109 
1060 

1155 
721 

ti78 

101;(1 

1114 

1114 bis 
750 

110::! 

778 

1113 

1145 

llSll 

624 

934 

973 

e14 

1~98 

613 
1115 

l232a 

1232b 

9115 
411 

liSO 

551 

552 

963 
712 

713 
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APPENDIX No. 7-Continued. 

Localities. --i -· Stato. 

i 
Cartl1s So1111d, from West .Arsenlcker to Jew lloint .. _. Florida. .•....•..•. ! 
Ilarnes's Sonnd ....••..• --- .. - . ---- .. ------ · - --- · ---- - · -_-_·_•dl•

0

1 -. -__ --_-_-__ --_-_-_-_-_·_I,, 
Earnests Sound, part 01 ............................... . 

Earnea's. Sound, part of------.----- .. --- .... --·--·--. . .. do ..... ----- .. 
Darues'sSound ......................................... j .••• do ............ . 
ShoroStnd ke~'sofBarnes's Sound..................... . •. tlo ........•.... 
1;1aott'a.Key, s,,ldier Itey, and Ragge<l Key . .......... . .. do ...•......... 
Elliott"• Key, Cresar's Creek, a.nd Old Rhodes' Key... . .. do . ---· ----- .. . 
Key Largo, Olcl Rhodes' tn I3asiu Hill.................. . .. do ............. . 
l(eyLargo1 Basin Hill t-0Excel~ior ............................ do ............... . 
From Egan Creek t.o l11dian KHy. •..... ...... ........... __ .. do ........ _ ... . 

Long IRiand, Mud and Captain K~y .....•.•....•.........•. do ..•....... - • 
Upper Matecnmb and Windley 1s Island ......... --- .. . 

Jluchaoa.n and adjuent keys ....••• -·· ......• -- . ·- ..•. 
•• do-----------

... do-·-·········· 
O:vster and adjacent keys .• _ •.• ····--.·---····-··..... . .. do ..••• ·- •••.•. 
Lower Matecnmb and Lignum vitro Kr,ys .. . . . .• ..•... . .. do .............. . 
Lower M;1teeumb a.nd Long Key ................................. cl() ............. . 
Duck Channel and Cooch Keys and 11artcfLong Key ..•. do .•... ; ..••... 
Crawl, Gra-~sy,aud T-0m Harl>orl{eys,andpartof Flat ... do ................ . 

Deer Key. 

Yaccas Keys .. --···············-··············--·-· .•. 
Bahia Honda. or Spanish Harbor ....•................ 
:Bahia Honda Harbor. Pine Island Signal .•...•. --· ... 
Little Pine Key, Johnson1s Flat Key, and other8dja· 

cent keys. 
Howe's Key; Annetta, Spanish, and others ............. . 
Big Pine Key, Ramrod Key, e.ud athers arljaceitt ....... . 

... do .........•... 

... do·----·-------! 

.· .. do ............. ' 
, .•. do .............. I 

.•. do··-·-···--·· 

... do. ···-··-·-·-·i 
Sugar.Loaf, Cudjoo, S11mmerland, anti L1ggot'bcad KeJf: .... do ................ , 
Contentl Wat.er, Raceoon, and Kn.ock.'em-down Keys, ... do ................ . 
Johnston's and Sawser's Kess.··--·· .......................... do ............. . 

Snipe and SJddle-Buncb Keys .... ·--···-··-····-······· ... do ...•.... 

:Mudd Keys··-·······-········-·····················-·· ... do ....•.....••. : 
Boca Chica ar.d ailjaoont keys .••..•••..••••.••. ·-··... . ... do .. ·-·· ... ···-: 
Keys north and east of Boca Chica.................... . .. do ....... ··-···; 
Xe:v West, Stool.; Island, a.n<l ailjlMlOnt keys ..•.••.•.•....•• do ..•.••.•.••.. 
Key olfthe harbor of Key We•t. ···-···· .......•••....... do ···-·· ··-··-
Ke.vsland ledges, vicinity of Key West ............ ·-· .•.• do ....•.•..••.. 
Marqueea• Key and Boca Chica ..••.•.. _ ..•...•••.•........ do.········----! 
Cbarl<>tte Harbor, approaches t-0 ••••••.••••••..••••..•.••• do ..•.••. ··-··· 
Charlotte Harbor, approaches to ..•••••...•.•••• - . • . • . . . •.. do ....•....••. _: 
Charlotte Harbor, l"rom Boca Gramle entrance to South . _ .. do ................. i 

Boea. N ueva. Pass. • 

Charlotte Harbor.part of····-······-··-··-············ do i 

Charlotte Harbor, from El Gabo to Peas Creek........ :: :do : :: :::: ::::::1 
Peas Creek, bea.d of Cha.rlotte HIU"bor ... ·-·--·-·-·... . .•. do ...•••••.•.•. 1 

Pine bland Soon1l, Charlotte Harbor ..•••.•.•.•••.•.... 
1

.- .. do ·············I 
Bayport and vlcluity (western part)·····-·-···-······ .•. do ............. 1 
Boca Celga Bay, BOnth part; Mullet, Egmont Passage, .•. do.·-·--·······! 

and north end of Palm Key. ' 
Tampa.Bay; P&88&ge Key to Pa.lmasola. Point ...•••• l il 
Tampa Bay; Palma.aola Point to Piney Point •••• _ •.. S ···· 

0 
····-········ 

Claarwat.er Barbor.······-·-···--····-·-······--·...... . •. d<> •••.••• -···--
l'rom Raccoon Poiat to CbUBllhowitzka River·-····-- .•.. do ..•.••••..•.• 
From Cha.eeahowitskaBiver to llomooaaea. RiTer .•••...•.. do.······-····· 
From Hom08&88a. River to Green Point .••••.•..•. __ •• _ .. do -···-········I 
HomG8aBsa River ••••••••••••••••••.••••• ·-··········· ..•.. do ··-·-··-·····i 
Cryotal Ree& a.nd River<! .•.••• ·-··· ................. __ -· .d<> .••. ·-······. 

From Cryetal River to Withlaoooohee Bay............ ·.·.·.ddoo ·.·.-.· •• ··.-.·.·.·.·_-.·.·! 
Witblaooochee River {recmmaiseance) •••••••••••••••• 

~=.::::;:~~.~~~-~-~!.~~::'.~~-~~~~~:::: :::::: :::::::~::::.\ 
Wa~a Rlve:r (rooonnais91lnee) ..•• _. ···---·-······ ·.••• ... dd<>o _-·.·.· •• ·•••• · .. ··.-.·.:! 
Cedar Keys and 'Vloln!t.y, eutward •••••••.•• - •..• , .•. 

S('a}e. 

1-20, om 
l-20, 000 

1-20, 000 

1-20, OClO 

1-40, 000 

1-30, 000 : 

1-20, 000 ' 

1-20, coo 
1-20. 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-:W, uoo 
1-20. 000 

1-'W, 000 

1-20, 000 

l-'20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-~.000 

1-20, ooa 
1-20, 000 

1-~o. ooo 
1-20. ()OO 

J-20
0 

()IJO 

1-20, 000 

1-20, 000 

1-20, 000 

1-10, 000 

1-20;000 

1-10. 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20.COl 

1-20, 000 

1-20, 000 

1-20.000 I 
1-20,000 

1-20, 000 

1-20,000 

1-llO, 000 

1-llO, 000 

1-ll0,000 
1-20,000 

1-10,000 

1-20,000 

1-211, 000 

1-10, 000 

1-'l9,003 

1-10, 000 
t.l(),000 i 

1-10, 000 i 

Date. 

1859 

185!1 

1859 

lFlfiO 

11:!70 

1868 

1852-'3 

ltl53 

18:14-'5 

ld55 

1857 

li'57 

18~8 

1859 

1B39 

li'5i 

1"51l 

1857 

1857 

1857 

If57 

1856 

18')7 

B56 
1855 

1855 

1&33 

1803-'~ 

18:\0 

1830 

1850 
1"'~1 

1859 

1859 

ISGO 

lilfiO 

1860 

1860 

18U6-'7 

1860 

1872-'3 

1874 

1873 

18.59 

1800 
lB.'ie-·9 

18.57 

1858 

lilW 
18.';6 

1e:;s 
11!56. 

l1':i6 

1856 

Topo~rapby. 
Re~i ~tere-cl 

number. 

j C. T. fardolla .•. -·· ..... . 

)·····-<1"·----·-·······----
....... <lo ...................... . 

..- .. do ··--·······-··---
] J.G.OHmanns .........•.. 

i C.T.l:mlolla .. --··----··-
Hul1Ad1:1m1:1 .•••••• : ....... . 

...... do·······-···········' 
S. A. Wainwrieht .... ·---
...... do.·-··············-· 

J ... - ... do ··---·----···-·-·-
~ F. ,V. I>orr. ___ ............. · 

I ~:-~:~rd.~l'.~_::::::::::::.i 
j ··-· .1lo ..••......•........ • 
i S. A. Wainwright ...•... -
! U.1'.Iardella ..•••••..•••. 

l F. W.Dorr.·-···--········' 

1······do. ············-·····; 

l ...... do ··········-········ 
II S.A .. wainwMght_ ...... --1 

Hull Adams·····-········[ 

1 

C.T.lardella .............. ; 

i ..... do-··-·-·······-···· 

1-~~-:~~~~~~:::: ::::~~::::::: 
IS. A. Wainwright .•••..... : 

Hull A<lams ······-··-··--! 
j .•••• do ....................... : 

! RM.llt1.-0he ..•..... -••... : 
Hull Adams .•.•..•....... 

1 
....... do .................... : 

I ::::::: ::::::::::::: ::::::r 
1 · ~.; .~O~-~~~-~: ~~~~;:~~E i 
i···-··do ······-····-··-····; 
I C. T. Iardella·-······-···· 

___ .. do ...•..•.•..••.•.••. : 

......... do ........................ i 

.. _ .. do···-····---········ 
____ .do········-·········· 
N. S. Finney .••... ·--· ... 

A.Braid •.••• -·-········· 

II. G. Ogd~n .••••...•••.. - . 

..•. -.do···-····-···- ...... 
N.S. Fin11ey ................ 

___ •. do······---·········· 
..... do .................... 
... -.do ........................ 
.. _ .. do ..................... 
___ •. do . -- ......... -. -..... ~ .... 
A. M. HarrillOn .•..•• -· .... 

N. S. I~"'inney ................ 
A. M. Harrison .•.... ····-· 
...... du ............•...•.. 

. ..... do.-·----------

746 

747 

,.,)~ 

K17 

1131 

1071 

40~ 

408 

57J 

!i7t 

640 

690 

696 

748 

749 

6H 

G9t 

6t!8 

689 

6:51 

4fil 

339 

627 

6;iti 

625 

5113 

652 

,'>6() 

49! 

49:1 

417 

45T 

29l 

302 

301 

3J!t 

736 

739 

s;;3 

854 

Bl5 

856 

1048 

962 

1316«,, 

1346 ab 

130l 

7d'J 

781 

77\l 

691 

70;; 

7i'll 

:no 
699 

571 

569 
5;2 
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-------- - ---------------------~------,-----

I Looalitics. 

(;04.lar Kt-;rs ........ ........... ~ .................. - · - - · ··· ·· 

Cetlar Kt\ys ........ ............................. · · ·· ·· · · · · 
Ocilla liiver .................. ......................... ······ 
From Ocilla n1veT to Saiut Mark's RiV"er. -·· ......... . 
Sait:!t Mark.1s River .................................... . 

Fro.m Saint Mark's River to Ocklockooy Bay ....... . 
Ocklockony Bay ................................... .. 
.Alligator HaTh-Or a.nd &lint George 1

t1 ~und . ......... . 
Saint George's Sou.nd from Rol·al Bll1ff, inclndi11g llog .. 

I eland. 
From Grer:n Point, Apalachicola Bas, to East Pass. 

Saint Georgf'!'R Sotrnd. 

Apalachicola. entrance . ........... --n·•·•·············· 
Delta of A11ale.chicola River .............. -·· ... •· · .. -
Apala.cbi-cola. ltiver ...... ............................. . 
Saint Vit1oout Sonad and Ialaod .. ..................... . 

Saint J08eph'• Bay, Cape Sao Blas and vicinity ..... .. 
Saint Joseph'• Bay to Saint Andrew'• Point ......... .. 
Saint Andrew's Bay, eastern and western branches .. . 
Saint Andrew'• Bay and Sound ____ ,,. ---- .. _ ........ . 
Saiot Aodrew'8 Bay, northern branch ................ . 
Saint Andrew's Ba.y, eastern branch ................. . 
Wp,ster11 arm of Sa.int.Andrew's Ray ______ .......... . 
Saint Andl'6w'o Bay lo Cbootawbatchee Bay (3 obeet•) 
Cboctawhat.ahee Iliiy, western part ....................... . 
Chootawha.tchee Bay,eastetn part .................... . 
Choctawhatcboo Bay and Santa R08a Sonnd .......... . 
Santa Roaa Sound, from lougitude 860 4.V to e6o 58' _ .. . 
Santa Rosa Socnd, frC>m longitude ~60 58' to 87° 7' ..••. 
W .,.tern part of Santa Itoaa Sonud, Pensacola Bay. . . 
Pensacola Ba)·. e11t ranee ........................................ . 
Pensacola Bay, west side- ....................................... . 
Pensaoole. Bay~ navy-yard to Ernmanuel' & Point . ..... . 
Part of Pena.aoola, Escarn\J.ia, and Ea.st Bays .......... . 

Coast between Pensacola and Mobile, weot p&rt of Big 

Lagoon. 

State. 

Florida. .......... . 

. __ do··········-

... do.·····------
·-do----·------· 
.. do··--------·· 
.. do 

-- dC> - ········-·· 
___ do ........... . 

_ .. d() ···········-

... di)···-···-···· 

... do ........... . 

... do ........... . 

... d() ........... . 

... dC> ........... . 

... do.········--· 

... d<> ····-------

... do.-----------

...•. o ___________ .,.. 

.,,_do ....... ··--· 
__ .d() __ , ........ . 

do ...•.••.••.. 
do ........... . 

... do .......... .. 
•.. do ........... . 

_, .. do ....•.••••••. 
.•.• do ............ . 
... do ........... . 
... do_ ..........• 

.... do ........... .. 
••. do ........... . 

•••. do ......... _ .. 
___ ao _. _____ ·--·-· 
••. do .......... .. 

Santa Maria de Ga'vaes Bo.y ........ ---· .............. __ •. do ........... . 
Coast between Pensa.cola from Lagoon to mouth of Per

dido Inlet. 
Coast between Penl!llcolafrow Perdldo entrance to East 

Gnlf shore. 

Florltla and Ali>· 
bama. 

... do ........... . 

Entrance to Mobile Bay.............................. Alabama ....... . 
Dun Sec<mr Bay, Little Point Clear to C:i-press Point ... __ •. do ........... . 
Don Seoour Ba.r, from Mullet to Oypress Point........ • •. do ........... . 
Mobile Bay, Mullet to Ra11:ged Point .......... · ............ do ............ . 
MDbile Bay,Ra~i:cecl Point to Veeeel Point ................ do .......... .. 
Moolle Bay, u1>ptor part ................... -······.·· .•..••. do ............ -
Mobile City ............................................... do .......... .. 
Mobile Bay, Cboot.aw Pe>lnt to Deer Ri\·er - ---·· -- .. .. . .•. do .......... .. 
:M:ol>ile Ri>rer, Daer Ri•er Point tt> Cedar Point ........... do ........... . 
Mobile Bay entranee and Danphln Island- ......... ____ ... do ........... . 
Dauphin leland, h-.-.llne and \'iclnlty ................ _ ... d<> _ ........... -
Dauphin Island Spit-................................. .--d<> ............ . 
Miesi!!&ippi Sound, Gr&nd ~ttnre to Grand Point ...... Missisllippl ..... . 

:Ml.o8Wdppi Sound, Grand l!Gtture to w.,.t Pascagoula .••. do ............ .. 
Rivm-. 

Petit Bolaloland, Ml8lli88ippiSound ................... _ ••. do •··••• .... .. 
!lorn l•land, 0ntm11ootcMiBOissippi Sound ............... do ........... . 
Horn Island, MiMIMlppl Sound....................... • ... do ............ . 
From West Pucagoula Ri•er to Blklxi Bay ................ do ........... .. 
Bllo:d Harbor, Town, and Dack Bay ....................... do ..••••••••••. 

Seal~. Date. 

·----· 
1-10. 000 I 1852-'54 

1-10, oon 18:.2 

1-20, 000 i 1P54 

1-20, 000 i 1851) .. .'I)(} 

1-20, ooo I 1856 

1-~o. 00-0 I 135~-·co 

1-20, 060 i 1~59 

1-2(), 000 I 18SB 

1-20. 000 I 18.58 

1-20, 000 1856-'7 

·~~1 1858 

1-20, 000 1857 

1-20, 000 1857 

1-20. ooo I 1858 

1-\!0. 000 lMB 
1-\!0, O{J(J I 1eoo 

1-20, 000 1870 

1-20, 000 1855 

1-20, 000 1870 

1-20, 000 1810 

1-2(), ooo I 1871 

1-20, ooo I 1872 

1-20, 000 1872 

1-2(), 000 1872 

1-20, 000 1871 

1-20, 000 1871 

1-00, 000 1871 

1-10, 000 1859 

1-10, 000 1656 

1-20, 000 1S58 

1-10, 000 1856 

1-20, 000 18.'IB 

1-10, 000 1861 

1-20, 000 1860 
1-10, 000 1867 

1-10, 000 1867 

1-20, 000 1868 

1-20, 000 1849 

1-20, 000 1849 

1-20, 000 1&19 

1-10, 000 1849 

1-20, 000 18.'iO 
1-20, 000 18.'iO 
1-2(), 000 1850 

1-20, 000 18411 

l-2U, 000 1847 

1-10, 000 1846-'51 

1-10, 000 1853 

1-20, 000 11:148 

1-20, 000 1848 

1-20, 000 1848 

1-10, 000 1847 

1-20, 000 1849 

1-i&, 000 1851 

1-10, 000 1851 

\ Topographor. 

IF. H.Gerdea •. =~~~~ 
, ...... do ................. . 

I. ~--~·u: 1~~::: .:::::::::::· 
\::::::~~-:::::::::::::::::: 
1 G.D. \\rise ................. . 
c. T. Iardella ..•...•.•••••. 
G.D. Wise .............. . 

\HejtiAtet·ed 
oumber. 

423 

4~2 

454 

819 

575 

8'10 

771 

695 

697 

. ••••. dC> ·---·-·····------- \ 647 

I:::::~::::::::::::::::::: I 
---···'-"'o ·····-·····-·-···· 
H.M. De Weea .......... . 

.••••• d<> ................. . 
C. T. Iardel!& ............ . 
G.D. Wise .............. . 
C. T. lardella ............ .. 

.••••• dC> ................. . 
IL M. De Wee• ........... . 
F. W.Perkina ............ . 
Herrert G. Ogden ...•.... 

. .... do··--·······-·------
. .... do .................. . 

. .... do···--········-----
---···do ................ .. 
F.H. Gemes ............ . 

____ .,do ................. . 

_ ••••. du ................ .. 

. .•••. dn .................. . 
. ••••. do ................. . 
J.G. Oltmanna .......... . 

F.Il.Gerd68 ............ . 
J. G. Oltmanna .......... .. 

...... do ................. . 

646 

64d 

601 

69d 

1065 

lOlll 

1146 

477 

Una 
1147 b 
1187 

13o8abc 
1269 

1210 

1191 

1192 

1193 

701 

566 

700 

567 

717 

1034 

797 
1035 

1042 

. ...... de................... 1006 
W. E.Greeuwall ......... _ !176 

. ...... do................... m 
• •••. do--·····........... 21'6 
...•. do .............. :.... 2111 

...... do·····------------· 21'8 
. ..... do.................. ws 
. ••••• do ....... --- .. ..... !187 

. ... ,.do................... 215 
. ..... do···-·-·-·········· 240 
F.H.Gerdes.............. 326 
W. E. Greenwell......... 406 
W. E. Greenwell, F. H. lU3 

Gerdes. 
W. E. Greenwell . ••• • • • • .. 1173 

. ..... do................... 245 

. ..... do.................... Ml 

. ..... do................... i14 

...... do.................... ~ 

.••••• do ............. ·••••• 3'4 
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Localities. State. 

Cbandelonr Islands, northern part ...•••••..•••.•...•• . •. do .••.•••.•... 
Chandel&ur Islands................................... . .. do.· .......... . 

Chandeleur lslaodo .... •• . ••. .. .•. . .. . . •• . ........ ..... ..do ..•......... ·1 
Isle au Breton Sound, Deep Wat.Jr to California Point ..•. do ........... . 
Isle au Breton Sound, California Point to Mozambiqu-e 

Point. 
... do ............. : 

I 

i 
fale au Bret<>n Sonod, California Point ..•...•••..••••• ... do ............. ! 
Isle au Breton Sound, south Ride .....••..•..••.••..•...••. do .••.. :.······ 1 

Il'jJc au. :Bretc>n S()nnd, Gardner's to Otter B:1you.. •· · ··- ··.do ..... ·-··-···· 1' 

Isle au Breh!n Sound, Otter Bayon to Point Comfort ....•. do ..•.•...•... 
Isle au Breton Sound, Errol hlaud. ..•••. ..• ••• .• . . • • .do ..•. ,. •..••. , 

~~~::S!~~~::~!~=~~!~~~:;:~~~:~·~;~·~aas, !.::::: :::::::::::: I 
M;:~lppi Delta, South Peas, Bayon Grand, and East 

1 

.... do .•••.••...•. :I 

~:::::::: :!::;,-ir:·,;;~~~;;~;;~~~~-;.,· ~~~-~~~~;;,;.i !::::::: :::::: :: ::: 
Bird Ialand Soaod. \ \ 

FortJa.okaon, plan or, elmwlug thoefi'ectof bombard- i····do ··•···•····· I 
ment <>n 18th to 24th .April, ltw.i. I I 

Mlseisslppi River, from the fort.a tn Gran1l Prairie ..• __ ..••. dq ..•..••...•.. i 
Mloalaolppl ruv-er, from Gr&lld Prairie t<> Point a la :-· •. do •••••••••••. ·I 

Bache. ' 

Mioeitl8ippi JUver, from Bohemia to Poverty Point .••• f .... do .•••••• ····--) 
M:leeias1ppi :River, Poverty Point to Jeaaita' Cbureh .... I ..• .<lo •••••••••••• 

Joie Derniere, weotern part ............................ [ .... do ·····•·······1 
Atchafalaya Bay, entrance .••••••.••.••••..•.••••.••••..••. do .••.••••••••• 

Atcbafalaya Bay, eastel'll aide ....................... •• 1 ···.do -.......... , . 
Atchafalaya. Bay, eaatern aide .•••••••••••.•••••••.•••• , .••. do .•.••••.•.•.• 

Afohafabtyl.Bay,n<>rth_aide ···························1····do ······-······/ 
Al:cloafalaya Bay, ooicthwtlllt part •.....•...•.......••••..•.. d<> •.•••••.••••• 
Cote Bblnehe Bay, ""'tera part .••••••••••.••.•.•.•••••..••. do ........... .. 

1-20, 000 

l-10, 000 

1-20, OJU 

1-20, roo 
1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-';0, OOll 

1-20, 00-0 

1-20, 000 

1~0,000 

1-':0,00J 

1-60. 

1-'.0, 000 

1-20, 000 

1-20, OOo 
1-20,000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10,000 
1-10,IJOO 

1-20,0-00 

1-20,000 

1857 

1852 

lt!.35 

1853 

1868-'69 

18ti9 

18-09 

1869 

1869-"70 

!B7U 

1869 
1@sg-·50 

1667 

1"61 

1673 

1868 

1802 

1870 

1871 

187~ 

1872 

18.53 

1855 

l~.'la 

18:.5 
]Sj.) 

1B:l7 

Ie57 

Topograpl1er. 

J. E. Ililga.rd ............. . 

F.H.GerdM .•.•••.•....• 
J. E. Hilgard, J. G. OJt. 

I manos. 
' ...... do ....•..•.••••..•••. 

C. II. Boy1! •••.••••••..••• 

•••••• d<> .•••••••••••••••••. 

. .•••• do .. -...... -.. ~ ..... -. -

....•. do ........... ·-··---

..••.. do ..................... 

:::::~:::::::::::::::::j 
F. H. G"'•les ..•..•.•.•.••. : 
.r. W.Thmn . .......... 

....•• do ·---···---·---·--

C.H. Boyd .....•......... 
..••.• do ··---···--··· ······' 

F. Il, Gerdeo, J, S. Han-ie .. 

C.R.lloyd . -... --- ... --- -. 
...... do . ............... ......... 

...••• do .......................... 
••••. do ......... ---···--·-· 
F. H.Gerde• .•••••..••.•• 

.. •••• do .......... __________ . 

.••••• do . -... ~ -....... -.. ....... 

. .•••. do ....................... 

.••••• do ........................ 
. ••••. do ....................... 
. ••••• do ............................ 

109 

Registered 
number. 

384 

2H 

407 

242 

369 

32:> 

3i0 

3'll 

63J 

935 

H:rt 

40~ 

40J 

6'19 
623 

773 
65-0 

774 

700 

799 

7<'6 

76~ 

769 

1198 

651 

3~ 

548 

5~9 

1096 

I09~a 

t09eb 
1097 

1099 

11'4" 

1032 

794 

1037 

1038 

13110 

10fl9 

810 

1149 

1197 

Hl.<;Sa 
12.'il' /J 

410 
6:16 

G.17 

638 

631) 

63~ 

63L 
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I 

Looa.litles. State. I Scale. Date. 

--------1----- ---------------- ----
'Vest Cdte Blanche Day, pa.rt of ..••..••. , .............. i Louisiana ......... [ 1-20, 000 I 

T-opogra.phcr. Rej!'i.Atered 
numbur. 

I i ,I I , 
West C<>te Blanche Bay, part of ....................... l ... do .............. ! 1-20.000 I 
Sabine Pass ........................................... " Tex:as . .......... 1-20,000 j 

Galveston, EastB,y,an<l Bolivar Peninsula ........... 1 .... rlo ............. \ 1-20,flQO ! 
Galveston entrance, harbor, arnl city .................. ·'· .•. do .......... ···\ 1-20, 000 I 
Ga.lveetonBa~y,LawreJlce CovetoStevens.cm'~······.···!····do -············11-20,000 i 
Galveston Bay, Lawrence Cove to Sa.n Jacmtu Bay, in- i····do. .............. 1-20,000 I 

elusive. I I 
, 1~0~, 000 I G&lveston Bay, Highland B~yon to Harri•'" Signal. .•.. \ .... do .•••..• ······I w I 

Galveston, 'V eat Bay aml pa.rt of Gal vest.on Islanri .. ---'- ••. do ........ ------ 1-20, 000 i 
Redfi•h Ba.r,Gah•eston Bay ............................ j .... do ............. ! 1-20,0011 

Galveston, We•!, Bay, Galveston Isla.nd, anJ. Chooola.te j .... do ....... .••••. 1-20, 000 i 

Co~::~f Gulf, from San Lai" to Jupiter Stati~n / .... <lo ............. I 1-20, 000 I 
Jt"'romBraz.oeRivertl)Yatag{)rt1aPe!.linsula --- :---•do.---···-···· 1-20,000 I 

I 
Matagorda. Peninaula and main land opposite·-· .... ~ .... 1- ..• do - .•.••• ........... 1-20, OOJ 

Matagorda I'enlnsola and Deeros Po'nt ............... ; .... do............. 1-20, 000 I 
Coast and part of Miltag<mla B•y ..... - ................ j ..•• do . ••• • • • ••••. 1-20, 000 

~::::::::~ :::::::::::::::::::::::.:::::::::::::::11, ::::: ::::::::::::: ~=::::II 
Part of Matagorda Ba..y, from 'Trespalacios River to ..... (lo...................... l-~1 000 

Karankaway Bay. 
J,avaca Bay, from Denado Crook to Cox's Bay .•.•••.... ' .... do . •• •• ........ 1-20, 000 
Lavaea Bay, from Garcitas Ilay to Chooo1ate B.ty .......... \ .•• do . ....... .• ......... 1-20, !)00 

!;:~;:~:~1::~!-~~~: :::::: :::::::::::::::: :::::::::.11 ::::: ::::::::::::: ~=:~:: 
:Matagorda. amt part of Espiritu Santo Bay .•.•••..••••• , ...• do ....... .••••. 1-20, 000 

E•p;ritn Santo Bay and part of Sa.n An toaio Bay aud ! .... do . • • • • • • • • • • • . 1-20, 000 

vicinity. 11 

From Matagorda. entrance to Aransa_s Paes (recon. ____ do-------··--·· 

na.isea.nQe). 1 

San Antonio Ba.y, part of, &nd vicinity ................... --I ··••do .................. . 
San Ant.on lo Bay, part <>f, 1u1d Saint Oharl&8 Day ........... do ..•••••.•.•.. 
Aransas B•y, northern pa.rt, and east end of Copauo ,

1 

.... do ........... .. 

llay. 
Copa.no Bay, west end, a.nd Sa.i~t llars's Town .............. do·----·--···-
Arau•a• Bay, from Second Ch11m l.Ia.nd to Long Roof ...... do ........... .. 
Aransas Bay, part of.and ontra.nce to.Corpus Christi ••. do ............ . 

nay. 
Corpus Christi B>y, Corpas Ch•isti to llcGl9in'• Bln1f .••. do ..•.•••.••••. 
CorpnsChristi Jlay, McGloin'a Blutf t.o Mustang Island .... do ............ . 
Laguna. :Madre, eastern •hore .............................. do ............ . 
J.ia-gnna. Madre, western shore ........................................... do ..................... . 
Rio Bravo del Norte, entrance a.nd vicinity ..................... do ............. . 
Lower part of Ohio River, between :M-0nnd City and Illinol• .......... . 

Cairo. 
Environs of Saint Loa.is (combined sheet<o). .••• ........ :Missouri. .••••.•• 
Saint Loui.•, mllitar1 defenses of ............................ do .•••••••••••• 
Vicinity and furtlllcatioaa of Saint Louis .................. do ..••••••••••• 
Cal'Otldelet ............................................. 

1 

.... do .•••••••••••• 
Strawberry Plaina and Ticinlty ... • .. •• •• • • • • .. •• . • • • • • Tennessee .••••••. .Approa<>b<>Sanddefenseaof Knoxville ooath.of Holston .... do ..••.••.••.•. 

River. 

:Ei:::a~:dule~:::::~~::~~~-~ ~:.~~:~~~ .l:~~:: : :::::: :::: :: 
Looko11t Valley aod part ofLookont and Raccooo Monn. . ••. d-0 .....••..•••• 

taia•. 
Summit of Lookont lfonntaio • • ••••• •• • ••• . • .. ........ Ten-ee and 

Georgia. 
Naehvllle, approaobe11 l<>,l'rom &outll And west.......... Tennell!IOO ....... . 

1-50, UO!l 

1-!IO, 000 
1-20, 000 
l-W,000 

1-20, 000 
1-'lO, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, OJO 

1-;)0, 000 

1-20, OJO 

1-10, 000 

1-1~, 000 

1-10,000 
1-tO, 000 
1-10,000 
1-10,000 

1~10,000 

1-10,000 

l•!0,000 

1-'0,000 

1859 

1860 

1874 

185l 

18:>0 

1851 

18:>1 

185~ 

18.'iO 

1851 

1851 

1852 

1853 

1857 

1857 

1855 

1857 

18~7 

11156 

1858 

1859 

1860 

1861 

1861 
1860 

1860-'l 

1867 
1867 

1857 

1867 

ls:i4 

'1%4 

1862 

1<362 
1002 

1863 
1861 

1863-'t 

1863->'t 

1863 

1864 

1SG5 

186J 

F. H. Gerdea, J. G. OJt. 
manna. 

-----tl() _ ····--····-·····-
J. N. MoGliutook ......... . 
J. M. w·a.mpler .......... . 
...... <lo .................. . 

...... do ................. . 

...... do ..•• : ............. . 

.••.•• do ................. . 

...... do ................ .. 
.•.•. do ................ .. 
.••••• d..I' .................. . 

••.•• do .................. ·. 
J.M. Wllmpler, J. S. Will· 

iams. 
S. A. Gllbe.-t ............. . 

......... tlo . ·---···-···· ..... . 
J. A, Sullivan .••.•••.•••• 
8. A. Gilbert ........... .. 
..... d~ .................. . 

M. Sooton ................ . 

......... c1o ......................... . 

...... d() ................. .. 

W. H. Denni1<1 M.Sea.ton. 

W. Il. Dennis ............... . 
S. A. Gilbert ............ .. 
W. H. Dennie ........... .. 

8. A. OHbert ............ .. 

W.H.Dennia ............ . 
W. S. Gilbert ........... . 

...... do ................. .. 

...... do····--· ........... . 

...... do ................. . 

.••••• do ................. . 

C. HDftm01' .............. . 
.. .... do ................. .. 
C.H.B<>yd .............. . 

...... do .................. . 
W. E. G:een,.-ell •..•••.... 
1!'. H. Gerdes, C. FendalL ... 

R. M. Baehe,J. Mecm&ll ••• 
J.Meehan ..••.••••.•••••. 
R. :M. Bach& ............. .. 

...•.. do·-····•··-··-···--· 
c. :R.Dck9-ell ............. .. 
R. A. Taloot;t ............ .. 

C. RoolnreU ............. _. 

F. W. l>otT ............... . 
J. W.Donn ... : •••••••.••. 

Cdl.B<>yd ............... . 

F. W.Dorr .............. ,. 

7Gt 

793 

13.J6 

3~ 

2i"l 

330 

:111 

375 

41'.l 

60 
6t3 

:>51 

60G 

6~5 

737 

742 

740 

752 

1030 

644 

766 

no 

767 

828 

831! 

1043 
1()44 

10~5 

UH6 
453 

008 



 

THE UNITED ST.ATES UO.AS'f SURVEY. 111 

.APPENDIX No. 7-Continued. 

Localities. State. 

Nashville, environs and approaches from the north, i Teunes.s-ee -·~···· 
inclu<ling the town of Edg.tiel<J. i 

Los Coronados Islantl ........................................ !California. ........ 1 

From southern boundary to San Dit>go Ray ................ j .... do ................. . 
San Diego Bay, from LaCarbonina to Sweet WaterVa.lle:ri ... do ............. . 
San Diego Bay, from Poiut Loma to Newtown ......... i ... do ................ .. 
:F'alae Bay, dependency of San Diego IlHy ............. I ... do ........... . 
Catalina Island ....................................... I ... tlo ..••.•••.••. 
Santa BurUara Ia.land ............................................... ( ... du ........ : ...... . 
l'oin t F~rrnin to P-oin t Pedro .................. _ .. __ ... -1 __ .<lo .. ___ .. _ ... _ I 
Coa.stfrom Point Fermin east wan) to Sun Gabriel River- __ .do ..........•.. 
l'uint Fermin to l'oint Sa.int Vincent .. - .. -· .•.•.•...... ! .•. do ............... j 
l'ointSaint Yincentnortbward ..........•.......•.... \ .. do .............. : 

Coast east of San Pedro, inclilding Wilwin~ton .. - ... · 1 · .. do · · - -··- · · ·•• 
New River to Bolsas Creek................................ ___ do ....... ____ _ 

Bolsas Creek to Santa Ana River...................... . •. do ...•........ i 
From Point Duma to Cafiacla de lsique ................. I ... do .............. i 
FromCaiia<ladelsiqnetoPunta..Mngu ........•...... 1.-·do ..... -···-· j 

Canada de Taiii:ua.s to "Ram" Station ....•.•.••....... ·.·.·.d,
1
0
0 

·.·.·.·-·.·.·.·.·.·_·_·.·_\_, 
'-•Ram" St•tion to Cojo Viego ................................ 1 

Callada de los Pueblos to Cail •da <le Taj lguas ......... I ... do ............. J 

Coaat from llueneme eastward to Punta Mugu ..••.... ' ... do .............. j 

;;:: :a::~7a:::~:~t:~: ~~::::~~;t:;~ ~ ~ ~ ~ ~ ~ ~ ~ ~. . .... · ·.·d:o
0

° ·.· _: _: _: _: _: _: _: _: .: ~. ·.· ·.· ,i 

Town of San Buoaa-ventura autl Ticinity .... ~ .......... . 

J>unta Gorda., toward San Baanaventura. ··- .......... -1 ... do ... - ..•••.... ) 
Punta Gorda and vicinity.................................... . •. do ............. -i 
Punta Gorda and Shdter Cove......................... . .. do .•.•..••..•.. ! 

PantaGorila ·········---····························· ..•• do ·············1i 
Pant& G-OrdR ..•••••••••••••••••••••••. • : ••• •••••••..••..... do ...•.••••.••. 
Vicinity of Santa Barbara ........ _ ............ -·-· ....... do .......•..... 

Sauta B~rbara and vicinity ......................... -· 
Santa llarbara town and vicinity .................... . 
Santal3arbarat<>Sand Point ........................ .. 
Sand PoiBt to Gorda Point ........................... . 
_Santa Jlarbara Channel, from Santa Barbara to Pelican 

Point. 

Santa Barbara Channel, rrom Pelican Point t<> Los de 
Pueblos. 

... do ............. \' 

. .. do ............ . 

.•. <lo····· ....... . 

. .. do ·············1 

... do ........... .. 

... do .......... .. 

.Anacapa and part or Santa Cruz Island............... . ... do .••••••..•••. 
Santa Cruz and g..,,ta Barbara Channel............... . .. do ... 

Partoftb.,!Blandof Santa Cruz. Ba11ta BarbaraCliannel -.·.·_'dl
0
o .·•·• .• ·.·· .• •• •• ··.· •• ·.! 

i:!anta Rooa Island, Santa Barbara Channel. .......... . 
Santa Rosa Ialand,east end, s .. nt.a Bar hara Channel... . .. do ............ . 
San Mignel !•land, S&nta Barbara Channel. .•..••••••..•.. do .......... .. 

Scale. 

1-10, 000 : 

1-10,000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-lO, 000 

1-10, 000 

1-10, 000 

1-W,000 

I-Ill, 000 

1-10, 000 

1-rn,ooo 

1-10,000 

1-10,000 

1-IO, 000 

1-lll, 000 

1-10, 000 

1-IO, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10,000 

1-10,POll 

1-10, OO•J 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

t-10,0;0 

1-10, 000 

1-10,0fO 

1-10, 000 

1-20,000 

1-20, 000 

1-20, 000 

l'ointConception (reconnai81!&n<>e) .. .•. ...•••..•.••••• . .. do ...................... . 
l'<>int Conception and vicinity (two sheets)........... . . do ....... ·-···· 1-lO, 000 

Point Sal, aonthern •hore .•• • . . . • • . • • • • • • . • • • . . • • • • . • . . .. du .•....••..• - · 1' 1-5, 000 
San Lois Obispo Uay. .•••••..••.•••••••.••••••.••.•••. . .. do............. 1-10, 000 

SanSimeonBayandviclnity ............................... do .••••.••••••. ! 1-IV,000 

Point Pinos, Monterey Bay ................................ do············ j 1-10, 000 
Monterey Harbor ......................................... do .••...•• :.... t-10, 000 
lioDt<!rey Harbor-··· ......•..•.•••..•...•.. ·-......... ...do . •• .. .•• .. •. . l-10, 000 
Monterey Bay northward to Sati11&8 River ..••••.•••••..••. do .••••.••••••. 
Monterey Bay northward to P•jaro Ri~<ir .....••..••....... do······-····-· 
Pajaro River and vlciulty, Monterey Bay ••••••..•••••..••• do .•••..•••.••. 
S....qoe!Cov,;a.nd vicinity, Mooter<>y B..y .•••..•.•••••..... do .••....•..••. 
Sauta.Cru Harbor, lllontorey Bay ......................... do ..••..••.•••. 

1 
astnorthwa1-d to Poh1t Allo Nuevo. ................. " Co .••. •o ·············] 

Point A.fio Nuev-0 and Pnnt&del BoJ.,.. .................... do .••.•... ____ .

1

1 

:From Pont& del Bollla to Tnnltas Cniek .. -·- •.••.••.••..•. ..do ............ . 
Coaatfro11:1 Tuoiw Creek northward ...................... do ............. ! 
llalf:llOOl:I Ilay ............................................ do .•....•••.... ! 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-IV, 000 

1-10, 000 

1-10, 000 

1-10, ()('{) 

Date. 

1851 

18:>2 

1~52 

lrl51 

1852 

1873 

1.P71 

1.8.)4 

rn5a 
1870 

1~71 

187J 

1873 

lilH 

h!57 

185! 

hl73 

1873 

!Sil 

1857 

1855 

1~55 

1870 

1870 

1871 

1871 

l8il 

1871 

1851 

185t 

Uf70 

!Rtill 

1869 

1870 

1871 

18~5 

1860 

18.59 
1872-'3 

1872-'3 

1871 

1"50 

1869 
1os1 

1871-'2 

1871 

1851 

IB.51-·2 

1il54 

l"JI 
l:!j4 

1853 

185J 

1853 

1853 

1854 

1831 

1"66 

1861 

Topographer. \ >~egi!".tered 
nurnher. 

i ,f. W. Donn ..•..••.••.... 

RD.Cutts .............. . 
A. lf. Harrison ............. . 

....•. do ................. . 

..•.. do ..•••••..•..•••... 
! ••••• do ..................... . 

.•••• do ....................... i 
A. W. Cliaae .•••...•••... 
W. AI.Johns.on ..•..•••... 

..... do.·-··············· 
A. \\T. Cha'*' .......••.... 
•...• do ................. . 

..... do .••.•••.....•••..• 

_ .... do ··------········· j 
..•.. do .................. j 
W. M.Jobnson ............ I 
___ .. do ..... ~--- ........... \ 

~:.E~~r~~-~~-e.l'.::·::~::: I 
I 

.•••. do .................. i 
W. lll . .fohnson ............ i 

::::::: :::::::::::::::::: l 
~ W. E.Greenwell. ........... \ 

1-····do ............... ···1 
I A.F Rodgers ............. 1 

1.::::::: :::::::::::::::::: : 
I ..... do ................... 

1

1 

j ·w. M. Johnson .•.•••.••••• 
I A. M. Harrison ............ [ 

1 

W. E. Greenwell.-········1 
••••• do •.•••••.•...••••••. 

.••••. do •••..•.•••.......... 

.••.•. do ................... ! 

.••.•. do .....•..• -·······I 
~:.~~:~~-~~~~::::::::::::I 
.•.•. do ........ - ......... . 
S F<>rney ............... . 
.•••. do ..•.•••.•••..•..••. 
...... do ....................... ( 
A... M. Ilarrison ....... ---··I 
C. Rockwell ...••••....•••. I 
W. E. Greenwell .......... 1 

L.A. Sengteller .......•... j 

C. Hockwo!L ....... ·••••• 1 

A. AL Barri son.·- ......... 

1 
R. D. Cutts ..•....•.•.•••.. 

~~:-~:o~-~~~: ::::::::::::I 
••••. do ................. ·••• J 

.A.. M. Harrison......... . ... .. .. l 

..... <lo ................... 1 

..••. do .••••••.........••. 1 

.•.•. do .................. i 
W . .M. Johnson ............ 1 
..... d<> .................. / 

A. F. Rodgers ············1 
W. M..fobnson .......... . 

9J2 

332 

365 

364 

333 

363 

1299a b 

1180 

470 

B9~ 

1153 

1231 

Ji!83 

J3l:l 

1369 

703 

70:! 

1338 

1339 

1247 

89J 
576 

6~J 

1190 

1189 

1237 

123d 

1¥:19 

1!!40 

.ij7Q 

373 

12119 

1120 

11~7 

1230 

1267 

5.)5 

1003 

816 

132J 

l:J\!6 

Hl~ 

313 

ll<:la b 
](}5;1 

1321 

127.; 

3ii0 

351 
55J 

iiB 

473 

442 

H:J 

4H 

-l·fi 

!!53 

llltJ 
lOO!l 

IU3 



 

112 REPORT OF THE SUPERINTENDENT OF 

APPENDIX No. 7-Continued. 

Looalltiee. State. 

Point San Pedro to Pillar Point. __ .-·------·.-·---· .. ..! California ...... __ 
Coa.st from Point Pedro northward to Point Lobos .•. ·i .... do ..•.. _ .•..... 

Point Lobos and vicinity ....... ___ ... ·---_ .. -----------!- ... do .. ---· _ .. _ .. ! 
Vieinit.y of Point Lobos ..•.•..•.•....•..•.••••.......•. I .... do .•........... [ 

South Fara!lon lsland .................................. [ .... tlo ···--······· 1' 

Fort Point to Alcatraz 1sland ...................... ·-- ·1 · ... tlo ... ··· · · .. --
Golden Gate, entrance to San Francisco Day ................. do .......... --·! 
:: ;;::::::: ::i:a::~r-~~~~:: :::::::::::::::::::::: ::::! :::::~: :::::::: :::: 
San Francisco City and vicinity .•....•••.......••.•.•.. ! ... do············ 1 

San Frauc~sco C~ty aml ,-~e~otty ......................... 

1 

.... llo · •• ----- ·•••·. 
San Franc1soo City and v1c10ity .............. , ................... do ............ .. 
I~antl approaches. to San f!'rancieco. ·----· ----·· ---· ........ do .......... -- ) 

Approaches toSanFrancisco .............. ·---·--·-·····ii ... do·-·········· 1 

Approaches toS n Francisco .................................... do .............. . 
Yerba.Bnenalsland.Sa.n FranciscoBa.y ..................... do ................ l 
Sau Francisco Bay, from Uafiada de Vi~itation to Point ..... do ..................... I 

San Mateo. I 
Point San Mat.eo to Guano Island, Sau Francisco Day ...... <lo ................ ] 
Angelo Creek to Redwood Cit.y. San }'ranc.iBC'o Hay .......... do .............. .. 
Ran Francisco Bay, AD[Ielo Creek to Re.YenRwood ...... -I .... do .............. .. 
Puglas base and Yicinity, San Francisco Bay ........... I .•• do··-·······--

San Francis~o Bay, Ra"·ensw-nod to Aloise ............ ····I -.. do .... --· -· -- --
San Francisca Ba.y.Cuntra Costa ............................... do ................ .. 
Contra Costn, .San Francisc-o Bay ...................................... ! ..... do ................ -
ContraCosta,SRn FranciseoBay .............. ----···--·-1 ... (lo ................. .. 
San Francisco Bay, Contra Co•ta to S•n.A.utonlo Creek ! .... do . ---- .•...•• 
San Francisco Bay, San Antonio Creek and O•k~and ... 1 ..... flo . ---- -- .... .. 
San Francisco Day, Contra Coeta to Beard's Creek ..... ] ...... do .............. .. 
Sa.n Francisco Ba.,'t\ Beard's Creek to Mowl'y's Creek ..... ( ..... do .................. . 
Sa.n Francisco B:t.y, from S<1.n .Antonio Creek southward.i .... do ................. .. 
San Francil1CO Bay, north shore. vicinity of Bia.ff Point. [ ..... do .............. .. 

Rlcbards•>U'S Bay, depeudeney of San }'rs.ncisco Bay •. ·I· ... d.o. ·--- .. ·-·--
San Francisco Bay. north aide eutranoo .................. ···: ..... do ............... . 
Angel Island and Raccoon Straits, San Fl."anciaco llaY·· I ···-do.---····-··-
Coast northward from San Francisco sot ranee .••...•.. ! - - do .. -•.... -· •. 
Tamalpai• Peninsula and interior. ••••••.••••.•..••.•.. · .•. do .••••••••••. 

Tamalpais Mountain .•..... ·-··-··-·--·--·--···--·· .•.. : ... do. --- ....•.... · 
Ballenas :Bay !lnd vicinity .••..•...••.•.••.••••••..••••..•. do ........... .. 
Coast acljaeentto Ballenae Blutf ....................... ! ••. do··--····-···· 

Drake's Bay, from Jlrione8 to Wild Cat. ···---·----··--·I ·-·do ..•.... ·-·-·· 
Drake's Bay, from Wild Cat to Point No.1. .••••..•..•. , ... do······-··-··· 

Drake'• Bay.from Point :So. 1 to Punta de Loo Reyes .. I ... do···-·-· ··-···1 
San Pablo Bay, fl'om Panole Point to Molalil Reef ...•.. [ ••. do···-······-·· 
San Pablo Bay, from Point Wilson to Lo11eTree Poi11t.[ ... do ............ . 
M..-e Ialn.nd and Karquine1 Strait.a, San Pabln Bay ...... i ... do···-··-·--··· 
Viclnily of Mare l•laud, San Pablo Bay ................ 1 ... do ............ . 
Karqulneo Strait, Sni•un Bay,and city of Benfot ........ ! ... do.····--·-·-·. 
Sni8tlD nay ..•.. ________ .. ____ , ···---·--····-··-·······1---·do ............ ., 
Na.pa Creek and City ............................. ---··· I· ... do ..•..••.•••.. 
San Pablo llay, from l.Ang Pond t.o Petnlnma Creek ... ' ... do .....••.•••.. 
Petaluma Creek, from entl'lloee io L&keville •... .• .•. .. • •. do •.•.•••.••... 
Peto.lama. Crook, from Lakeville to Petaluma City .••••...•. do ..••••••••••. 
Petaluma Creek to San Pedro Point .........•... --- .. .. . .. do .. ··--· .•.•.. 
Punt,. de Los Reyee, part of ............................ ! ... do-········---· 
Coaet north of Punta. de Loll Reyes, part of .•.••.. ---·.. . .. do ..•• ·-- .•.••• 
Tomales Bay entranoe .................................... do ............ . 

Tomalea Bay, part of.---······· .••••• ······-···-·--···· .•. du ............ . 
Toma1M Bay, partof ...................................... ~do··-·----···-· 

Tomalea Bay Station (reooouaissanoe) ········-··-····· ... do ..•••••..•••• 
Coaetfrom Tomalea B..y to Salroon Creek .••.•••••••••...•. do ..••••• ·-···-

Point lteyes ···---···-·-····-·····-···--··--···--····-· .•. do.···--····--
PoiDt A•- and vicinity. - . . • . • . • • . • . . • • • . . • . • •. . . • • •• . •• do ..••••••••••• 1 

Scule. 

1-10, 000 

1-10, 000 

1-10, OOQ 

1-10, 000 
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1-10, 000 
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1-10, 000 
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1-10, 000 

1-10, oou 
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1-10, 000 

1-!C, 000 

1-10, 000 

1-10,0CO 

1-10, 000 

1-10, 000 

1-10, 000 

l-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

l-10, 000 

1-10, OJO 

1-IO, 000 

l-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-2~. 000 

1-10, 000 

1-10, 000 

1-10,000 

1-10,000 

1-10.000 
1-10, 000 

1-10,000 

1-10,000 

1-10.000 1 
1-10,000 I 
1-10. ooa 

1'10.000 I 
1-10,000 

1-10,000 

Date. 

1860 
lH5:J 

1832 

1853 
1812 

1831 
lBj-2 

1850 

1857 

1852 

1852 

1857-'8 
1867 

1867 

1s ·a 

18:il 

18.54 

1833 
18S7 

18'>7 

1~:\.'l 

1>57 

18.i2 
l8j2 

1853 
18.56 
18.";6 

1s;;1 

1s;;1 

1855 

18J3 
}Sjl 

1850 

18511 
1853 

1872 

1873 

18.'\4 

1851 

1859-'60 

1859-'60 

1859-'60 

1858 

1858 
1850 
1856 

1856 

1866 

1858 

1856 

1860 

1860 
laM 
186ll 

186i 

1853-'4 

1862 1-
1858 

18tl2 

lei2-'J 

1am 

Topographer. 

A. F. Rodgel"1! . ···-····--· 
A. M. Harrison ............... . 

..•.. do···-··-····--······ 
A. JI'. Rodgers.··-······-·-
..... do···----·········-·· 
R. D. C11tts. - • • ...••...••. 
.••.. do .................. . 

..... do·-·--·-······-····· 
A.F. Rodgers ............ . 

..... do··-----············ 

. .••. do .................. . 

. •.•. do ..••••. ····---···-
A. W. Chase ...•••..•..•.. 

C. Rockwell ..•.. ··-·-· .•.. 
. .•..• do .................. . 
A. F. Rodgers ................... .. 

..... do·--······-··-······ 

.•••• do .................. . 

..••• do .................. . 

···--do ...••.• ······-··-· 
R. D. C11th ............... . 

A. JI'. RQdgers ............ . 

R. D.Cutts .•••.....••. ·--. 
.•.•. do ...•••...•..••..••. 
A.. Y. Harrison ........... . 
A.. F. ROOgere ............... . 

. .... do··--·······-····-·· 

. •.•. do .................. . 

.•••. do···-····-·······-·· 

. .... do.·--·-··---····-··· 

. .... do···-·-············

..... do···-·············-· 
• •••. do-·--·-··---·--··--· 
••••• do •..•.••.•••..•.••.. 

..••. do ...•... ··-······--· 

:::::!: ::::::: ::::::::::::! 
..••. do····-···-·-·--·--- 1 

:::::!: ::::::::::::::::::.11 
...•. do .................. . 
••••• do ................ .. 

·- ... ti<>··-··-···-·· ....... ' 
..... do-·-·········· ..•... 
R. D. Cotta .•••••••••••.••. 
A.F. Rodger& .•••..•..•••. 
.•••• tlo .................. . 
.•••. tlo .••••.•••.•••.••••. 
D. Keer ................. . 
A.. F. Rodgen .•••••••••••. 
...•• do ..•..•.•..•••.••••. 

-···-® ··-····-·········-· 
..... <lo.··-.--·······-·-·· 
.t.. F. Rodgera, D. Kerr -·· 

..... do··-···-···-········ 
.r.s. Lawsoa ·--··-········ 
A:F. Ro<lgen, D. Kerr: -- . 

••••• d<>. ······-··········· 
C.B.l!:llie ······-··-····-· 
A. F. Rodgem, D. Kerr .... 
J.S. L•wson ••••••.•••••.. 
L. A. &>ngteller • - •. - •••• - • 

Registered 
numller. 
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3U 
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1284 

1:162 
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456 

1!97 
800 

805 

5111 

562 
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563 
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1n 
5414 
817 
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.en 
11!!1 

882 
4311 
8411 

881 
57;! 

ll83 
4«l 

1ft8 
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APPE~DIX No. 7-Continned. 

Loca.litiee. State. 

Alder Creek to Welch Station, north of Point Arena .. ! Ca.Ufornia ......... i 
v;elch Station to Cuffoy Cove, north of Point Arena. .... f .... dQ _ .•......... / 
Cnffey's Point to Stillwell Station, northward . ·- .••.... J ... do ..•.•••.•.•. ·. i 
Stillwell Station to Point Carbilio, Point Carbillo to Ii .... do ....•••.•..•. ! 

Pudding Crook. I 
Shelter Cove and vicinity .•...• , ....................... J ... do ............. 1 

Shelter Cove t.o Bear lI,..bor ................... ·•··· ·· 1 ···do ............. : 
BearHarbortoTirube:rRidge ............................. do -------------i, 
Timber Ri-dge to Soldin Frank's Poi11t ..•.••....••••.. · 1 - .. do - •. -- -- ·-· ••. j 
Soldier Frank's Point to Aba.lone Poiut . .. ..• •. . •••.... . .. do ......••.... 

Cape Mendocino, scmth of---·· ........ -- .. --- .. ----- ... i -- do . - -- ----- ·· · l 
False Cape to Cape Mendocino .................. ·-·-- ... [. - - do ... -- · - ··· - · · 1 

Centrevillotol<'alseVape ·-················--·····-··· (-·do·-····· 
Ed River and vicinity ..•...••. ., ...•.•...••....•••.... ! ... do ..•...•.•..• 

l!:ol River changes from 1869 to 1870 .................... / ... do ............ ·I 

HumboldtBayeutrance ...... - ......................... 1 ... do ·--·-········1 
Humboldt Bay to Ta.hie lllutf ..•...........•.....•.•.. I· ... do ............ . 
HumboldtB•y ................................. ·-······1--··do ............. 1 

;:::::: :~:::: ::::: :::::::: :: ::::::: ::::::: ::::::: 1.::::: ::::::::::::.1 
Voast north of Humboldt B~y .......................... j··· .do ............. 1 
Coa.st s.ont.b of Trinidad Head .... ·--- ................ --·1· __ do ..... __ -----.~ 

~~: .. ::.~=~~;;::~~~:::::::::::::::::::::::: :::::::: ::::: ::::::: :::::: i 
False Klamath to Rocky Point ......................... J .... do ............ j 
From c....,cent City oonthward ........................ i .... do ............. 1' 

From Si•ter Rook to False Klamath ................. _ .. j. _ •. do .... _ ....... . 
Crescent CityHarbor. ................................. [ ... do ............. ! 
Poiut Saint George and Crescent City Ifoef ................. do ............. 1 
From Poiut Saint George northward, (Lake Earl) .. ---· l·-··do ----··· ...... , 

Fmm Cone Station to near Orei.'On ~nudary ........... 1 ... do ............. 1 

F.rom Oregon bonndary t-0 Chetko R1vor ····--· .•....•. Oregou .· ........... 
1 

Smith's Hill to Ma-0k's Reef ...... ···---·· ............... ·.- .. <dloo .· .·.·.--•• ·· •• ·.·.·.·_--_,[' 
Coast of Oregon near Port O:rford, (reconn.aht:!&Dce) .... . 

Port Orford or Ewing Harbor ..•.•..••... -~-·............ . ... do ............... I 
Orford Reef. ........... ···-··.......................... ...do ............ . 

Cape Blanco .............................................. do··--·····-··· 
Eutrau~.e to Koo• Bar................................. . .. do ........... .. 
KOOB Bay, oketebe.oof._ ..... _ ............................. do ............ . 

Gvat Ialaod to Whal•'• Island......................... . .. do .......... .. 
Cape Foulweather and entrance to Yaqnina Bay .......... do.--·-········ 
Point.A.dam& and Sand Ioland, Columbia. River .. ...•. . •. d<> .... - ...... .. 
Columbia River entrance............................... . •. do ............ . 
Columbia River, from Point .Adams to Young'e Bay .... 
Col11mbia Riv•r, from Young's Bay to.John Day's Ri\·er. 
Columbia River, from ·John Day's River to Warren's 

Landini(, 
Culumbia Riv~r. from Warren's Landing to Three·Troo 

Puint. 

::::: :::::::::::::1 
... do ............ . 

... do ............ . 

Colmn bia Ri 'l'er, from Three-Tree Point to Puget Island ... do ...... - ••.... 

C<>lnmbia River, from Cap6Di•appoiotm1'nt toC!Jinook ... do ............ . 
Point. 

Colombia River, from Chinook Pohit to Gray'• Point ..... do .. _ ......... . 
Columbia River, from Sandy Iblaod to Chinook Spit.... .. .do ............ . 
Columbia River, from GraJ·'s Bay to Snag Island ........... do .......... .. 
Columbia River, vicinity of Kathlamet aod Weetport.. Washington Ter .. 
Cape Disappointment ...................................... do ............ . 
Shoalwater Bay, Sb<>et No.1 .............................. do ............ . 
Shoalwater Bay, Sheet No.2 ............... - ...•..•........ do ............ . 
Shoalwater Bay, Sheet No.ll ............................... do ............ . 
Sh&alwaler Bay, Shoot No.4 ............................... do ............ . 
Sboalwlller Bay, Sheet No. 5 ..................... -........ do ............ . 
Sli.oal-Day, Sh.,.,t No.6 ..................... -.... ...do ............. . 

B.Ex.81-15 

Scale. I llate. Topograpber. i1~t'IJ!ii".tered 
nuruher. 

1-IO, 000 1--,-fl'l-O--i L. A.. Seni:teller •.•.•..• 
1-lo,ooo lil71 ! ...... do .................. . 

1-10. ooo l 1872 , ..... do .................. . 
I-IO, 000 I 18'12-'3 i ...... do .............. . 

l-10, 000 

l-10, 000 
1-lU, 000 

l-10. 000 

1-10, 000 

1-10, 00-0 

1-IO, 000 I 

1-10, 000 

1-10, 000 

1-10, 000 

l-10, 000 

1-10, 00-0 

1-10, 000 

1-10, O.;O 

1-10, 000 

l-10, 000 

1-10, 000 

1-10, 000 

1-W, 000 

1-20, 00-0 

1-10, 000 

1-10, 000 

1-10, OtJO 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-IO, 01.0 

1-20,000 

1-10, ()()() 

1-10, 000 

1-10, 000 

1-10, 000 

1-20, 000 

1-10, 000 

l-10, 000 

1-10, 000 

1-22, 76~ 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-lP, 000 

1-10, 000 

1-10, 000 

1-10,000 

1-10, 000 

1-10, 000 

1-10, 000 
1-10, 000 

1-10, 000 

1-10, 000 

1-IO, 000 

1-10, 000 

1-10, ()()() 

1~71 

1872 

1~73 

1873 

1873 

1871 

1869 

186~ 

1869 

1em1-·10 

1~54 

1869 

1870 

1870 

1870 

1870 

1870 

1870 

1874 

1873 

1871 

1871 

18J9 

1869 

1870 

IH70 

1870 
1812 

1869 

1851 

18tl9 

1869 

1861 

1863 

1871 

1~68 

1831 

1850-'51 
18118 

1evs 
uno 

1870 

1871 
1869 

1~69 

1869 

1870 

11'72 

1"51 
1871 

1871 

1871 
1871 

1872 

1672 

i .A.. F. ltodge1·11. ····-··-·-·· 
..... do .................. . 

-----do-·-······---·-·--·· 
•••.. do .............. ---·-

..••. do .................. . 
...... do .................. . 
....... dO ·••••··•·•••••••·•-I 

.. _ .. do ......•...... ···-··i 
. ..... do .................. 1 

...... do .................. i 
J.S.Lawson --···--·----· 

i ~--~-d~d~:~~:::::::::::::: 
I ' 

l 
...... do ...... _ ............ 

1

. 

.......... do ..................... . 

, ...... do ...... _ ...••..•.• ) 

I~~~~~:-·-····--! 
I::::::::::::::::::::::::::! 
~ J. S. Lawson····-·--······! 

A."\\'. Chll8& .............. j 
...... do.·····•·······-···· I 
..... do .................. . 

A. W. ChMe ............. . 
• ..•. do .................. . 
A. M. Harrison ....... -·-· 
A.. W.Cha.se ............. . 

................... 1 

~: ~-~:~~~.:::::: ..... _ .. I 
~--~~~~~~.:::::::::::::/ 
A. :M. Harris<>n .......... . 
W. B. McMurtrie ....... . 
C. Rockwell ............ . 
. .... do .............. - .. . 
..... do ............ ·--···· 

...... do .................. . 

• •••. do ................. . 
...... do .................. . 

..... do .................. . 
...... do ........... ·-····· 
. ..... do .................. . 
...... do .................. . 
A. M. Harrison •.•••.•••• 

.T.J.Gilbert ............. . 
..... do ................. . 
.. ... do ................. . 
..... do .................. . 
.•... do ................. . 

1 ........ 1.0 .................. .. 

1279 

1305 

13tl2 

1363 ab 

1236 

12115 

132t 

13-23 

13t2 

1241 

1134 

lll5 

1136a 

113G b 

474 

1137 

1171 
117;; 

1176 

1177 

1178 

1179 

n10 

1378 

12~8 b 

12tBa 

7H 

l13~ 

I 1!19 

1216 

1227 

1317 

1133 

347 

1l3l 

1130 

846 

lN7 

1260 

101'6 

3.15 

317 

1112 

1123 
1234 

1235 

:1250 
1138 

1139a; 

1l39b 

1249 

1331 
3.17 

1261 

1•1£2 

12'13 
1264 

1\!92 

1293 
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Locnlities. State. I 
I ' 

Scale. 

~~~~~~~~~~~~~~~~~~~~~-1~~~~~~~1~~~~-

! Slumiwater Ba.y~ she~t No. 1 ______ ......... ·--· .......... I Waebiugton Tcr. -: 
Sboalwater Bay (moutl1 of Willopah River), •heet No. E ! .• do ..•...•.••.. · J 

ShoalwaterHay, ebeet Nos..9and 10 ...........•.••.... 1 ... do .••...• F ...... I 

Cape Flattery eastward to Nec·~h Bay ..•••...•....... I ... do .•..•..•.••. i 
Strait of Juan de Fuca, from Cape Flattery to lfoe-ali j ... do . -·· ·-·--··. I 

Bay. 

New Dungenesit, pat't of -------·-------------··---···-1 ···do ............ . 
New Dungeness, Strait of Juan de Fnca. ....... ........ . .. do ............ . 
Washington Harbor.Strait of .Tuan deFnoo. ..•.••.....•. do· .............. . 

rrotectionlslandtoNeW Dun~cnese -·---------------I ... do······-····· 
:Po.rt Discovery entrance, shee.t No. l ................. ·•·· 1---do ......... -- ... · · 
l"ott Discovery, sheet No. 2, ........................ -- . ... . . . .. do ................. -

}lort DiscO\..,.ery, sheet No. 3. --· ........... -------· .•...• -1' ... do .............. -1 
Pott Townshend, l"icinity of bue ............................... : .• .<lo ................. . 

PortT<>wnsheod ...................................... 1_-.·--.·ddoo ~.--.-.. ·.·:.·.·-·.·_·I 
Port Townslteod, Admiralty Inlet ......•.. ··-··-··-·· I 
K1llesut Hn..rbor ............................................... 1 ..... do .............. . 

Oak Bay .•..••••••••.....•.••.. ·-·--····-····-·-··-···· ••. do··-··-·---···\ 
:Mats Mats or Boat Harbor ..••..•...... -- .•..••.... -·· .•. do--·-·-·-··· .. 1 
Port Ludlow, entrancetoHoocl'sCODal ---·····-······ ...... do ................ : 

Entrance to Port Gamble ·-·--· ·---·· .....•. --·---· -·- ... do · · ·-·-- · ·····I 
Port Gamble, entrance to Hood's Canal............... . .•. do . · · .. ·--· · · · .

1 Hood'eCa11al,entranceto ..................................... 1 do I 
Admiralty Inlet (twoslteeta) .•••••.••.••...•••....••. i :::do:::::::::::: 
Part of Admiralty Inlet ...•.. ··--·-··---··-·---. -- .... 1· -.. -·.ddoo: ::·_: -.-.::·. ·.:: 
Apple Cove; Admiralty Inlet ......................... . 

lofurden'• Cove, .A.tlmiralt.y Inlet ..••... ·--· .••.••. ·-·. I ... do ·• ·--·-· ·····I 
Fanntelrdy, .Admiralty Inlet ....•••...•...•••••.•...•• 1 .... do ······-····-1 
S!Jllabole Bay, Admiralty Inlet···-··•··-·······-··--- l·--·do --········--· 
.Admiralty :Bay, Paget Sound_ ...••••••••....•••.. ·-·-· I· ... do.··-····-·--•: 

Dowamieb BaY·-····-····-·--··.----·-···-···-··-··-·· 1·····do ········-·-- i 
P<>rtM:a<ii.000 .•••...••.•.••••••.•••••••••••.•••••.••••.•.. do······-···-- 1 

Budd'• Inlet, (2elreet.o). ······-·······----·-··-··-··-·· .•. do···-······--·: 

!.::::::::::::::::::I Point Partridg.. to Eastward, Wbidbey Island .......• 
Finger Station to Point Partridge, WltldU..y lolai:.d .. _ 
Doo<lptlob PaBlltoFinger Station .••..••• : •.•••••..••• 

Smith's Illland .•.... ·---· ·----· .••••..••••••••••• ···-- I 
... do .•.•.....••• 

•• do······-·-·--
Smith's Tul1>Dd, Rosario Strait •••••••••. -- . -· •••••...• - I . -.do ... - .. - ..... 
Strawben-y Bay, Cypre88 Isla.nd, Rosario Strait ••. ··-- 1 ..•. do ..•...•. ··-
Galf of Georgia, southern part, from Matia Island to : .... do •. ········--

Eut Point. I 
Gulf of Georgia, oontbern part, from Eaot Point to : .••. do···--·····--· 

neepBay. I 
Gulf of Georgia, eoutheni part, frcm Deep Bay to 1· .... do ···-·-·····-· 

.Rocky Island. 

1-10, 000 

1-ln, 000 ' 
1-lQ, 000 

1-10, 000 

1-10, oco 

t-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10,l'OO 

1-10, 000 

1-10,l){J() 

1-20, 000 

1-20, 000 

1-10, 000 

1-10. 000 

1-10, Doo 

1-10, 000 

1-10, 000 

1-10. 000 

1-10, 000 

1-10. 000 

1-10, 000 

1-10, 000 

1-lll, 000 

1-10, 000 

1-l!O, 000 

1-20, 000 I 
I 

1-20. 000 I 

Date. 

1872 

1873 

1873 

18.52 

1852 

1870 

1855 

1870 

1870 

186~"69 

186!1 

18f>9•'70 

1856 

1856 

1856 

187l 

1::72 

1855 

1855 

18~7 

1856 

1657 

1872 

1857 

1856 

le56 

1857 

1867 

1870 

1856 

1868 

1873 

18~1 

1871 

1871 

1870 

1855 

1854 

1858 

1858 

18:>8 

I 
Topographer. 

I 
j J. J. Gilbert ...•..•....•.. 
j ...... do .. -. ·-·-· ·--- ...... 
.....• do ....................... 

i J.S. Lawson .............. 

l ...... do ........................... 

, ..•... do ............................... 
..... do ........................ 

f ...... clo ......................... 
.••.. do ....................... 

...... do ........................... 
! .•...• do ........................ 
i ...... do ......................... 

. •..• do .......................... 

..... do .......................... 
•.... do ............................. 
• •.•. do .......................... 
.•... do ........................... 
...... do ................ ........ 
.....• do .......................... 
...... do . --. -. -. ------·--.. 
••.•. do .......................... 
.•... do .. -. -. -.. -~ -...... -

..•••. do .......................... -. 

..... do -·---··----·------
George Davidson, J. s. 

Lawson. 
J.S. Lawson ................... 
George David60n ............ 
J. S. Lawson.·-······--··· 
.•••. do .............. --·-· .. 
George Davidson ........... 
J.S. Lawson ..•.••.•.•.... 
.•••. do ............................. 

. ••••• do ............................ 

..•••. do ....................... 

..•••. do ..................... 

..•... do ·--····---·---·---
. ••••. do·---··-·····---··· 
..••. do ·-- -------- ···-- ... 

.••••• ilo ............................... 

..•••. do ........................ 

.••••. do ............................. 

Re11;i~t<lrcd 
Dumber. 

1\!94 

1342ab 

lalteb 

387 

386 

1!6il 
53!1 

ucs 
1169 

1124 

1125 

1126 
58!1 

!!82 
581 

1255 

1304 

540 

537 

671 

585 

116.9 

1303ab 

llfi8 

S83 

584 

670 

1064 

1164 

590 

1087 

1327 ab 
1254 

125:1 

125! 

1170 

538 
462 

730 

731 

732 
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APPENDIX No. 8. 

List of hydrographio sheet.~, geographically arranged, registered in ilie arvltfoes of the United States 
Ooa.st Survey froin January, 1835, to July, 1875. (Nos. 1 to 1244, ·inclusive.) 

Localitiea. 

Eclipse Harbor, Coast of Labratlor ..................... 1 
Deep--sea scmndin,ga, C()ast of Labrador1 from ltsle of i 

Ponds to Cape Cbudleigh. ! 
Deep-sea sonmling o:tf Cape Sable_ ......... ---· ...... . 
Eastport Harbor and appmauheo, No. 1, son th part ..•. 
Eastport H1ubor and appro&<:hes, No. 2, north pa•I ..•. 
Quoody Roads and .Tobnsou's Ba_y .................... . 

011' ehore, from Maehias B.y to Eastern Point Light.. i 

Western entrance to Moose-a-bee Reach ............•. 1 

Mooee-a-bec Reach ....•...•..••...•••••.•.•..•...•. ·•· I 
lndia.n River ............................................ 

1 
Winter Harbor and approaches .. ___ ..•. --- . ---- -- .. __ 
Frenchman's Ba.y, from Bunker's Ledg6 to Schooner's ! 

rre&d. I 
Frenchman's Das, from Schooner's Head to Bar Ha.rbor I 
Freochruan's B&J, from Bar Harbor to 8aod's Point .•. 
Southwest Harb-Or, Mount Desert, western approach._ . 

::te~w=~n~~~~~: -~~~~~-~-~~~~~ -~~~~~. ~~~r~~~~:::: I 
Placentia Bay, Mount Desert Island ..•.••• ············1 
Prosp<ct He.rbcr .................... ·•· ·•••· • ··········I 
Entnnoo to Isle a.n Haut Bay .•..••...•..... -- ....... · 1 

Isle an Haut Bay ....................... --· ........ - -
Hurrieane Island Sound and vicinity ................. . 
The buin on Vinal Haven lt!l&nd .................... . 
Fox Island Ha.y and Ticlnity ......................... . 
Eaet side of Fox Iolands and See.I Bay .....•••........ 
Fox Islands Th<>roui:bfare, eastern part ..•...•...•.••. 
Fox lt!lande Thoroughfare, wee tern part ............. . 
Penohsoot Bay, approach"" to ......................... . 
Penobeoot Bay, entmnce to ........................... . 
Penobll<lClt Bay, entrance to .......................... . 
Metinio end Monhegan Islands, (2 sheets) ........... . 
Penobooot Bay, from Owl's Hea.d to Ensign Iel&nd .••• 
Penobsoot Bay, between Owl's Head and Fux Islands •. 
Penobaoot Bay, iolUida BOnth of Islesboro ............ . 
Penobeoot Bay, from Camden to :Beltaat Bay ...•.•.•.. 

Belfast Bay .................................... ·••··•• 
Gllkey's Barbor, PeuohaooLBAy ..................... . 
Rooldand Barber .................................... . 

State. 

~~~~~-· :.::::: :: :1 
.•. do ............ . 
... do ..•...••.••.. ' 

Maiue,Newllamp

ahire, Massaehu
aetts. 

Maine ............ . 
.•. do ..•••••..•••. 
.•• do ............ . 

... do ............ . 
___ do ......•..... 

::::: :::::::::::: I 
.•• do ............ . 
... do ............ . 
... do ............ . 
.•. do ........... . 
•.. do ............ . 
... do ............ . 
.• _do ............ . 
... do ..••.. : ..... _' 

.. _do ............ . 

... do ............ . 

. •. do ............ . 

. .. do-··········· 

... do ............ . 

... do ........... .. 

.•. do ........... . 
,._do ........... . 

.. do········---· 

... do ........... . 

... do ............ _ 
•.. do .......... .. 
.•. do ..•••••••••. 

.•. do .......•..... 
.••. do ........... . 
•. do ........... . 

Camden &Dd Rockport Harbor• .................... --· 1· ... d;, ........... . 
Penoboeot JUver,from Ba.ngor to Ilampden ..•...•.••• 

1 
... do .. ·········-

Mll&Cle Rldge <.:hallnel ................................. 1 ... do .......... .. 
Mns&leRidgeiolande .................................... ,.do .••••••••.•. 
Saint George's River entrance........................ . ... do ........... . 

Saini George'a River (sheet No.1) • . . . . . •• . ........ ... . ...do ........... . 
Sa.iotGoorge'H River (olieet No.2) ................ .... .. do ......•.••. 
Coast fmm Mosqaito H .. rbor to Seal Harbor.......... . •. do ........... . 
Cooat from Monhegan Island ro Demisoovel'oln~ ••••• •• do ............ . 

Coast betw- Demllloove lslands and Cape Small ..•. · I· ... do ........... · 
ld:al!C)crgus Bay ........................................... do ............ I 

Scale. 

1-40, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-300, 00.1 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, ()()() 

1-10, 000 

1-10,000 
1-10, 000 

1-lfl,UOU 

1-10, 000 

1-10, 000 
1-10, 000 

1-10, 000 
1-20,UOO 

1-20, 000 

1-10,000 

1-10, 000 

l-10,000 

1-10, 000 
1-10, 000 

1-10,000 

1-20,000 

1-20,000 

1-10, 000 

1-20,000 

l-'.!0,000 

1-20,000 
1-10,000 
1-20,000 
1-10, {)(;0 
1-10, 000 

1-10,000 

1-10,000 
1-10, uOO 

1-10, 000 

1-10, tXlO 

1-10,000 

1-10, 000 

1-10. ron 
1-10: 110,1 

1-20,00U 
1-40, 000 

1-10, ClCO 

Date. 

lE'GO 

1800 

1872-'3 

1861 

lSoCi 

1~:>8-'9 

1870-' 1 

1870-' 1 

1870-'l 

1861 

1873 

1873 

1873 

1871 

1871 

1a71 

187~ 

t.r.L 

lt<71i 
1669 

1869 

11!70 

1870 

1871 

1!'6B 

1868 

1Bf'6-'7-'B 

1800-'7 

1863 

1867 

18ll9 

lt-l69 

lfl69 

1871 • 

1872 

1871 

i863 
186.'i 

1"67 

181ro-'7 

1"'67 

1865 
1864-'7 

1864 

lSf.\j 

Is.;{) 

1859 

11'6'! . 

HyrlrograpJ1er. 

k·. ~=-:-a-~-... -~-~·-.~-:-~-__ -:_:_::-~-: 
J. A. Howell, U.S. N -----

C. 0. B<>u telle ........... . 

..•.. do ................. . 
H. L. M.a.rindin ...••..•. __ 

A. Murray, U.S. N ...... . 

F. F. Nee. H. Anderson .. 
-·····do ................ . 
...... do ................. . 
H. Anderson ............ . 

J. W.Donn -············· 

-···do ............ . 
. ..•.. do ......••.. _, ...... . 

. ..... do ................. . 
. .... do.-······ ....... . 

·-·--·•lo.·····-···-······-· 
• ••••• d<J .................. . 

H. Andemon ................ . 
F. P. Webber .......... . 
Char1es Junken. ·--· .•... 

. ..••. d'l .................. _ 

F. P. Webber ....•..••... 

....... d,, ··-····-··--··-··· 
. .••. llo .......... ·-·. --· __ 

Charles Jnnken. ---· -----
.. .••. do ..••..••..••.•... 
______ do ................. .. 

••••• d<J ................. . 

Ed wanl Conlell ......•... 

Cbar-lPsJnnken ---··-·--
F. P. Webber ........... . 
Charles Junke11 ......... . 
F. P. Webber .......... . 

. ..... do ................ . 
H. Ander&On ---· ........... .. 
F. P. Webber _ ..... _ .. _ .. 
W. S. Edw_ards .......... . 
H . .Anderson .••.••......• 
J. A. Salli vow .......... .. 
ILE. Hal!Alr and C. Jnnke1 

~ :: :::~:~~~-~:~~~i.:u/ 
F. P. w.·hber ...•...•..•. I 

. ..••. do ............... .. 
J~ I::. ifo!lec .......•..... 
T. S Pii..~:(1~. r. ~3. :S ..• .... 
.T. Wilklnll<>ll, L. S. N •••.. 

R. E. Halter ............. . 

I 

I 
Regi stt~ red 

11uruber. 

e1a 
81 t 

1218 

sn 
Bld 

89J 

700 

106() 

10:;9 

1061 

93~ 

121:> 

1216 

U17 

1120 

1121 

11!!2 

1164 

1127 

lOH 

111"..rl 

1021) 

10;5 

1073 

114~ 

98:1 

98'.l 
10')1 

9l1 

823 a 
82-1 b 

1086 

1030 

1087 

li43 

li6l! 

1144 

819 

&~3 

934 

95~ 

9.:i..1 

l'i!! 

!'SS 

859 

!JU7 

7-16 

696 

9.50 
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Localities.. State. 

' Musc()n~us Bay----· ............ ·-·--·--·· .......... .. Maine ...•...•.... ; 

Meilnncook River ant! Pornt I>leasant Gut.-······--··· i 
ModomakRiver .•.••..•.•....•...•.....•...••....•.... -1 ... do -

MC1domak River, from Ilremeu tn liRYener's Ledge ... 

Job11's Bay ......•.••..•.•.. ··················-········· i 
DamarlR-Ootta River and approacbc::i ...••.....•..•.•••.. 1 •••• do ............ . 
Dama1'i8-cotta River, from Newcastle to Clark's Co"·e .. ] ... do .•.....••.... 1 

ShcepscotBay, hetween Griffith's llead and Kennebec ; .... do·············! 

Rh-er. \ I 
Shecpscot Rh•er, from Hendricks Head light to Wis· 1····do ..•••....••.. ; 

ca.sset. I 
Sbeepscot River, from Hendricks Hoad light to Wis-

1 
... do.············\ 

63SE!iet. I ' 

Mouth of Sheepscot River and Rooth Bay .............. ( ... do .......••••.. 1 

.. do ...•... Wiscasset .Bay, Back Rh·er, and Montseag Bay tu j 
W cot port bridge. 1 

Ebeuecook ll'lirlmr'. Town't! Eud Gu_t, Eack River, &c. -.
1
· ... M ............... . 

Bell Gate, Baek lbver 1\lsheets) ....................... , .. do .......•.... , 
Great and Little :Hell Gates and Goose ltock Pa&aage .. ! .••. do .................. i 
llockomook and Knnuble Bays, SROano" Ri.-er. - - ...... \ .... do ..•.•...•.•. · l 
Hockomock Bay, ineludin~the rlT"eremptying into the 1

1

1 .... do ................... J

1 
Kennebec and Sheepeeot Ri'l"ers. 

1 
Merr:rmeeting Bay au•l Kennebec Rh·er.................... .. .. do ................... ~ 
Kennebec J:.h·er entrance........................................... .. .. do ................. [ 

Kennebec RiYcr, northward from Bath .................... 
1 
... do ........... ·-···-\ 

KAnnebec Riv£ir, from Coxe's Head tQ Bath ................. i .... do .. -- ....... ·- i 

Xt'lunebec F.iver1 from Swan Island to RichmonU .•..... 
1 

:. :. :.~d10o0 :. :·:·:·:· :-:- :.:. :·:·:-· i,

1

· 
Kennebec River, fr~u-m Richmond to Gardiner .......... . 

Vicinity of Cape Small Point ..•..••....•.....•..•.... \ 
New MeadowRiver .•...•......•..•.....•.•...•.••.•....... do ..••.•.•• , •.. J 

Head of l:faquoit, MidJle and Quohog Bays, Harp~

well Sound. 
MAquoit Bay, Mare Point Bay, and Milldle Bay .••.••. 
Quohogllay .•...••.•.....•..•..• , .••..•••.•..••.••. ·-·· 

... do.··-··-····-

. .. do ....•...•••. 

••• dc1 ··-········· 

M~riconeag Sound---·····-··········-················· ... llo .............. . 
Off·obore ooundi11gs from Seguin Isle to Cape Eliza- .... do ..••.•.••••.. 

beth. 
Alden's Rock ••.•.•••••••.......•....•...•.•....••..••....• do., •.•...•.••. 
CascoBay .••••••.••••..•.••.•••••.•.••.•..•.....•..•...... do .••.•.•.•.•.. 
Cae<loBay .••..••..•••.••••......•......•...........•...•.. do ..•.....•.•.. 
CMOOBay .................................................. do ..•..•. , •••.. 
CaacoBay ...••................•.........••....•••..•....... do ..••••...... 
Caaco Bay (lower part). ..•. .' •.•• ,...................... • ,.do ........... . 
Caaco Bay (partol) ....................................... do ....••..•••. 
ApproacbeB to Portl&nd Harbor ........................... do . , ••••. , •••.. 
Portla.nd Harbor, appTonches, arnl poeit.ions of rocl<•. .. . .. do ..........•. 
Portland Harbor. outside of entrance,. ..•••..••.•.•••. , .. do ........... . 
Portland Harbor·-··· ........•....•..•....••..••...••..... do ...••...••.. 
Po~d Harbor, additional soundings .. : •.••.••••.••..••. do ..•• , •..••• , 
Rock• off Portland Harbor ••••••. ,. • - • , . . . . • • . • • • • • • • . . • •. do ..•.••.. _ .... 
Bank oft' Union Wharf, Portland Hlll'bor .................. do ..••••..•••.. 
Jordon's Itook,near Portland Barbor ••••••• ........... , .. do .•••••• , •••.. 
Bank oft' Union Wharf, Portland Harbor. •••..•.••.•••.••. do ..•••...•••.. 
Portland Harbor .••• ,................................. • •. do .•••••.••••.. 
Portland City and Harbor, sheet No. l. ...... .•.•.. .•.. . .. do .•••••..••••. 
PortlaDdCityandHarbor,eheets No.2and3.,-••.•••••.••. do ..•••••.•••.. 
PortlandCityandH&rbor,sbeets No.4and5 .••.•••••.•. do ..••.••.•••• 
Richmond's Island Harbor............................. . , .do , .•••••.•••.. 
Coa•t, from Cape Elizabeth to Kennebunk Port....... . .. do ..•..•..••••. 

From Kennebu11k Port to Isles of Shoals ................... do .•••••.•••••. 
Cape Porpoiae and Stage bland Harbor(a) ...•...... } 
Wood loland, alld approathea to Saco lUver(b) .••.•. . ••• do · ·-·-·· •••••• 

Woodl81&DdBarbor,recormal aneeof .................... do .•••••••••••. 

Scale. 

1--10, 000 
1-W, 0{)0 

1-lU, ouo 

1-5, 000 

1-111, uoo 
1-10, 000 

1-IC, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-20, 0{)0 

1-10, 000 

1-10, 000 

1-lll, 000 

1-5, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-20, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-~0, 000 

1-789 
1-10, 000 

1-10, 000 

1-20, 000 

1-40, oco 

1-20, 000 

1-20,000 

1-40, 000 

1-20, 000 

1-20, 000 

1-10, 000 

1-20,000 

1-20,000 

1-5,000 

1-5.000 

1-5,000 

1-5,000 

1-1,200 
1-2, 400 

1-2, 400 

1-10,000 

1-40,000 

1-40,000 

1-10,000 

J,.10,000 

----- ----

Date. I Hydrographer. [ Uegi~tered 
J uumber. 

~~;--1 R. E. Halter ........ ·•··• I 986 

1866-'7 I 
!-151 ..... do ..................... i 

1866 II. Andel'sOIL ..•........ - J 960 

18€6 .••.. do .•..••...•.•....••. \ 960 bi• 
1867 K.KBalter .......•...... I 920 

lf60 \ J.l'.Ba.11khead,U.S.N .... \ 791 

1866 E. HergeRh~imer .••..••••. 1 903 I , 1868 J. S. Bradford ..•..••....• I 971 

. I 

1858 .r. H. Moore, U.S. N ..•.••. I 675 

I 1858 ...... do ......•......••.••. 676 

I 
1860 T. S. Phelps, U.S. N ···--·I 171 

18ti2 F. H. Gerdes ................. 1 775 

1866 E. Ilerji!;eshei~er ........... I 891 

lBiia H . .Anderson .............. e!J.! 

1867 .r. S. Bradford .....•.....•. 930 

18fj7 -·-· do ...................... 929 

1862 F. H. Gerdes .........•.••. 776 

181il ..... do ..............•.... 790 

1856 S. D. Trenchard, U. S. N ... 
1 

552 

1858 J. Il. Moorl•, U.S. N . .•.••. 693 
18;)7 S. D. Trnnchard, U.S. N .•. : 639 
1869 C. IT.Boyd ... -···-····-- ! 1064 

1870 ..•.. do ...•..•..•.•••..••. ! 1065 

1868 .r. S. Bradford ............. ! 972 

1866 .J. W. Doon ..•....•.•.•.•. 899 

1869 H. Anderson.-·-··-····--- 1008 

1063 F. H.Genles ..•...••....•. 840 
1~64 A. Strausz ...... ··-·· ..••. em 
1863 F. H. Gerd"s ..•....•...... 1!39 
1867 R. Platt, U.S. N ..••••••... 933 

1853 M. Woodhull, U.S. N ...... 824 

1856 S. D. Trenchard, U.S. N. ·- 60'i 
1856 .: .••. do ................... 614 
1862 E. Corilell .••.••••..•.••••. 820 

1857-'8 W. G. Temple, U.S. N ...•. 6134 
1861 C. A.Schott ..••••..••.•.•. 754 
1859 J. Wilkinson, U. S. N ..•... 7!!6· 

1864 T. S. Phelpe, U.S. N ••••.•. 8llO 
1863 ..•.. do •..•..••.....••.••. 8-41 
16J4 M. Woodhull, U.S. N •••••. 403 
1654 . ..••. do •..•.....•.•••.•.•. 484 

1662 E<l. Cordell .•••••..••.•.•. 788 
186'1 T. S. Phelpa, U.S. N .••..•. 'llJ6 

1859 J, Wilkinson, U.S. N ..... 684 
1857 F. A. Roe, U.S. N ..••..... 6fll 

1857 S. D. Trenchard, U. $, N ... 000 
1868 R. Platt, U.S. N ..••.•••... &49 

1868 H. Andel'l!On .••••••••••.•. 1032 
1~ 9 ••••• do .•••..•.••••••••••. 1033ab 
1869 ..••. do .•••.•••••••••••... 1034ab 

18JO M. Woodhull, U.S. N .•••• 243 
1859 A. M.nrray, U.S. N .••••••. 600 
1858 ..••. do ..••..•.••••••••••. Mi 

18'71 J. S. Bradford .•••.••••.••. ll17a b 

tS59 A. llCurray, U.S. N .• : •.••• "1311 
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Localitle•. State. Scale. I Date. Hydrograpber. iIOOµ;isteretl 
nuwber. 

~~~~~~~~~~~~~~~~~~~~~~, ;~~~~-1~~~~~~~~~~~~ 

8tagelsl1dandCapePorpoi.seHarbors,reconnaissanceof I Maiue ................ 1-10,()00 ! 
Saco River .. ---·--·--· ............................. .' --···-1-···do ............... 1-5,-000 i 
Saco Rb·er, from Saco to Chantller'6 Point ................ do.............. 1-!i,000 ~ 

Saco River up to Chandler's Point.................... .. do............. 1-5, 000 
York Harbor ........................................ I ,do............. 1-10, 000 
Boon Island and Yorl< Island (outside)............... . .. do............ 1-20, 000 
Portsmouth Harbor and approaches .. ............. .. . . New Hampsbi1·e.. 1-20, 000 i 

PortsmouthtoNewbnryport ............................... NewIIamptihireand 1-20,000 I 
Massachusetts. 1 

Isita of Shoals........................................ New Hampshire .. 
Isles of Shoals Harlwr ... _ .. _ .. __ ... _ . . _ .. __ ..• _ .. _ . . New Hampshire 

an(l Maine. 

Jeff ey'• Ledge ...................................... . 
Coast of New Hampshire, from Pulpit Rock to Great 

Jloar'd Head. 
Coast of' New Hampshire, from Great Honr·s Heatl to 

Salisbury. 
Burlington Harbor, Lakci Champlain ......... __ .......... . 

New Barupehire .. 
·--do._ .. : ...... . 

Vorruont ........... . 

1-10. 000 
1-10, 000 

1-150, oco 
1-10, 000 

1-10, 000 

1-10, 000 

Mitchell's :Fall1s, Merr-imack H.iYer ...................... . 

Newlmryport Harhor ........................................ . 

.Massa.c.husetts...... 200 feet tu 

1 inch . 
... do········-·--- 1-10,000 

Cape .Ann &nd Newlmryporl ......................... . 
Ipswich and Annisqaam Harl.tor ........................ . 

AnDisquam and Ipswich .................................. . 

A1miequam to Thatcher ls' and (Cape .A.nn) .......... .. 
Gloucester H&rbor and •Jlproacbes ..••..•.•.•.. -· .... . 
Eme-rsoo's Point and Milk Island ... --- ................ . 
Salem Harbor and approaches .............................. . 

Salem Harbor ......... _ ............ -................. . 
From Lynn to Marblehead ......... -................. .. 
Lynn H11oroor ........................................ . 
Massaclmaetts Bay and St<llwagen Bank ..•..... ___ .. 
8tellwagen Bank, Massachusetts Bay ..•.••••.•.•...•. 
Stellwagen'• and Cobaseet Reeks .................... . 
Off-shore, between NewbuQ·port a.nU Munomoy ...... . 
lloaton Harbor and approacbes ....................... . 
Boston Harbor {the inner harhc>r) .................... . 
Boston Harbor {th~ inner lmrbor) snrve,y under United 

States Harbor C-ommiMioners. 

... do ............. . 

... do ........... . 

.•. do ................ . 

... do ........... .. 

... do···-·····--· 

... do ---·--····· 

... do········--·--
••. do .. 4 ............ .. 

.-.do···--··-···· 

... do ........... . 

. .. do ....... ·----
·-·do ........... .. 
. .. do .......... _. 

... do··-········

. .. do··········-·· 
___ do ........... . 

... do ........... .. 

Boatcm Harbor ....... _.. . • .. .. .. . .. . . . . . . . . .. . . • . • . .. . . . .. do ..••.. - ••... 
Shirley's Gut, Boston Harbor···-···--···-............ . •. do ........... . 
Minot's L13dge, oft" Boston Harbor-· ..• -- .•... - . __ .. --· 
Town, Fore, and Back Rivera, Weymonth ....••••..... 
Philip's Ledg<', Green Ilarbor River ........... ·- .... . 

Duxlmry Bay ................ -·····.-· ............. -. 

... do .... ·-··-··· 

. -,do .. ,._ ...... .. 

... do ·-•••oo•• .. .. 

. •. do ...•.•....•. 

Plymouth Harbor ........ _ ................. ····-·· .. -- ... do·---····----
Plymouth Hnrbor.................. ......... ........... . •. do.··········-
Barnstable Harbor .................. --·............... . •. do ..••..• ····-
Part; of Barnetable Ilay .................................. do ............ . 
Cape Cod, Raoo Point to Naooett light................ . •. do.··-··· ... .. 
Provincet<>wn Harbor. Cape Cod.- ......... ·---------· I ... do.·-·-· .. ··-· 
Provlncetowu Harbor, Cape Cod ...................... · l····do ...... _ .... . 
Cape Cod, Naoaott light to l\foaomoy .................. 1 ••• do·-······· .. . 

We!ltleetlia.rbor, ...... _ .•• ········-·-···········--· ... do ........... . 
Chatham Barbor..................................... ·--do .. -........ . 
Moaonwy Shoal& ................ ·--------··-····-··-·· - .. do.····-···--· 
Monom.,y Sil<>alo ................ _ ......... -.... •••.••• ...do ........... _. 
lllonomoy and Na11tuck<>t Shoals .......................... do ........... . 
llonomoy Sboa.la, reconnaisaanca . • • . .. •• .. • . • . . • • . • .. . _.do ............ . 

Cnltint-0r'• Shoals.off Cape Cod ... - .............. ___ .•. do ......... -.. 
O..Orge'• Shoale,oifCape Cod •• _ ....... ·-··-···........ ...do ........... . 
Pbelpo&' l!enk and .Aaia IUp, Nantucket Shoala, recon· .... do ............ . 

naill6allce at. 

1-20, 000 

1-10, 000 

1-20, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-5, 000 

1-20, 000 

1-10, 000 

1-80, 000 

1-100, 000 

1-10, 000 

1--300, 000 
1-20, 000 

1-5, 000 

1-10,000 

1-10, 000 

1-5, 000 

I, 50-0 

1-10, 00-0 
1-40,000 

1-10,000 

1-10,000 

1-10, 000 

1-10, 000 

1-10, 000 

1-{0, 000 

1-40, 000 

1-10,000 

1-40,000 

1-20,000 

1-10, 000 

1-30,000 

1-:lO, 000 

1-20, 000 
1-40,000 

1-20.000 

1-40,000 

1-100,000 

1859 

1866 

1E67 

1E67 

J,<53 

18:>3 

18~1 

ltl;;7 

1859 

1874 

lffiJ 

1870 

1il70 

1871 

11301 

1851 

1857 

18~2 

18!:i6 

1857 

1853 

1873 

18">0-'1 

1856 

1053-'4 

1858 

1854-'5 

1854 
18:;6 

1857 
1846-'7-'8 

1846 

1861 

1858 

IE58 

1e~:i 

1669 

1846 

1867-'70 

1853 

1810 

1E'61 

1eoo 
185!>-'6 

18."Mi 

1!!68 

lll:Hl 

1849-':!0 

1851 

185:1 

1872 

1873 

1868 

1~7~ 

1873 

1860-"1 

A.. Mm ray, U.S. N -······-! 
G. Davidson ............. . 

F.F.Ne8 ............... . 

•• do ................. . 

M, Woodhull, U.S. N 

.•... _do ................. . 
.... do .................. _ 
C.R. P. Rotl~ers, C. S. N .. 

A. Murra;'I-·, L.S. :S- --·---· 
R. Platt, U.S. N ..... 

T. S. Phelps, U.S. N ...•... 

H . .A.nclerson ······-····-· 

...... do····-·-'"·-······--·· 

F.J).Granger ............. . 
H. Mitchell ...... . 

M. Woodhull, t:. S. N ...... 

C.R.P.lttjdgcrs, U.S. N. 
M. Woodbull, t:. S. N ...•. 
S. D. Trenchard, "C'. S. N .. 
C. Jt. P. Rodgers, r. S. N .. 
II. S. Stellwagen, t:. S. N . 
J. S. Bradford ....... .. 
C.H. McBlair, U.S. N. ---·I 
W.G.Tcmple, t:.S.N .... 
II. S. Mellwa1>:en, TT. S. N .. 

A. Murray, U.S.N ....... .. 

II. S. Stell wageu, U. S. N .. 
. .... do .................. . 

.••.. do ··-···--·-·········1 
C, R. P. Rodgers, U.S. K ... 
C.H. Davia, U. S, N .... __ 
. .•.. do ...................... . 

A. Boscli ke ............. .. 

W. G. Temple, U. S. N ...• 

..... do .. -········-
H. S. Stellwa~en, U. S. N . 
J. S. Bradford ....... - ...• 
C. H. Davis, t:. S. N ...... . 
H. Anderson . . . ........ . 
M. Woodhull, U.S. N .... . 
H . .A.uJerson ............... .. 
H.:Mit-0bell ............. . 
J. Wilkinoon, U.S. N ·-·· .. 

H. S. St•llwaj!en, U. S. N .. 

... _.do·-------········---
A..Balbach ............. .. 
II. 8. Stellwagen, U. S. X 
C. H. Mc Blair, U.S. N .... 
M. Woodhull, U.S. N •...• 

..... do···-··-··--······· 
F. D. Gra.nger .......... ---~--

. •••. do ········--··· ...••. 
F. F. Nes and G. S. Blake, 

U.S.N. 

;;:~:!:~;~;:u~-~--N ::: ::: I 
J . .A. Howell, U. S. N ...•• 

710 

8"2 

~l.f l 

942 

:n& 
::UW 

294 

62i 

'7'41 (1, 

741 b 

7Gl 

1068 

10€9 

110:; 

1012 

292 

594 

34U 

597 

3i'6a 

3!16 u 
284 

651 

413 

662 

51G 

451 

582 

593 

2-21 

17B 

850 

652 

64~ 

412 

1021 

1P3 

1035 

·~ 1067 

'"""51 

772 

519 

578 

578 bit 

570 

249 

2<J3 

3~7 

1149 

11~5 ab 

961 

l207a 

1207 b 

H5 
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Localities. State. 

N11J1tncket Shoals (Davis South Shoal)_---------· .. ·-._ liaRSachnsetts _ .. 

Off Nantucket and Ma1tba's Vineyard (deep-seaaountl- ... do .......... .. 
lngs). 

Nantucket Shoals {off-obore aouudings' ·----··--··---- --- llo ----··-----
Nantucket Sho.ih~ ................................. -·· .•. .•.. do . ............... 
Nantucket Sound (entrance} . _ .................. - --- ___ do ----··------
Nantucket, Sonntl, Nohska light to Monornoy .......... . .... do . ............... 
Nantu~ket Sound, Monomoy to Bi&bop's arnl Clark's .... do ···-········ 

light. 

NantucketSouud ................... ----·····-····-··· --·do-·-····--·--
Ba.as River.---· •...••.•. --· ... --- ....... ------ ---- -----. _ .. do··----·----_ 
Hyauni:o!o Harbor .......................................... . •. do ........... . 
Nantucket Harbor ... __ ..••.........••.....•. ---- .. --- .... rlo .............. . 

Nantucket Ila1bnr .............................. ·-·-· .•. .... do-·········--
Nantucket Island (Rontl1 side)·_ .. _...................... . . do .............. . 

Nantucket Upper llarbor.. ... . ..... .. . ..... ......... ........ ..... . . - .do ................ . 

Mu•ke)(et Channel and approaches ..••. -· ...... -···· -- -.•. do ...••...•••. 
Edgartown Harbor,Vineya1·d StJund ....................... do··------·--
Ec1gartown Harlror, Martha's Yiueyard ....................... do ............. . 

Edgartown llarl>or and Catamy Bay._ -- _ .. -...... - - ... -... do - -·-·· - ---- -
Holmes's Hole aT\cl Yicinity ..... ........... .•. ......... ...... • ... do ............... . 

"'\.,.ine~·ard Ha~en Harbor ........................................ do-·~--······· 
Martha's Vineyard, scfuf.11 side.................................. . ... do ............ . 
Lone Rock, &c., between Ga)· Head and No :Man'• Land .•. do .......... .. 

Cnttybunk to G•y Head.-·----···- ............ ---·- -- .. do .. ·---·-----
Naushou BDd vicinity ........ -- . ·-· ............... · ··. --
Buuard's B·1y,eastern side ........................... . 

Duz.z.ard's Day, western siJ.e .............................. --
New Beitford Harbor-····· .......................... . 

----do--··-······
___ do--··-·--··-

.. do .•..•.. ····
•• do ...... -----

Bnozard'allay and Martha'• Vineyard SoULd .............. do···········-

Sow and Pigs Reef(offCuttyhunk) ···- ····--···-··--· ----do-··········· 
Sow and Pigo Reef ................ --········---···- ••• ., ..• do - .•.•.. ····-
Ki_ppiean Harbor (sheet No.1~ west).··-····............... . .. flo ............. . 

Sippican Ilubor (shoot No.~. east) - .......... ·········- .. do_····--··--_ 
From Mishanm Point to East ltock •••••• ••••.. •••.. •• MassachnS<ltls and 

Rhode Ialand. 
Westport Harbor, Ma•s., and coast westward··,···· ..• 
Block Isla.nd, Cottyhuuk, and Gay Head (off ohore) - . - ·::::: :::::::::::::! 
No:Man1aLand (o:tf-sbo!"e &0nnding11) .................... ____ (lo ....••.••... I 
Off Point Judith and No Ma.n's Land................. . .. do ....... ····-
WaTTen River_ .••.. - ···- .••••• •••.•. •. . .•.••.. •. .•• •• Rhode Ialand - __ _ 
Seekonk River ............................................ do .•.•••..•••. 

Narragansett Bay····································- .... do •...••.••••. _ 
Ta~nton Ri'\eT ............................. --- ................... . 
Narragansett Bay .....••..••.•.•..••..••.•.•••.......• 
Narraganoett Bay, from Quonaet Point to Dnteh Iala.nd 
Narragansett Bay, from Hope Island to Patienoo l&la.nd 

Gret11wicl1 Ilay -··-····-·-····· ·--··············-·····-
Narraganaett Bay, h~ad of, and Prcn·idence Rh·er ..... 
Providooce Rh·er, from city of Providence to Stugut 

I.W.nd. 
Dotoh l.WWd Harbor ................................. . 

Coaster'• Barbor·········--···-·-·········-···-·····
Newport Harbor ......••..•.•.••.•••.•••..•••••••••.•• 

Saughkonnet River and vioinlty ··········--·········-
From EMt Rock to Point Judith ..................... .. 

.... do ........... . 
.. .. do ....... - ............ . 

.... do-··········· 
.• do .•••••.••••. 
•. do ............ . 

.••. do .••••..•••.. 

.••. do······-··---

•• do .•••••.•••. __I 
.•. do············ \ 

.•.. do············
.... do -• ..... ••-·••• I 

-··do .........•.. 

Scale. 

1-40, OOIJ 

1-400, 000 

1-300, 000 

1-40, 000 

1-IO, 000 

1-40, 00~ 

l-21J, 000 

J-30,000 

1-20, 000 

1-20, 000 

l-21J,COO 

1-10, 000 

1-40, 000 

1-2V, 000 

1-20, 000 

1-20, 000 

1-IO, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-40, 000 

1-20, 000 

1-40, 000 

1-20, 000 

l-2U, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-5, 000 

1-120 

1-5, 000 

1-!l, 000 

1-21J,OOO 

1-10, 000 

1-20, 000 

1--40, 000 

1-100, 000 

1--5, 000 

1--5, 000 

1-20, 0(.0 

1-Hl, 000 
1-20,000 

1-10, 000 

1-!V, 000 

1--5, 000 

1-10, 00(' 

1-5, 000 

1-10, 000 

1-10, 000 

l..:i,000 

1-10, 000 

1-20, 000 
l'ol11tJndlthn.udeutward (olfebore) .••••.....•.••.•...•. do--··--··-··-- 1-20,000 

Point Judith and 80ntbward I'! Block Ialand.. .. . ••••. . ••. do ..••..• ·--·-- 1--40, ooo 
Block Isla.n"d Sou11d, Point Jndltb to QQObACutoQ: .•• ···- .••. do .•••••. ·····- t-20, ooo 
Bleck Island and FWier"e W.Wd to Q11011aoutoii; .••••..•••. do . •••• •••••••• 1-20, ooo 

Date. 

1853--'4-'5 

1846 
18;'>6 

li'54 

1814 

18.j:\-'6 

18~9 

le·n 
1846 

1846 

1854 

187~ 

1851 

1846 

1846 
1811 

le4:> 

1811 

1853 
1es2 
1857 

1R57 

1845 

1845 

1845 

1845 

1853 

1853 

18433 

1863 

1844 

1844 

1e47-'8 

1851 

l!l!iL 
lil65-.6 

Ll4i5 
181!1 

18fi2 
1862 

1!168 

11167-'8 

1867 
18Cl:l-'7 

1865 

1!162 

18Cl3-'5 

1865 

1848 

1844 

18-17-'8 

1845 

1839 

1839 

I 

Hydrograpbet·. 

--~ 

I
C. H.Davis,U.S.N ......• 

, H. S. Stcllwagon, U.S. N. --

..... do ..................... 
C.H. Davi•, U.S. N--·-···-
If_ S. Stellwagen. U.S. N _ 
M. Woodhull, U.S. N ...•. 
F. D. Granger .......... 

C.R. P. Rodgers, U.S. N. 
C.H. McBlair, G. s, N - ... -

J. N. Maffit, U.S. N . ....... 
C.H. Davi@:l L.8.N. ·--·-· 
•.••. do .......................... 
H. S. Stellwagen 1 U.S.~ 

F. D. Granger. - --- ------
C.H. McBlair. U.S. N ..•. 
C.H. Da\"is, L.S. N ........ 
...... do ................... 
H.Mitcbell ................ 
U.S. Illake, U.S. N ..•.•.. 

H. Mitcl1ell --------------
B. S. Stellwng~n, U-. S. N __ 
C. H. McBlair, U. S. N _ ... 
C. R.P. Rodgers, U.S. N. - -

j-·-··-du -······ .... : •.••••. 
I G.S.Illake, U.S.N ....... 

.••••. do···-·············-
______ do .•••. ................ 
G.S.lllake and C.H. Da.-is, 
U.S.N. 

M. Woodhull, U. S. :N ••••• 
j ...... do .••••.•••••••••..•. 

lI. Mitchell _ ..•.•••.••.... 

...... do-•················-

! 
G. S.Illa.ke, U.S. N----··-

' i-··---do ...... _ .. __________ 

n. Bache and J. R. Golda· 
borough, U.S. N __ ·--··--

C.H. MoBlair, U. s: N ..•• 
S. Swartwout, U.S. N ..•. 
F. P. Webber .•••••••••.• 
A. M. Harril!On ........... 
W. P. Trowbridgo ..••.... 

...•.. do .................. 

I H. Mitchell .....•. ---· .. _ 

I ~--~::~~1:~::~:::::::::: 
...... do···-·····-··-·· ... 
...... do ............................... 
.•.... do .................. 

H. Mitchell ..••••...•..•. 
H.MltehellaudF.P.Webbci 
F. P. Webber .. -·· .••..• _ 
J. R. Goldsborough, U.S. N 
G. $.Blake, U.S. N .••..•.. 
R. Baebe and J. R. Gulds-

I borough, U. S. N. I G. S. Blake, u. S. N ••••••.. 

.~:.~!8'.1.'::'.~·-~-~:::::: 

Re~iRtered 
number. 

223 

406 

440 

179 

569 

455 

1243 

527 

245 

184 

181 

1eo 

445 

1163 

239 

22-l 
182 

1126 

161 

1106 

378 

344 

M16 

595 

160 

159 

158 

163 

357 

358 
8~6 

829 

154 

155 

20• 

!:IS 

2'3 
888 

Bro 
711!!,g 

7!12 b 
'787 

m 
939 

!HO 

880 

87S 

78jj 

185 
811 

26.'l 
153 

200 

162 

84 

SG 



 

1'B:B U.~HT~D S'rAT~S COAST SURVEY. 

APPENDIX No. 8~Continuetl. 

Localities. Stat•. Scale. 

------------------------------ _____ i_. ____ _ 

Rhode I.land .... 

1 

1-20, 000 i 1863 

1-10, ()()() Ii I 0.~ •• 

.A.dtlitional soundiilge oil' M:ontank Point, G rieatEa.stern 
Rock. 

Pawcatuck Rir-er. ne.ar Stonington. __ .. ----~-.--·. ____ . Connecticut .. • •••. I c.J.:J' 

::.::.:::::::::::I ~=:~::I ~~~~ Watch Hill Jteef, Illock Island Sonnd ...... .. 

From Gull laland to Watch Hill, lllo•k l•land Soand. 
Fiabcr'sishmd Sound ..................................... do............ 1-10,0CO 1P39 

Long Island Suuml, vicinity of Fisher's Island........ .. .do ........... . 
Fisher's Island Sound ..................................... do ........... . 
Thames' l<'erry, Long Island Sound ....................... do ........... . 
Thames' River, from Gale•s Ferry to New London_... ·- .. do ..... - -- ••.•. 
Thames .River, 11ea.r New Lonll.on --·--- -~---· .••••.•.•.•.. do ..•...••..•.. 

'1.'hames River~Daval station to Norwich ...••.••..••... ' .•. do .•..•....... 
Fmm Block Point to ~ew Lonclon Harbor ................. do ........... . 

New London Harbor, J...-0ng Island Sonnd ----·--····--- .... do .•••...•..•.. 
Frank'sLedge,<lff New London Barbor ................. ! .••. do-·-····-··--
:From Griswohl1e to Black Point, Long I&land Sound ... i - •• do .••.. ··-· .••. 
Connecti<mt River (re!mrve:y) ........ •*• .................... : .••. do .............. . 
ConnooticatRiver ..................................................... do ............ . 
Connecticut River llar ................................. 1 

.... do ............ . 
From Fisherman's Crutch sonthward, Long Island Sound:. - .. do .. - - ....... . 
HammonaAset to Cormorant Point .......................... j ... (lo ........... . 

Tuck's bland and "idnity of Madison, Long Ialand i .•• do .......... .. 
Sound. 

From:Bartlottro Tuck'R1sland ........................... do ............ . 
We•t llranton and vfoinity of Hoadley and Ilammon- ... do_ ......... .. 

asset. 
From Stratford light-house to Indian Neck ................ do .......... .. 
From Sa~tall to Hoadley, Long Island Sound .............. do .......... .. 
From Oyster:Ri-..erl'oint to Salt.all, abreast of New Ha· .•.. do ........... . 

ven. 
Shoal off New Ilaven light-house .......................... do ........... . 
New ttaveo Ilarbor ....................................... do ............ . 

Quinnipiaok lliver at Fair Haven .......................... · 1 ·· ... do . •·•·-- .••••. 
From Charles Island to Oyster River Point ............... do ........... . 
From Hlack ll.ock to Cbar!eslshmd ...................... do ........... . 
From Charles IslaDd to Black Rook ................... I ... .<lo ........... . 
Vfoinity of Bridgeport, Long Island Sound............ • .. do ........... . 

From 8beflleld Island light tolllack Rook ................. do ........... . 
From :Black Rock to Frost Point .......................... do ........... . 
:From Frost Point to Sheffield Island light ................. do .......... .. 
From Sheffield Island light to Greenwich Point ........... do ........... . 
l<'rom Greonwfoh Point to Sb<>flield light ................... do .......... . 

General chart betweeu Gay lielld and Cape Benlopen. New York, New 
Jersey, Delaw:i.re. 

Montaul< Point, Plum Island, al>d vicinity .............. 

1 

New York ....... . 

Plum Island, Montauk Point, and vicinity ................. do······----·· 1· 

From Fiaher'aieland ro Plum Point,Longl•land ...... 1 .... do ........... . 
From Raee Point {Fi8her's Island) to O.voter Point, ; .... do ............ I 

Long Island Sound. [ j 

G•rdner'11Bay,Long Island Sound ..................... _ .... do .•••••..••.•. 1 
Bedford Reef. (SeeNoo.B7,88,and95) .................. i---·do •••••••••••• 1 

From Plum Ial&nd to Brown's Ilill,Longliland Sound ; .••. do ............ . 

From :Brown's Bill to Yanor liJl;ht-, Long Island Sound 1- •.• do .•••••••••••. 

Orient Bay, Long Island Sonnd ............... ------·---!--·.do ........... .. 
&utbbold and Orient llay&, alld Gre<111port Barbor .. ---1-- .. do ............ . 
Greenport Barbor, Long Ialalld SoD11d .•••••••••.•••••. 1 •••• do ••••••••••••. 
Stig Barbor, eaetern ead of Longlsland •.••• : •••.•••••. ! .•.. do ••••••••••••. 

1-10, 000 

1-~o. oou 
1-10, 000 

1-10, oou 
1-1, 200 

1-10, 000 

1-10, 000 

1-10, oou 
1-lfi, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-20, 000 

1-10, 000 

1-20, 000 

1-10, 000 

1-10, 000 i 

1-20, ooo I 

1-20, 000 

1-10, 000 

1-JO, 000 

1-5, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-20, 000 

1-10, 000 

1-5. 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-400, 000 

1-10, 000 

1-10, 000 

1-00, uoo 
1-10, 000 

1839 

18:19 

l8H 

1839 

lc69 

l>l'74 

1Kl9 

18~9 

1847 

lf<38 

1~49 

1851 

1~5l 

183!l 

le3R 

1eaa 

1838 

183!l 

1838 

l<l3d 

1838 

1858 
1872 

1838 

1838 

18.17 

18:!7 

1836 

1859 

1845 

1845 

1639 

1639 

1838 
18!7 

1838 

1838 

11>19 
1838 
1838 

1839 

Hy<lrographer. 

T. S.Pbelps, U. 8. N ...•.. 

C. P. Patterson, t~. S. N .. 

T. R.Gedney, U.S. N .... . 
G. S. Illa.ke, U.S. N ...... . 
..... do ................ . 

..... do····-···--···-··--

..... do ................ . 

..... do ................ .. 
Charles JuD"ken ..• __ • ·--. 

H, G. Oirden ............. . 
G. S. Illa.ke, U.S. N .... .. 

Richard Bache, U.S. N .•. 
G. S. Illake, U.S. N ....... 

,J. R. Goldsl.Jorough, t'. S. 
M. Woodhull, U.S. N 

..... do ................ .. 
G. S. llfake, U.S. N .•..••. 
...... do ................ .. 
...... du ................. . 

...•.. do ................. . 

.•••.• do ................. . 

...... do ................. . 

...... do ................. . 

...... do ................. . 

W. G. Temple, tr. S. N .•. 
R. M. Bache ............ .. 

G. S.Jllake, U.S. N ...... . 
• .... do .................. . 
...... do ................. . 

j G.S.lllake, U.S. N .•...•. 

G. S. lllake, U. S, N ...... . 
A.. Boschke ............. . 

C.H.Dans,r.s.N .... . 
.•••.. do ............ . 
...... do ................. . 
G. S. lllake, tr. S. N ....•... 

T.R.Gedney, U. S.N ...... 

G.S.Dlake, l:".S. N ....... . 
. ..... do ................. .. 
T. R. Gedney, C". 8. N ..... . 

..•... do .................. . 

. ..... do ........... . 

. ....... do ......................... . 

Sag Barborat1.d "leinlty ............................... j .... do .••••••••••• 

1-!!0, 000 
1~10,000 

1-10, 000 

1-llO, 000 

1-10,000 

1-10, 000 

1-10, 000 
1-10,000 

1-10, 000 

1-20,000 

1-20,000 

1-20,000 
1-10, 000 

1-:lO, 000 

1839 •••••. do .................. . 

G-reatand Little Peconle .Biiy11, Long Ialand ..•...•••••• i. ... do ............ . 
:From Slngl&llull Station t.oGlover,LonglalaridSonnd.i .•.. do ............ . 
From Glonr to Old Point, Long Iel&nd SoUlld .... : •.•• .J. ... do ............. . 
From Old Pni"Dt to Hiller"• Pl....e, Loag !eland Sound ..• 1 •••• do .•••••••••••. I 
ll'r.im Old Paint to Eaton Point, Lo:11g laland Sound .••. I. ... do ..••.••••.••. / 

................... do .................. . 
1838 O.S.Blake,U.8.N ....... . 

1838 
1838 
l8J7 

119 

l !~t>gistcre-U 
nuruUe-1'. 

780 

93 

e5 
91 

9'J 

97 

96 

113 

114 

JOOfi 

1242 

92 

93 

94 

42 

2:13 

276 

275 

41 

39 

38 

37 

35 

29 

:it 

32 

6~7 

11'4() 

33 

2~ 

llt 

S!J 

25 

18 

20 

19 

9 

8 

670 

88 
e9 
87 

96 

l'O 
9() 

43 

40 

. 81 

78 

7!l 

8-J 

SJ 

77 

36 

30 

31 

21 



 

120 REPORT OF THE SUPE!UNTENDENT OF 

.APPENDIX No. 8-Continued. 

Looalitie8. St.ate. 

-~~~~~~~~~~~~~~~~~~~~-! - ~~~-

' From Eaton Point to Oak Keck, Long l:::>land Sound---·! New York ......... . 

::p:::~h:a::,~ -~'.~~-e~~-~o-i~-t'. -L~~~-1~1~-~~-~~~-~~:I :::~: _: :: ::::.:::. 
St<>nyRrook and Yicinity,.Long Island ..••... ······•••· 1--·do ............ . 
From Smithtown to Eaton laoint, I4ong Is1and Sound . . . .. do ................ . 

Cow Harbor, Long Island Somul. ......•..............•. j' ... do ........... . 
Cow Harbor, l..ong lsls.nd Sound. (!loo No.15) ..•..••• . .. do. 
Hnntiugton Ha.rbor, Long I~larnl. ......... .. .. ....... .. . . . . .. llo ............ . 
Oyst.er Bay an41 Cold Spring Harbor. Long ldlanrl .......... do ............... . 
Uold Spring Harbor and Oyster 1~ay, Long Island...... . ... do .............. . 
Oyster Bay and Cold Spring flarhor........... .... .. . . . .. do ....•....... 

Oyster Bay and Cold S1Jriug Harbor (duplicate)....... . .. do ...••••...... 
Whortleberry Island to Greenwicl1 Point, Long Island .•. do ..•.•.••..•.. 

Sonnd~ . . I 
From Minuraen Island to Gre-enw1ch Point, Long Isl-

1 

... dc) ________ ..... 

and&rtnd. 
From Captain's Island to Wbortlebetry l•laud .•••.•••.•••. do .••.••••..•.. 
From Sand ligbt to Matinl00-0k, Long Island Sound .....••. do .••••.•...... 
Tbrog·s Neck and Daveupot't Point, Longiala.nd Sound .. - .. do~------·-- __ _ 

Hew let's Point t<J Whortleberry !eland, Long Island .•. du •.....•..... 

Sound. 
Matiuicock Point and Throg's Neck, Longlsland S<>und .... do ........... .. 

Eaat River, Flue,hiag Bay and '·icinity ·--· ------- .... , - .. do.·----······· 
Harlem Rivet and Little Hell Gate ........................ do ............ . 

Hell Gato (resurvey) .••..... -· ..•..•.... - .. --···-- ...• , . - •. do .•••.•••...•. 
Ea•t River, from Ifoll Gat<i to Tbrog'• Neck, LODg .•.. do .••••.•...... 

1.1and f\ouild. I 
Harlem River and Spnyten Dnyvel Creek ........... -· 1 · ... do ............ . 
East River, from oonth end of Blackwell's Ioland to .•. do ............ . 

HnTlem 'Ri;er. I 
Frying Pan and Pot Rook (Hell Gate) ..•..••....•.•.••..•. d<> - ........ ····I 
WallaoontBay (Ea•t River) .............................. do ........... . 
Baltic Rook, New York Harbor .••........•••...•...•...•. do ..•.....•... 
Dlamon!l Reef, New York HarbOr .......................... do ..........•.. 
Coentieo Reef and Diat11ond Beef, New York Barbor •...... do ....•..••••.. 
Diamond Roof at:t.d Prinee1s Reef~ New York Harbol'---- . ___ do _ .. __ .. ---· .. 
Off the .llattery, New York Harbor ...•.•..•.......•.•....•. do ........... . 
Off the Battery, New York Hllrbor ..•...••••......•.••...•. do ...•••.••.... 
Olfthe :Battery, New York Harbor .....•••••......••••..•. do .....•....... 
New York Harbor (vicinity of dty) ......•..........•...•. do ..•.•..•.... 

New York Barbor .•.... ---······· ................. ·•• i ... do ....••. ---·. 
From J•rl!0y City to William•hurgh, NewYot:k Harboii .... do ............ . 
Oil' Nineteenth otroot, New York Cit~-, Eaet Rh-er ..•. I ... do ............ . 
From Governor'• Island to Blackwell's Island, East [ ••. do ...••••.•.... 

Ri~er. r 

Buttermilk Channel, New York Bay .•••••...•.•...•....... do ........... .. 
Communlps.w Fla.ts, Gowam10 B1>y, and Bntterlllilk .... do ..••.•••...•. 

Channel. 
New Yol"k Bay1 between Governor'& lMland and ltob- .••. do ...•••.•..... 

bins's Reef . 

.A<ldltional aonndiogs in New York Bay ••••••••••••.• ··1··· .do ·•••·•••· •. -· 
Gowanus 'BaY-···:--···-······· · ........................... do .•••••••••••. 
The Nan-owa,entt'Bllce to New York Harl>o? .•••.•••.•. 1 •••. do ........... .. 
New York Bay, The Narrows .......•..........•..••... l. ... do ............ . 
:New Jersey Flat•a.nd Governor'• Ioland Shoals, New l.. .. do •.••••..••••. 

York Lower llay. 
:New York Lower Day •••••..•..••••••.. -····-········· .••. do .•••.•.•.•••. 
Swash Channel, examination <if ............................ do .•..••.•.•••. 
New York Lower llay .••••.••..•.•.•••..•.....•••..... , .... do •.••••.•.•••. 

&mer and Flynn Shoals, and S'll'aah Channels ...•.•.•. i····do ............ . 
Main channel botween Sandy Hook and Flynn's Knoll, .••. do .•••••.•••••• 

and Scotland ~hoal. j 
From 'Fort Hamilton to Sandy Hook, New York Rarbc>r., .•.. do .•.••...••.•• 

Seale. 

1-10, 000 

1.10, 000 

1-10, 000 

1-10.000 

1-10,000 

1.10, 000 

1-31 :.r.rJ 
1-10, 000 

1-3, 333 

1-3, 33.3 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 00\J 

1-10, 000 
1-2, 500 

1-2, 500 

1-10, 000 

1-10, 000 

1-5, 000 

1-1, 280 

1-1, 250 

1-2, 500 

1-5,000 
1-~.ooo 

1-'.!, <iOO 

1-5, 000 

1-5,000 

1-2, 500 

1-10, 000 

1-10, 000 ' 

1-10. ooo I 
1-10,000 

1-10,000 

1-5,000 

1-10, 000 

1·10, 000 

1-10, 000 

1-10. 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-5!0, 000 
1-!l!J, 000 
l•ID, 000 

1-!!0,000. 
1-20,000 

1-!!0, uoo 

Date. 

I 
H:rdrographer. 

.. -········-! ··--·-----·····--·-········ 

_ ::: i 
G. S.Blake, U.S. X .•..... 
'r. ll. Huger, U. S, N ....... 
G.R. Bl.ake1 U.S. N .••..... 

18.37 .... do .•......••••••..... 

----········ I ............................... 
--------···· .............. ................ 

--------·---- -----------··-·--------·-·· 
-············ ..................................... 
-·-·-········ ................................. 
-------···--· .................................... 
-------··-···· -------------------·-------

I 1"36-'7 G. S.Illake, U.S. N .•...•. 

1836-'7 .••••• do ...•..••..•..•••••. 

1836-'7 .. ••.• do ................... 
1836-'7 l ...... do .•.••••.•......•••. 

1837 '! ..... do ..••.•........••••• 

·---·-··---- ---------·-------·---------

1837 G. S. Blake, 11. S. N .•••.••. 1 

1841 G. M. Bache, U.S. N ....... i 
1849 M. Woodhull, U. S, N •••••• 
1848 D. D. Porter, U, S. N ...••.. 

1856 T. A.Craven, U.S.N •••••. 

lf56 . ••••• «lo ....................... 

1856 . .•.. do --------·----------
1866 W.S.Edwards .•••••••••.. 
1869 F.F.Nee ....•.......•••... 
1861 T. S. Phelps, U.S. N •.•••.. 

11'59 J. Wilkin•on, U.S.N .••... 
la55 T. A. Craven, U.S. N ...... 
1849 M. Woodhull, u.s.:N .•.... 
1859 T . .A.. Craven, U.S. N ..•... 
1859 J. Wilkinson, tr. S. N •..... 
1867 W. S. Ed'l!'ards ........... 
1854 .M. Woodhull, U.S.N ..••. 
li!55 T . .A. Craven, U. S. N .••.•. 
1855 . .•••• do ...•......••....... 

1873 F.F.Nes .•....•.•••....... 

1837 T. R.Gedney, U.S.N .••... 

1848 D. D. Porter, ti. S. N •••••• 

1841 G. lll. Bache, U.S. N ...•.•. 

1868 F.H. Gerdes .............. 

1863 T.S.Phelpo, U.S.N .•.•.•. 
18'12>-'3 F.F.Nea ...•••.••••.•...•. 

···········--· T. 'R. GOOney, U, S. N •••••. 

187ll F.F. Nee .................. 
1871-'i L H. MarindiD •••••••••••• 

1873 F.F. N ..................... 
1866 W. S. Edwards ••••••.••••• 
181~ F.F.N ..................... 
1853 M. Woodhull, U.S.N .••••. 
1869 F.F. Nea .•.•.•...•.•.•.•. 

'1855 T. A. Cnoven, U. $. N •••••. 

Registered 
nuruber. 

10 

20 

691l 

21 
22 

15 

16 
17 

14 

13 

11 
12 

4 

6 

5 

7 
1 

2 

3 

61 
l!25 

2'Jf 

580 

64a 

e4> 

896 

1085 

HS 
698 

497 

226 

678 

6!17 

!HO 

460 

490 

491 ab 
491. 

CiG 

208 
130 

970 

71!3 

1199 

Cl3 
1175 
1H5ab 

1199 
1!9'/G 
!19'7b 
356 

1011 

5i6 



 

TIJE UNITED STATES COAST SUlffEY. 121 

APPENDIX No. 8-Continued. 

I 

Localities. State. 
Scale. l-~~::_ I ~--Hydrogra1Jhcr. 1 Re,dst.erPtl 

uumLm·. 

1-·-
! 

Rockawayaml viciuityofCone.vislanll ....••.••...•. ~New Yoc.k ........ I 1-20,000 J •••••••••••• 

GraTe8end Bay and vicinity of Coney Island ........•. :. ... do............ 1-20, 000 j 18H ;;.-~:~~~~~:-1~:~:~~~1~~-1· 
u.s.N. 

::::::::::::::::::::::::::! 

: 

Vicinity of Coney Island and Rockaway .............. l,'..·· .. - .. ddoo.·.·· •• --.. ·.·· .. ·.·.·_··11-10,000 l ······--···· 
Gedney'a ChanneJ, verification chart.................... La1ge scale 1 .............. . 
Grawsend Bay ..••..•.•.....•.......••.••.•..•......• j .... do ......•..... 1-10,000 I 1~41 G.M Bacbe,L.8.N ..... .. 

South coast of Long Islan<l .••..••••• --·-· •.••••. ----- !· .. do ...•..•... --1 l-tO, 000 1 1850 "'>!. Woodlmll, U. 8. N ...••. 
Frotn MontankPointtoQuogue ..•...••..•..•....••••. · · do l 40 000 18~!3 T.RGedney,U.S.N ...••. 
From Quogue to Mcmtauk Point .••.••••••.. -··-- ..... r::do:: ::::: ::::: · 1 1=20: 000 1E38 .••.. do .•.•..••.....•...• 
From Montnnk Point to Qnogne ........................ i· ••. do .. ---- ...... , 1-:.!0, 000 18:38 .•••. do .•. ···-·· ..••...••. 

Southside of Looglslaad, vicinity of Quol.[ne ......... !. ... do ···--···-··-·! l-40,000 18.18 
So-nth side ot' Long Ialarn.11 Yicioity of Quogue .••.•. -- . L ... do •. -----·---- .

1 

1-:0, 00-0 1838 
From Gilgo Inltt to Quoizur.ott:shore soundiJlgB ..••.•. 1 ..... do ........... .. 1-40, 000 18-48 
From Smith's Point t-0 Fi.,• Island, eaat base ..••.••..•.... d-0 ...••• .,.... 1-20, Ol(J j 1835 

Great South Bay, eastern part .......••••........ ·-··-·, .•. do............ 1-10, ooo I 1e:H 
Great South Ba..r, wcst.,rn part ..••....••..•..•...... --J ... de.--·--····--. 1-20, 000 183~ 
Fire Island Inlet aud part. or Great Sonth Ilay ...... ·- I·. -.do .. ···-· ---·- 1-20, (}{)IJ 1873 
From Fircl~landlnlet1 westward,aouthahoreLonglaland 1 ..•. do ............... 1 1-10, 000 1S34--'5 

South&ideLoagI•land,fromFlr..,IslandtoConeyisland: ..•. do ...•.••....• j 1-40,000 1835 

Gilio Inlet, south side of Long loland .••....•••.•.•... · 1· ... do ...••••.•..• j l-10, 000 1835 

NewinletandGreatSonthBa.y .••.....••..........•...... do···-·-··-·-··\ 1-10,000 l~:J5 
From Rocka11'ay to Sandy Rook. off-shore aonndioga .•..... do . ..••.. .••••. 1-20, 000 1&1;; 

Rockaway fnlet and part of Jamaica Bay .....•...••••..... do .. ···-····-- j ·1-10, 000 1841 

Iludson River, from Jersey City to Fort Washington •..... do - . ··--· ··-·-· j l-5, 000 j 1837 
Hudson R'.ver, from Jers•.1' Cit~ to Fort Washington ....•. do.·-··-···---· I 1-10, cno 1837 
Hodson River, from FortWasl11agton northward .••••. 

1 
.... de ······-···---' 1-10, 000 1855 

Ilndson River, from Castl~.Gard.en northward._ .. -----·(· ... do _ ..•• .. .•. .•. 1-10, 0-00 1855 

Hudeon River, from the Datt-ery to Thirty-fourth street ..••. do............. 1-10, 000 1873 

Hndsoq River, from Sixtieth street, New York City, to . ___ do .. -----··---
Tubby Rook. • 

Hudson Riv-er, from Beeker"• La.ndingto P()Jlock's Point .... do . -----· .•. -- . 
Iludaon River, from Becker's L&llding to Pollock·s Point ..•. do ...•..••. ·--

:~::: :::::: ::: :: :::::::::::_::::::: :::::::::::::::::-!: ::_;: :: :::::::::: 
1 

llnd•on River, from Tolle~'ePointtoPeekskill .•..•••. i .••. do ...••••.•.••. 

::~= !~::: ~~~-;~~~:~-t~,;~~~;~~~~~~;;~;,~~;1;·11: :: :~::: ::::: :::::: 
Hudson River, from Buttermilk Bill to Stony Point ........ do •.••••• ·---·· 
Hudson Rh·er, from SLOny Poiut to Whortleberry .••••..••. do ...•.••....•. 

Hudson Biver, from New Baltimore to Albany-·--····· 1· ... do ...••.••.•.•. 
Hud"'m River, from Albany to Troy .••••.••.••••••.••..•. do ...•••...•••. 

Rudson,.River, from Ncwbargh to Darnegat .•••••. -·--·I· ... do - . ····- •.. --·. 
Hudoon Rh-or, from Barnegat to Ponghkeep•ie ..••..••. , ..•. do_····-- ..••.. , 
Hud""n River, from Poughkeepsie to Pell Island ..••••. i.. .. do .•.••••..•••. : 

Hudson River, from P"'.I Island to Rhinebeck .......••. j .... do .. ·-··-·· ··-1 
lindeoa River, from Rh1ue ClHf to GJasao; .•••••..•. --- ·I· ... <lo -··--·- ··-·-· ! 
Hudson River, from Glaseo to Tivoli ........ ··--·-----·/· ... do ............ : 
Hudson Rin•r, from E&0pns Creek to Puddecart Point .....•. do •••••••.••••. 1 

Ilud8on River, from Poddecart Poiutt<> Brandon Point I ... do ..•.•... ·-- .. '. 
Hudson River, from Draodon Point to Co:xaackie. ··--·· ••. do .••••••.••••. [ 
Hudson Ri.-..r, from Coxsaclda to Roughtailing Island .•• do •. ·----··---·' 

RondoatCreek ••••••••• ·--········--··-···········-··· .•• do ..••••..••• 
1

1 

Rondoat Ra.rbor, from &ntr&n"" to Sleight's Fen-y .•....••. do •.••.•••.•••. 
Rondout Barbar, from Sleight'~ Ferry to entrance of .••. do.: ••••••••••. 

1
1· 

Iklawar<! aad Rudeon CanaL 
Esopus Crf!IEtk: .................................................................... do ................ 1 

Lakn Cbampl&in, from Cumberlalld Read to Valconr ••. do·············! 
Ialaud. 

La.ke Champlain, from Valoour Island to Trembleau .•.. do .•••••••••••. ; 

Point. I 
I.ake Cbamplala, COO:b.ester and Ro111aback ~fo .•• - •• . . ••. do ... • • · • - · • • • .

1

. 

Lake t."'bua:plain, from Trembleau Poin1' to Ligonier ..• _.do . _ ••••••.••• 
Point. 

H. Ex. 81--16 

1-10, 000 

l-5, 000 

l-5, 000 

1-10, 000 

1-10, 000 

1-10, 000 
1-10, 000 

1-10, 000 

1-5, 000 

1-5, 000 
l-10, 000 
l-5, 000 

1-10, 000 
1-IO, 000 
1-10. 000 

1-10, 000 

1-10. 000 
1-10, 000 
1-lU, uoo 
1-10, 000 

1-10, OOQ 

1-10, 000 
1-10, 000 
l-5, 000 

1-2,500 

1-2. 500 

1-!i, OOl 
1-2-0,000 

1-20, 000 

1-10, 000 

1-00, 000 

1855 

1837 

1837 
1853 

1854 

1854 
1854 
1854 

1857 

1857 

1E57 
1856 

18ti3 

1859 

1859 

1e60 

l!llill 

1861 
1861 

1862 

1862 

18£2 

1863 

18~ 

1868 

1868 

18:)8 

1870 

1871 

18"11 

18"11 

.•••. do ............................ . 

·---·do ......••.......•.•. 
R. Bache. U.S. N .....•••.. 
T. R. Gedn<>y, U.S. N .•••• 

.•••. do .•..•..•..•......• 

.•.•. do .•....••..•....•.. 
J Charle'! Hosmer ......•.... 

T. R. Gedney, U.S. N .•.... 
.•... do ......••..••.•.... 
.•... do .•..•••••..••..... 

••••. d<> ·······-·······-··· 
.•.. do ..•..••....•.•..• 

I 

1
1 G. M. llaehe, t. 8. N ..••.. 

, T. R. Gedney, l:. S. N .••... 

\·-----do···········--····-· 

I I~-~;~n~~'.~~~~--~:~:::. H.L. Madndin .•...•....•. 

l 
R. Wainwright, U.S. N .. 

T. R.Gedney, U.S. N ....•. 

\···--·do .................. . 
IR. Wninwrighl, U.S.N ••.. 

i ....... do ............ ---· .... -

) ...... do·---··-············ 
I 

\:~~~~~:: ~~~~~::~:~~~~::~~~~ 
j James H. Moore, U. 3. N .. 
l ..•••. do .••••..•..•.•.•.... \ 

[ ...... do.······-····-·--·-·! 
; R. \Vllinwrigbt, l:. S. N .. 

1 
j A. Strausz ....•....•.•..•. 

J C. M. Fauntleroy, U. S. N. · 1 

i.:::::::: :::::::::::::::: :: 
; ______ do.--···--· .......... . 

i J.Meoban ·-·······-····-· 

r ...... do ·················-· 

!:::::::: ::::::::::::::::::: 
i------do ..••..••...••....•. 

] A.StNlllilZ --······-··----· I A. lforray, U.S. N .•...••. 
I F. IL Gerd.es ancl F. F. Nes 
..•... do ..•...••....••..... 

A.Murray, U.S.N .••..••. 
Charles.Junken ... --· ..... , 

I 
F. D. Granger·····---··--· 

• ••••• d-0 ··········-···-···· 

1 •••••• d11 ·················-· 

5<1 

59 

57 

128 

ll3!I 
76 

74 

75 

7:l 

79 

203 

•• 
44 
45 

1198 

48 

47 

49 

''° 51 

12!1 

70 

71 

475 

477 

1181 

496 

6d 

69 

408 

40!! 

410 

458 

459 

630 

631 

632 
549 

843 

729 

730 

735 

736 
75~ 

7jJ 

79~ 

799 

t'OO 

844 

005 

979 

978 

666 

1058 

llIBa 

1118& 

111!1 
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APP~DIX No. 8-Coutinued. 

Localitie•. I Sta to. 

----,·-
Lake Champlain, from Cumberland heatUigllt to Ii!le New York and Ve-r-

La Motte li~bt. mont. 
l ... nke- Ctiamplaia, from Sand l"WlrEridge to Uut.ler's ·---d<l ·-----···---· 

Island. 
Lake Champlain, from Butler's lslan(l to Canada 

boundary. 
Lake Cha.mplaio, from Canada boundary to Iole La 

llfottu light. 

Lake Champlain, from Brothers to Reck Harbor ...•. } 
l~a.ke Champlain, from Crown Point to lt.ock Ha.rl>or. 

. ... do -------·-----1 
I 

.. .. do .•••••••••••. i 

I 
... do ..••..•.•.•.. ' 

Jersey Flats, New Yor-k Ha1·bor .................•..... Yew Jer&ey ......... j 
Haekeusack River':..: ..•....•• ----·--------··---------- ... do------------ i 
l3ar at mouth of l'a...afo rnver .•... ·•· .. · •· ·•· ·· · •·•· · · . _· ::•,:

0
°: :::: :: ::::: · 1

1
f 

Passaic Ri\~er ........................................................ - -
Newark Bay ...••.....••....••..............•...••......•. do ...•.....•... ) 
Newark Bay........................................... do •• : 

Newark Bay .......................................... ::::: ::::::: :::J, 
Newark Day .......................................................... . 
](ill van Knll ........................................................ do-··-·--------! 

Newark Bay, Kill van Kull,andRaritan:Bay ............... do ..••....•.•.. [ 
P~ritan Bay and Newark Bay ......... --- ·---- ----- ............ do.·----· ...... ! 
Staten I•land Sound and part of Raritan Bay ..•.•....•...•. du ..••....•.•. -! 
Arthur Kill, vicinity of ElizabethpQ<rt .......... - .............. do .................. : 

Staten Island Sound .....•...••..•.•...••.......•• ·····1····do ............. ' 
.Arthur Kill, vicinity of Perth .Amboy -----· .............. .' ... do . -- ............. f 
lta1·itan Xiver (shore-lines with bydrozraphy) .. -- ........... rlo - -- ........ _. -1 

:u~~1!::~~:~~~~-~~'. ~~-~~l~~~-~~-~-~~-~ .. ~~~i~~:·j· :: ·::: :: :: :::.::: :1 
Raritan Bay.................. . . . . . . . . . . . . . . . . . . . . . . . . . . .. du .....•••..... 
Raritan Bay, Atnboy to ~andy Houk................... . .. do ..•....•.•.. I 
Middletown Gre&k. Raritan Bay...... . . . . . . . . . . . . . . . . . I .. d<> . . . . . .... -1 
Shrewebnry River ................................. ------·........ ... do ................. . 

Sbrew8bnry River··-····--------·--·----------------- -- do .............. . 
lrl:aiu cbauuel betwoou Sandy Ilook and Flynn's Knoll .••. do ..•.•..•...•. 

and Sootland Shoal 
Sandy Rook Ba.r ..••••.••••••...•....••...•.• : •.....••..... do ..•..•••...•. 
Sandy Book Ba.r . . •• • • . . •• • • • . . • • • • . • •• • . . . • . • . . . . • . • . . .. do ....•..•...•. 
Sandy Houk to Rockaway {old and new channel•J ...•. · 1 · . .<lo .......•..... 
Sandy Hook aud ,·iclnity (reourvey). ...•...••••.•.•.... : ... do ....•.••..•.. 
Examination of .fo'alse Hook ..•..•....•....••.. -. . . . . . . I .... d<> ............ . 
Sandy P<>iut (resurvey) •• •• • • . • . • . . . . • • • . . • . . • • • . • • . • . . ... do ...•.•••..... 
Sandy Houk (resarvey of eud) . .• . . . .. . . . . . . . • . . . . . . . . . . ... do ............ . 
From Sandy Hook to Barnegat (outer coast) .••••••.•. i .... do ..•.•.••..••. 
From Highland lightto Long Branch ...................... do ...••.....•.. I 

From Long Brauch to Barnegat ...•..••...•..•.•. ·•···· .... do······ ·······1 
From Long Brauch to Barnegat .•.•••••..• •••..••.••••. . ... do ...•..••.•.•. 

From Long Branch to Metiticonk . •• ·•. · · · · • ·• · · · ·•· · · · .. ·.do · · · ••· ••· · · · ·1 
From Long Branch to Cape J'llay. . . • • •• • • . • . . . . • • • . • • • . •.• do ..•••..•.•••. 
From Jonea'e to Baro<>gat ••••••••••.•••.....•..••.•.•....•. do .•••••...•... 
:narnept Inl~ .••.•..•••.••.•••••.••...•.•••••.••••.....••. du .••••....•.•. 
llarnegat Bay and Inlet asd Toma River........... • . . . • d<> ..••••••.•••. 
From Barnega.t to Little Egg Harbor •....•.•...•...•...... do ..••........ 
Little Egg Harbor . . • •• • . •• • • •• • •• . • •• • • • • • • . . • • • . • • • • . .•. do .••.••••.•••. 
llarnegat Bay .............................................. do .•..•.••.•••. 
Little Egg Harbor . . ...... . • •••• •• • ••• . • • • •• • • . . • • •• • • . . . ... do .••••.•.••.•. 
Little Egg Barbor............. . .•.•. ... .. . .. . •. .. .. . . . .. do ...•..•....•. 
Little Egp; Harbor . . .•• •• . . . • • . . . . . • . . . . • • • . • . . • . • . . . . . ••. do ..•......•... 

. New Inlet to Little Bgg Barbe>r ••••••..•••••••••••••••..••. do .•••..••••.•. 
New Inlet to LiUle Egg Harl>or .•••••.......•.••••.•...... do .•••..••..... 

Great Bay ...••••.•••.•••••••••••••••••••••••••..•...•..••. do •.••..•••..•. 

=:~:~:~:;:~ --~~::: :::~::: ::::::::::::::::::::::::::]:::::: ::::: ::::: :: : 
.Abeewm Inlet &Dd adjac:ont watere .••••••.•••••••.•••. ; .••• do ••••..••••••. 

Scale. l __ n_a_t_e_. _I Hydrographer. 

1-20, 000 I 167~ I Chat-Jes Jun ken ..•....... 

1-~0, OOG 1872 L. B. Wright .............. . 

1-20, OClf 1S73 

1-10, 000 187~ 

1-20, 000 1873 

l-10, 000 1253 

1-10, 000 1><41 

1-5, 000 . --..... -. -. --
1-5, 000 1871 

1-5, 000 1871-'2 
1-10. 000 1872 

1-10, 000 1855 
1-10, 000 lf55-'6 

1-10, 000 1853 

1-10, 000 ................ 
1-20. ooo I 1836 
1-10, 000 1841 

1-10. ooo I 10!i5 

1-10. ooo ! .•.•••••••... 
1-10, 000 1855 

1-5, 000 1872 

1-r., 000 1873 

1-5, 000 1873 

1-20. 000 ie:;7 

1-10,000 1841 

1-H>. 000 184l 

1-10, 000 1840 

1-10, 000 1840 

1-20, 000 1869 

1-10. 00) 1835 
1-10, 000 1835 

1-20,000 1840. 

1-10, 000 18til 
1-20,000 1860 

1-5, 000 1863 

l-!\,000 1873 

1-40, 000 1840 

1-00, 000 1840 

1-20, 000 1840 

1-20, 000 1847 
1-~0.000 -······-······ 
1-40. 000 .................... 
l-20, 000 ...................... 
1-10, ()00 1866 

1-10, 000 1840 

1-20, 000 18-ll 

1-10, ()00 1873 

1-~. 000 1874 

1-10, 000 1873 

1-10, 000 1840 

1-10. ono 18ro 
1-10, 000 1872 
1-10, 000 1874 

1-1{), 000 1871 

1-10, 000 1ll7il 
1-10, 000 187!1 

1-10, 000 1871-·2 

Charles Junlum. 

...... do ..••.....•......•• 

L.Il. Wright ..•..•... 

M. Woodhull, U.S.N ....•. 
fY. M. Ilacbe, CT. R. N _ ..... . 
T. R. Gedney, U.S. N .... .. 
F. H. Gerdes.--···--· ....... . 
..•.. ilo ........•.....•.••. 

.: .•.. do .••••........•••• 

R. Waiowrigbt, U. S. N .. 
..•••• do .......•...•..•.... 

..... do.·····-···· ...... . 
T. R. Gedney, U.S. N .... .. 
..... do ................. .. 
G.M.Ba.ehe, U.S.N ..•..•. 
R. Wa.inwright, U.S. :8 ...... 
T.R~edney, U.S.N .•.•.. j 
R. Wainwright, U.S. N .... i 
~-~-d~e~~-~~ :~::::::: :: :: I 
.•.•. do ...••••••••••••.•• i 
T. A. Craven. U. S. N .•.•.. 
G. M.Bache, U.~. N ..•••.. 
___ .. do ......•..•....•... 

. ••.. do .•..•.•..•...•..•.. 
••.•. do .•••..•.••••.••..•. 

F. F.Nes .....•.•.•••.••... 

I T. R. Gedney .•••....•..•.. 
. •••. do .•••..•.••..••.••.. 
. •.•. do ..•..••.....•••.... 

, R. Bache, U. S. N ..••••••.. 
I .A. Murra"y, U. S. N .•••.••. 

H. Mitchell .••.•.•.••.••.. 
F. F. Nee .••.•• .- ..••.••... 
T. R. GedD~y, U.S. N ...... 
.••••. do ....•••.•..•••..•.. 
••... do ...•••..•..••••..•. 
.. .••• do •••••••••..•••..•.. 
.••••. do .••••••..•...•..•. 
. ...... do ........................... 

.•..•. do ..•••••.••..••.••.. 
C. Fendall ..•.......••.•.. 
G. :M. Bache, U. S. N ..•••.• 
T. R.Gedoey, U.S. N ••.••• 
W. I. Vinal .•..•....•..•. 

.••••• do ..••••..•••..•..••. 

..••• d() ··•••••·•••·••·•••· 
G. M. Bache, U.S. N .••.••• 

...... 110 ••••••• •••••••••••• 

W.I. Vinal .••••••.••..••. 
..••• do ..•••••.••••••.••.• 

ww-~····1 W. I. Vioal .•••••••••••••. 

.••••• do •.•••••.• ·:········ 

.••••• do .••••.•.••••••.•••. 

: R("glfltere<l 
/ number. 

1151 

1162 

1182 

1173 

1244a1' 

423 

13[ 

65 

1167 

1166a 

1166b 
493 

547 
492 

61 
62 

127 

494 

64 

495 

1172 

1~04 

1205 

572 
0

126 

58 
"60 

107 

1009 

52 

53 

54 
207 

769 

7B4a 

7R4b 

106 

103 

102 

113 

101 

116 
10.'i 

883 

108 
111 

ll97<1 

11911> 
1196 
109 
llO 

1158.a 

lUSb 
1125 
11!19 
llll$ 
llllO 
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..APPE:NDIX No. 8-Continned. 

St<>tc. 

~:.·:t":;'~:~\~;~;):: :::: :: :::: :: :::: :: : : : : ::::::::::::I .~";o~~:~:: :::: 
Additional eoundiD.~S otf tLo co.est of New Jersey........ . ... do . _ ....•....•. 

Off llelaware Bai· and Capes May anti Henlopen .......... du ......•..•. 
From Cape May to Uontauk, N. Y ..........•...••..•.. New Jers•y and 

New York. 
From Ca.Jl'l May to llontauk, N. Y ....••.•...••.••..... 

1 
.... do .. 

Ba.ck ClianneJ, Sclrnylkill and Delaware-RiYers, League Pennsy!vania ....... 
Island. 

Scl1uylkill Rh-er, League Inland to Gray 1s Ferry. 
Schu~·lkill Rher, Gray'~ Jl'f'rry to SUspensioo Il1 idge .. _ 

Off Cape May and Cape Ilcnlopcn .....••.•.......•••.. 

. •.. do ............... . 

... do ........ . 

Delaware u.nd N-cw 

Jersey. 
Delaware Bay, and river up to Trenton . . • . . .. . . . . . . . . . . .... do ............... . 
Delaware Bay, Overfalls, nortll antl south sL"als...... . .. do ..••......... 
Delaware Eay, Breakwater ................................... do .•....•..••. 

Delaware B.ay, Cape May U.oads antl Crow Shoals _____ l __ .do----··-----_ 

Delaware Da;y, C~o"~ Shoale ••••.. _ -~-: ·: ·•· ••. - ...•••• ' ..•. rlo .....••..... 
Dela,,\·a.re Bay, F1sb111g CreAk and y1cm1ty. ---- ........ ! ... clo ··--· -- ..•... 

Delaware Ba_v, Capes May and Henlopen to Fishing ..•. do .•.....•.•... 
Creek and Mispillion. 

Delaware Bay, Capes May and Henlopen to :M:iapilliou .•. do .•••.. --·--. 
Delaware Bay, Clatk'• Point and vioinity ........•••...... do .•••.•••..... 
Delaware Ray, Maurice, Cuban<'y~ and Duek Rivers... . .. do .............. . 
Delaware Bas, from EgJ: I:slaud li~lltto Davis Point ...•. do .•••......... 
Delaware Bay,J<>e Flogl!"r Shoal and Dova Hh·er .•....... do ............ . 
Delaware Bay, Dona. and Mahon lUvers..... .•.... .. .. . .. -do ......••..... 
Delaware Bay, from .Ben Da'\'"is Point to Liston's Tree 
Delaware Bas, from Liston's Tree to Newcastle .•...•. 
Dela war~ Bay, from Newcastle to Listcn~s Tree (resur-

""J). 

... do ............ . 
. .. do .•.•...•..... 
... do .•.•........ 

Delaware Bny,from Newcastle to Reecly Poillt .... ···- _ ... do ..•... ···--
Dolawal"e Bay, Bulk Lead Shoals....................... . .. do .•••••••..•. 

Delaware Rivet', river front of Newcastle •••.••••. --- . . ... do ..•• n •••••• 

Delaware Ri..-er, from NewcW!tle to Dupont'• Wharf. ...... do ..••••.•••. 
Delaware River, from Dupont1s Wharf to Newcastle ... do ............. . 

(duplicate). 
Delaware River1 ChrietianaCreek .................. ··#-· ..•. d-0 .............. . 
Delaware River, from Dupont'• Wharf to Tonkino .•.. do ..••.•....•. 

loland. 
Delaware Riv6r, from T<>nkine Island to Upper Tini· Delaware and 
~nm. Pennsylvania. 

Delaware Ri-Ver, from Upper Tinicum fo Fon ldill!in.. Penn•ylnnia and 

Delaware Rh·er, fl()m Fort },l:iffiin ro Philadelphia ..••.. 
Delaware River, from Fort Miftlin to GloncPster Polnt ~ 

Delaware Rive.-, from Glouceoter Point to Nav3 Yard l 

lJelaware River, from Riley's Creek to Walsh Strett 
Wharf. 

New JerR-es. 
____ do ..••...•..•. 

... do ........... . 

.••. d .. ···········-

Delaware River, from Walsh Stroot Wharf bo C11Ison .••. do .•••.••••.•• 
Wharf. 

Delaware Riv.er, from Phlladel11biat<J Bridftibu1·g .••....... do ..••.....••. 
Delaware.River, oppoaite Philadelphia................ . ... do ..••.•. --·-
Ilmw411·e Ri\-er, from Bridesbnrgto Dunk& •.••••..•••.••. uo .•••.•••••••. 
Delaw....., River, from Dnuke to Smith'•............... . ... do - ...... -----
D<>la"'are River, from Smith's to Shi-.-es ..•••.•••••.••..••. d<> ...•.•....•. 
Delaware River, from Bot'dent.o.wn to- Trenton.---· .. - . ___ .d-0 - .... -- . ----
Off Cape Il<111l<>pea .••••••••.••••••••••.•••••..•.•.••••. Delaware ......•. 
li1ln and Chi-Oken Sh""'18 .••••..••....•..•••......•••... , .... do .•••.•••. ••• 1 
From C1>pe Henlopen to Indian Rinr Inlet........... • ••• do .••.••••.•••. 
OJI' Cape Henlopen and 110Uthward toCll.pe Henry..... • ••. do .••.••.•••••. 

Scale. Date. n ydrographer. Hegister~d 

numlwr. 

1-10, 000 I 

1-40, coo I 
1-200, 000 ! 

I 
1-40,(1()0 I 

I 
1-400, 000 I 

I 
1-400, 000 ! 

1-2,5(!0: 
I 

1-5, 000 ! 
1-·5, 00{) l 

1-40, coo l 

l-80, 000 i 
1-20, 0(1() i 

1--5, 000 : 

' ' 

W64 

1647 

1861 

1847 

1842 

1812-"4-'7 
leGj 

1871 

1~71 

18H 

1841-'2-.3 

1847 

1863 

I T. s. Phelps, r. s. N. 
J T.R Gedney.F.1'.N .•.•.. ; 
i T. S. Phelps, U. R K . .••... : 
! T. R. Gedne~-, t. S. N .•.•.. 
J ...... do .........•.......• 
i 

!. ..... du ..•....•••..••.•••. 
j E. Hergeshoimer .......... . 

i l 1-11.1'~. Nes .................. . 

L ..... ilo --------------·--·· l G. M. Bache. t:". S.N .•..... 
I ' I G.S. Blake, U.S. N .•...• ..\ 

I 
R.llacbe, l:.S.X ......... . 
C. P. Patterson 1 hydro

gra1)hio inspectur. 
1-10,00D \ JE47 : R.Ilachti, U.S.N.-----·-· 

1-10, ooo ! ..•.•......... i G.S. Blake, D.S. N .••. .•. · .. 
1-10,000 1 1F~2 1------do .................. . 
1-W,000 ! lt42-"3 '. •••.. do .••••••••••.••..••. ! 

i 
1-~o. ooo : 
l-20, 000 j 

1-~0, 000 l 
1-20. ooo I 
1-20, 000 i 
1-JO, 00-0 I 

1-10, 000 ! 
1-10, 600 ,i 
1-20. 000 I 
1-!U. 000 I 
1-10, 000 

1-1.~

1 
1-10. 000 I 
1-10, 000 

1-5, 000 

1-10, 000 I 
1-1-0, 000 I 
1-5, 000 : 

1-1-0, 000 l 
I-5, llOO 

1-1, 200 

1-1, 200 

1-10, 000 
l-5, 000 

1-1-0,000 

1-101 000 

1-1-0, 000 

1-10, 000 

1-20-0, 000 

1-20, (1()0 
1-20, 000 

1-40, 000 

1842 

1842 

1843 

1841 

1€52 

1€52 

1~41 

1840--'I 

1~43 

1861 
1846--"7 

1873 

1841 

1841 

1841 

1842 

1842 

1871 

1870 

1870 

1843 
1843 

1844 

18H 

1844 

18H 

1847 

1847 

l~H 

18411-"ZO 

....... 01) . -·-- •• ---~- ·-· ••• 

...... do .••••..•.•...•. 

..•... do ..••...•••......... 

1-~~ ;;,~~:;1: t;_· ;: ;:: ::: :\ 
j ...... do .•••••.••••.••.••• 

' G. S. Blake, tJ. S. N ..•. ---
.•... do ..•.••..••......•.. 

...... do-·····-·····-·--·-· 

G. Da"t"idaon ............... . 

J.R. Goldsborougb,U.S.X., 

W. P. McArthur, U.S. N. 
Charles Junkon .••...•.... 
G. S. Blake, U. S.N .••..... 

•••••. dG .•••••.•••..••..•• 

..•... do .................. . 

.••••. do .••.••••••••••.•... 

...... do··················· 

.••••. do .................. . 

..•••. do .•.•••..•..•....... 

F. F. Nes ...••••••••.•••.•. 

Cha.rleeJunken .•••••••••. 

. ••••. do ••••••••••.•••.•••. 

G. S.Dlake. U. S.N ••.•••. 
...•.. do ..•..• • ...•.•...•... 

. .••.. do-·······---·-··--

...••. ilo .••.•••....•...•.•. 

. ..•.. do-··-----····-----·· 

...... do .....•.....•...•... 
S.P. Lee, U.S. K .....•.... 
•••••. do .•••••••••••• ---· 
er. M. Badie. u. s. N ..••... 
T. A..J~okins, U.S. N - - •. 

!!:li 

112 

7f!l 

117 

100 

IOI 

HOO"' 
1200 

151 

148 

1~ 

&ll 

157 

120 

123 

118 

119 

l;r.! 

121 

124 

2'J9 

3.52 

JJ'l 

133 

134 

808 

15C 

11S3 ab 

135 

136 

137 

138 

139 

uo 

141 

1114 a~ 

1057 tt 

10570 

142 

HJ 

lH 

HS 

1~ 

147 

lt-"9 

151! 

149 

237 
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.APPENDIX No. S~Continued. 

Leca1ities. State. i 1' ! Scale. l Date. Hydrographer. [RcgiRt<red 
1.rnmber. 

----'---- l----'---------··-----. 
I ~ """'•·"' " ........ ··1 Inrlian _Rh"'er and Reliol:otb Bay ...................... --- \ Delaware ....... ---i 1-20, 000 l 

}"rom 1ndian RiTer inlet io Beacb HonB<J .••..•••••..•. I Delaware and Ma- i 1-40, 000 I 

From Beaob Honse Station to :lforth Birth ...••....••. 1 ..... ~:0~: •••••••••• t 1-40, 000 \ 
Sea,eoaet of Maryland .•. •·· ........•..........•...•.... j Maryland ......... \ l-40, 000 

WinterquRrter :::ihoal .••••...••.....••....••...•.... ·•· I ••. do··········--·! 1-401000 f 
Cbcsa:peake Bay. Little and Big AnrJemes.sex and Mano-1. -- .do ................ l 1-~0, 000 

kin :Ri-vere, Mor~s E~J, and .'\Yicomko.~i~er.. f 
Chesapeake Hay, ~antlCoke 1llver, antl J11sb1ng Bay. -- ..•.. do ... J • .......... 1 1-20, 000 

Cheupeake Day, Wicomico Rh· er, &intClemexit's and .•.. llll ................ \ l-2()f 000 
Iltf'ton's l\a.ys, nnll Saint Geor~c's 1nver. l 

Che'88peake Bay, Saint ld.at}';B lliYer frotn Point Look- •.. do .............. J 

out to F-orfi i~ Landing. ( 
Ch..,avenke Day, Saint Mary'• Rher, mouth and ap• .•.. do •..•.••...••. 

proaches. 
Chesapeake Ba'.y, S11lnt Mary's Rinr ....•....•••...••.. 
VbesA.peake .Biiy, from dove Point to Point No-J'oin1, 

and entramce to Patoxent Rinn. 

.•.. do .....•••..•. 1 

.•.. do ·············1 
Chesapealce. .Bey, Fatnxent RiTer1 from entrance to .... do··- ... ·-····-··• 

Saint Leonard's Creek. i,I 

Che""P<1akeB1ty,Patn>:ent Rirnr,fromlfolland 1&Point ... do ............ 
1 

No. 2 to "Toncs·s Point. I 

Chesapeake ~a.y, J>atnxent Riv~r ...... --- . -· -- . - -- -- ·· 1· -.. dQ · · · .... · ·· --- · l 
Chesapeake Bay, Mookin's Nook, and ~icinity vf Cove .... do ....••....•. i 

Polnt. I I 
Chesa.peake ]fay, Little Choptank River ..•••.•••.•.••...... do ..••..•.. ····i 
Che!!a:peake Bay, Chopta.nk Rher .••...•.....•.•... ··-1· ... do - ···•· · ····· -\ 
Chee&peake Bay, Choptank Rher.... .• ••. •.• •••. .• .•. . •.. do . ···•· ..•••.. i 
Ch88Apeake Bay, Cboptank River, from Wing's Land- .... do ............. 1 

iog to Denton. _ j 
Chesapeake Bo.y, tribofarie11 to Tredha-.'en Creek ..•...... <J.o. ·--··· •••••. f 

Chesapeake Bay, beads of Hartis, Broad, and t'orter'o .... do ...... •••••• 1 

CmekL 
Chesapeake Bay, tribatarie~ofWyc River .•••••••••.....•. do ............. , 
Chesapeake Bay, tributaries of Saint Michael's River ...... do ..••...•.•... ; 

Chesapeake :Bay, Eastern Bay, and w'ye and Miles .•.. do ..•••..••••.. 1 

~~ I 
~~=:::!: :~: ~::;::i:o~:~~~'.l.~~~~~:~-~·~~~~:- ::: -::: ::::::::::::~] 
ChO!!llpeake Bay, head of Se..-ern River .•••...••.••.•....•. do .••••....••. ·I 
Chesapea.ke Ba.:r, trfbntariesof Severn a:ad Sontll RivP.~. - •. do . ·~ .. -- ......... l 
Che86pe&ke B•y, from Sandy Point to Spy's Stand .••...••. do ............. 1 

Chesapeake Bey, :Magothy River .•••. :··-·····-·· ••••...•.. do - ...... -·;--·I 
Cbe,...peake :!lay, mouth of Chester Rn·er ...•••..•........ do ..•••..•••••. 

1 

Chesapeake Ba. y, chester River·-·-· ....•.. ··:·· ..•••...... do ..•••..•••. ··r 
Che,...J>"'"ke Bay, Obcater River No. l, and Morgau's .... do .••••••••••.. 

Creek. 
Che8"peake Bay, Cheater ltiver :!<o. 2 ..•••..•.••...•••...... do .••••..•••. ··I 
CbeRapeake Bay, Lanj!ford Crflell: ..•...• :·········-···· ..•. do ·············1' 
CheMpeake Bay, entrao<>e to Patapll<lO :River •..••••....••. do .•••..••••••. 
Che!!&:peake Bay, PataJ>8Co River at B.tltimore .....••..... do ..••••••••••. 

Cheeape&ke Bay, Patapaco River from Rook Point to .••. do .••• ·.···- ... 'I 
Sollers' Point. 

Cbeea-ke Bay, Belvidere Sh>ala, Patapsc" River} ..•. do·············' { 
e:nttance. . l . / 

Cbeupea.ke Bay, Patapoeo River, month of .•••••••••...••. do ........... ·-' 
Cheape&.ke Bay, Patapaco River, Brewster's Cban11eL. .••. do .••••••••••.. 
Ch-peake lla:y, Patapaw ~iver, Brewoter'a Ciwnoel .·• •. do .••••..•.•.. 
(eaia~ from No. 913). 

Cbeaa:fl<>akn Bay, Patapec1>:S!Ver, crot>ks emptying Into .•.. do ............ . 
Chesapeake Ray, Gaopowder, Middle, amt Back Rivel"!< •••• do .•••••••••••• 
Cheufleake Bay, from How..U'a Polut to Pool's Islimtl. ..•. do .• ., ••.••...• 

1-20, 000 

1-21l, O~(I 

l-2ll, 000 

1-20, 000 

1..00, 000 

1-20, oco 

l-20, 000 

l-20, 000 

1-~o. ooo 
1-20, 000 

1-20. 000 

1~10, 000 

1-10, 0(10 

1-10, oco 

1-10.~ 

1-10, 000 

1-20, 000 

1-20,000 

1-20, OOQ. 
1-ll0,000 

1-20,000 

1-20, 000 

1-10, 000 

1-20, 000 

1-20, 000 

1-0,000 

1-5,000 

1,10, 000 

1-20, 000 

1-10, 000 

1-10,000 

1-5,000 

J-20, CCO 
1-20,000 

1-10,000 
1-10,000 

1-l!O, 000 

1-20,000 

1-10, llOO 

1€47 

1848 

1M4 

1Hi0 

1EU3 

185'3-'9 

1858 

1e1m-·~ 

1E57 

1859-"60 

1859 

1€48 

1848 

1859 

1€57 

1847-'8 

1~48 

1848 

1~48 

1870 

1870 

1870 

1870 

1870 

1847 

1846 

1844 

1870 

1870-'1 

1E45 

11!45 

1847 

1846 

1869-'70 

18fl9-'70 

1670 
18,;( 

1~45 

1852 

1811~ 

}86j; 

1800 

186G 

,1369 
1946 

1946 

1:;o 

[ S.P, Lee, tJ. S,:N ..•...•••. 212 

\ ...... do ....•..•..•.•...•. 213 

,. --- ... do ............................ 251 

! T.S.Phelps, tJ.S.N ....... 761 

I W.T,Mnse, U.S.lf ....... 707 

·;;. ·~,~~~-~~.-~-. ~--~·.: ~--~.-1 673 

9119ab 

Donn. I 
W.T.lluse, U.S.lL ...•.. ! 610 

I 

....•. do ................... 7g1 

....... rlo -------------······ 695 

S. P. Lee, L. e, N .............. 20[} 

......... do ............... , ............. Ill() 

W. T. )luae, U. S, }f .•••..• , ?04' 
I 

·;:.·~.~-~~-~-.~~~;:ti:~:;::/ 641 

199 

I 
200 :::::::: :::::::::~:::::::::! 2011 

______ (!.() _______ J_ .............. J Wl 

W.W. Hardin:>; .•••• )... •••. [ 1048 

I 
1 •••••. 00 ................... ! 1000! 

: ..•.•. do .............................. ] 1049b 

! ...... do ..••••...••••.•••.. \ J050d 

1-~.-~:1~~~~~;:~;.-~.-~-·!i::I 1050/J 

177 

I s. P. L<>e, U. S.N .••.•••••. 1 18B ! G.M.Bacbe, U.S. N ....... I 167 

W. W.Harding .•••••••••. ! 1077b 

.•.... do···················! 1077ct 

1.~--~:i!~~~:~·-~:~:: ::: : : I 166 

lOt 

W. P. :Mc.Arthur, U.S. N .. r1:; 

...... do·····.-·'-••········! 17' 

W.W. Hard>Dg .••• : ••••• 1 lO:aGa Ii 

. ••••.• 10 _ ••••••.•••.••••••. I 10-ZT 

"R."~'!:u:;~~~·t: ~: ~~-: ::\ 1078 

411> 
G.M.Bache, U.8.N ..•••.• 16a 

C. H • .M<:Blair, U. S.N .•••. 1 339 

I 

A.Boschke .•.•••••.••.•• ··I 4611 

F. P. Webber .............. 913 
....•. do ................... lilt 
•••••• <lo ••••• •• •••••••••••• 915' 

J.W.Donu .•..••••••••••.. 10f7 

W. P. Mc.Arthur, U, ti. N •. 169 
S.1'.1-, U.S.N ...•••.... li!'J 
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--~----------------,--------,-----,--------------------------

Looalities. State. Scale. Date. Bydrographer. i Registered 
I numh~r. ______________________ , ________ , .. ____ 1----~-----------1 

Cbeaapeal<e Bay, Bueh Rh-er ......................... l Maryl•11d ... .. ... 1-20, 000 I 1846 i w. r. McArthur, u. s. N. i 
Chesapcal<e Bay, from Turl<ey Point to H<>well's Point· .• .,do............ 

1
1-

1
1
0
0,.

000
000 I 1846 ) S. P. Lee, U.15. N .......... ) 

Cbeeapeak<.;_ Ilay1 RomDeyt Farley's, Sti1lpcn<l, Churn, d-o. - 1870- ! W. "r. Harding·------··· ~ 

and Loyd'• Creeks, I ! 
Cbesapeal<e Bay, Saseafras Ri~er. ............ ......... ...do........ 1-20, 000 1847 I W. P. J\Ic.-\.rtbnr. U.S. K --1 
Cbesapeal<eBay,Sa~aafrasRivor ......................... do............ l-I0,000 I 1870 1 W. W.Harding ......... . 
Cbeimpeake Ba)-, northern-part down to Tu< key Poiut 1-10, OCO 1846 I S. P. Lee, U.S. N .....•.... 
Chesapeal<eBay,E!kRiver ...................... , ____ .do ............. 1-10,000 1846 

1

!wrMcArthurUSN i 
Chesapeake JJ.ay, Bohemia RiYer and Back Creek --- --· .do . ........ ••. .• 1-10, 000 i 1846 .. __ ·_.~lo ... __ ..... .' ... ." ·-··. -~ l 
Chesapeake Bay, Northeast n;ver .................... - .•. do............ 1-10, 000 I 1846 I ..... do - ................. I 
Chesapeake Bay, Susqueha.nna River,1!1otlth of ............ do ............ 1-10, 000 I 18G7 ! F. P. Webber .............. 1 

Chesapeake Day, f'usquebanoa River.................. .. .do . .... .. .... .. 1-10, 000 j 1e~6 I' W. P McArtbur 1! SK 
Chesapeal<e Bay, Susq1rnhanna River (dnplicatR of 168). .. .do _ ......... _. 1-IO, 000 f 1852 _ .... _ ·_ .......... : .• : . _'_ .. :· 

Eastern Branch of the Potomac, fr-Om Aoacostia Bridge Dist. of Columbia 1--5, 000 ! 1865 I A. Dalba.ch .............. . 

to Benning'& Bridge. I 
Eaete-rtJ Eran-ch, fr-om :Benning'a Eridge to Biadens- Di.st.ofCoJumbia 1-5,000 1E65 !·-·--·do···--·- .. ······-·--· 

burg. and Maryland. I 
Potomac River, from .Alexandria to Bnnt~r's roint . -- Dist. of Columbia 1-10, 000 1862 i C. P. Patterson, U.S. N ... 

udV~~ciL I 
Potomac :River, from Hunter's Point to Long Bridge, Dist. of Columbia 1-51 -000 18G2 

1 
d 

and Eastern llra.nch to Anaoostia Bridge. , ...... 
0 

.................. . 

Potomac River, from Long Bridl(e to the Aqueduct... . •. do............ 1-5, 000 18G;) , ...•••. do ................. . 
Potomac .River, from Analo•tan IslllJld t-0 Long Bridge. .. .do _........... 1-5, 000 1867 C. Fendall .............. . Chincoteague Shonls and Chincoteague Inlet.......... Virginia......... 1-40, 000 is:;i j .T. J. Alm~-, u. S. N ...... . 

Chincotea.g-ne Inlet and Chincoteague ~boats.-- ..... --· ... do . ·- ... --· ... .. 1-20, 000 te51 j :.··-·.do ...••.. -·· ... ·-· .•. 
lletomkin Inlet .......... ____________________ ········-- ... (lo-------···- 1-10,000 lf'52 f ...... do -----············· 

Metorukin Inlet, eea-coastofVirginia .................. 

1 

.. do······--··-- l-~ 1 &00 1.862 i A. M.llarrison ............ . 
Wacbapreagne Inlet aod Hog Island Harbor.... .. .•. .. .do ...... ••. . •• 1-40, 000 185-l I J. J. Almy, l'. S. N ...... . 
Hog I•land Harbor and Wachapreague Inlet........... . •. do............. l-20, 000 18S~ ...... do .................. . 

Hn!( Island and vicinity to Cape Ilcnry ....... -....... I · .. do ...... •• .. - · l-40, 000 1853 [
1 
·J· ·_·,;;_d

1
°)

0

·

0

·n··.·_·.·.·-·.·.·.·. ·.·.·.·_-· · 
LittleMachlpongo, to head of Broadwater ............... do............. l-20,000 1871 ,. 
Broo.dwater, Gre•t Jtlaehipongo River, and briinchee. ·· I· ... do .••.•.•.•.•. _ 1-20, 000 1871 I ..... do .................. . 
Broadw,.ter, from Sand Slloal Inlet to Hog Islam! Inlet 

1 

.... do ............ 1-20, 000 lBiO f W.W. Hanling ....... . 

Broadwater, from Ship Shoal Inlet to Sand Shoal Inlet .. - .do .... · - .. . . . . 1-20, 000 1870 I' ~:-.;.·!~~~: -~: ~.·N:: :: : : : 
:::g~:~;~.~n'.~~-~~~-~~~~-~-~~~~-~~~t.:::::::::::::::: 1 ·::::: :::::::::::: :=::: ~:~: W. 'IV.Harding ........ . 

E!JtTance of Chesapeake Bay .......................... I ... do............ 1-20, 000 1851 Ii B. F. Sands, U.S. N . ....... ' 
CapeCbarlesandvlclnlty .............................. ! ... clo ............ 1-20,000 1852 I J".J.Almy,U.S.N ........ : 
Gape Charles and vicinity of Cherrystone Inlet ....... I· ... do............ 1-40. 000 1852-'3 ...... do .................. ' 
Cherryetone Inlet, Chesapeake Bay ................... 

1 

.... do . •• ... .... •• 1-20, 000 1"52 ...... do ................... , 
Gberrystone Inlet, Cbesapeal<e Bay................... . ... do . •••••• ..... 1-10, 000 1873 J. S Bradford ............. i 
Hunger'• Creel<, Chceapeake Bay ..................... i .. '.<lo............ 1-20, 000 1853 J. J. Almy, U. 8. N ........ ! 
:::::~;0~r~~~~·:::::::::::::::::::::::::::::::::::::lf! ::::: :::::::::::: :=:::: :::: C. F~ndall ................ i 
Oecobannoc.k, Craddock, and Nandua Creeks ..••.••••• · 1· ... do ... ....... •• 1-20, 000 ll'68 ::::::::: :::: ::: ::: ::: : :: -i 
Oooobannook Creek and Heath's Landing .................. do . •• . .. • • ... . 1-20, 000 1E53 J .. T. Almy, U.S. "N ........ ( 
Pn.ngoteague Crook .................................... 

1 

... do ••• • •• . ... •• l-20, 000 1851-'£9 B. F. Sands, J. J. Almy, U.

1

1 

S.N. 
PooomokeSonnd ...................................... 

1 
... do............ 1-40,000 1855 J.J.Almy, U. S.:"i" ........ 

1 Pooomok&Sound, e>reekefromM:easongoCreek to Onan- 1 ••• do............. 1-llll, ~00 1BG9 W.W. Harding ........... 1 
oock Creek. I i 

PooomokeRiver,enjrance ............................. [ ... do ........... . 
Pocomoke River, sheets Nos.1 and ll ................... 

1

'. ... do ........... . 
Pocomoke River, shoots N<>a.3 and 4 ...................... do ............ . 
Pocomoke River, &heetsN°"' 5, 6, and 7 ................. l .... do .••••••••••• 
LlttleAnnemHsexRiver .............................. ,. ••. do .••••••••••• !Smith's, Goose, and Fox Islands, Tnngier Sonnd ........ j .... do ............ _ 
Tangier Solllld ......................................... i .... do .••••••.•.•• 

From Pomt No-Point to l;>rnltb'e P<>int Light, Chesa- )- ... do ........... . 
peuke Bay. I 

Reeonn&i&!!llDe" of White Ilon•e snd Lower Cedar !. ... do ........... . 

Point!', Potomac Rl\'er. I 
Poto-c llinr, from Piney J'olut to Blakl•tone loland ..... do ........... . 

1-10, 000 
1--5, 000 
1-5,000 

1-5.000 
1-10, 000 
!-!JO, 000 
1-4(), 000 

1-20, oco 

1-10, 000 

1-2!, 000 

1869 
l8G9 

1869 

li:l69 

1"68-'9 
186!> 

1~56 

1849 

1861 

1000 

...... do .................. . 

• ..... du ................. .. 
...... do ................. .. 

::;:::~: ·:<::::::::::::·~ 
J. J". Almy, 1<.S. N ........ i 
s. r. Lee, tT.S. N ......... i 

i 

W.R. Palmer, CT. S. A .... 

-_I 
W. T. Muse, U. S. N ...... 

lit 

186 

107~ 

176 

1071 

185 
172 

1i0 

11:1 

8!:i8 

Joa 
326 

Bfi3 

766 

764 

7fi5 

H/82 

2H8 

2fl7 

3.J~l 

795 

3~~ 

3:14 

387 

I lOt 

110~ 

1070/, 

rn10 a 

388 

rnn 
286 

345 

364 

351 

ll69 

:-16~ 

97fic 

97H b 

976a 

367 

332 

903 

!004 

102'J ab 
102:1ab 

10'14 a be 

985 

UlJ1 

21r 

738 

7!l3 



 

126 REPORT OF THE SUPERINTENDENT OF 

APPENDIX No. 8-Continued. 

Localities. State. 
i i I 

-----~ _ ·~----~- --------- I_ Scale. \ __ D_a_t_•_·_i Hydrograpber. ll~~~~e;:.d 
P<>lomllo mver,from Blakistoneto Cob Point. •• __ ., ... ! VirL(inia----------l 11=~~·.0000~J I 1862 lt_T __ ._s_._,rlohe_I_P_•_._-c __ ._s_-_N __ -_·_·_·_·_-_·_ 
Potomac River, from Cob Point to :M.athiais :Puint .•.. ·"·I· -- .llo ............... [ -" 1862 
Potoruo.cRi\"'er,fromMatbia"PointtoMet-0mkinPoint,! .••. do .•••••••.•••. · 1-20,000 I 186':2 .••••. do ..................... . 

Potomac Ri,er1 frotn Metomkin l)oint to Shipping ! .... do ···--···-----l 1-20,000 Hi62 
1 
...... do .................... . 

Point. I: i I 
PotoruacRl_ver,ftomSblppingPoint~oHoillowio:;:Poiut., .... do ·············i 1-20,000 I! 1862~'3 j ...••. clo ................... 

1 PotomacR1ver.frcm Hallowing Pomt to FortWasl!- 1·-··do .............. 1-10.000 18f>3 •

1

!------do ...... -. ............. 
1 inJZton. \ 

I•otomacRiver,from lfoTt\YashiDgton toAlexandt·ia __ l ___ do·----·-·---- 1-10,000 ! 18ti3 J ...... clo .................... . 

NominaBay,L01'\~er .. Ma€hodoc,and Matto;11;.Creeks .•.•..•.. do.............. 1-20,QOO ! 1~68 j ·T.1'...-. Donn ............ . 

827 

77B 

~13 

812 

BU 

815 

81t) 

9G7 
Yeooomico and Coan Cteeke .......................... 1 ···· tlo . •••• •• ...... 1-~0, 000 I 1EG8 \· , ___ .ilo ....... - .......... : 

~::=:~:o:tooc~:~r~~~~.::::::::::::~:::::::::::::1·:::·~: ::::::::::::: ~=:~::~ l :;:: l ~~~-~:::.~:~·~::::.::: 1:: 
Little Bay. Nantepoison, Tapp's, Dimer's, Indian, Di· .... tlo ·············' 1-~0,000 I lt69 r······ilo ...... ····---··· .. W05 

viding, ancl Mill Creeks. i ) / 
Che•apeake Bay, from Potomac to Itappahannock .••. do ............. , 1-40,000 [ 18;:;0 S. P.Lee,.T.J.Alm;,U,S.N 252 

Ilh-er. I i 
ci:;;:~ke :Bay, from :Rappahannock Rinr to Wolf .... do····-········ 1-40.000 I 
Rappahannock River, entrance ............................ -·.<lo .............. I 1-10, 000 [ 

~~:::~::::: ::~:~:: ::: :: :~: :::~::::::::::::: :: :::::. ::::~: : :::: :: :::::: i ~=:~: ~~~ 
Rap1lahannock and Corratoman Rtver ........................ tlo .............. 

1 
1-10, ()00 

Eatuaries of the Corratoma.n River .............................. tlo .................... . 

Estuarleo of the Rappahannock Rb-er .•.•..•••••. , .... -I· ... do ........... • · 

Bowler's and Corner Rock, Rappa bannock River.----· -I ·-·-•lo ....... ---·--
Rappabauuock River ....................................... do ....... ··- .. . 

::::!::::~ !::::: :::::: ::::: :: ::::: ::::::::::::::::II::::!: ::::: :: :~:::. 
Rap1mbannockRiTer ................................... [ •••. •fo ........... . 

:~:::::~::::::::~:::::::::::::::::: ::::: :: ::::: :( ::::;: ::::: :: :::::: 
Rappahattnock Ri\•er to Tobago Bay ......... __ ............. <lo.------ ..... . 
Rappa.bannock River at Port Royal. ................... 1 .... 110 ........... .. 

:::::::::::~ !::::::::::·_ :::::: :: :: ::::: ::::::: :::::: \:: ::~:: :::: :: ::::: 
~!:~:~.::::: ~::::: ::: ::: :::::::::: ::::: ::::::: :: ::: :1 ::::~ ::::: :: :::::: 
Ra11pabannockRiYer at Frederickalmrgh ............... 1 .... clo ............ . 

. I 
PiankatOlllkRhcr ...................................... l •••. do ••••••••••••· 

Milford 1I"ven (with topograpby) ...................... 1'---.do -·------·-·-· 
Estuaries ofMobjack Bay ....... ···---·················,····do ............ . 
York River. from entrance to Bigler'• Mill .••••••.•••. -·1----do ............ ' 
York River, from Bigler·~ :Mill to West Point ........ , .. !----do .•..•...•••. 

~:::.";~'"~;,c:;;..:~:.e:_e_:: :::::::::::::::::::::: :::::J:: :: ::::::: :::::: 
James River, Newport News Point ......................... ·11•• •• do ......... ····-· 
Jam"" River, NeirportNewstoPoint Sboal Iight-houee ..... do ............ . 
J&111ea River, Burwall Bay to Cobham ...................... do ............ . 
J&mes River. from Jllllleetown ll!l&nd to Sandy Point_ -... do ........... .. 
Jam"" River, Sho&l Point to .Jamestown !eland....... . •. do ........... .. 
JameaRlver ......... -- .................................. do .•.••••••.•.. 
Jaw"" Riv&r ............................. ............. - .. do ........... . 
James River, from Little :Brandon to Wyanoke Wba1f .••. do ............ . 

(reconnaiM&noe). 
James Ri\•or, from Douthard to Weet<>..-erWe•t ..•..•. _ ... <lo ............ . 
James River, Harril!on'a Bar.......................... -... do .......... ··-
James River······----···--···-- ....................... , ... d-0 .•.•••.••.•.. 
Jamet5Ri•er ................ ~~-·····"'·····•" ............................... d() ................... . 
James River ............................................... do .••••••••.••. 

1-10, 000 

1-10,000 
1-~o. ooo 
1-21500 

1-10. 000 
1-10, O()(I 

1-IU, UUO 

1·10. 000 
1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-5, 000 

1-5, 000 

1-5, 000 

1-5, 000 

1-5, 000 

1-5, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, ooo 
1-1!0, 000 
1-20, oou 
1-20. 000 

1-10, 000 

1-~o. ooo 
1·20, 000 
l-1!0, 000 

1-20, 030 

1-20, 000 

1-10,000 

1-16. 000 

1-10. 000 

1-10. 000 

1-5, 000 l 
1-5, 000 

1-:;. oi:o 

1E51 

1E57 

1857 

1R57 

1857 

1869 

186~ 

1867 

1856 

1856 

lb56 

18:15 

185; 

1&"15 

le54 

1854 

18.>4 

1854 
1854 

185.1--.'4 

1£153-'4 

18>3-'4 

18fi9 

U6e--•9 

1868 

1R!"t1 

1857 

1868 

1854--'5 

186') 

181ll 

1873 

lSH 
1855 

185() 

1857 

1857 

1859 

185::1 

1s;.:i 

1853 

18!i3 

J.,T.Almy~ U.S. N--·----· 285 

1 -~--~:n~~'.~~t:~·-~~::: ~~ 
....... do.......................... 6-08 
.. ___ do.................. 611 

J. W. Donn .............. _ 

...... do ................ .. 

...... d() ................... . 

I R. W ainwrigbt, U, S. N ___ _ 

1 .••••. do ................. . 
.••••• do ................. . 

...... <lo·--··· ........... . 

.•.•.. do ................. . 

...•.. do .................. . 

1·::::::: :::::: :::::::::::: 
I ..... do ................. . 

II:::::::::::::::::::::::::: 
...... do ................. . 

1 
•• _ ..... do ...................... . 

I ..... do ................. . 
1 ,J. W. Donn .... ~~---······· 

•••.. do ................. . 
...... do .•..•••..•••.••.•• 
J. J. Almy. U.S. N .••••.• 
R. D. Minor. U. S N ..•.•• 
C. Ftndall, W.,V. Hardin).{. 

.T.N.Maffitt, U.S. N -···
E. lle1·geebelmer ••••••.•.. 
.r. W. Donn •.••••.••••••. 

...... do-----·············-

...... do ................. . 
.T. N. Maffitt, U. s, N .•••••. 
...... do-········ ••.••••. 
.•••.. do ••••••••••••••.••• 
..•••• do ................. . 

W. T. Ht11se, U.S. N ...... 
R. Wa111w1ight, U.S.N .•. 
...... do ................. . 
••••.. do ................. . 

...... do--··-·············· 

100~ 

1001 

937 

607 

606 

603 

523 
5'22 

521 

45i 

451 

452 

451 
f;lO 

400 

399 

393 

988 

987 

984 

sea 
5~4 

977 

5!!9 

877 

1179" 
11'1'9 b 

12-29 
530 
615 

616 

63( 
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Lncalities. St t S 1 I D t : II d b Ite~i~tercd 
__ '_

3

_"_· ___ __:::_ ~-~· L -·-~~~ap·~-- nurnher. 

Janrns River ___ .. ____ ..•. ____ .. ---- ... ---· -- . 

James River ............•...•..•.•.... - ..•..... -- .. --
James Rh-er, Trent's }U>-acb Bar .•........... ---- .... . 

Jaiucs River .......................................... . 

James River ......•................... --·· ..• ---· •.. --· 
James Hiver at Warwick Bar ........................ . 
Jamt'S River at Ilichruon<l ............................... . 

Appowattox River .............•... ··--··---·--·-· .. -
A111pon1attox River ................................. _ .•. 
Appowatto-x JU~;er at Petersburg ....................... .. 

.Appon1attox Ri,-er .................. ~---·····--· ............... . 
Cbfokahominy Hivcr, lower portion·-···--- ............. . 
Cllickahominy Ri,·er, from Ship-Yard I.anding to For:ze 

Bridgt:'>. 

Nansernond Rive:r ......................... -· ....... --· .. 

Hampto-n Itoad.s .......................... -- · .......... --··· 
Elizubeth_ I-liver, ~;ast Branch and Tanner's Creek .•••. 

EJizalieth Rifert Western Branch ....................... . 
Elizabeth River, from \VaahinJ!'ton Point tonaYy·yard. 

Elizabeth Ri1er1 :Norfolk to na'\'"r·:rard --··---··-····
Elizalicth River, CraneJ Island to :N'orfolk ......•...•.. 
Elizabctli River, South Branch, base-line, to Chesapeake 

and Albemarle Canal. 

~--j.t!~~i~~~~~:~~~~-
11 _ .. do_ ........... . 

d> ............ ! 
••. do ............. . 

. •. do .............. . 

. •. do ............. . 

.. <lo ............. 11 

. .. ao ........... .. 
............. ! 

••• 11u ............... I 
.•. do .............. j 

.•. flo ·······---··-

. .. no ........... . 

... do ........... . 
. .. do ............. . 

... ao .............. . 
• •. do ............... . 

_ .. do---·-···--·-
. ... tlo ..•....•.•... 
••. do ..•.•..•••... 

EUzabeth River~ na.v-y-yard to base-Hoe.................. . •. d{) .............. . 
Elfaabeth River atNorfolk............................... ...ti(} ............. . 

Hampton Roads a11d part of Elfaa.beth River................. . •. do ............... . 
Lynu Haven Roads, Cheoapeake Bay................... . .. do ........... .. 
l''rom Cape Henry t-01\[ob.iack Bay ......................... do .............. . 
Coast from Cape Ileury, sonthwa.rd, to boundary .............. do .............. . 

s~un dJugs off False Cape .............................. · I -. Lfo ........... . 

Off shore from Cape Ht:inrs to Cape Hattera.a .. •. ....• Vir~iniaandNorth 
Carolina. 

Off .•hoTe from Cape Henry t.o Cape J,ookout. .. • • •• . •• . •. clo ..•....•.•.. 
Oft' shore from Sbeephouse Hill t-0 Killdevil Hilt... . .• . •. uo ..•....•••••. 
Off shore from Killdevil Hills to J,oggerhead Inlet . .• Xorth Carolina ... 

Off shore from Loggerhead Inlet oo Cape Hatteras.... . •. do .•••••••••.• 

Off shore from Cape Hatteras to Federal Point........ . .. tlo ........... . 

Deep.saa sounding• from Cape Lookont oo Saint Augu•-1 ··.do ........... .. 

tine. 
Off shore from Cape Hatteras to Cape Fea.r...... ..... . . .<lo ........... .. 

Cu.,.t, from mouth of Cape Fear River to Tubbs' Inlet.1 ···do ..•....•••... 
Carritnck Sound...................................... . .. do .......•.•... 
Currituck Sound, reconnaissance ot head of............... • .. do ............... . 
North River, bea.dofCurrituokSound, reconoaissa.nooof '. .... do ................ . 
North River .......................................... 1 ... uo ........... . 
Pasqnotank River, .A.lbemarli> So~d ..•....•.•....••••. I ... do ..•.•.•••••.. 
Little River ...•••••••.••••..•.••••.•.••.•..••...•.•.•• 1 .•.. do .••.••••••.•. 

Perqui1na.nsRiver ··--·-····--·---·-···---···----------· ... do ................. . 
Albemarle Sound, Harvey's Creek to Horn blow Point ...... do ..•..••.••... 
.Albemarle Sound, Mackey'• Creek to l!.oanoke River.. . .. do ......•.•.... 
Chowan River (2 sheets) .................................. do ..••••••••••. 
Middle, Eastmost, and part of Roanoke River •••••••••..••. do ....•••.••.. 
Batch•lor'a Bay, Albemarle Sonnd ........................ do .••.•••.•.... 
Scuppernong River and Bulls Bay, Albemarle Sound •..•.. do .••.•••••••. 
Albemarle Sonod, :Mills Point to Pear-tree Point ....•...... do ....•.•...••. 
Alligator River, Albemarle Sound..................... • •. do .••.••••••... 
Haulover, Albemarle Sound, and vicinity of Powell's I ... do ..•.•••••••.. 

Point. 

.Albemarle, Roanoke, and Croatan Hounds.............. • .. do •.•.••.•••.. 
Cr<>atan Sound, examination of obstructions in ............. do •.•.••••••••• 

Croat.an Sonnd and Pamplico Snno•I (2 sheets) .•...•.••..•.. do .••••••••.••. 
Pamplico&nnd .••.•••••••.••••.•••••••••..••••.•••.••.••. do .•••..••••... 
PampliooSound ............................................ do ......•...... 

1-.\ ooo I 18.):i ; 1~. 'Vainwdght, U.S . .N .••. 
1-51 000 1853 ; ...••. do .•..•••.••••...•... 

1-5,11-00 JR;-13 i--···-do --·······---····---
1-:i, 000 Ji'53 I ..•••. do .................. .. 

1-5, 000 

1-5, 00(1 

1-5, 000 

1-5, 000 

1-5. 00() 

1-5, 000 

1-10. 000 

1-20. 000 

1-20, 000 

1-10, 000 

1-20. 000 

1-10, oou 

1-IU, 000 

1-~1 !){)() 

l-5, 000 

1-j, 000 

1-10, 000 

1-10, 0-00 

1-20. OOQ 

1-10, 000 

1-40. 000 

1-40, 000 

1-40, 000 

1-jj()O, 000 

1-500, 000 

1-40. 000 

1-40, 000 

1-40, 000 

1-240, (l-00 

1-.500. 000 

1-200, 000 

1-40, 000 

1-20, 000 

1-10, ()0() 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-!~0, 000 

1-20. 000 

1-20, 000 

1-10, 000 

1-10, 000 
1-20, 000 

1-'lO, 000 

1-20, 000 

1-20, 000 

1-20, 0()0 

1-211, ouo 
1-20, 000 

1-40, 000 

1-20, 00~ 

H<53 

les2-·3 

1852-'3 

1852 

1852 

185::2 

18.'.il 

187·1 

1875 

1874 

18i3 

1873 

1813 

1866 

1~7:3 

18~3 

1873 

1873 

1854 

1854 

te-54 
1@5.5 

lBfil 

18:09 

1860 

Ie6il 

1870 

1869-'70 

18fi5-'6 

1860 

1839 

1859 

1851 

1839 

1BJ9 

18.)0 

1874 

1848 

1848 

1849 

1849 

1874 

1864 

1864 

1849 
1~48 

1849 

184U 

18:>0-'l 

18M 

1873 

1858 

1857 

j ... ___ do. ·-·--··----· ...•.. 

i······do ..•••••.•••••..••• 
; ...••• do ...................... . 

::::::::: .:::::: :::::: ::::: 
: ...... do ................. . 

: .••.•• do ..................... . 

J. W. Donn ................ . 

i ....... do .......... ···--···-·· 

I I R. Platt, u. s. x .......... . 

·1::::::~:. ::::::: ::::: ::::: 
[ ........ do ...................... . 
: ...... do ..••••..•••••..••• 

I:::::::::::::::::::::::::: 
1 ...... do ................. . 

i 
/::::::~~.:::::::::::::::::: 
j .r . .T.Almy, 'G.S.N .....•• 
i. ..... do ................. . 

1 ...... do ................. . 

l ...... do ....... . 
T. S. Phelp•, 17. S. N ...... 

I A . .Mu1T&y, U.S. N ..••.••. 

1

1 ...... do ...••••....•.••.•. 
R. Platt, U.S. N .•••••.. •. 

. •••• do ...••.•••••••••••• 

! 
...... do ...••••.•••••••.••. 
. ..... do ...•••........•... 

I 

.A. • .Murr&J', U. S N ...•... 

·~:-~:!::.~~~~(~: ~:~: ~-.~·-· 
j R. Wainwright, U.S. N". .. 

/-~:~~~~~.::::::::~:::::: 

I 
R. Wainwrlirht, U.S. N ... 
W. P. McArthur, U.S. :N' .. 

1 

........ 10 ................. . 

~;~:~o~;~~~:;;: ~~-;.::::. i 
! T. A. Jenkin•, U.S. N ..•. I 

I R E. llalt<ir. ............. i 

! 

J. S. Bro.Mord ...•••. ···•·· I 

I ·~:~:~:~;::~:~:~:~::1 
, Jam•s Alden, U.S. X ..... . 
f ...... do ................... j 

I RWainwright,17.S.N ... ! 
J. S. Bradford ..•...... • · · / 
F. F. Nes ................. I 
W. T. Muse, U.S. N . . -:. •• · · 1 

•••••• do .••••••.•••..•••••. 

3~N 

:~!:Jl 

34'! 

340 

3~10 

3H 

342 

3Hi 

3l5 

314 

27U 

1H3a 

1225 b 

1213 

ll~H 

11"7" 
ll8i b 

8!ll 

ll86 a 
llSG b 

11~5 a 

11;;;; b 

147 

44!1 

446 

520 

750 

674 

686 

6~5 

258 

702 

70J 

230 

193 

197 

196 

2i9 

216 

1230 ab 

82l 

8~8 

217 

191l 

21."l 

2JO 

2.17 

8J6 

llt!-0 a1J 
tl7~ 

1361 
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Localities. State. 

Pamplico Sound) reconnaisaance o-f Long Shoal .. --· North Carolina __ . i 
Pamplico Som1d, Bell'" Bay andJnni:per Bay ............... do ............. ' 
Pamplico Sound, 1Iog Islands .......................... 1 .... do ............. 1 

Pamplico Sound, fl."Om lto:val Shoal to Brant Islanc.1 ..•. -i- ... do _ ---·- ... ___ -! 
Pamplir,o Sound, western part ............................... 1 .••. <lo ..•......••.. ) 
Pungo ltiver, upper and lower s11eeta .................... i ...... clo ............... ! 
Pamplico Ri\'"cr1 from Pamplico light-honso to Indian ' .... do .....••..•••. ] 

Island. , , 

}lamplico Ri.ver, from Ads.ms Point to Rumley Marshes ..•. do.---· ....••.. I 
Pamplico Ri'\""er. froui Rnml€;,·Marslles toRaggedPoint: ..... clo .................. ( 
Pamplico River, from Ragged Point to Washington ...... : ..•. do .................. : 
Pamplico River, from Oedar Grove to Tar River ....... !---·do_·----·-----.; 

Bay RiTer ··----·······-···· ................. ···-····----i·--·do ............... ; 
Neuae River from Point of :Marsh to Cedar "Point ..•.•. 1 ..•. do ............... 1 

Neuse River, from Cedar Point to Wilkinson"a Point ... !· ... do ................. J 

Neuse- River, from Cherry Point to JobEsou's Point .... 1 .... do ................ ~ 

1'\euse Rh·er, from Johnson's Point to Fort Anderson .. i· ... do .............. i 
Neuse River, vicinity of Newbern ......................... J ...... do .............. ! 
SonthRi'\""er,Turnagain Bay,.and other tributaries to ! .... do ................. ! 

Neuse River. i 
1
1 

Cedar Islaod, bay,and vicinity .......... ---~· .................. i--· .do .............. . 
Oregon Inlet ........................................... : ... do ............. i 
Hatteras Sbo-als ............ --·· .............................. : ..•. do ............... : 
Cape Hatteras Shoals .................................. 1-- .. do ............. ! 
Off-sliore Suuntlit1gs, Hatteras Shoals ................... J .... do --···········! 
Hatt<>ras Inlet ......................................... 1 ... , do ............. i 
Hatteras Inlet·-----·.·-~-- ................................ 

1

1 

••• do - .............. - ·) 
Ilattera1:1 Ia.let7 (reconna1saance) .................................. do ................... ; 

~::::;: :::::. ;~·;~;~~;~~~~:::::::::::::::::::::::::/::::::: ::::::::::::/ 

Scale. 

1-10, 000 

1-20, 000 

1-40, 000 

1-40, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

l-2U, 000 

1-IO, 000 

1-20, 000 

1.;m, ooo 
1-~o. ooo 
1-20, 000 

1-10, ()00 

1-20, 000 

1-20, 000 

1-20, 000 

1-10, 000 

1-20, 000 
1-20, ooo 
1-40, 000 

1-10, 000 

1-10, ooo I 
1-:i, 000 I 

1-10, 000 , 

1-10, 000 

Coast.from Capellatterasto 0Gracokelnlet ............. i ..... do ................. j 1-40,0()0 ! 

~~~=:: ~:::~ ·(~~~~;~~~.;:::::::::::::::::::::::::::::::::::::: ::::::::::::1 ~=~~::: 
The Straits of North Carolina. .......................... I .... do •.••••••••••. : 1-2-0, 000: 
Coro Soun<!, from the Straits to Pamplico Sound ........ 1 .... do ............. : 1-40, 000 

Cape LO(]k<mt Shoals (reconnaissance) .••••••••••••.••. j .... do ............. [ 1-40, 000 
CapeLookoutShoals ................................... \ .... do ............. 1-40,000' 

! 
J;'rom Cape Lo<>kouttoward Bogue Sound .............. ! .... do ........... :i 1-IQ,000 
Beaufort Harbor and vioinjty of Cape f_,ookont ... -- . _.·I· _ .. do.--·-·-....... 1-10, 000 I 

Beaufort Har bet" ....................................... 1 .••• do . •. ....... ... . 1-10, 000 1· 

i ' Ileaufort Harbor and Bar .............................. 

1 

.... do ........... --1 1-10, 000 ; 
Beaufort Harbor (resurvey>. .......................... 

1 

.... do ............. l-l0,000 ! 

Ileanfort Harbor, oft' Fort Maoon ....................... i .... do ............. i 1-10, 000 I 
JWaufort Harbor ....................................... [ .... do ............ [········----1 
Deaufort Harbor, entra.u.cro (reauryey} ................ ····i .... du ............... ! 1-to. ooo j 
Beaufort Harbor and atljaeontw11tera .................. : .... do ............. j 1-~0,000 I 

! . I 
Newport; Ri'ver and estuaries .................... --·-·-: .•.. do.-··· --··-···i 1-201 000 1 

llogue Sound, frow Ca.rolina Cit,y-to Beaufort .......... +···do............. I-JO, 000 ; 
From Flagstaff to New River Inlet .................... + ... do ...... .... ... 1-40, 000 [ 
New Rlver lllld bat· ........................................ do ........... ..( 1-10, 000 f 

New Inlet, Cape Fear enhance (resurvey) .................. do ............. 1 l-10. 000 ! 
Cape Fear Bar and New Inlet .............................. do ............. 

1 
l-10,000 

New Inlet Bar, northern eutrall-06 of Cape Fear River ...... do ..... .... •.•. 1-10, 00-0 
Now Inlet, nortbem entrance of Ca.pe Fear River ....... , .. do............. 1-10, 000 
Nsw Inlet Bar, northern entranf'.,e of Cape Fear River ...... do .••.. ·-···-·. J-10, 00-0 
New Inlet, entrance to Cape Fear River .................... do ..... .• ...... l-10, ooo 
New Inlet, Cape Fdllr River ............................... <lo .••. ,......... 1-10, 000 
Cape Feu River ........................................... do............ 1-5, 00-0 i 
Cape Fear River ........................................... do ................... ······! 
Cape Fear River ........................................... do............. 1-10, 000 [ 
CapeFearlttver.ear ....................................... <lo .... , .................... i 
CapeFearltivetBar ....................................... do ............. 1 1-10,000 I 

Date. 

1866 

1e14 

1874 

1866-'69-'70 

1A69 

1E72 

:1861J..'70 

1871 

1~71 

1871 

1872 
1869 

1868 

1868 

1E'67-'B 

1866 

1863-'4 

1868-'9 

1870 
1862 

1850 

1871-'2 

1811-'2 

1861 

1852 

1s:;o 
1857 

1864 

185ti 

1esfJ 
1E57 

1864 

1~64 

186l 

1865-'6 

1857 
1854 

1850 
ld57 

1862 

1863 

1850 

1864 

1874 

1874 
18:;4 

1858-'9 

1851 

1852 

1851 

1856 

1858 
1857 

1865 

1872 

1$,32 
18!13 

1853 

l.!52 
18:;8 

Bydmgrapber. 
1 

Registered 
number. 

~~~~~~~~~~-i~~~~ 
' I 1 ,J. S. Bradford ............. 

1 

887 

l.~:.~:!'.,e~~:::::::::::::::::, ~:~ab 
, .J.S.RradfordandJJ'.Jf.Nesi 1083 

!.~:.~:~:~:::::: ::::::::::::I !~~~ab 
1--····do .. , ................ ! 1088 

I I 
i ...... do _ ................ --1 1099 
! ...... do................... HOO 

' ...... do ................... 1 llOl 

______ {]() ··-·······-····----
...... do ................. .. 

1 
.J. S. BradfordandF. }'.Nee' 

i J. S. Bradford ............. i 

/::::::::: ::::::::::::::::::! 
~.A. Straus7t ................... !' 
j J~ S. Bradford.and F. F. Nee, 
, I 
I F. F. Nes .................. ! 

H. Mitchell ............... 1 
T. A. • .Jenkins, U.S. N ..... 1· 

R. Pl&tt, U.S. N ........... , 

1 
...... do ................... [ 

j T. S. Phelps, U. S. N ....... i 
! R.Wainwright, U.S.N .... j 
I T. A.. Jenkins, U.S. N ..... ! 
' I i W. T. Muse, U.S.N ....... ) 

1 A. Strausz ................ I 
I J.J. Almy, t:'. S. N ........ 1 

i R.Wainwright,U.S.N ..•. 1 

I W. T. Muse, 'G. S. N ...... ·! 
! E.Cordell ................. / 
1 ...... do ................... ! 
I T. S. Phelp•, U. S.N ...... 1 I R. Pla.tt, U.S. N., and C. J 

! Juuken. \ IC. R.P.Roilgers, U.S.N ... i 
, J.N.Maffitt,U.S.N ....... f 
j ...... do ................... / 

I ~.!:.::::~::-.~·-~:~:::) I A. Strausz .............. .. 

I J.N.Maffitt, U.S.N ....... I 
I Ed. Cordell ............... ·I 
I W. I. Vinal .•• ··-- ....... .. 
\ W.I.Vinal.. ............ .. 
I J. N. llfaftltt, U. s. N ..... ·-

I 
A.. Murray, U. s. N •.•••••. 

~:~:=~~:~·.~:~::::::: 

/ 

...... do .................. . 

...... do .................. . 
T.B.Huger, U.S.N .•.••.• 

I J.N.Ma.ftltt,U.S.N .•••••• 
I J. s. :uradtord ........... .. 

I W. l. Vinal ................ 1 

I~:~::~~.~--~:~:::::::! 
: ...... du--······---········' 
\······do ··········-·····-··f 
, T. B. B!lger, U.S. N ....... l 

ll32 

101 l 

9i4 

963 

956 

892 

845 

975 

1079 

762 

244 
1135 

ll:ifi 

763 

322 

235 

612 

612 bis. 
!}38 

3U 
613 

854 

€55 

849 

885 

577 

419 

259 

576 
789 

789bis. 
246 

855 

1219 

1203 

418 

GH 
!!80 
37() 

218 

618 

6f3 

621 

B75 

1134 
375. 
4Ul. 

37-4 
37ll 
Ml! 
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Loralities. State. Scale. Date. 
-·-r

1 

- -----~~~:~g~·~pli~~~-. ---1~-(·1--·ii-<-t.,~~:1 

_ j~~~~~~~ 1--------1 -- 1------1--------
Cape Fear Rirt•r entraHct\ bars of Oak Island and Hald ) North Carolina. / 1-5. 00() 1871 I Charlefl Junken 

Head Cheune1. · \ 
Cape Fear Rfr!jrentrance ---------------------- __ do____ j l-lll,000 1865 J.S.l~radfortl 8<0 

876 Cape Fea.rJUv-er, between FortsCresweU&ndJohnson .•. do·--····-··-·/ l-J0,000 1866 ...... do·····--· 
Cape l•'ear Ri't'el\ western entrauce .. _ .. -- - , __ .Uo . __ I 1-10, 000 187;) 

Cap-1 E'eur Rin::r, westeru eutrance. -· ...... --- -- ....•. /··· do ..•......... 
Cape Fear Ri,·er, resurvey of Sewa.rdCha.nuel, western 1 • __ .do ..•....•.. _ .. 

entrance. I 
Cape Fear RiYer, Drnm Shoal to Balla.st Rook. 1--· d<> ........... .. 

Cape :Fear RhTer, Balla.st Roek t,o Alligator Creek. -- - -1·.:.· .do_ --- ..... -- -
Cape FPar Rh·er1 A.lliga.tor Creek to Wilmin~ton ... - . . . do ............. . 
Cape .Fear Rh-er, inner bar_.... . .... ---·. -- i clo .........•.. 

Cape Ftiar River, southern bars of ... - ... -- .. ---- ... --· L ... do ............ . 
t:apeFeurRi-ver,sonthern bars of ..................... { .. do .... . 

Frsing Pan Shoals..................................... .. do ............ . 
Frying Pan Shoals .. __ .......... __ ............•........ _ .. do ........... . 
Off-shore soundingif from Cape Fear to Charleston North and Sontl1 

Harbor. 
Georg-etowu Ila.rbor and Bar ........ = 

Winyah Bay aud Georgetown Harbor. .................. . 
Geor~etown liar (resurvey) ............ ---- .......... . 

Sant.ee Rivers. upper and middle tiheet-ti .......•....... 
San toe Rivera, fower sheet·-·- ..................... - .. . 

Ca1u.i Romain ..•... -----· ...•... -----··----·-·--·-·-···· 
Cave Roma.in ............................................ . 

Gape Romain to Charleston-·-··-·----
Bulls' Bay ........................................... . 
Charlesto11 Harb-Or a11d Bar ............... - ........ . 
Charleston Harbor entrance .......................... . 
~foffitt"s Chauueluud North Cl1annel, Cliarleet<>n Harbor . 
Nnrtl1 ChanuelandM.affitt'sChannel, Charleston Harbor 

Moffitt's Uhannel, Charleston Harbol'.----- ........... . 
Maffitt's Channel (resurvey) ___ . ______ .. __ .......... . 

Mainsbip-bar, Charleston Harhor ·-·······---··-·-··· 
Charleston Harbor Bar (resun·ey) ... ···--·-···-------· 

Main channel oT"er Cb&rleston Dar .............. ··--·_. 
Charleston Bar ....................... · ............. - · · 
Charleston" Harbor .. 

1rfaffi.tt'8 Channel, Charleston Harbor (resurvey).-· -.. . 
Li11bt..Honse Inlet, Cbarleot-0n Harbor .... -......... .. 
Ston<> Inlet 1rnd River, and part of Kiawah and Folly 

C.aroliua. 
Son th Car.oliua. 

do. 
.. do 

. .. do ........... . 
. .. do 

.. do 

.•. tlo ···-······-· 

"'do 

... clo. ---····----

..do 

.•. do 

.•. do 

... do ........... .. 

... do 
__ .do 

... do ............. . 

••. do ........... .. 

... du ...••....••.. 

..•. do ..........•. 

.. do. --·····----· 

.. do ........... . 

... do 

.... do ........... .. 

Rivers. I 
Olfebore, between Cbarle•ton aud Savanu;ib entrance ... do ............. 11 
l"r-om Charleston to Sa\·annah ........................... j ..... do _ .......... . 

~Orth Ed~~do ua.rbor and Dnr ___ . - . --- .. - . --- ... -- .. - - - - .. dD - .. - .• - .. - - _1· 

.. orth Ed1cdo Bjr ..........••.•.. --~-·· .. .•... . •. .. . . . ... do _ ............ . 

Saint Rt,le:na Sound aml Har, South Edi st~ ~iv-er - --- - . - .. do - · - -····-- - · -1 
Paoosges between Port .fu•sal Bay and Sarnt Jfolena ... do .......... .. 

Sound, •hoet No. I. I 1 
Passages between Port R<1yal Bay a.ud Saint Helena .. do .. .. • . . .. .. j 

Sound, •beet No. 2. i 
Bnll -.nd Corubabee Rivera ............ _............... .. .llo .. _ ..... .. 

Combahee and .Ashepoo RiverB a.ad estuarie& ........ . 
Parrott Croeelr, from Coosa"' to Morgan River .•.••...• 
Cuoeaw- River, from Ci>mbahee River t<> Brickyard 

Crook. 
Brickyard Creek, from Cooaaw River to Beaufort ..... 
Inland p.....,.g.,. from Coosaw River to Beaufort Rh-er 
Cooaaw Ri-.er to Br-1 ru,·ar vil\ Whale Branch ... _ •. 

Port .Boyal entrance ................... · .... • · · · · .. • .. 
l!ea.nfo?t RI ver (reeounaiau.nce) . . . • • • . . • • . • • . . . • . ... 

... do .......... .. 
.... do ............ . 

.... do ............. ) 

.. do ........... .. 

... do ........... . 

... do 

... do ........... .. 
.... do ........... . 

1-10. 000 1674 

1-10, 000 1873 

1-10, 000 

t-10. 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-20, 000 

1-20, 000 

1-300, 000 

l-I0,000 

1-10, 000 

1-20,.0tJO 

1-IO, 000 

1-10, oou 
1-20, 000 

1-IO, 000 

J-40, 000 

1-00, 000 

1-10, 000 

1-5, Oll-0 

1-5, 000 

1-10, 000 

1-'· 000 

1-IO, 000 

1-20, 000 

1-20, 000 

1-~0. 000 

1-W, 000 

1-1~. 000 

1-10, 000 

1-00, 000 

1-200, 000 

1-10, 000 

1-211, 000 

l-;-20, 000 
1-15, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, coo 
1-10, 000 

1-10. 000 

1-20,000 

1-IO, 000 

1-20, 0011 

1-10, 000 

18~3 

1~73 

1873 

vno 
1856 

lB57 

1~51 

1M.5:l 

18.>:I 

1856 

1873 

187:1 
]1"52 

1874 

18~17 

1857 

1R51 

1852 

1857 

lB;l.l 

18,)4 

1B56 

1837 

1863-'' 

11'69 

1865 

1865 

lEIGO 
1863-'t 

18G2 

1857 

1E53-'7 

!B.;l 

1856 

1856-'7 

li:l63 

IR71 

1813 

1>!60 

1"60 

IBfiO 

187~ 

187:1 

1839 

1E55 

Port Ro~al entmuce and Beauf-Ol't Harbor ..... . 
P<>rt .Royal en.traace ................................. . 

... do ............. 
1 

l-'lC,000 1855-'6 

11"63 ... do ............. ! 1-20,COO 

R. Ex. 81--17 

Vi.I. Vinal........ lJ~~tJ, 

..... do ...... 112i'b 
...... do....... 1190 a 

.. .... do... ......... ...... 1190 b 

...... do........... l19la 

..... do ................... lUHb 

F'. }'.Ke< 1014 

,J.N.Matlitt,U.S.N...... 6l9 
•. do ..•...••.• _ •. • • . . •. ti:l4 

T. A. Jenkins, U.S. N.... 306 
.. ... do ................. . 

J.P. Rankb.eafl, 17. S. X .. _ 

J. N. Maflit.t, F S. N .... .. 

.. ... do ................ .. 

••... <lo ···-·· ··-· -- ····-

.. do ......•. ·-·-·· .. . 

T. A. Cravt1U, u. s. N ... -

W'". II. Dtmnis ·-· .. --···. 
J. N. Maflitt, lT S. ::>; ...... 

,J.P. Bankhead, U. s. N ... 
J. N. MaJlilt, U.S. N .... . 
..... do ................. . 

..... do ................. . 

. .... do_···-·· ...... -----
..•.•. do ...•..••....•.•••• 

.•... f]o • . • •..•••..••. t 

\~--~~~~~~-;~~:~~--; ~~:~~~' 1 

R. E .• Halter ............ . 
C. O. Boutelle ............ . 
..... tlo ---· ............. . 

J.P. Ba.nkl1ead, U.S. N .. . 
C. O. Bout€lle. ... . 

• •••.. do ................. . 

J. N. Maffitt. U. S. N ..... . 
..... d<> ................. . 
..... do ..•...•••...•.. 

.. ... do ......... 

.. _ .. do 

W. S. Edwards. 

..... du ................. . 

Charl~R Hosmer ....•..... 
..... do ............... .. 

J.P. Baukilead, F. S. N .. . 

..... do ................ . 

.. ... do ................ .. 
Cb1\Tlea Hosmer .. - .... . 

..... do .......... .' ..... .. 

C. M. Faantloro,r, U.S. X 
J. N. M•ffitt, U.S. N ...... 
. ••.. <lo ...••••..•••• --··· 
C.O. Boutelle ........... . 

277 

G!M 

371 

373 

53:l 

1193 u i 
1194 

350 

123<! ab 

ti2-6 

ssa 
254 

jJ(i 

G~:J 

41 l 

981 

87' 

1oa4 
1~06 

7H 

742 

743 

11;1:la. 

1155 b 
67i 

6.1J 
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Localities. 

Port Royal Bay and Broa1l Ri\•er. _ ...........•.. 

Bruad Hi\'t:r ....•...................•..............•.... 

Broacl River and tt'ibntaries ................•........••. 

Beaufort River, from its mouth to Little Mar"l1 Ielantl 

State. 

South Carolina .. 

. . . tlo ........... . 

... do ..•.......•. 

- .. do ........... . 
Beanfnrt River, fro:n Mar.sh Isla.ml to Beaufort ...•.•...... J.o ........•... 
,Jericho, Chowan, ancl Ballast. Creeks, tributaries of ... do ...•....•... 

Beaufort Rl ver. 

Chicheseee andCo1leto.ll Rh,ers ............................ do---·-·· ... . 
Calibogue Soum.l and part of Broad Creek................ . .. do ...•.. _ .... . 

~knll Creek......... ·····--······------ ... <lo ..... 
Savannah River Bar ................................ __ . --· South Carolina an{' 

Georgia. 
Savannnb Ri~flr Bar (r1~oonnais5ance) ......•..............• do ......•..... 

Sa~aunah Rh·er entranc~ ..................... -· ..... - . . ... <lo ..••.••...•. 
SaV"anuah River ......................... - ....•• -· ..... --· ... do ............. . 

Savan11e.h River, Hutchinson ant\ Elhn Islands •.. --·· --1· -~ -.do · · - -· · -- · · --
Savannah River, Prout and Dack Rivers ............•..•.. do ...... _ .... . 
Savannah River, part of Hutchinson aud Arg:i·Iel!!-la.nds ..•.. do ...•......•. 

Savauuah. River, Argyle. Omduw, a.ud Isla Isla.uds ..• -- . . . do ..•...•....• 

Savannah River, opposite .F'ort Pulaski, showing tho . do ............... , 

po~iUou of obstructions. 

Scale. 

1-2(\ 000 

1-10, 000 

1-10, 000 

l-10, coo 
1-10, 000 

1-10, oou 

1-10, 000 

1-10, 000 

1-10, 000 

1-20, 000 

1-20, 000 

1-lO, oco 
1-10, 000 

1-5, 00'1 

1-10, 000 

1-5, 000 

1-5,0DO 

1-10, 000 

Off-sh( re sou11dings, 1J~tween Wtuya.h Ba.y aml Amelia. Sout}l Car-olina, 1-300, 000 
IsJand. Gt3orgia, au d 

lflorida. 

Off-shore soundings betwten Win)'ah Bay and .Amelia 
Island (replotted). 

Off.shore sonn<lin.u;R, between Cha.r-lt".ston Hai bor a1ul 

Sa.int Andrew's Sound. 
Off-shore souodiug~. from Port R-Osn.l en1rancc, to W:: s-

aaw Sound, Geskin and Joiner's Banks.. 

___ do .. --········ 

South CaroliDa aru 

Gt'.'orgia. 

... do ........... . 

SavannabRiverentrance ........................... --· · Geor.g:ia .......... . 

Lazaretto Cref"k and part of 'l.'ybee :Roads ...... , .... -··1I ···.it(} · ---- •• ·•• -· 

SavaunubRher,t'romT~·be-elig-httoElbalr.lanrl -·-- ... Co----·-·---
Savanuah Ri·yer, from Elba Island to Flg Ieli:lnd . . . .. . ... tlo . "'·· •..•.•. 

Savannah Ri:ver,city frout ................................. do ........•... 

Savannah River (with tur•o12,f'Bphy}, 2sheoets ··--··-·--·)·-··tlo ........... . 

Savannah U.iTt'.r (with t-01mwaphy}, 2abeets ............ : ....... do ............ . 
'Vilmingtol! River alld estnariee ..................... ·-·! .... do ........... . 

Komerly Marab<'I! .............•..•. ·-·-····-·····-- -·- I· .. do ....... ···-· 
Entrancet-0 WaMaw Sound ..••........ ·--·-·····--·-· I··· do 
Confluence of the Tybee and Wilmington Riveni. ···-· I· ... do 
Ogooehe0, Vernon, and Rnrmd~le Rh~ers ! do 

oa~abaw Sonn•l a.ad Vemon and 0£eeChee Rivers ......... do 
Saint Catba1int1's Sound and est1uaies. ..•.•..•. .. .• .. . ... d() 

Saint Cath.ariu"''t1 ent,rauce ................ -........... <lo .....•.••... 
Sape1o Sound ................................... - .. .. . . . . ... do .....•....... 
Sap<>I<> Sound and adj•eent waters ..•.... _ ..... --·-·... . . do.····-· .•... 
Sapslo Ba.r and appro.achet11. . . . • . . . . . - ....•...•.. _. . . do ....••..•.• ~ _ 

Inland P""'""il:"" between Sa.pelo aod Dc>l>-Oy Sounds ....... do.····-· .... . 
Doboy Bar aml Sound i reoonnai88ll.uce) .• . • • • • . • . • . .. . . .. <lo 
Dobo~- Inlet ancl a.pproRchea ---··· ............. ___ " ... do.····-· .... . 
Doboy Soun<l, with Darien and ~forth Rivers and adja- .• do ........... . 

cent creeks.. 
Dooo;v andSaintSimon'aSound• .................. " ___ do ·-··--- .... . 
Co""t from Alt.arnaba Sound to Saint Simon'• Soun<l ....• -.do ....•••...... 
Saint Simou'e entrance .......... -- ............................. , .... do ............... . 
Saint Simon'• Bar and Bruns..-lck Harbor ... ______ ,, __ .... do.···--······· 

Saint Simon's Bar anil Bmnowl.,J(Harbor .••••. ·····-· ..•. <lo··-········· 
ll:runowiGk'Ilarbor .••......•••..•. _ ........................ do ............ . 

Jlronswick Harbor and Toitle Ri.,.er ...•... ·-·-········ .... do ..•••. , •.•... 
Saint Simou'a w liaillt _Alldrew's Sound ..•••• ·-·...... . .•. do . ·-·-·· ..... . 

Saint Andrew's and JekylSoonds ....... ·-··· ···-·. ··-· i. ---do .••.••. ··-··· 

1-100, 000 

l--3GO, 000 

1-10, 000 

t-'20,(100 

1-lO, OCO 

1-lO,UOU 

1-10,0('Q 

1-5, ouo 
I-2, 400 

1-2, 400 

1-20,000 

1-5,00U 

t-· .. v, ooo 

l-~O. OL'O 

1-~0. 001) 

1-cO, OUO 

1-ml, (.Q:J 

1-10, ODO 

1-10. 000 

1-20, 000 

1-10, 000 

1-~o. ooo 
1-20, 000 

1-10, 000 

l-!10, 000 

1-20, coo 
1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 
1-110, 000 

1-20,000 

I 
I 

Date. 

1862-'3 

1865 

lr65 

1862 

1•62 

1868 

1859 

1862 

1861-12 

18.H 

1851 

1852 

1850 

1852 

18JI 

1852 

1852 

1862 

1858 

18:.s 

1860 

18G6 

1866 

le63 

1866 

le65-'0 

letlo-'6 

1~74 

1814 

1Bfi5 
1~;.;6 

1864-'6 

1B63 
1865 

181i0 

k67 

1867 
18;.s 

1858 
1859 

letis 

1854 

1868 

1868 

187'2 

1!!60 

IS:>tl--'7 

ll'S6 

1856 

1~1!6 

185'1 

1S6ll-''lll 

1870 

Ilyurogropher. ·R~gister~u 
] number. 

I C. 0. Th>utelle -··-··· ..... I 
i R. E. RaltN'. ............. . 

: ..... do--·······-·-····---! 

! ~---~:=u~~'.l~.::::::::::J 
I Charles Hosmer...... . . • . \ 

1 C. M. :Fam1 tl•roy, U. S. N .. [ 

. C. 0. Bouten., ......... ····j 
I ·-···.do.-.............. .. 
I J. N. Maffitt, U.S. N ...... 1 

I :::: :: ::::::: :::::: ::::::) 
...... do ........... -. ······i 

::: .:::::: ::::::::::::11: 
do .................. . 

.. do----··-·-·--· 
C. O. Boutelle ....... .. 

T. B. Huger, U.S. N ..... 

.. no·-- ... -......... -

J.P.Ilankhea<l, U.S.N .. 
C. 0. Buuto-lle •.•.••... 

.... do . ----··------------1 
w. s. EdW1t1'dS ··········· 
C. 0. Boutelle ....... 

...... do·-····--·-- ....... 
Oh arles Hosmer ···-····· 
... do ···--· 

C.Fendall ............... 
J. N. M11ffitt,"u. S. N ....... 

C.O Boutelle··--·--·-··-
W. S. Etlwarua ••••...•• _ .. 
C. }'~1Hlttll .••..••... -·~··· 

C. M. Fauntleroy, U. 8. N .. i 

CJ:i:arlt's Junkt:m ........... 

do ... ---.. ~ ........ -. 
J. H. }foore, U.S. N. ···- .. 

. do ............... _ .. i 
O. M. Fauntleroy, lJ. S. N .. 1 

Charl~s .Tunkien. -~ ....... ·· 1 

T. A.Crave.a, U.S. :S- .•••.. 

Charles Junken ..••.••.•. 

... -.do···-······-······· 

F.P. Webber .•.••..•••••. 
J.P. l!ankhead, U.S. N ... 
S. D. Trenehard, U.S. N ... 

"•--·do.············-·-·" 
. --·-·® ·····- ....•........ 
··----do··-·-······-······· 
.••••. do .•••.•••..••.•••••. 
R. E. B:altar and J!'.P. 

Webl>t'r. 
ll.. E. Halter ...•.••.• _. __ ., 

831 

869 

868 

802 

&H 

962 

679 

80! 

805 

439 

269 

317 

:!61 

318 

266 

319 

320 

807 

653 

7l7 

728 

•66 

944 

842 

945 

946 

947 

12·~2 a~ 

1~~3 ab 

f66 

tH1 

904a 
904 ~ 

~67 

733 

lll6 

928 

659 
64;0 

691 

959 

461 

957 

964 

ll4ti 

810 

500 

53'1 
548 
575 

!58'1 
1133 

IOllO 
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! Scale. Localities. State. 

-----1-~---

Coast from Saint .Andrew's Bar to Saint Mary's Bar 
Jl"lorida Passage, from Saint .Andre.w't:i Sound to Cum

berland J~dand. 
Saint Mars's Bar an(l Feruandina Harbor ............. . 

Saint Mar_v's Bar (rf'Pnryey) .............................. . 

Saint Mary's Bar and .Fernandina Harbor . -· .......... . 
Sa.int MarJ'S entrance and Fernandina Harbor 
Saint Mary'R River .... __ .............. _ .................. . 
r•art uf Saint Mary 1

8 River up t-0 Saint Mars~s .. ---- .. 

Off-shore soundings from Fernandiua to Ca.pc Florida . 
Main s1ii-p-e-hR.nnel o\·er Saint M:iry·s River Bar. 

S>lint Mars'a River Bar (2 sheets) .••••••••. __ ......... . 

Saint Mary'RRiverand estuariea .......... -----------

Gftorgia -·-------- i 
- - €l1) • --- - • - ·- - - • 

I 

\ Georgia and Flor- l 
I -i~:· -··-·-------1 

... du ........... 1 

- - ~o I 
... do ............ !', 

... do ........ .. 

.... do .......... . 
Florida _ _ .. 

...do ........... . 
.... do 

1-20, (100 

l-2Q, 000 

1-10, 000 

1-10, noo 
1-20, 000 

1-10, 000 

1-10, 000 

1-40-0, 000 

1-20, ()()0 

1-10, ()()() 

1-1-0, 000 

Nassau Snund and estuaries............................. do ....... ___ .. -: 1-10, 000 
Part of Nassau Sound ...... ---- ............ ___ ... ____ .. do ..•.... __ 

Coast from Saint, Mary's to Saint John 1 s Bar .....•.••. ! . .do ........... . 
Fernandina to Saint John's River..................... do . ___ ...... . 
Naasa.uSoundtoSaintJohn's lUvcr ............•..•..... do ..•.....•... 

Saint, Jobn"s Jtirer entrancfl and Fort George Inlet ......... do ..•..•..•... 

l-10, O-Ofl 

1-20, 000 

1-10, 000 

1-10, 000 

Saint John's Iki.r and v-icinity {enrrent-cbart) ·--. ••• •. . • .. do ......................... . 

I 
Sait1t Johu's River Bar (re~urvey) ........................ J .... clo ............. . 
Saint John'~ River, l:IaJport :Mills to Brown'R Creek_. _ .. do- ........ --· .. 
Saint John's River, Brown's Creek to Six Mile Creek .. 
Saint John's River, Jacksouville and vicinJt,y ... 

Coast between Sailit John's and .A uguRtine llarR ...... . 

Saint Augustiut' anll ,·foiuity ................. ···-· ..... . 
Saint Augustine Harbor· :tpproacbt.>s ............. ·--. __ ... . 

Saint Augustin~ Harl.mt', unH ~orth aDd .Matanzal" 
Rivers. 

North and Guano Rivers ..... __ ····--··-·-··-·········· 

.. do ........... . 
.. .. do ............. ; 

; 
.... do ............ -\ 

.... do.·-···· ...... . 
... do ........... . 
... du 

... du ..••••.•••.. 

MataDzas Riv-er·:·······-· .................... ···-··-··-- ···.do·--········· ·1 
Ma"Ulnzas River .................................... - ........... do········-··- , 
Matanv~as River and Inlet .............. ·----··---------- .... do ............ . 
Part "f Halifax River (:J aheets>. ..................... . .. do ........... . 
Part of Halifax River (2 sheets)....................... _ .. do _ 

HalifaxRiverandtrilmtaries (2oheets) .................. do ............. j 
Moeqnito Inlet (reconnais-sance) .... _ .................. . 
Cape Cana.veral Shoals (reconnaissance) ................ . 

. do. ___________ i 

.do .......... .. 

Key Biscayne and viciaity ·--·-. --- ............. --- .. do ........... i 
Key Bisca}·ne and Card Sound ....................... . .. do ............. j 
Florida Reef, Trinmph Reef, and Olrl Rbod•e Bank .. . ·-do ............ / 

Pacific Il.eeft-0 Cary•fort Reef ........................ . .. do ............. j 
Carysfort Beef to Grecian Shoal ................... . 
Florida Reefs, Grecian Shoal to French Reef ......... . 

I ... do ............. 
1 . . .. do ............. ·-·; 

Florida Reefs.. between .Alhgator a.nd French Reefs._ - .. do . --- . ----·. --1 
Florid~ Reefs, abreast of UpperaJ>d Lower Mate. um be -••. do ...... - ....•. 

1

i • 
Keya. 

Florida.Reefs, fmm Collin's Patches to Tennessee Reef .... do j 
Gollin'• Pat,,bes, Florida Reefs .......... -- ............ -- d<> --·- -- ···- I 
Fluride. Reefs, from Coffin's Patchest-0 Boot Key...... . . do ............ ; 

Florida Reefs, from Bahia Bonda to Key Vaccaa .•••• _ .... do ....•..... -1· 
Florida Re~fs, from .A.weric&n Shoal to Sombrero...... . ... do ..•....••... 
Florida Reefs, from Eaot Sambo oo Lo11gerhe1td Key... . . d<> .. 

Additional sonndi.ogs off Boca Chica .••. • • ·• -... · • - • • - - · .. do I 
Key WeatilarboraJJd vieinity....... ........... . d<> 

Approach.,. to Key West from the noltl1weet .............. d .............. i 
Key West Harbor .................................... --- do ............ ! 
Marqueaa.&.Keysand vichdty of Boea Grandee .......... ·~·.do ............. ·\ 
Boca Grande, Marquesas Keya and vicloity ...•..••••. I_ .. do ............ 1 

Rebee<'& Shoals, 1reoon11al-oce) ........... - -I·· .. do - ••• .. · ••• .. I~ 

1-10, 000 

1-10, <Hiil 

1-10, 000 

1-10. 000 

l-20, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10,0-00 

1-10, 000 

1-:;, coo I 

1-5,000 

1-5, !00 

1-s, oou I 

1-0,000 

1-20, ooo I 
1-:C0,000 

l----20,000 

1-20, 000 

l-20.000 

1-20,000 

1-20, 000 

1-20, 000 

1-40, 000 

1-20, 000 

1-o;zo, ooo 
1-'.!0, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20,000 i 
1-20, 000 

1-~0.000 i 
1-5, 000 i 

1-0!0, 1-00 i 
1-20, 000 ! 
1-10, 01;0 . l 
1-30, 000 'l 

Date. 

1~70 

1870 

1857 

185.') 

185!'1-'G-'7 

1F56 

1856 

1860 

18ti9 

tr;74 

li<7l 

1871 

li'7l 

]~71 

1~71 

187:! 

11353 

1855 

1es1 
]fl;'\'} 

lt-5.~ 

18;;:) 

1874 

1870 

le6o 

lt60 

1870 

1870 

1672 

1872 

1874 

1874 

1n4 

1851 

lew 
l!l52 

1854 

1>•53 

18.'\4 

1~55 

1851) 

lg6;c 

lt62 

1860 

18.H 

11'5~ 

l~5i< 

1K."i6 

1e.;;1 

1851 

1;,n 
Je50--'l-'2 

1851-·2 

18~2 

1852 

-I 
I jRPgiio;tPrtd 

nu111l)er. 

! S. D. Trenchard, U.S. N ... 

I 
j ...... do ................ . 
j H. Wainwright, 'L. S.-:> _ .. 
( S. D. Trend1ard. U.S. K __ .. 

/ .•.... tiu ........ ·-·-·· •..... 

i------clo ------ .......... . 

I
I A.Murra.t", e. s. N ....... . 
I:. E. Halter ......... __ _ 

F. D. Grange!' ........... ' 

I 
F. P. Wehl>er 

rlo 

do 
I 
! 

do 
do ............... .. 

i---·- rlo 
j T.A.Cr:n-e-u,G.S.N .... 
I IL w.i1rn lij,J.r, L'. s. N .. ' 

1

1

' ii D. TrPnehnrd. l". i\. 1\.' 

S D. 'l'renebord. U. 8. N. _. 

H.. ·wni11w1ight, r. S. N .. 

..do .................. . 

.<lo.··-·········-···· 
F. D. Grani:<>r ............ : 
II. Am1ensuJJ .............. . 
A Murrny, U. S. N 
...... do ...... 

Il. A:ud€nru-n ... _ .......... __ 

......... do········---- ······; 
A. M. Ha1ris(r:n ............. . 

do 

. ••... do 

dlJ 

do 
i John Rodgers. V-. S. N ... 

1 ........ do ............... ·--~-
' ...... do ..... . 
i T. A. Crnen, r:. S. N .. _ ... 

1 ••••• do-··------·-- ..... 
1 .do ................ . 

do ................ . 

do ................. . 
E. Cordell. ....... _ .... _ 

G.Davirlson ............. . 

I 
J'. Wilkin•on. U.S. N ..... 

-~--~~~:a~~-~·-~ .. ~·~:·::: 
I 

W. G. Temple, U.S. N. 

-~--~-~ra:·~.''.'_u:.~--~ ::::: · 
IE.Cordell. ........... --

1 

John Rodi:1·r•, U.S. X .. . 
Robert Platt, U.S. :N ..... . 

, John Rocige1~, U.S. N ..•• 
1 

i····· rlo ........ --·-· 

l
" .. ··-·.·_-do ........... . 

do .......... . 

S9l 

;;71 

479 

579 

550 

7i0 

9t<{J 

121~ ab 

1112 

u1:l a 

1113 b 

ll!U 

llll 

ll47 

351 

51 l 

S86 

481 

482 

484 
12:!4 

1036 

71'.! 

7!1 

10J6 

1041 

1141' a 
JH~ b 

12.12a br 
123:~ a ,J 
12.H al 

2fi0 

224 

407 

4H 

369 

443 

5fj8 

553 

777 

774 

773 

417 

714 

fifl:J 

6E9 

650 

779 

281 

11:ll 

3:J8 

!IS'.! 

:Jli9 

313 
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~rl•••• H°''"' ~·'::<fo• ....... : F<oc>::'·.~ r::.00 
Ofl"-sh'°re 8{mudiugs from Sarubreroto Sand Ke_ys •..... ! .••. tlo ...••• .•••.. 1-160,000 

Off-shore sonn1li1Jgs, Straits of Florida westward ....... j .... do .. ---·-. __ .. _ 1-4-00, 000 
1 

Off.shoi-c soundings, Straits<tf~"'loridaea.stward .... -- j ___ do .............. 1-400,000' 

Off-shore soundings from Key Westto CllarlotteHarb-Or.: ... do............. 1-400, 000 

Otrshoresoundiogs fl'()m Sand Kc}s to Marqueaas Keys 
1 
.. _.do . •. . •.. . .•. .. 1-40, 000 

OJf-slwrn sonn<lillgs from Mal'qncsas Keys to ll.-0becca .... <lo............. l--40, 000 

Shoals. 

Off·F-lion~ soundings. aJ:proaches to Drs Tortugas Keys. _ ... <lo .•. ·-· .. ·-- .. 
J.1'lorirla Hcefs 1 from Marquesas to Dry Tortugas Keys .... do .••.•..•..... 

Florida Reefs, we~tcrn cud Marqut'sa~ to Dry Tortugas .... do .•. --·· •.... 
Keys. 

El Moro to Play a de Marianao, north coast of Cuba .... Cuba ... --· .•..•.. 

Yucatan Cba.llniel, from Cape San ..l.ntonio, Cuba, to Mexico··---· 
Catoche, Yucatan. 

~an Carlos .Bay and Catoosa entrance . _ _ _ _________ .. - . Florida .......... . 

l)iac Islan1l SJUlld, part of, and a11proaches lb- the Ca- do .......•..... 
loosabatcbee. 

Cha1·lotto Harbor, main entrance .•. _.................... do ..•.•........ 

Tampa Bay (reconnaissance) ..•.•..•..•....•...•....•..•. do ....•..•..•.. 
Tnrupa Bay (2 sheets) ......... , .•.....•....•.....•......•. do .•........•.. 
Bot:aCdgo Ba._y, froruJ(lb11'ttFasRtoTampaBay ........ do ....••••..•.. 

Jkca Ct>i,A"o Bay, from Intl!an PasR to Jobn"a Pass .•... 1 ..•. do ......••..•. 

Clear"·..1;ter Harbor ..•..•.•••.•...•.........•..•..... i ... do ....•.•••.••. 

\\raccaRa.s~a Ba:>-• .••••.••••••.•••••••.••••• - --- - - - ---- • 

WaocJ.aassa. Baj~··-··-·····-··-··············--·-·-··-· 
Cttdar Kt>iyM (reconna.ieiUl.noe of Channel No. 4) 

Cedar Keys ....•..........••....................•.... 
CedaJ' Keys .... _ -~ ............. ___ ................. . 

Ct·dar KcyH ......................•.....•......... ··-· 
Cedar Keys (resnr~•y) ............................. . 

... do------·-··-

.•. do ..•........•. : 

... do.·-·--····-·· 

. .. do .•..•..••.•. 

. .. do .•..••.•..... 

... do ........... . 
• •. do ......•.... 

Ce0111· KeyH, Northwf-st Channe1, and Sea Horse Chan- ! .••. do .•..•....... 
nel Uars. 

Cedar Keys, resurve~· of Main aud North Keys .....•.. -:- ... do 
Cedar Keys, main channel .•................••......... ' .... do 

Ocilla.River ....•. ·----- .•.... ·--------··· ... ·--...... . .. do ............ . 
Saint l.11\rk's IUr-er ............... ···-·· .... .. . . .•.•... . .. do ...... . 
Sa.int M.ar"-'s River Bal'........................ . .. do ... __ . __ 

1-40, oou 
1-ffi, 000 

1-&l, O<lO 

1-10, 000 

I-WO, 000 

l-20. ouo 
l-;JO, 000 

1-40, 000 

1-60, 000 

1-20, 000 

1-:IO, 000 

l-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-lU, uoo 
1-20, 000 

l-\!fl, 000 

1-20, i)()0 

1-10, GOO 

1-10, 000 

1-10, 000 

1-10, 000 

l-10, 000 

1-tO, 000 

1-20. 000 
Saint Mark 1s River Bar and Cl.Jannel (rec-0nna.iRBance). : .•• do ...... -- ..•. , 1-~- 000 
Saint George's Sound, Saint .Joseph's and Saint Mark's ... do ... ·-·-._ ... ! ..... . 

·.-.·ddo
0 

·.-•• ·.·-·.·.·-·.·.·.·_·_·II. 1-20, ooo Saint George·s Sound, eastern pa.rt........................... 1-20, 000 
SaintGeorgu·ssound,eastpa.ss. ............ _ ................. do .............. 1-20,000 

(reconriaiss.ance). 

SaintGeor~e's Sound, new channel····--·······-··· 

Saint George!e Sound, west pass ...... - .................. i. .... do ................ ! l-20, 000 
Olfeastern part of Saint Georj!e's Sound, from East : ..•. do .........•••. / 1-20,000 

SaintGeorge'oSonncl .................................. 1 •••• do .•..•• •••••. 1-20,000 

Pass to &utbw~at Cape. I 1

1 
Saint George"• Sound ••....••...•••.•.••..• - .•.•..•.••. i- ... do . ••.•••.. •• . . 1-40, 000 

Appalachicola River, mouth of ......................... j .•.. do ••••••• •••••· 1 1-20. 000 

§~f::@::· .••••. :•·• •••••.••••••••·l···•E ••••••••••-••1 l§~ 
ChoctnwhatclieeBay .•..........•...•.••.............. I ... do --------·····1 l-20.000 
f;anta Rosa Sound, The Narrows, and west end o1" Choo- ; .••. do . •. . ••• •. .. .. 1-20, 000 

t.awhattbP..e Bay. ,.. l 
Santa ltosa &un<l, from Deer Point to Long Ptitcharrl ! ... do .•..•.....••• 

Point. 
Santa Maria de GalvaeA llay .••.•••....•....•......... •• do ..•....•..•.. 
E"""mbia Bay............... ...... ..•.....•..•..... .. do ........... . 
Pensacola Harboi·, shoal epot off navy-ya.rtl ..•..•..... _ ...•. do ....••••.••.. 

Pf'n~af'o1A. Barnud Ray entrance ............................ 11-o .............. 1 

1-~o. 000 I 
1-20. 000 

1-10, 000 

1-20, 000 ' 

Date. 

1873 

1858 

1869 

1869 

1867 

1867 

1870 

1861-·s 

1867-'8 

1871 

l~fi6-"7 

1806 

186.J 

1855 

1874 

1873 

1873 

1"73 

1~57 

1856 

1852 

1854 

1R55 

1855 

1860 

18GO 

1B58-'9 

187t 

1855 

1856 

1B56 

1852 

1B52 

1858-'9 

le6o 

1858 

1858 

1872 

1871 

1873 

11'59 

1860 

1874 

1856 

1855 

1872 

•871 

1871 

1861} 

1860 

1860 

1856 

-------·-----
Hydrograplier. 

i J. A. Howell, U.S. N --···· 
i R.Platt,U.S.N ..•••...... 
i ...... do ....... ·-·-··-··-· 
.••... do ..•.....•..•••..•. 
..... do .....•..........•. 

...... do ..•..•..•......... 

...... do .....••....•.•••••. 

. ..... do ..•..•.••.••..•.•.. 
do ...................... . 

. .... do ..•.....•..•.....•. 

Vi'". S. Edwards .•....•.. 
R. l'latt,.u. s. N ...... . 

W. S. Edward• .......... . 

C. T. Tunlella ............• 

E. Cordell.. .•.....•...... 
0. H. Berryman, U. S. N .•. 
A.Braid ..........•..•... 

H. G. Og<leu .............. . 
. .... do ......•.•........• 

. ..... do ..•....... ····-···· 
J.K.Duer, U.S. N ...•..•. 

.••• d(} ····--·-····---··-
.F. H. Gerdes .. ___ ...••.... 

O. H. Berryman, U.S. N ... 

---- •. d() - ••• -·· ··- ·-· --- ·-

. ..... do ..•..•.....•..•..•. 
i J. J. Gutbrie, U.S. N ....•. 

j ..... dt> ··-·····-· ··-····· 

i 
I T. B. Hi1ger, U.S. N .•••.•. 

I

, F.P. Webber ..•.....•..•. 

. ~--~·!er~~~~.~:-~--~:~: 
I~--~-~"~~:.-:.-::::::::: 
....•. do ..••....•.....•.... 

J.K.Duer, U.S.N ...•..•. 

T.S.Pbelps, U.S.N .•..•. .J.K.Dner, U.s.N ...... . 
.••... do ................ . 
H. Anderson ..•••.......• 

...... do .................. . 

.••... <lo .••.....•....•.... 

J. K. Duer, U.S. N ..••... 
T. S. Phelp•, U.S. N ..•.••. 

H. Anderson .. -----··-··-· 
(), B.. Berryman, U.S. N ... 

..... do ·J·- ·····-····-··-

R. O.Qgden ..•••..•.••••. 
....• do ...•...•......•.... 

.••.. do ..••.•............. 

T,S.Phelpa, U.S.N .••..•. 

..... do ..•.. ·-·····--···· 
T . .A. Grav n, U.S. N ...• 
,T, K. Doer, U.S. N .••..... 

1

1 

Registered 
r llUllJ}J{,r, 

1199 

1066 

1090 

1091 

911 

912 

1052 

955 

954 

1076 

9CO 

1137 

917 

903 

i97 

478 

1235 ab 

ll71l a; 

1178 0 

ll74 
581 

531 

304 

424 

513 

512 

713 

716 

668 

lil!IO 

517 

541 

540 
305 

307 

688 

734 

655 

654 

i.156 

1092 

1184 

687 

747 
1241 

518 

514 

1141 

1107 

llllS 

731 
732 
719 

585 
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APPENDIX No. 8-Continueu. 

Localit:es. ~------·~- ----:::-. -~ \ Sca~~-1 Date .. -1-=:ydro~ra~-=- I Heµ:iPtered 
number. 

Wristcoast of Florida······-········---·-······-··---, FJoritla ..•....•••. 1 J-600,000 18"';"2 \ .J.A..How .... 11 1 TI.S.N ..••• 
Xeyl\.,..t~sttuDelta............................... i .•. do ............. 1 l-121\000' 18.'.H-'R ll .. F.Sandt$,L.S.N 

Gulf of l.-Iex.ico, sounding-a an<l temperaturt>s ..... - .. . i---------- ; 
I ::· ::::::::::-::::.11-1. ~00, 000 Gulf of :Mexico, dt-e1Mwa temperatur~~ ....... - . - .... -

Gulf of Mt'xioo, t1e(~p-st>a soundings and tf'mperature. 

Soundin~s from Mubile Bay to Mil'lsissippi Ddta ..... . 
.Mobile Bay, eastward from Fort .Murgau ...... . 
Pelican Cba.nnel (resurvey). __ ......•............... --
Pelican Cha.noel (resurvey) ..... __ . __ .. __ . 

Mobile Day, north of ])r.,uphine Island ....•........ ---

Mobile Bay, approaches and entrance .... -- .... -- ..... . 

Mobile Bay, lower part .....•.•.....................•.. 

Jifobile Bay, lower part_. ___ ............ ·---- .........•. 

j Alabama .•........ 

.. do·------ . 

do·---------·-· 
do .•.••.•••.•.. 1 

. do ....•.. ······! 

.• do ------. 

... do.-----·····-· 
Bonaecour Bay .....•............•......................•. '10 .••••••.••••• 

Mobile Bay, middle and uppeT part .. __ ......... __ .. do ............ . 

Mobile Bay, upper 1,art and Dog: River Bar .....•.... - do.··---·····-·' 
Mobil fl Bay, Delta and MobilB Cit~· .. _. do ····-- ..... . 
Mobile Bay, Upper Delta ... -· -- ·-----·-- .................... 

1 
••• do ............. . 

!-(,{)(), 000 

1-':!0, 00() 

1-W, OOC 

1-~U. 000 

1-20, 000 

1-20, 00(1 

1-20, 000 

1-~0. 000 

1-20, 000 

1-20, {IOU 

1-10, 000 

1-10, 000 

1-10, 000 
Tensaw,Spauisb, and ~lobile Rivers, and Dog River I ... do ............. . 1-JO, 000 ! 

Bar (resnrvc.v), 

From Murdfr Point to Grand Bay, Jrlii!!sissippi 8ouml.. Mississippi·······' 1-~ll. 000 
Off shoro, westward from Fort Morg-an, Mississippi! do ............. 1 1-201 000 

&=~ I 
Horn ltda.ml Passage to Pas.eagoula 1 Mississippi Sound 

1 

do ........ - ..•. - 1-:lO, 000 

From Pasea.}?;on1a RivP-r tn eaRt, f!Dd of Horn !~land.... tlo ............. i 1-20. OUO 

Horn Island Channel, Mississippi Sound .............. - . --1- ... d-0 ........ -- ---- i 1-~0, 000 

Horn Island Pass ·-··-·----·------·······-··-----------1-· do·-·----·-···"' 1-20,000 
Horn Island Pass (resurvey) .......•.•. -----· .... ---- .. 1· ... do . -- .•.. ------1 1-20, 000 
Southward of Horn and Ship Islands ....... -- . --- . -- - - .. do . --· - - . -- --- .j 1-~0. 000 
Between He>rn Island and Ship Island ..•.... -- .•. ·-- .. , ... do . ---- .. -- ·-.·I 1-20, 000 

Biloxi Bay ... __ ..••... _ ..•..•..••....•.. - -- - .• - .• - -----: .•. do . - ........•. .' 1-20, 000 

Mis~i~sippi Sonnd, from Cat ls laud to Mistds~ippi City· I·- .. do .... --- -· --- ·'I 1-20, 000 
Missis~ippi Sound, Cat and Ship I~lamls ............. -!-- .. tlo .... -- . ...... 1-·W, 000 

Saint Louis Bay and part of Mississippi Soruid ........ 1 .... do ·······-----· 1-20,000 

Pa•sChristian ............•..•..•.....••.........•... -1 ... do······------·/ 1-10,000 

PassChristianandpa.rtot"MiBElissippi Sound (resurvfyJ1 ... do ............ i 1-00,000 

Part of Cha.odeltmr &>nucl and Nassau Roads ............ i Mis~issippi and j .......... . 
l Louisiana\... ! ! 

Grand IsJaml Pass aud Pearl RiYer ent1·ancc .••..•••••. 
1

: •••• do .............. \ 1-20, 000 : 

1-5, 000 i ' ' Grand Gulf-. ••••• __ •••. __ --------- ..••.... ____ •...... --1 Mis•issippi. ·- .... j 
Ship- Island Shoal .....•........... : ....•...•..•..•.•... 

1

! Loui~iana .•.•..... ! 
NaeSJ1.u Roads, north of Chandeleur Island. -- - . - --· - - - ·.· - .. do · ···· · - ·· - - - ·1 

1-20, 000 . 
l-20, 000 : 

1-40, 000 i 
1-40, 000 i 

Cbandeleur Sonn<l ---· ...••.•. --- ......•.... -~- --· ... 1- - .. do - --- •. - -- --- . 

Lake Borgn<>. _ .••..••. --- ;- .... ---_- ...••. - ---- -- · ---- - · J ·· .. do - ---- ·· ·· - -- · 1 

Eaetern part of Lake Pontchartram. --· ..••• -· ..• - -- ·i ..•. do . -··-·- ----- .1 1-40, 000 

The Riitoleto. _ ••..•.••. ----- ... ···-- --- ... -- .•.. - -· - - - .f .• - .do - --- - -· ---- - -'I 1-20, 000 
The Rigoleta .•••.....•••. ··-. - ......... - ...•. -·· --- ... ·1 · -.. tlo - --- -·- ·---- •. 1-10, 000 
Lake Pontchartrain ...... --- .. _ ........•........ - .. --- . - .. do ·-··... .. . . . 1-40, 000 

Iale au Breton Bay._ ••• --···- •• --·--· ••••. --- __ - .•••••..••• do .•••.•.•.. _ .. I 1-40, ooo 
!ale an Breton Sound, eontbeaat part .......... _ ........ 1. - .. do ............ ·I 1-40, 000 

Dolt& Miesi"8ippi River (reconnaiaaance) . --- ... -- .... I. - •. do . --- ... ---- .. • 1-20, 000 

Approaches to llisaioaippi River ... -···-·------ .. --·· .. \-- .. do . --- ... ---- .. 1 1-40, 000 . 
ApproacW>& to Mississippi River.---- -- ___ . __ .... -- __ . ·j ·• •. do ..••••••••... , 

P&.88 l1' Lontre, Mi•si.08ippi Delta __ -- ..••... ____ .. ----·-I .... do . --- --- --- . . . 1-20, ooo 
p....,. A Lontre and Sautbc""t Paa• - .•...•..•••..••. - - - ./ .... do . ---- -- ---- .. 1 1-2'1, 000 
p , I aes ii Lout.re and b&r .•... __ ...•... --- --- --- .•..•••. ·-i .... do . --- ... ·-- .. . 1-10, 000 

Northeast and Southeast Passeo •••.• _ .••.. --·-_ ..•••• --I· -.. do . --· -·· ···-. ·\ 1-10, 000 
West, East, and Gard&n Island Bay• ..••.. _ •.. _ ..•••... j •••. do . ••••. .•. . . . . 1-40, 000 

§l~Ej, j; .. ~:·: ::: ·::· :_:::·:···:1··· E •·:•· ··1 1§~ 
Sou . I I tbweat and l!<mth P"-"8tl8 ••••• --- ••••••••• _ •• _____ •. ' .• _.do ......... ;_.. 1-20, 000 

1856 

1E:i4-"5 

1855 

1854 

li-51 

185:J 

1855 

1847 

1847-"8 

1848 

1H49 

ltl51 

1~50 

1849 

11•50 

1850 

1860 

1852-'3 

1853 

1816 

1852 

1853 

1851 

1855 

1855 

IS55 

1848 

18:ffi 

1851 
18;)7 

1-857 

lf56 

1864 

1853 

185~ 

1873 
1870 

li<70 

1870 

1859 

1871 

1869 
1~69 

1851 

H'71 

1872 

1860 
]8()7 

18G7 

1867 

1868 

1867 

1967 

1867 

1$7 

18~ 

. ... do 

..... tlo. 

0. R. Berryman, r. S. X 

ll. F. Sands, l'. S. N .. --- . 
..... do ...... . 

..... do ...... . 

..... do ----·· 
I C. P. Patteni:on 1 "G". S. N .... 

..... do 

. •••. do·------·----- .•••.. 
1 

..... do .................. / 

James Alden, U.S. N ... . 

. .. _ .dn. _ ------··--- .... . 

0. P. Patterson, "C. S. N .. . 
James Altlen, U.S. "S 

..•.. do ...•••............ 

.r. Wilkiu•on, r. s. N ... 

B. F. Sands, "C. S. N ..... . 

..•.. do ....•............. 

..... do ...............•.. 

..... do····--····-·····--
C. P. Patt-erson, T". S. N - .. i 
B. F. Sands, 1:. S. X •..... 
...•. do 

----·do ... ··-- •..•....•.. 
.•••. do ......••...•....... 
.•... flo ____ ..••..•.•.. 

••••• 110 • ·- ·-· •••• --· ••• - •. 

U. P. PatterROn, U.S.~ 

B.F.Sands, U.S.N ...... . 
••••. do •..•..••.....•.•.. 

..•... do .......•.........• 

.•••. do·---------··--······ 

...... do ................... 1 

I 
F. H. Gerdes ............. . 

B. F. Sa1Jds, U.S. N -·-··· ! 
...... do .........•.. -····· 
F. D. Gran~er .............. 1 

~'. l'. "'ebber .......... . 
..... do .........•....•... 

..... do ..•.•.. ---·-· ..•... 
W. S.Gilbert. --· ...••. 
.J. S. Bradford .•... 

F. P. "'pb\wr ... -- - ..... . 
..... do 
B.F.Samls, (T.S.N ..... . 
.r. S. Bradford ... -- ..... - .. ' 
l''· D.Orang-er ......•...•. 

.T. J. Guthrie, U.S. N .... . 

F. II.Ge.nl•~ .......... . 

..... do.-------------

..... do ............. . 

F. P. Webber--------. 
F. H.Gerdcs ......... . 

...... do ···--·--·-·· ··-·· 

...... do.···--·-··· -- ··--·· 
..... do . -- --- - - .. - - .. -- .. 
B. F. Sa.ads, U.S. K ..... . 

1138 

5!)9 

483 

466 

42{) 

2\12 

3Gl 

4()7 

Wl 

19;}; 

193 

21::. 

263 

"i37 

320 

2t:il 

3:1'3 

363 

190 

327 

3(i2 

430 

2.16 

5!<!1 

598 

545 

846 

360 

363 

llil 

1055a 

10551> 

lOM 

671 

1115 

999 

1000 
255 

1116 

115-i 

715 

989 

9~'7 

926 

991 

9~0 

925 

923 

9-24 
33() 
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Lor,alitie-:;;. 

~IissiE'Bippi RiYcr, }.Jart of, .•..•....•.••••....•.. - .•.. · 
MiRR111~ippi Ri'l;er, frnm Nort11 BasA to Grand Prairie. 

MissiR~ippi River, from Grand l)rairie to Bohentia ... . 

Mit>1sis!?ippi Jtivsr, from llohemla to Pm:p1·ty Point_ .. . 

1rhssis~ippi lU~er, from Poyert~y Point 10 Scarsdale .•. 
Bnrn.taria Rn.Thor and Bar (reconnaies.nm::e) ......•.... 
:From Southwest. Pass to .Atchafalayn Bay (reconnaiH-

iSan-ce). 

Atcbalalaya Bay. __ ..... -----. _ ... --· .......... _. ----. 
.AtcbafaJaya approacLea . _ ....•...........•......••.... 

Atcbofalaya Jlay __ ... _ .. _ --- ... ---- __ . ·----. -· ----- ... 
COt.e Rla11che Bay, ea11tern part ................ _._ ••.... 

Vermillion Bay entrance (recouna.ii;;sance) -····-··-··· 
Calca.si en RiYer (reeonnaissaute) .. __ . . . _ .. __ •... _ .. 

Trinity Slioal .... --- ................................ . 

Slate. 

Louisin.na ..• ~ .•.. 
_ .. ilo --·-- __ ••... 

do ........... . 
do .. 

do .......... .. 

do ........... . 

.. do···----

do. __ ........ . 

<lo .•..•••••.• _ 

do-----------

do------------
-·do .......... .. 
... d-0 ........... . 

.. do ........... . 

Trinity und TigcrShonls ....... ·-·····-·······-····· ... <lo···-······· 
Off .shorf' from TimbalHer Bay to Galveston Rar . _... Louisiana and ~ 

GalYeston !lay, nppel' pnrt, Turtle Bay to Smith's Point.I T-:;.ai:: .. ___ ..... 1 
Galvei;ton Bay. f1om .Smith's Po-ut to :Edward't-; Poiut. .: _. rlo __ ... __ .... --! 
Galveaton Bay, from BoliYar Point to Eanna1s lsland .. j ... <lo .....••.... ·) 

Galveston I:;a.y,weAtfl't1 purt... ---···--·-····-I ... do·············! 

Ea8tGnlvf'ston Ba:,v- .................................. i do r 
Off Gah~stou llar aJJd westward ·-· ...••........ __ ... j : : :do . ~:::: ~~ ~:: :~\ 
Galveston Bar, outside au<l s.out.hward •••... ··········1 · .. do ·····-······I 
::~:::::: !::.~::~ :~:: ~ ::~~:: :~~:::: :~ ~:~ :: ~~: ~ ~~:: ~: ~ : ~::: : ~ ~ ~ ~~:~·-:: ~ _i 

~~;:::::~:~~::::~~.~Li~~::::::::::::::::::::::::::: I:::::.:::·::::::: I 
Galveston Bay, resurvey .....•.... a.· ...... · -- . -- -.... ·· \ . - .do · · .• · --- · ·- I 
Galt'e.ston HaTlior, eowpaTati~e chart showing cbauges I ... d<J ................ .. 

from l"-~l to 1867. ! j 
Galveaton.Bay,weet~rn entranee •M••··················l ... do I 
We8t.Galvest-0n Eay ..................................... \ .. do ····-~:~~::~~i 
Westward of Galveston Bar and Gah·eston lHlau(l ..•. 11 

•••• do ............. 1 

:.::&~:::~:::~ -~~~~-e_•_t~.~ ~~!~~-~ ::: : : - :: :: ::: :: ::::: :. i-:: :: . : ::: ::: : : :::I 
BrezOEI River Bar ............... ••••· .. · - .•.... ·-····. ··) . - .do ....•.•..••• -I 
From Velasco westward, along thr. ooa.st ... · - - ... - ... - - . do ] 
Gulf Coast, from Quintana westward ....................... do : : ~~:~ ~:: ~~~: 
Mata~orda Bay, from Matagorda to Palacios.·-- -- .. - •.. __ do 
Matagorda Boy, nortileast part. -- - . --·. -- - .. __ .. -- . . . . . .. do::::::::::::. i 
Matagorda Bay, nort!Jwest part - . - . ·---·- - ... ----- ... _ . -- do.-----··--·-. 
Trespalamos an•l Turtle Bays •. -· - - ...... -- -··. - -- .. - - \· .•. do .. --- - . ····-. 

~::::al~:;:: ~;~i~;t~-:::::::: :::::::::::::::::::::r: ~: ::::::: :::::· 
Ma.tagorrla Bay entrance, Paso del Cn.\"allo ..••....... ·· 1'. -- .do .. ___ ....... . 

~~J:;d~:;~~~~~: :~::::::::::::::::::::-:::::::·:::· : ::::~ ::::::· :::::: 
I 

Espiritu Santo Bay a.nd part of San Antonio Bay. [· ••. do_ ..... 

.A.rans.as Pass ................................................. . . .•. do ....... ---- .. 
Arans:a.q Pass .•.. -··-· .............. ·-··· .•.• --- . . ... do ____ ......... . 

AraD'88Bllay ..................................................... do ..•....•••... 

Corpus Christi Pass .•. --· .• --····-··· - - ..•••.•••.. -·- •.. _ .. do ..•.•..•••... 
Corpus Chri•tl Bay·-- .... ________________ -----··----- .... do. _____ -·--· .. 

Enmonce to Bl'azn• Santiago and L"Jl:Dlla Madre ..••••..••. do ....... ---·-· 
Rio Grande River- and Bar (I'OO-OEna.issance) ................ do .............. . 
Soundings in the Lower Ohio RI ver, between Cairo and Int.irior !$late$, 

:hfound City. llllnois. 

Scale. 

1-10, 000 

1-20, 000 

1-20, 000 

1-20. 000 

1-20, 000 

1-10, 000 

1-20. 000 

1-20, 000 

l-20, 000 

l-20. 000 

l-20, 000 

1-20, 000 

l-20, 000 

1-40, 000 

1-80, 000 

l-<)35, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-20,-000 

l-20, 000 

1-20, 000 

1-20, 000 

1-20, oco 
1-20, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-20, 000 

1-l!O, 000 

1-20, 006 

1-20, 000 

1-lO, 000 

1-10,000 

1-20, 000 

1-20, 000 

1-20, 000 

1-10, 000 

1-20, 000 

1-20,000 

1-20, 000 

1-20,000 
1-1!0, ()QI) 

1-20, @00 

1-10, 000 

1-20, 000 

1-20, 000 

1-10, 000 

1-10, 000 

1-20, 000 

1-10, 000 

1-20,000 

1-20, 000 

1-10, OHO 

1-10, 000 

Date. 

1866 

11".l72 

1871 

18:72 

1873 

13:;3 

1853 

1~58 

1859 

1859 

1859 

1855 

1855 

1872 

1872 

1858 

lH.55 

1852 

18.';2 

1853-'4 

1854 

18.55 

1851 

1851 

li'iiO 

lE67 

1867 

l<b7 

1867 

1867 

1867 

18:i5 

1855 

1853 

1858 

185.5 

1H56 

1~59 

1@71-'2 

IMO 

1871 

1871 

1871 

1858 

1871 

1874 

1866--'71 

1871-'2 

18:>4 

1868 

1869 

1869 

1868 

1B67 

1853 

1864 

Ry11rngraplier. 

J'. II. Gerdes ....•........ 

F.D. Granger····----·-· 

C.Il.llo)·d ---------··---· 
----- do .................. . 

.do ................. . 
F.H4Gerrles ..........•.. 
._ ... do .......•.•........ 

II. F. Sands. U. S. N 
! T. ll. Huger. U. RN 
j- •..•. do ••...••..•...••• 

----. do •.............•. 

B. F. Sando, U.S. N ... ·---
1----- do ................. . 
i F. D. Gra11ger ~. _ ...... _. 
! ...... do, .•....•.•.••.••.... 

j J. K. Duer, U.S. N ··-··-·. 

i i E.J.De Haven, U.S. N .•. 
) T. A. Craven, U.S. N .. __ . 

1 ...... do ......•............ 

I ll- S. Stellwageu, U. S. K., 

1 
I E. .T. De Haven. lJ. S. N. 
I E.J.DeHavcn, U.1$.N .... \ 

i·-- .. do ------ -- ·----- I 
1 T. A. Craven, U. S .. N .•.•. 
1 ...... do ................ .. 

l A.S. Baldwin, U.S.N .. .. 

I.~:-~'::.."":::::::::::::::::. 
f C.Il,Buyd .............. . 
f ...... do ................. .. 
I 

I F.F.Ne•·--········----··· 
...••. <lo ..................... . 
E.J.DeRaven, U.S.N .. . 

··---do .................. . 
H. S. Stellwagen, U. S.N __ 

I J.K.Duer,U.S.N -------· 
E. J. De Haven, U. S. N .... 

.. ~ ... do .............•..... 

J,K_.Duer,U.S.N --· -··· 
L.B. Wright. ............ . 
W.RoJlckendorff, U.S. N .. 
]', D, Granger ........... _ 

·-·--do .............. : .•.. 
.•.•.. do. ____ .. ---- .. -----· 

A. Dalbach. --·-· ····-··-·· 
F. D.Granger ·------ -----· 
L.1.J, Wrigh\ ............. . 
l!'. P. Webber ...,d F. D. 

Granger. 
F. D. Granger &nd L. B. 

Wright . 
H.S.St.ellwagen,U.S.N __ 

F. F. Nea ...... ··-·······-· 
H. And<i~scm ............. . 

, -~.-~: ~e~~~~-.:: ::::::::::::I 
C.H.Bcyd --·-··--·---··-·1 Jolm WilkiDson, U.S. N .•. 
F. B. Gerdes and C. Fen-

da.11. 

! Rf'l:?:iHt.~red 
j numbtr. 

022 

I J5:i 

1093 

HA 

1192 

441 

442 

658 

680 

681 

682 

486 

487 

1139a. 

ll:J9b 

657 

470 

324 

:323 

414 

4-J5 

471 

2G5 

~64 

247 

906 

918 

919 

919 bis. 

931 

932 

472 

4-;3 

389 

656 

414 

5311 

Cillll 

1161 

727 

109{ 

JOIJS 
1098 

635 
1097 

l:tll 

1031 

1096 
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APPENDIX No. 8-Uontinued. 

LocaJi ties. 

8an Di('go, C.:-iJiforuin, t.o Pa.namn, (:J sheers and 5 plans) 

Ma~dalP.na Ba~\ from the Xarro~s to C:.:t)-UC-O Co""e. __ 

Magdalena Bay, Man-o'-war Coye to the Narrows •.... 
San Diego lia;\· aLd ·vicinity __ ... __ ................... . 

San Dil·go Ila~; .. __ ..•....•..........•...••..•......... 
San Diego Ba~', ••. , ...•.•.•....•. ., .•..•••..••..••..•• 

State. 

i 
I J\Iexico ·-------· 
j I~ower California .. 
t 
j -· do .........••.. 

i f.'.2liiornia .....•.. 

'--· do ...••..••.... 

[ .... t!o -...... -···· 
SanDiegoJJa,~·-·-········---··---······-··--··-----··· I ... do ....•. , ...... 

San Diego Harbor (reconnaisaance) . - - . - - - - · - -- · · - · · · · 1-- - - do · · · · · · · • · · · · · 
Coast~ from San Die.go to P-uint Conception (rec01maii:- .•. do ... ___ .•••... 

sa.nce). 

Co1·tez Dauk, shoal 1:1onthwest of San Diego ......•.... ) _ .. do ....•........ , 
Gortez Bank,sboalsoutbwest of San Diego ......•..•. 1 .... do ....•.....•. 
San Clemente Anchorage, southeast end of island •..•. j .... do ............. . 

San Clemente Ancboragt\ nortbvte8t. end of islaud .... !--· do ..••....•.... 
Catalina Island Anchorage-, northea.8t side ....... _ .. _. i .. _.do ....... ---- .. 
Catalina Harbor and .a\.nchoragf'!, northeast sid6 ..•... - 1· .... do ............. . 

Catalina HmlJorand Isthmus Cove.·······-·····-···- .... do········-···· 
San Pedro and --vidniiy of Los .A.ngelies .••..• -- ..•.. -- l · -- .<lo ............ . 
San Pedro A.nchoral{e ..... __ ............................... do ............. . 

san PedJ'O Harbor 2nd spproachPs .... ---··········-· .... do 

San Petlro ll n1 bor, Wilmington Breakwater .......... . .... do ....•..•..•. 

Off-shore soumli11g1o1, Point Pedro, 8auta Cruz; .•..•.•..... __ .do .•. ___ ...••.. 

Shoo,FlyLanding ...... ------·---··------··------- ___ .... do ............ . 
.Anacapa and eastern end of Santa Cruz Island....... . ... do ...••...•.... , 
Prhmner's Harbor. Santa Cruz Island................. . __ ,do . ··---. ____ .. ; 

I 

Santa Cruz Channel .••.. ··············--···········-· .•• do .............. , 
S.antaCruzlaland 1 north side 1 from 'VestPolnt to Punta . __ .do .......••.... : 

Diablo. 
Point Hueneme and 'l'iciuit~·, Snnta Ba1bara C-hanneL ...... do ............ . 
Harbol'of13u~oaventura .................................... d-CJ .•......•• 

San Buenaventura. and vicinity .••. --- .•••...•...... - . . ••. do ...•......•. 

S.anta Ba.rbara and vicinity .................................. do ..........•. 

S.a.tltaBat'l•ara. ········-········----·······-·--········ .•. do-··-··--·---
Santa Barbara Cbanuel, inshore eou1a1i1;h~· No. 1. 
Santa Br,:ll'ban' Ch11:nuel, inishore sou11<liugB, ~o. 2 
Santa Bar-bara Channel, inshore sonndin~. No. 3 
Santa Barbara Channel, inaliore soun.diug·A, No. 4 
Santa l~arbara CbRnne1, inshore soundiogs, No. 5 
Santa Barbat·a Channel, inshore a<mudings! No. 6 
&nta Barbat"a Channel, iushore soundin~s. No. 7. 

Santa Bar-l1ara Channel, off:..l-lhore Mn1111ing,R ........... . 

Sllnta Barb-ara Channel, entra..nce Coxo ..Anchor.age .. . 

Cuyler'• Barbor, island of Sen Miguel •••....••••.... 

. .• do ............ . 

... do ........... . 

do __ ... ·-··--

do ...•.•....•. 

.(~0 ... - - - - •.. - -

do .......... . 
do .....•....•. 

___ •lo. _____ --·---

.. do 

.••. do .......•..•. 

Scale. 

i 
1-•IOO, 000 j 

1-20, ooc ! 

1:;40, 00-0 : 

1-10. 00-0 

1-10, 000 i 
1-10, 000 

1-10, 000 

1-10, [JOO : 

1-!5, 000 

1-~U. 000 

1-10, 000 

1-10, OlO 

1-5, 000 

1-5, 000 

1-10, 000 

1-10,000 
I-HI, OOll 

1-10, 000 

1-10, 000 

1-100, 000 

1-HI, OCO 

1-J01 0()0 i 
1-10, 000 i 
1-~0. ()1)0 

1-20, 000 

1-10, ()(0 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 0()(1 

1-10, 000 

1-10, 000 

1-10, 000 

1-111, 00-0 

1-10, 000 

1-Hi, 000 i 

1-10, 000 ' 

1-IO<J, ()(10 

1-10, 00-0 

1-10, 000 

Point Con-0~pcion and vicinity of Coxo ........ ·····-. .. . ... do............. 1-21.l, 000 

CoaE1-t from Point Conee.pcion to San Frar;ciu~o entranc(· ·-~ do . ~ ..... _. .• . l-37~ 1 000 

Roadst-eadunderl'ointSal -··--··---·---·--······-··· ___ <ffi j' 1-!\DOO 
San Loia Obi•P" and vicini1y ................... --·. •. .. •. do . . . . . . . • . . • 1-ttl, 00-0 

&nSime<>nBayandvicinity .............................. do............ l-Hl,01)() 

Coast ft om P-0-int Piu<1s to Cape ld-endociuo (reoonnais- .do ........ __ .. 1-1, 000, ()()() 
t==a.nce}. 

Sanquel Cove,Monwrey Bay.... . .... .......... .•. .•. do .......•.••.. 
:Santa Cruz Harbor, MonteNly &y (reeonnaiaeance)... . •. do ..•....•..•. 

Santa Cruz Harbor, Moi.terey Bay ..•..•.•••••..••..•..•.. do .•••.•••.••• 

Monterey Bay ............................................ do ........... . 

Monterey Ba,y ••••••••.•.••••••..••...••••.•••••••••••..••. do ...•.•.••.•.. 

Monterey Bay····---·····-·····-······-··············· .... do .....•.•.•.. 
Monterey Bay ..•..••.•••••...••..••..••••..••..•••••...•• do .•....••..•• 
Monterey Bay........................................ . .. do ..•••..•.••• 

Williain's Landing and vicinlty, lfon1erey Bay ............ do --·--·. ----· 
William's Lauding and weotward, :MoutereyBay .••..•. : •.. do .•••••.•••... 

Point A.no Nnevo and 1<1nthward ....•.. ·-----. ... . . . •. do ........... .. 
Polut.Afto Nttovo 11Dd northwanl .••..••..••••..••..••.•. do .•••..•.••. -
Coast northward of Pigeon Point ..•.••.••...•..•...••..... do .•••••.••••.. 

1-10, 000 

1-10, 000 

~1-10, 000 

1-2-0,00o 

1-40, 000 

1-10, (JI)() 

1-10, 00-0 

1-10, IJI)() 

1-10, 000 

1-10, 000 

1-10,000 

1-10, 000 

1-10,000 

Date. 

187:! 

1871 

1871 

1856 

Ie56 

18~6 

IB56 

1851 

185l 

le53 

1856 

1856 

1852 

1852 

1851 

1873 

1852 

1854 

l~j9 

le73 

18fi5 

1873 

1e.5;; 

1852 

1873-"4 

ld74 

18:>6 

1870 

1:355 

1852 

18'>4 

1869 

li'C9 

1869 

1869 

1"69 

18G9 

1<69 

lFfi!-t 

1869 

1852 

1852 

lt'SI 

1"67 
1852 
1>!52 

1851 

1855 

1~52 

1853 

1851 

1856 

1856 

1856 
1856 
185.'l 

1855 

1853 

1850 

1656 

Ilydrographer. j R('.gi gtere<l 
21u111hcr. 

P. C. JuhUROD, 'G, S. X .. . 
G. Bradford ........ --· .. . 

• ••••. do _ ..•• ·- .....•.... 

Jame!i Alden, U. :S. N __ .... 

1··---·do. ··-- ..........•. 
i ..... ,do ........... . 
: .. __ .. do __ .... __ . ___ . __ . __ 

'R.D.Cutto ........ .. 

I .Tames Alden, U.S. N ..... 

! ! T. ll. Stt-vens, U. 8. X .. 
.Tames Alden, U.S. N 

.do ...•......•....... 

. ••.. do ...••....•...•..... 

______ do--·-------··---· .. 

! ...... do ...•.............. 

i P.C.Johcsoa. U.S.N ... . 
i Jame!-:1.Aldeu, U.S.N .... . 

T. II. Stenn•, U.S. N ... . 
.Tames Alden, U.S. N .... . 
A. W,Chase ............ . 

: E. Conldl. .•............ 
P.C.John/Klll, L.S.X .. . 

j alll('S A1tleu, U.S. N .... . 
.... do ..........•. 

P.C.Johnson, l--:'".S.N ...• 

· H. C. Taslor, C. S. S ..... 

! James Aldeu, 'G. S. K .•••. 

I W,EJlreenwell ........ . 
i James Alden, C.S.N .•... 
. ..... do ................ .. 
T. ll. Ste-\.~ens, U. S. X ... _ 

E. CordeU, G. :Farquhar. 

1 
..•.. do ................ .. 

/------do .............. .. 
i .•.••. do .................. . 

I
i.:::: ~: :::::::::·· 

._ ..... do ....•............. 
..•.. do.---~-- .. --- . ___ .. 

...•.. do ................. . 

l.~~~·:~0Al.d~~: ~'-~: ~ ::::: 
1 .. -~-.do ...••••.•...••...• 

E. Cordell ................ 1 

,Tarues Alden, F. S. N ... 
...... do .................. . 
\V. P. Mc.A.1thur, U.S. N --i 

! 
.ramesAldeu, U.S. K ...••. ! 

...... do ••...........•.. ·--1 
•••••. do .•••.•..•••.••. ····1 
--···-do ... ---·-···· ....... : 

--f- :- ____ - -1 

..•••. do ...•...•.••.•••.••. ! 
do ................. ! 

........ dO .. ••••••••·•••···· I 

_____ .do ................. .. 

.•••.. clo ..•••••.•• ,. •••• • 

l~02ab<' 

1123 

1124 

f104 

f:65 

566 

567 

;).j:_! 

543 

312 

3-0?l 

291 

1210 

310 

437 

IOG a. 

~Oli u 
ti71 

U21 

~01 

:im 

1221 b 

554 

1081 

503 

311 

4:ifi 

1038 

103~ 

1040 

1041 

1042 

1043 

1044 

JOj;, 

1037 

309 

295 

:190 
921 

302 

301 

~41 

504 

300 

27l> 

296 

558 

559 

560 

561 

505 

5(Hi 
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APPENDJX No. 8-Continueu. 

I ~oca 1 ities. State. Seale. II llate. Hydrograpber. . !Registered 
I uun1Uer. 

----l----··l----1---------------1 

Pa.rt of coast RontU of Ha1f·M"Ooll Ba:y .•.•.......•••.. California. 
Half-Moon Bay. __ ... _ ...... __ . ____ .. --- do .•...•..•.... 

Point, Pedro to Half-)iuon "'Ba.Y .........•......... --- : •...•. do ..•.••.••.... 
San Francisco, entrance and westward................ . .. do ..•..•.•..•. 
Coast fro-m San FraDdfico northward to Crescent City .. rlo .... --- ..... 
Sau Franci~co Bay, approache>s and entrance........... . .. do ..•..••.... 
SaD. }""ranciaco entraLce, aud bar ..••...••...•.... - •.. 

San Francisco Bar·and part of entrance ........•...... 
San Francisoo Bay ......•...............•.......... - .. 
San Francisco Hay, from Point I~onita to .Angel Island 

San Francisco Ba.y, Angel Island to Point Avisa~era 

·--' 0 ................ . 

... do .....•....... 

. .. do---···-····· 
+ ilo +---------·. 

... do .....•.••.... 
San FranciBCO Bay, I•oint A'\'isadera. to Point Bueno. . ... do - ........... ~-. 

San Frandseo Ray, Point A visa(lera toCoyotAHillCreel!: - - - do .. --- --- ..... . 

San Francisco Bay, Steinbergen and Redwood City .... do ............. . 

Cree-ks. 
San Francisco Ray, from"HaYt>nwootl to Coyote Cn·ek ..... do - ............... . 

Sau Franoisco Bay, Cosote Hill and t::"nion City C1·etkt, .... do ............... . 

San Francisco Bay, Sau Antonio Creek _____ ·--·---- ... do --·------·-

San Francisco Har bur, viciJiity uf thtrci.ty. · .. ·. -- · · - · 1 · - - .do - · -· ··- •· ·• --
San Francisco Bay .............. _......................... . ... do ............ . 
San Franci~<'.O eity front {Tesnrvey) ....................... do .............. . 

• Richmond Hay and 11.accoon Strait, San Francisco Bay.I .... do ............ -· 
Sao Francisco Bay,from Angel !~land to Richmond ·--do ·----------· 

Point. 
San Francisco Bay, from Point San Pablo to Point 8au I· ... do .................. . 

Quentin. j 
Pt:taluma Creek, from entrance to Lakeville ............... ·I·. -.do . ···--· ...• -

:::n~:~~l~:;~~~~~~~ -~~-~~~~l-1~- ~~ -~~~~~~1~~- ~-i~~-: ~ ~~:1: ~: :~:: ~~~~~~ :::::. 
Channel off Point Wiloon. San Pablo Bay ..•.•............ do.·--··· ..••. 

~:;;:.~~~~~-~~'..o~-~~-i~·t·~-i'.~~~:~~': -~~~-!~. ~"~~ I ~: :~: :::::: ::::: 
Re~mrvey of approaches to ~fare Island Ui."\'J-yar<i •.•••. -- do 

Mare Island :Strait (Teconnaisea11re) - - . - .... - ... - ....... -! .. -. clo 

Ma.rol1'laud "Htrait (reconuaiasance) -··--·······--···-I ... do 

Ma.re Island Str~it. --· .•....•....•... ··-- ·--··· · •. · · · - ·I· -- .do · · ···- · ··•• ·· 
Ma.re Isa.nd Strait(r<>snney) ··-- .... ----· --· --·-· ...•.. -- . do - .•.••.••.. 
CarqninC8 Strait ........ ·--- .......................... -- ..... . 
Resur,·ey of part of Cat·qnines Stra.it .•... ·---- -· ... --
P:art of Carquines Straits .................................. . 
Part of CarquineR Straits. ...... --~- ............ -- ..... . 
:Suisun Ha.y, Cordelia., Suhmn, and Monteznm& Cr.eek!'!._. 

Suisun Bay with ccuthience of Sacramento a.iul San 

Joaquin RiTeTs. 

.... do ........•... 

.... do.·-··--·---

··-do.·--··· ..... 
.... do ....•....•.. 

do ..•••.• ·----
.... do ...... . 

Sacramento and SanJoaqnin Rivers-----·----··--··- .... do-··--· 
llallenas Bayaml Duxlmry Red .•....•.•......•....•..... do···-··-·-·--
Point Reyes and D1·ake0 &Ba.y ......................... ·-- ·--.do.···--· ..... .. 

~;~~:;eB:::~~-i~;~-;~-~- ~-~i~~ ~~~:~-;~-~·~~~"ii~~~. ( ~~: ::: : ~::~:: :::~: 
O:ft'-ehoreaouudiogs from Point Reyes to TomalesPoiJJ.t.). - - do -- --· _. ----· 
Tomale11 Bay, entrance aud part of .•.•.......•• ···----· .... do .•..•.•..••• 
Tomales Bay, from Tom's Point to h£'..ad of navigation ... - .. do .................. . 

Bodega Bay, roadstead from .Bodega. Head to Tomales .... do·-----·-···-
Point. 

Mendo<>ino Bay .•••••••••••••.. . ••. do .••••••••••. 
Mendocino City llarl>or (rooonna.i8Aflnr.t.) ·---·. -- ----. . •.. do _______ --·--
Shelter Cove (rooouuaieoanoo) .•.•. - •... -· .••••....•.•...••. do --- ...••.• __ 
lllo.nt'a Reef, off c:p<> Mendocino .••.•. ---···......... . •.. do .•... -- ••.••. 
Humboldt Bay, eotnlllce and part of .•. -·----- ...•.... _ - ... do ·---· ....... _ 

Humboldt Bay ..•••••••.•. -············-·-·······-·-·· .•. do···-·-·-···· 
Humboldt Bay .••••••••. -- . -·-- -- .••••.... - ...•. -·. -· ..•. d<> ...•. -···· _ .. 
Humboldt Bay (NO&. I and 2). ·-----·- ... ··-·· -- . ----·. -- . d-0 _ .... ---·· .. 

1-10, 000 II 

1-1(), 000 

1-!0, 000 l 
--~~o'.~~ j 
1-100, ooo I 

1-20, 000 I 

1-10, 000 i 
1-20. ooo I 

J 
1-10. 000 I 
1-20. 000 

1-10, 000 I 

1-20, 000 II 

1-10, 000 

1-10, 000 '1 

1-10, 000 

1-10, 000 l 
1-10, 000 

1-10, ooo I 
1-10, 000 

1-10, coo 
1-10,0-00 

: 1-10, 000 

1-10, ooo I 

1-10, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-10, 000 

1-10, 000 

1-5. 000 

1-5, 000 

1-10, 000 

1-5, 000 

1-10, 000 

1-10, 000 

1-20. oon 
1-10, 000 

1-20, 000 

1-2<1, (00 

1-10, 000 

1-10, 000 

1-10, 000 

1-40, 000 

l-100, 000 

l-~ll. 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10,000 

1-10, OOQ 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10,000 

1-10,000 

lb63 

1863 

1863 

1257· 

lll54 

1858-·g_' 60 

1855 

1873 

lb73 

1855 

1855 

1854 

1857-"8 

1858 

1851-'8 

1E58 

1@57 

1853 

1857-'8 

1857 

1855 

1855 

1855 

1eeo 
1860 

fr56 

1863 

1862 

1860 

18U2 

1849 

1850 

1856 

1~64 

18'>7 

1862 

1863 

1866 

11'67 

1866-'7 

1867 

1e54 

1854 

1•60 

ll:l66 
11:'66 
186[ 

1861 

1"62 

1872 

1853 

1853 

1872 

185!1 

1851 

1B51 

1871 

.A. F. Rotlger• ....... ··--· _ 

.do.·-·--······-·-··-
---···do .......... ·-·----· 
Jamos.Alden, U.S. N .•.•.. 

. .do ..... __ .... -~ ... __ 

...•.. do.·-·-···-····--··-
·-·-··do .......... ··-··-·· 
G. Bratlfoi·d .......... ___ _ 

...... do·-······-···---··· 
Jamee Alden, U. 8. N ....... 

...... do····----····--···-· 

·;:~-!~~:.~:~.~~~~~~:~~-~I 

l.~--~·d:u~l~~·-~:_s.-~ ::::·· 
. ..... do-··-···--···· ..... . 
JatnesAMen, U.S. N ...... . 

...... do_··-·--·--··-······ 
RM. Cuyler, U.S. N .•.... 

. ....• do·---------·----·--
James Alden, U.S. N ..•... 
...... do ...••......•.••... 

....•. do····-······-··-···· 

:::::::~ :::::::::::::::::::1 
,---- .. do.·--·---··--·--·---/ 

I 
A.F. llodgers .••..••••.... 
B. F. Sauds, U.S. N ..•..... 

i .ran1es Aldeu, L. S. N .. ___ _ 

I B. .F. Sarni", (j, S. N. -- .... 
\ w-. P. McArthur, U.S. N ... 

I ..... co··---···--····· .. . 
1 JamcsAlden,1J.S.N ..... . 

Rodgers, Lawson, Edward$ 

James Aldeu, U.S. N .••••• 
B. F. Sanda, U.S.N ..•...•. 
A.F. RD<lgers ......... . 
E. Cordell .•....••••••..... 

. .... do····-··-·--··-··--· 
...... do·--·--··-----···---

..•••. do··--·-···-··-···-·· 
,James Alden, U.S. N ~---·-

. .•.•. do ..••... ·-·····-···· 
·--···do ...... ····-· ........ . 
E. Cornell._ ....••.•••..•. 

...... do-····-··--·-··-··-· 
B. F. Sands, U.S. N .••...•. 

..••• do ...•• , ..•.••..•..... 

...... do ........•......... 

L. A. S<>ngteller .•. __ ••••. 
Jamee Alden, U.S. N .•••. 

..•••. do ..•. -----·····-·--
G. Bradford ...••.•....•••. 
James Aid..,,, U.S. N .•••. 
•••••. <lo - -·- ·--- ··--. ··--

.••••. clo --·· .... ··-·. ··-· ··1 
G. Farquhar •.••••....•••• 

825 

821 

835 

562 

401 

121 

456 

1201 

1214 

462 

464 

421 

6~8 

637 

636 

638 

573 

347 

629 

004 

463 

465 

724 

7-25 

524 

781 

738 

723 

759 

288 

2·~5 

50 

839 

563 

760 

782 

879 

948 

IJ05 

935 

438 

4:1:i 

7i!O 
889 

BOO 
756 

757 

806 

1228 

384 

:~ 

1150 

'lllJ 

l!'TO 

271 

11'!6 .. /> 
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APPENDIX No. 8-Continued. 

Localities. State. Reale. 

Humboldt Bay INo.3) .................................. [ California ........ · 1-10,000 

!::::!~::~~~::~~~~~~~~:~~~:~~~~:0:~~~~~:~:::::::11.::::: :::::::::::::: :~~~:: 
Crcooent City Harbor and approaches ...................... do............. 1-10, 000 
Cresoont City Harbor (resurvey) ...................... + .. do . ..... . .. .... 1-10, 000 

1-10, 000 

1-20, 000 

1-10, 000 : ~::~!~:! !~:~~;~~:~;:::: ::::::::: ::::::: :::::::1 ·: :.:: : :: ::: : :::::. 
1-20, 000 
1-20, 000 

Cresoent City Reef to False ltlan1ath . ·-· ... --- .•... ---l· - .. d-0 -- ........•.. 
Cresoont City Reef to Smith's River ................... j .... do ........... .. 
Coast fro-m Smith's River to Ilarnacle Rock, Oregon .. -· j ····do ...••...•••.. 1-20, 000 

Coast from False Klawath to Coluwbfa Riv-er. - ........ 
1 

.... do ............ . 
CoastfromTal>lcBluff,Cal.,toCoqnille River,Oragon. California an<I .......... . 

Chetko Cove ........... · ................................ [ Or~~::~~: ..... .. 
Hunter's Cove ..........•.............•.. - ........... -- -.•. do .. -- ......... . 

l, 10, 000 
I, 10,000 

1, 20, 000 Coast from Go,.t Island w Mack's Arch ............... 1----<lo ........... .. 
Port Orford or Ewing Harbor .......................... , .... do............. 1-10,00iJ 

Coquille River, entrance and parti of (reoonnaissance) .• ) .•.. do .......... .•.... 1-10,000 

~M~ :~~~;~~;'.'.~: : •• : : ··•:•·• :••I••· E •• :._:: :::• 1~il:~ 
Coast from Umpquah Head to Columbia River ............. do ............. . 
Yaquina B.'ty .............................................. do ........... .. 
TillamookBay .............................. : ............ do ........... .. 
Nehalem River entrance ................................... do ........... .. 
Colunlb-ia River entrance ............................................... -- ... d-o ................... . 
Columbia. River entrance ................................................ do ............... . 
C()lumbia River entrance ..................................................... do _ ------ ....... . 
ColumbiaRlvereotranee .................................. do ........... .. 
South Channel Bar, month of Columbia. River ............. __ ..... do.··---- ....... . 
C{)lam.bia River entrance ................................................ 

1 

.... do ........... ;.··- .. 
Columbia River, from Tbrce-Tree Point to Gray's Bay ..... do ............ . 
Columbia River,fromCa.thlametHead to Settlers' Point ..... do .. -......... -
Colnmbia.River, from Settler•' Point to Tougue Point. I .... do ........... .. 
Columbia River, from Tongue Point to Cape Disap- .••. do ........... .. 

polntment. 

1-IO, 000 

1-10, 000 
1-5, 000 

l-20, 000 

1-20, 000 

1-20, 000 

1-20, 000 

1-10, 000 

1-20, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-1!0, 000 

Coast from Columbia River to Point Grenville, Wash- .••• do ....................... .. 
ington Territory. 

Coast from Colnmbia River to Admiralty Inlet, Wasb- .... do ....................... .. 
ington 'l'erritory. 

Coast from Columbia River to Cape Flatrer.v ........... WMhington Ter •. 
ShOB!waterBay ................. _ .................. ____ .... do ........... .. 
Shoalwater Bay ............................... - .............. do ............ . 
Entrance a.nd part of Gray's Harbor .................. _ ..... do ........... .. 
Grenville Harbor ................... ·-···· ............................. do .................. . 
l>e11trnction 1.,1.and and vicinity ............................ do ............ . 
Nee-ah Harbor, Straits of Juan de Fnca .................... do ........... .. 
False DUDgene&, Straits of Jua.n de Fuca ........... _ •..••. do ............ . 
False Dongeneas, Straits of J11an de Faea .................. do ............ . 
Port Townshend ..................................... _ ..... do ........... .. 
Port Ludlow, entrance of Hood's Canal .................... do ........... .. 
.Admiralty In,let; ............................................ do ............ . 

Port Gamble, entrance of Hood's Canal. .•. ·---·- .......... do ........... .. 
Port Madison ................................. -----........ do. 
Blakely Harbor ............................................ do ........... .. 
Inrwamiah Bay ............................................ do ........... .. 

Steilacoom Harbor and vicinity of Puget's Sound .......... do ............ . 
Olympia Harbor. Pnget Sonod ...... _ ...................... do ............ . 
Pa.rtridge Bank, Strait of Jll81l de Fnoa .................... d-0 ........... .. 
La.....,,, Reef, Roaarlo Straits .............................. do ...... - ..••.• 

H. Ex. 81-18 

1-18, 818 

1-20, 000 

1-20, 000 

1-10, 000 

1-LO, 000 
1-10, 000 

1-L0,000 

1-10, 000 

1-10,000 

1-10, 000 

1-100, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1-10, 000 

1, 10,000. 

1-10, 000 

1-20,000 

1, 10, 000 ' 

1E71 
1;,11 

18.'.il 

1~7:! 

1859 

1855 

18j3 

18f>9 

1871 

1873-'4 

1873-'4 

1874 

18:i4 

1850 

1873 

1873 

1874 

1853 

1860 

18fil 

1865 

1865 

1853 

1851 

1868 

18fi6-'7 

18tl8 

1850 

18jl 

1~51 

185'1 

1834 

1868 

1867-'8 

1868 

1868 

1868 

1852 

1852 

1852 

1855 

1852 

1662 

1854 

ls:;G 

1852 

1852 

1~55 

1854 

1855 

185:> 

llffiS 

le56 

1854 

1855 

1855 
1871 

1871 

JJydro::;rapher. 
'ltt_•(!i~t(•re.d, 

number. 

G. Farqultar .............. . 

1 ...... do .................. . 
· James A!Ueu, U.S. N .... . 
[ G. Bradford. ____ -------·· 

'.James Alden, U.S. N .... . 
· ...... do .................. . 
' .•..•. do ................. . 

I A. w. Chase ............ .. 
:-----.{lo----·------·------

H. C. Taylor, U.S. N ...•.. 

l 

...... do ................. .. 

. ..... do .................. . 

Jame• Alden, U.S. N ..•.. 

1 W. P. McArthur, U.S. 'N .. 

i P. C. Johnson. Lf. S.N. ··--
1 ...... do ................. .. 

! H. C. Taylor, U. S.N ..... . 
! James Alden, U.S. N . .. .. 

i ..... do .................. . 
I .1. S. Lawson ............. . 

J::::::~: ::::::::::::::::::: 
i James Alden, U.S. N ...... 

i W. P. McArthur, U.S. N .. 
I .A. W. ChaRC ........... .. i J. Kinohcloo ........... .. 
i E. Conlell, G. Farquhar .. . 

i -~:-~~!le.~~~~-~~ .. ~--~--~:: 
I James Alden, U.S. N .... . 
1 ...... do ................. .. 

i- ..... do.----··········----
i E. Cordell ................ . 
[ .•.... do ....................... ,, 
i ...... do .................. . 

!.:::::~: :::::::::::::::::: 
I 

James Aillen. U.S. N. 

. ..... do .................. . 

. ..... do .................. . 

) :~: ~-:~:w~~:: :~::~:::::::: 
I James A.Iden, U.S. N. --·-
] J. S. Lawson .............. . 
r James Al<leu, U.S. N ... .. 

I:::::::::::::::~::::::::::: 

l::E :::_· 
J. S. J..,awson .............. . 
James .Alden, U. S. K ... .. 

i ...... do ................. .. 
i. ..... do ................. .. 
1 ......... do .......................... . 

J. S. LawBOn ............. . 

: ......... clo ·----------·-··--·· 

llil n 

1177 b 

274 
]1;)7 

690 

480 

383 

1025 a 
10-2.'\ b 

123ti 

1n1 

123!) 

402 

242 

1212a 

l'.l12b 

1240 

381 

72-2 

755 

901 

902 

38'J 

240 

998 

m<; 
973 

250 

333 

427 

4'.18 

33.:l 

009 

4-2ti 

886 

337 

:J'l.') 

500 

434 

508 

!HO 

509 

11-02 

525 

432 

499 

507 

1130 

112!! 
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APPENDIX No. 8--Continaed. 

Lo<',alitiee. I State. 

----------- I - ---------· 

~:!:h:u~r~~::~~~~~=~~,' :::~:r~u~~~::::-~:: ~:~: ~:~ :: /_'_. ~-··.:d;oolt~. -.~-~-~-~-·_ --~-·~_'._· .. -:. 
}t()sario and Haro Straits, south entrances ... _ ..... _. 

::~; o~n~e!;:~:n~t:~::~::::nec:~r:1;:1:~ ~~~ -~~~;-1~ ~ ~ ~~: ~ ~ ~ :~: ~ :~:: ~ ~ 
rio Straits. 

:.,e~::~~:: 1:;::: ::: : :: : ::: : ::: : ::: :::: :::::::: ::: :: · 1:: ::~:: :::::: :::: :: 
I 

Scale. Date. 

1-10, 000 . 1854 

- ~ ----. ----. 1853 

1-100, coo i 1854 

J-20) 000 i 1858 

1-100, 000 18.'>8-'9 

1-20, 000 18.55 

1-20, 000 1857 

------, -----:-;~~rogr~ph~~-----1,~egistcred 
j _ number. 
I ---- ---- --~--- • 

! James A.Wen, U.S. N. --··I 431 ' 

!.::::.!: :::~:::::::::::::::! ~~! 
i I ...... do ................ ·--1 70!} 

·~--~d~u~;~~: ~--~:~ ::: : ::j =~ 
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APPENDIX N•L ~>. 

HEPORT ON THE TELEGRAPHIC DETERMINATION OF THE LONGITCDE OF KEY WEST, BY CHARLES 
A. SCHOTT, ASSISTANT IN THE COAST SURVEY. 

DEAR SIR: In compliance with your direction, a second computation and redsion of tile 
difference of longitude between 'Washington and Key West bas been made, and the following 
report on the results is herewith respectfully submitted: 

INTRODUCTION. 

The trigonometrical survey of tLe islands and reefs skirting the southern shore of Florida has 
depended, since 1849, for its standard longitude on a number of moon-cu1minations and on a chron
ometric determination-means which it was desirable to have superseded by the more accurate 
method of employing· the electric telt.>grapb. This would afford a check on the old work, and furnish 
a precise determiuation of the longitude of an extreme southern point of the triangulation, both 
for the immediate use of the Coast Stlr\'ey as well as, prospectively, for the extension of the tele
graphic SJ-stem of longitudes over the regions of the Gulr aud Cariubean Sea. 

The telegraphic determination of tl1e longitude between \\'ashington and Key \-Vest was 
executed jointly by the United States Coast Survey and the Cuited States Naval Obser,·atory, 
and under the direction of their respective superintendents. The observations at the Naval 
Oln~ervatory were made by Profs. W. Harkness and .J. H. Eastmau, U. S. N., and Assistant 
Ohserver E. Frisby; those at· Key \Vest by Subassistant Edwin Srnitl1, United States Coast 
Survey. Professor Eastman made the computation of the transits at \Vashitq~ton, the results of 
which were communicated by Rear-Admiral C. H. Davis, Superintendent, uuder <late of Novem
ber 6, 187 4; a second computation was made by myself; the first computation of the transits at 
Key \Vest was UJade by the observer and by Prof. H,, Keith, of the 'Gnited States Coast Survey, 
and the second computaf'ion by Mr. James l\laiu, of the Compnti11g Division, Coast. Surwy Office. 

The arrangement for the telegraphic connection of the two stations was made by G. W. Dean, 
.Assistant in the Coast Survey. Tbe Survey is indebted to General Thomas T. Eckert, general 
superintendent of the Western Union Telegraph, for facilities given while nsing the Jin<' . 

.Automatic an<l arbitrary sigrmls were t.ransmitted by means of break-circuit arraugements. 
Exchanges took place on seven nights between the dates December 24, 1873, and January 11, 1S74· 

DESCRIPTION OF OBSERVING·STATIONS AND OF L.~STRUMENTAL OUTFIT. 

The station at Washington is the site of the transit-circle, 77.8 feet, or 0•.066, west of the center 
of the dome of the Obser\·at.ory. Tl.tis instrument is in latitude + 38° 53' 3811.8, and in longitude 
51i osm 12•.16 west of Greenwich, as determined, by means of transatlantic cables, in 1866, 1870, and 
1872. A description of this transit.circle, made by Pistor and Martins, of Berlin, is contained in 
the Washington Observations for ISM; a briefer account of it is found in the introduction to the 
Washington Observations for 1873 (p. xviii aud following). It suffices here to state that the tele· 
scope has a clear aperture of Sk inches, and a focal length of 145 inches nearly; the magnifying 
power habitually used is 186 diameters. Of subsidiary apparatus connected with it, there are a 
pair of collimators mounted in the meridian of the instrument and plaeed within the observing
room. The position of the axis is reversed at the beginning of eaeh calendar year, and the line of 
C91limation is determined at suitable intervals. During 1873, the clamp.end was east; during 1874, 
it was west; a reversal therefore took place while the longitude work wat> in progress, a circmn· 
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sta1rne which could only be favorable to the accuracy of the result. The standard sidereal clock, 
made by Kessels, of Altona, is in electric connection with a barrel-chronograph, the speed of which 
is regulated by a Hipp vibrating spring. The beats of the clock are registered in consequence of 
the pendulum making contact through a globule of mercury. The chronograph works with one 
pen, recording automatic and arbitrary signals, and revolves once each minute. The electro-mag~ 
netic apparatus used for sending and receiving longitude-signals is entirely automatic. (See 
uescription in the Wmlbington Observa.tions for 18()7, Appendix 1.) 

At Key West, Fla., the Coast Survey established a temporary observing-station in front of 
the United States naval depot. It is marked by a brick pier, 24 feet north and 6 feet west of the 
center of the soldiers' monument in Clinton Place. The pier was left standing; it is capped with 
a :flagstone having a cross-cut marking its center. This site is also 471.50 feet south and 295.04 
feet east of Tift's Observatory, or lookout, one of the trigonometrical stations of the Survey, hence 
position of astronomical station, in latitude 240 33' 26".5 and in approximate longitude [)h 27m 13•.84 
west of Greenwich. 

The transit-instrument was one of the pattern known as meridian telescope (No. 13 of the 
Survey); it bas a clear aperture of 1~ inches, and a focal length of 26 inches. The maker, Mr. W. 
WU.rdemann, states that, with the diagonal eye-piece, the magnifying power is about 70 diameters. 
The eye-piece has no para1lactic motion, in consequence of which only the three iuuer tallies of the 
glass diaphragm were used at Key West. The horizontality of the axis was ascertained by means 
of a striding-level; the pivot inequality is very small. In connection with the im;trument, there. was 
used a Hipp fillet-chronoiiraph, Coast Survey No. 5, using one pen, and two break-circuit sidereal 
chronometers, Frod:-;ham No. 3477. as standard chronometer, and Parkinson & Frodsham ~o. 2795, 
as an auxiliary instrument. No. 3477 beats half-seconds and breaks every second; No. 2795 beats 
four-tenths of a second and breaks every even second. The observer remarks that the instrument 
did not prove quite as steady as expected; it is ascribed to the immediate proximity of the sea, and 
to its smaJI (a few feet) elevation above its level. 

RELA'.l'lVE PERSONAL EQUATIONS. 

The observations for personal equation are meager, and not of a very satisfactory character. 
The preparations which were then in progress for observing the transit of Venus were interfering, 
to a co11siderable extent, with a more precise determination of the personal equations between the 
t:ieveral ol>serveL·s. The observers are indicated by the initial letters of their names. 

The following three equations were taken from the volume of the V{asbington Observations 
for 1873, p. Iii ot' introduction. Since they refer to clock-correction, I.he signs of the constants bave 
been changed, in order to refer them directly to clock-time, which is tlie thing actually observed or 
noted: 

July 30, 1873, 0 = + o•.18 +II - F 
Sept. 30, 1873, 0 = - 08.06 + E - F 
Nov. 5, 1873, 0 = + 0•,16 + H-E 

The following equation was derived from transit-observations at the United States Naval 
Ob8l'I'vatory, eacb observer using his own instrument.• A correction for small difference of 
meridians was appli~d, an(l the personal equation refers, as above, to clock-time: 

April 27, 29, May 3, 11, 1874, 0 = - 0".11 + E- S 

Observations made by II about this time led to no o;atisfactory results. 
The following two equations are the results of comparisons made with a portable persona.I. 

equation apparatnst at t11e Coast Survey Office: 

May 20, 1874 .•• 0 = + 0".07 + F- S 
May 20, 21, 1874 0 = - 0•.01 + E-S 

------- ---·------· 
*Tb is method has two clrawhacks: first, its excessive labor, both of observing and oemputing; sooondly, its 

indirectness, by necessarily including or mixing up with th0 '}Uantity soa.ght a numb0r of so-called inst.roment.al 
constant!!. 

1 Observations ma.de April 8, 9, 10, 187'.4, with an inferior apparatus, are not int.-udnoed. 
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Now, refening for convenience all observations to the Key West obsen'er, as standard 
observer, we puts = o, and form the following normal eq~ations: 

0 = + 0.34 + 2 H - 1 F - 1 E 
0 = - 0.05 - 1 II + 3 F - 1 E 
0 = - 0.34 - 1 ll - 1 F + 4 E 

\ H = - o•.164 
Whence \ F = - o•.025 

LE - + o•.03s 

\ s = n + o•.164 :±: os.orn 
and \ S = F + o•.025 0".035 

l S = E - 0•.038 0".030 

wliich corrections have been applied directly to the imlicated clock-times of the 'Vashiugtou 
observers,• as secu further on. The above probable errors are mere approximations. 

METHOD OF REDUCTION OF OBSERVATIONS FOR LOCAL TIME. 

Reforriug, in ge.neral, for notation and method of reduction of transits to Coast Sun·eJ· 
RPports for 18G6, 1868, and 1872,t it suffiees to state. tllat, for the obse.n·atious with the 'Vasliing
ton transit-circle, the corrections to the observed clock-time for level, collimation, a11d persomtl 
equation were :tpplicd at once. Conditional equations and normal equations we.re then formed for 
the determination of the clock-rate, the azimuthal de,·iation, and the final clock-correction. 'Veights 
were int.roducPd, depending on the number of wires observed, and upon the star's declination. 

EQUATORIAL INTERVALS OF S1'AND.ARD SET OF WIRES OF THE '.l'RANSIT·CIRCLE. 

The following values are taken from Table IC, ou page xxix of the W;isliingtou Olisen·atious 
for 187J; the intervals refer to clamp east and to the nine wires habitually used. 

Wires. 

I or B1 

If or n, 
III or B, 
IV or C2 

V or C3 I 
VI or C4 I 

VII or 0 1 

VIII or D 2 

IX or D, 

Eqn,.torfal 1' 

inter-vals. 

+ iL2s5 i 
+ 9.7081 
+ 8.183 ! 

--1 •. I 

-'-, ._,, 049 l CI 1 4. ()!)5 •. I I 

.004 I \ 
2. os& I .. 
8. 181 I c. - 4. 10~ I 

- 9.essl I 
-12.26.1[ I 

'l'hc ph·ot.s of the i11struments are seusibl.Y round and equal i11 diameter (p. :o:xxdii, Ohs. of 
1873); the vahte of one uidsiou of the hangiug len1l equals 0".058 (p. xx xviii). T!Je collimatio11· 
correction inclmles tlrn term ± 0".021 cos <p sec a, representiug the effect of the diur1rnl al>errntion. 
Tbe level-constants lJ and the collimation-constauts c for the dates in 1873 are taken from page 
lxxxiv, Obs. of 1873, and from a MS. communication for dates in 18i 4. They are as follows: 

l!l73. b. c: 
--------· 

8. .. 
f Hee, 24 +. 74 - .13 j 

D<>c.. ™' + • 74 - .1~ ! 

llec. 30 + . 74 -- .1:2 ! 
I 

Ike. 31 +· 74 - .10 ! 
I 

1874. Cirole reven!ed. l 
Jan. 9 

+1.10 I • 00 

.Tan. I -t I. OR + .02 j 
,Jan. II + .88 + .05 i ---·-

•Professor Harkuees remarked that he observes habitually abont a q ua.rter of a second earlier than Professor East.
man, a. statement sufficiently borne out by the above equationa, which make H = E - 0•.20. It is al Ro Rfated tl1atscvcral 
sm·ics of ohserva.tions iudicate that. Prof-Ol!SOr }~a..~t.man anll Mr. Frisby have a1>proxin11ttely th<> S:Llllfl pt>l'!«>llal C<]Hat.io11, 

t ThCSll aud other papel'S on latitudeij aud aziumLbs have lately boon ropriut,ed (March, !~';Ii) under OIHl c.uvur aml 
nurler tho titfo" Pl'Of<ll:laioual Papers." 
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The weights to broken transits are computed from fol'mnlre given in Coast Survey Heport fol' 
18721 Appendix No. 12. They are : 

I
i Number of wire~ i \Y-eigbt for tran- "',.eight for me- Number of lines* I 
j obser\n~tL !--•-i t_-c_i_rc_·1~_. _

1 
_r_i_cli_an_t•_'1<'_'•_co_Jl_o_. ___ o_l>s_er_,_·e•_L~ i 

3 

4 

6 
7 

8 

I 
i 

.45 

. 65 

. 71 

.83 

. 89 

. 93 

. 96 

.98 

1.00 

.41 

.61 2 

• 73 3 

• 80 4 

• 86 

.91 

. 95 

• 98 
1. 00 

To determine the clock-correction 6 T 0 for au assumed middle epocl.J T0, the azimuthal de\'iH
tion, and tl.Je clock-rate, we obtHin, from the general expression a= T + L. t + r (a-T0) +a A+ b B 
+ c C, by putting t = T + b B + c C and 6. To= 6. T + ;; T, where ;; T is a correction to an approxi
mate '\'alue c::, T, tl1f\ form of the conditional equations: 

<1 T +a A+ r (a -T0 ) =a - t - 6 T 
Besides the weights introduced from number of wires observed, each of these expressions is 

specially weighted, depending ou the declination of the star. These latter weights, p, are taken 
from the table given in Appendix: No. 12, Coast Survey Report of 1872 (p. 223); they are deduced 
from the expression of the probable errors of observation-

z = \l'\U.Uti3)~ + (U.O:>ti):t taLL2 0 and e= .,,/-(U-.U-l'S-U-J'~+-(U-.U-U-.0-)_"_t_u_n~,-r'J 

fot· large and small transit-instruments, respectively. Normal equations are then formed, from 
which result the values of r'J T, a, and r. 

In the case of the Key West observations, they are reduced by the method explained in the 
Heport of 1872 (p. 225); tl.Je stars observed with clamp W are treated by themselves, and furnish 
two normal equations determining;; T and a,; similarly the stars observed with clamp E give two 
normal equations determining 11'l1 and a,11 ; now for the same middle epoch T0 , the two values found 
for aT must be identical; if not, small changes in assumed values of rand c must be introduced 
until they .become identical. Each night's work, therefore, furnishes two sets of normal equations. 
The conditional equations were weighted as before, but, to save space, are not given here. The 
correctioQ for dinrnal aberration is introduced by itself. The equatorial intervals of the lines of 
meridian-telescope No. 13 are as follows: For clamp west 

--~iaes~ ---,---;~-~~~orial 
intervals. 

8. 

C1 +18. 79 

c, 14. 48 
c, IQ. 51 
D, 4. 3fi 

D, +0.08 
D, -4.23 

E, 1-0.:;!J 

E, 14. 67 

E, -18. 73 

The \'alne of one divi:-.iou of the striding-level B equal8 l".01 as determined by means of a 
level-trier at the Coast Sun·ey Office in 1872. The pivot inequality bas heeu ascertained from 
three sets of observations taken August 29, 1873, at Colorado Springs, Oolo., and March 21, 1874, 
at Atlanta, Ga., which give for clamp west 

p = + r.•.006 ± o• .002 
The effect of this is included in the level-correction. 

* Hu led on a glllt!ll tliaphrngm, aud coruprifilug tuJlieH C 1, :.!, 3, J) 1, 2, :.l, and E 1, :i, 3. 'l'alii"8 Baud Fare not n-1; 
tlley appear blurred iu cou8equence of a want of parallactic motion. 
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The followiag table contains the adopted mean places in right ascension for 1873 or 1874 of 
the stars observed at both places. They are those taken from the American Ephemeris, with 
corrections from Table CJ, p. lxxxY, \Vashington Observations of 1873. The correction of , Cassio
pem is from the catalogue of the Astronornisclle Gesellscltaft, and of 22 Camelopardalis from the 
same catalogue combined with the two Greenwich seven-year catalogues . 

.Ad-0pted mean places in right ascension o.f stars obsen:ed at Washington and 11ey West. 

Star. 
Ame-rican Ephem- American Ephcru- Correction Correc.tion 

eris 1873. O. eris 1874. 0. by X. O. adilitional. 

e Piscinrn ·--------
j a Lrsru Minoria ...•. 
: 6' Ceti ............. .. 

38 Casslopca; ....... . 
11 Piscium ... --- ... -
o Piscjum .•••.... -

/J A1ie:is ...••..•... 
50 Uassiopero ..•....• 
n Arietis .........•.. 

f Ceti. ......•....•.. 
t Cassiopem ....... . 
f' CetL. ....... . 

h. 
0 

1 

2 

m. 
56 

12 

17 

21 

24 

3rl 

47 

52 

00 

06 

18 

21 

.. 
21. 20 

18. 73 

40. 54 

41'. 70 ' 
41. 32 ' 

41. 40 ·, 

37.M' 

37. 91 ' 
01.05 

Hi. 17 

37. (i7 

24. 47 

h. m. c. s. .. 
-i- .02 , ____ ....... . 

·-·····-·····-···· ............. : ...... . 
1 17 43.M 

21 sa. 06 

24 44. 52 

3~ 44. 56 

47 40. 94 

!:2 42. 89 

2 00 04. 42 ' 

06 19. 34 . 

18 42. 51 

+ .02 ' .••... ···-·· 

+ .07 ' ...... ··••·· 

- .03 
+ .02 ! 

+.OJ 

+ . 04 

+ .03 

21 27.65 ........... . 
5 Ur.sm Minori.a .. - ••. 14 27 49.19 .•••••• ·----- ...... ·••••• ....... ------·--·-
y Ceti .............. . 
a. Ceti. .... - •...•..•. 
46 Cephei. ••......••.. 

( Arietis.·-·····---
a. Periwi ..•.......... 
& Persoi ..•....•.... 

Tauri .•........... _ 

{ Persei. .......... .. 
r' Eridani .••...•..•• 
y 'l.'auri .••••.....•••. 

' Tauri .............. . 

; ~::!1~~~~~li~: :::! 
t Auriga, .••.....••.. 

11 Orionie ---------··· 
11 Anrigm ........... . 
P Orionia ..•...•••••. 
8 Ta.uri .••...•....... 
966 Groombridge ..•.. .i 
..J Orionis ............ . 
a Leporis .......... . 
c Orionis .............. . 
" Columbru ••.....•.. 

1 

a. Orionis ............ ! 
22 Camelopa.rdalie .••. 

1 

J Ursro MiJJorls ...... 
µ. Geminorum ....•••. , 
y Geminqrnm ........ . 
a. Canis Majoris ..... . 
51 Cepbei. ........... . 

• Canis Majoris .••... 
J Canis Majorls •••••. 
d Geminorum ••...••. 

2 

4 

5 

5 

5 

6 
18 

6 

6 

6 

6 

6 

1 

3G 

5.5 
04 

07 

15 

33 

:m 
4G 

52 

12 

21 

ili3 
41 

48 

57 

07 

08 

18 

22 

25 

27 

29 

35 
48 

04 

l!l 

15 

30 
39 

40 

5:) 

03 

12 

43. 29 ' 

Je. 5"2 

17.26 

36. 27 

1;;. 87 

53. 29 

56.25 

09.H 
06.27 

34.0.5 

12. 14 

38.10 

26.18 

43.51 

lrl. i::l.5 

18. 00 

26.10 

15. 88 

45. 64 

31.17 

07. 8"2 

46.18 

03.10 
17. 81 

50. 70 
lll.15 

16. 66 

112.5~ 

33.00 

13. 92 

38.16 
13. 71 

32. 25 

a.9 Gemimorum ............................. s ••••••• 

a Canis Majoris ••.•....•....•....•..... 

4 

5 
5 

II 

18 
6 

6 

6 

6 

6 
7 

7 

7 
7 

7 

36 

~ 

04 

07 

15 

33 

39 

4G 

52 

12 

21 

28 
41 

48 

57 

07 

08 
18 

22 
25 

27 

29 

35 

48 

04 

12 

15 

30 

39 

40 

53 
03 

12 

26 

32 

37 

46. 39 

41. 65 ; 

24. 61 

3~1. 71 

. 00 

+ .02 '•••···-·"-

- .04 

20.12 ............. ,. ••••••••••. 

57. 53 

.59. 81 

12. 90 

09. 07 

37. 46 

15. 64 
41. 53 : 

.00 1------··"·· 
- .Ol 

+ .04 '··---------· 

. 00 '······ •••••. 
-.01 , ........... . 
-.Oil' 

; ; 
32.10 ' ............ , ........... . 
47. 41 

22. 27 

- .04 , .•••••••. 

- .07 , ...•••...•• 

23. 02 : ..•.• -~ ...... 1 ........... . 

28.98. .00 ! ............ ; 

rn. 66 : - .Oil: .......... . 

53. 63 ) ................... ] ............... : 

34.23' - .03 , ............ , 
10.47' - .04 ' ...••••••••. : 

49.2i - .01 ........... .' 
05.27 i - .04 ! .......... . 

21.06 i - .03 : ............ : 

57.31 ' ............ ' + .13 

58. 74 , ... 

20. 29' 

25.119. 
35. 71 ! 

44.18 

40. 52 
16.15 

35. B4 

33.21 
42. 41 

36.23 

- .04 .••••••••.•. 

- .03 ----········ 
- .08 ; ........... . 

- .0.5 ,. .••.••.•••. 

- .05 --·---------
- .06 ': ............. . 

+ .24 : ........... . 

- .16 "--·-----··· 
- .03 ........... . fl GemiJlorum ........ l··················I , _______ _:,._ _____ -'--------~ .. ·-·----
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PROBABLE ERROR OF CLOCK·CORRECTIONS. 

The probable error of a resulting clock-eorrei..:tion from transits of a single star over nine wires, 
and referred to the equator, is found by 

E = 0.u7iJ - p -J~(J )' [mJ-lrJ.] 
and of a resulting elock-correctiou from a number of stars in a set <o= 2 -lq, wllere q is found by 
means of the usual weight-equations.t ni equals the number of stars in a set; [m], the number of 
stars in all sets; and µthe number of unknown quantities in a set of normal equations, and [tJ.] 
their sum total. For the Washington observations we have-

hence, 

2..' (J p)z = .1054 
[m] = 57 
[µJ = 20 

E = ::!: 08.036 
For the Key West observations, we have-

hence, 

~· (.d p)2 = .4344 
[m] = 143 
[µ] = 36 

E =:I:: Q•.043*-

The probable errors of the resulting clock aml chronometer corrections on each night are given 
further on. 

WASHINGTON, UNITED STATES NAVAL OBSERVATORY. 

Reduetion <>f trans-its <>f stars for elock-correction. 

DECEMBER 24, 1873.-E. Frisby, obscrver.-Transit-clrcle, clamp ea8t. 

Star. 
Clock-time Red. to Corr. Level Coll. Corr. I ~zim. Seconds Seconds Clock I D"fi' Eqnnt'I 
over men.n m. of forp. oorr. -cott. for rate.

1 

corr. o-fobs'd ofapp't corr. I 1 
' ditf. 

of wires. wires. I eq. b B c C I r , a A I trans R. A. AT• A pA 

------------1.-h.-m-.-.-. -1---.-. 1--•. - --.-.---•. -11--.. -1--.-. -1-,-.- --.-. - --;- -.-. - --.-. -

a Arietio ........................ 115956.83 .00 !+ .02 + .77 .14 - .00 i- .07 j 57.41 64.14 + 6.73 .05 .05 

\' Ceti.·--···-·-··--·----····--·· 2 0612.11 -----·-···!+ .0-2 + .64 .13 - .01 j- .12 i 12.51 19.21 + 6.7() .02 .02 

5 Ursoo ~linoris, S. P ·-··-····'··i 27 42.36 ••.•....•..••..... - 1. 32 -t- " " • 89 : 40. 6 47. 2 ..•...... ····-·· + . 02 
, CassiopeaL.-····-··-·········-1 18 34.25 - .01

1

+ .02 + 1.66 - :!! 'I= .. oo: \,~ .28 i 3.'i.8 42.4 + .VJ 

r Cetl..-···-·--·-·····--····-·--12 36 39.471-----··--·\+ .02 \+ .60 - .13 - .061- .14] 39.76 46.43 + 6.67 + .01 + .01 

DKCEMnER 26, 1873.-J. ll. Eastman, obaerve1-.-Tra118it-circle, clamp east . 

'y Ta.uri ................................ 4 12 31. 50 .......... !- .04 + • 70 - .121+ . 04 - .12 31. 96 31. 81 + 5. 85 - .03 - .03 
• Tauri .•••••• ·- ... ••• .•.•• · ·••· 21 09. 73 .......... !- .(f4 + '73 - .13 + .03 - .10 10. 22 11l.OO + 5. 78 + .04 + _04 

" Tauri -···--··-··-··--·--···--· 28 35- 69 

:: : : : :::::I= 
.04 + . 71 - .13 + • 0-l - .12 36.13 41.92 + 5. 79 + . 03 + .03 

{J Orionis ........................ 5 08 23. 70 .04 i· • 51 - .12 
1

- • OI - . 2'2 23. 81! 29. 62 + 5. 80 + _!)'.! + .02 
P Ta.url ......•••..••••.••..••••. 18 13. 80 . 04 t .83 - .14[- . Ol - .06 14.38 20. 21 + 5.83 - .01 - .01 
<l Orlonis .. -----······-·-···-···· 25 28. 70 -··-·-----!- .04 +- .58 - .1~ i_ . 02 - .18 28.9\l 34. 80 + s.es - .()6 - • -06 

119 43. 80 I .57 .12 !-., Ori-onis ...................................... ·····-···r .04 
+ - . 0-2 - .19 U.00 49. 83 + 5. 83 - • ()I - .01 

a OrioDis .••••••••••••••••••••••• 48 15. 58 -········· - .04 + .6-1 - .12 ,- .04 - .15 15.81 21.62 + 5. 7~ + .01 7- .07 
c1 Ursm Minoris,.S. P ................ 6 1139.75 + 63.M 1·--····· - 7.25 + 2-03 ,_ .06 - 3.09 34.1 39. 9 ....... ........... .00 

I 

•In the determination of the telegraphic difference of longitude between New Orleaus and Galveston two other 
Coast Survey observers gave' ==:I:: 00.054 and ::!: 0•.055, using transit-instruments of 46 inches focal length. 

t[aa]q+[ab]q1+[ac]q,.+ =+l 
[ab] + [bb] + [be] O 
[acl +[be) + [cc] O 
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Reductwn of tra1tsits of stars for cwck-correctwn-Continued.-

Dl:CEMBER 30, 1873.-J. R. Eastma11, obBert·er.-Tra11sU-circle, clamp oost. 

--------------------1-1 u-·1-0-ck---time Re~~~orr. I Level i <Juli. Corr I .Azim. Second• Second• Uloek D-·~1E•1uen. 
Star. O¥er mean m. of 1 for p. cnrr. ~ col'r. for rate. curr. 1of 0Us'11 ofapp't corr. 1 · (hff. 

I of wires. wires. 11':1-~ _u B ','.1- cc -- r a A traDH. n. A. ~To I ~ p ~ 
-------------lh.m. e. B. a. s. ~ --8.-1~-8.-i--:- --,-. ---.-.-;--,-.- --.-.-
11 Orionis._ .. __ , _____ , ____ , .• ____ 4 5717.00 .. ·---.--· - .04 + .70 !- .12 + -01 1- .13 j 18.02 22.71 + 4.69 i- .Oli 

1 
.06 

#Ortonis.-----·-·--- .... -_ .. ___ 50824.93 -··-···,- .04 + .5l.- .12 + _011- .24 25.05 2!1.63
1
1-4.58:+ .05 + .05 

"Orionis _ ... _. .... ----·-·-· .. --., 48 16.80 .... _ ..... 1- .04 + .6~ 

1

1_ . t~ .oo 1- .17 17. ll 21.5;, 1+ 4. c4 .m + .O'J 
d U'""'.Mmoris,S-P .. _________ 61: 45.00

1

+ .o4 1 ...... 
1

- 7.: .. + 2.03 .00 ,_ 4.30: 35.5 39.8 ··-·. .00 

r Gemioorum .. ------··--···-·-·1 3() 21.59 ........ -- - u4 I+ 71 I- . l:l I .00 - .13 i 21.!l'J 26.64 .+ 4.6;, .02 .o:i 
I' G<'tUllH>ruru .. _. --···-·------ fa 15.73 ,_ .. _ .... 1- .M 1- • ,7 - .13 .001- .10 16.23 20.114 1

1

+ 4.7: .OB .08 

!itCepbeL--·--·-·---·-----·---- 4051.20 - .04 ------111021\-~.491 .OO\t-4.911i 63.8 m.21----.. + .Ol 
• Canis?illt.1oris .. --------·--·--· 6 53 37.01 ---·--· - .04 + .321- .1.1 - .Ol 1- .33 3G.B2 41.44 + 4.62 .Oi + .01 

o Ca.nisl\iejoris ... -------------- 7 03 12.59 -1- .04 '.+ ,351- .13 f_ .OI 1- .3~ 12.44 17.01 J+ 4.57 ii· .06 + .06 

J Gomiuomm ___ ,. _______ .,_____ 12 31.3~---- 1- .041+ .77 
1
- .13 [_~-:__-~0J_.11.a:1 36.50 I+~-:.=----~'~ 

I 
DECF.MHF.R 31, tFli':J.-J. R. Eastmrm, ob8<Wre1-.-l'>•<1.,,•it-cirde, clamp wst_ 

·-----·---- --·---~----·-----r------,-~------1-- I 1 • 

E Piscimn ....................... _. 0 5(; 18.59 !·····-··-I- .04 t- .f;3 - IO -- .02 1- .23 1 li:l.87 ZJ.72 ,+ 4.e.5 I- .08 j- .08 

a UnwMi11orio .. --- .. ---·-··-· 11152.10 /- .01' [·· +20.IE 4.22 + .02 i+ll.OS 
1 

2'2.l 26.7 i ___ 1-- ··-·/ .00 
6• Ceti._________________________ 17 38.40 i .... _____ ,

1

_ .04 ,51 .JO 1- .01 1- .3a i :lt'.4;, 43.21 j-t 4.76 \+ .Ol \ + .01 

>rPi•cinm ----- .. -----·-----·- .. 2438.93[ ..... _ .... - .04 + .70 .ioi+ .01j- .mi 39.31 440131+4.771 .oo! .oo 

P A1ietis ... ·--------·--··-··-- 47 35.:J.1 I ---------1- .o4 f+ .75 .ti .oo /- .1;; 
1 

35.78 40.5511 4."" [ .oo I .oo 
a A rietis ... - - - - .. - ... - - ...... - . 1 59 58. 84 i ..... _ .. - . - . 04 l t- . 77 . 11 • 0() :- . 13 59. 33 64. 08 '+ 4. 75 'i' + . 02 I + . 02 
f' Cet.i ------·-----··----·--··-· 2 tJfi 14.ill ! --1- .04 1+ .64 .HI .00 i- .ZI 14.47 19.16 :+ 4.69 .+ .OB.+ .08 

11 Oriouis_ .. ______ .. __ ... : ------ 4 5717.58 i· .. ·-·---1- .04 f+ .70 -· .IO .Oil I- .I~: 17.90 22.71 !+ 4.811- .o~ j - .Ol 

11.Auriga' ··--·- .. -------·----- .. 50718.10 1. ____ .... 1- .Ol \l- 1.06 .1'1 .07 J+ .O~ ! WB9 113.76 I+ 4.771' .110 i .oo 

{J Orio11is_. ____ .. __ .. ____ ----· ... 5 08 :15. 07 
1
- 10. 151- . 041+ . 51 · ]0 ___ ·'_" _1_._·_3_2 l_ U9_o __ 29_._G4_'+_4_._7_4_+_._oa_i =--~~! 

.J ANUAl<Y 9, ltli4.-1J', Harkness, ob-.'Tt'tr.-Trr111Hi1-drcfo, clamp west . 

y Ge.miuorw11. -·---· .•••..•••••. 

'oo"il- 1· . 161+ I. 06 .oo [+ -031+ . 34 I 2.1. !Ill I I + . 01 26. 731 i 5. 53 ,+ . 01 ; 
I ' 

a. Canis Jdajoris ................. 39 29.34 ..... _ .. _ + .16 + • 65 
.00 I~ .02 + . i3 30.90 36.43 +5.li3'+ .OIJ+ .01 

I'll Cephet ·----· .. --··-·--·- ·---· 41 4~.00 - 42. 4~ ---·-·· + "" 17 .00 + • 0'2 -13.20 02. 5 08.0 ·--·-· --· ··- .00 
a f"xemiaorum .................... 7 12 20 •• - 9. 24 t- .16 + 1. 14 .00 - .01 + .26 31.04 36.oo + :;. 61 .07 ! - . 07 

a2 Geminoram ................... 26 27. 321 . 00 + .16 + 1.291 ·:1= 
_03 + • 12 :IB.66 34.44 )+ 5.5~. .U4 i - .04 

a. Canis M.inorie .................... 32 35.99 ---·-- .. -- -~ • 16 ~ .92 _03 + . 47 37.51 43.05 -t· 5.54 i .00 
I 

. 00 

{J G~winomm ·-·--·--·-- ....... 37 30_1R ·---·---- + .16 + 1.23 .oo - .04 + • 18 31.69 3-1.lli + 5.46 :+ .08' + . 07 
I ! --· 

JANUAllY 10, 1874.- JJr. Harkne83, obserrer.-Tra11B·it-oirclc, .,1,o.,,p west. 

ll Orionis.-·-------···------'-·--· 5 48 14.71 j .. ·-·-----+ .16 + .93 !+ 
22 Camelopardalis .. ·--·- .. ·-···· 6 04 52.40 - .01 + .16 i· 2.64 :+ 
~Uroru:Minuris,S.P-------··-·- 1147.28 1+ 49.55 -10.59 -

fl Geminorum --··-----·- .. ··--·- 15 24.90 i- 10.813 + .16 + 1.12 ;+ 
r Gemloorum ....... -•• -........ 30 19.74 --·---·--· + .16 + 1.04 '+ 
"UanisMlljorls.-- .... -·-·-----.. ll9 29.60 ----------~ _!ti+ .64 !+ 
c Caole Mltjoria. -···· .. ··-·- ·--. 6 53 3f. 53 .. --- .. -·. + .16 + . 47 (+ 
d CaniaMajori11_ .• _ ... _. __ ... ___ 7 0310.12 ----·----·+ .161+ .51 \+ 
dGeminorom. __________________ 12!19.61 ...... _.f+ .16+1.12\+ 

.02 I- .041·+ .3:11· 061- .02 - .91 

. :If - • 01 i+ 8. 721 

.021- .01 ~ .19 

.02 .oo + .25 

. Ol! ~ • 01 . 54 

.02 + .02 + .67 

.02 .03 + .64 

.w 1+ .04 1+ .20 

~~: ~~ -1: :;: ;~!'t ~: -=- ::-= 
34.6 39.9 ·- - ·--· 
l!'dO' 21.03 + 5.53 + .03 + 
~t. 21 26. 74 + J. 53 + . 03 : + 
30.97 36 44 5.47 + .09 I+ 

35.87 41.53 + 5.66 - _10 i -
11. 48 17.11 \+ 5.63 1- .07 i -
31, ls J 36. 66 + s. s1 1~ . 05 I + 

.04 

.02 

.00 

. o:I 

.. 03 

. 09 

.10 

.07 

. 05 

JA.l'WART 11, 1874.-W. Hark11&s, ob1ttJ1'Ver.-Tramrii-circle. clamp west. 

I 

"Colom.bU> ••••• ________ , --···· -- 5 34 59.40 ................ ~ ·"~ " + .06 i.+ 
a. Orionia ......................................... 48 H.60 ~--·.'.~. - R:: + .OS i+ 
d Ur8"'Mioorie,S. P---------·-- 6 lfl 36. 66 + 1W.5C - .84 '+ 

µ Geminorum -------·-·-·····--· 15 13. 80 4- .161+ .92 + .OJ I+ 
r Geminornm ·-·-·-·--·--------- 30 19. 57 + .16 + .85 + .05 

"Caniellajorlo .... -.- .... ·-·--· 39 :B.50 --·--·----!+ .161+ - 5'~ + .05 ,_ 
I 

J Geminorum .. --·-··-----·-----! 7 t:! 21. 51 ·----·----+ .16 + . 91 + .05 :-

H. Ex. 81--19 

I .05 r+ .36 

.04 + .16 

• ()2 + 4.27 
. 01 + .09 

. 00 + .12 

. Ol + .27 

• IH + • IO 

--------

60. 34 

15. T7 

34.0 

15.03 

21l-75 I 30.49 

30.611 

66. 351+ 6. <>I 1-- . 03 ' 

::~l i~_s:~t .. :~_! 
21.03+6.0!'-· .02, 

36. 44 + 5. 95 - ' O:J 

_03 

+ .04 
.oo 
.02 

. 01 

- . o:i 

.00 

26. 74 + ;;. !J!) 1- . 01 

34).67 j+ :i.9~ .00 

-- ----- L _____ _c ____ .__ ____ 
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Co.nditional equations and 1wnnal equations to preceding reduction. 

1.00aT+ 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

.99 

Dec. 24, 1873 "'-'lh ..io--

.99tT+ .296a=+.06 and p= .97 
1.00 + .5l5 -.02 1.00 

.94 -1.120 +.?.1 .3G 
1.00 +3.809 -.9:~ .rn 
1.00 + .59l -.07 1.00 

Dec. 26, 187a 

.415a- .79r=+ .07 and p= .99 

.361 - .64 + .01 .98 

.401 .52 .01 .99 

.742 + .14 

.206 + .30 

.633 + .43 

.645 + .50 

.527 + .81 
13.609 + 1.20 

.13 
+ .OU 
-'.02 
- .08 
- .14 
+3.93 

Dec. 30, 1873 

1.00 
.93 

1.00 
LOU 
1.00 

.011 

1.00JT+ .416a-1.05r=+ .07 andp= .99 
1.00 + .742 - .86 - .15 1.00 
1.00 + .527 .20 - .13 1.00 
.94 + 12.9.'.:l L + .20 

1~00 + ·304 + .25 
1.00 + .397 + .51 

.94 -14.574 + .64 
1.00 + 1.055 + .89 
1.00 + 1.011 +1.05 
1.00 + .310 +1.21 

-i.29 

+ .11 
+ .02 
+3.61 
- .22 
- .26 

+ .06 

Dec. 31, 1873 

.011 

.97 

.9tl 

.007 

.92 

.94 

.96 

To=2h 

1.00"T+ .529a-l.06r=+ .04 andp=l.00 
.94 -30.282 - .75 +13.32 .002 

1.00 + .748 - .71 .16 LOO 
1.00 + .424 - .59 .01 .99 
1.00 + .341 - .21 + 0'' • .J .98 
1.00 + .299 .00 + o•) • .J .97 
1.00 + .515 + .10 .14 1.00 
1.00 + .416 +2.96 . 03 .9!) 
1.00 .174 -r3.12 + .18 .76 

.88 + .653 +2.76 'V> ...... 1.00 

Jan. 9,1874 T,=7h 

1.00JT+ .397a-.50r=+ .20 a.udp= .9!) 
1.00 + .859 -.34 + .58 .!J!) 

.88 -13.644 -.28 -11.80 .007 

.!JI + :~82 +.rn + ,Jlj .96 

.Uli + • C:l:.l +.42 . 03 .8!) 
].(10 + .f>5~ +.54 + .~s 1.00 
J.00 + .'..lO.') +.6a .ltJ .ua 

r=-0•.100 

+3.42!MT+ l.62la=-.110 
+l.li2l +3.!72 -.686 

8. 

a =-.234 
1JT =+.078 

LIT=+5•.70 

+7.90lrlT+4.0.f8a+ .248r=--.288 
+4.048 +4.179 + .fl05 -.783 
+ .248 + .605 +2.497 -.272 

R. 

r =-.047 
a =-.290 
1l'T=+.1l6 

.1 T=+4".50 

+7.786tiT+4.62.'ia+l.622r=- .491 
+4.025 +6.646 +l.283 -1.531 
+ 1.622 + 1.2133 + 5.363 - .24J 

~-

r =- .007 
a =-3.17 
in'=+..126 

.dT=+4•.60 

+8.466ilT+3.633a+ 5.269r= - .292 
+3.633 +3.938 + 1.296 -1.149 
+5.269 +l.296 +25.716 - .229 

3 • 

r =-.021 
a =-.437 
~T=+.167 

"1T=+5•.70 

+5.5311~T+2.264a+ .817r=+ .992 
+2.2G4 +2.626 + .06'..l + 1.871 
+ .817 + .062 + UH5 - .162 

8 • 

.,. =-.069 
If. =+.851 
il'/'c...~. -.15H 
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.Jan. HI, I S7 4 To=fil• 3om 

I.non·+ .527a-.70r=+ .rn aml p=l.00 +fi.825.t1'+3.!JGla+ . 715r= + l.G12 
+3.!.lul +5.581 + .945 +:.um 
+ .715 + JJ45 +l.517 + . .'i83 

.!J4 1.353 -.39 

.91 + l:!.509 -.:!G 

.SS + .2G8 -.22 
1.00 + .:)97 .00 
].00 + .S59 +.16 
1.00 + 1.055 +.39 
1.00 + ].011 +.55 
1.00 + .310 +.71 

- .95 
+7.55 
+ .01 

+ .08 

+ .32 

+ .G5 

+ .60 

+ .05 

Jan. 11, 1874 

.30 

.Ull 
.97 
.99 
.99 
!)'' .... 
• !)4 

.!J6 

'/o6h 3om 

.. 
r =+.054 
a =+.635 
oT=-.138 

LIT=+fl".20 

I.OOoT+ I.1G5a-.92r=+ .22 andp= .87 +u.790oT+3.501a- .!J06r= - . l 5!J 
1.00 + .527 -.70 - .06 1.00 +3.JOl +4,3!3 -1.058 +.624 
.94 + 12.!J21 -.27 +3.79 .011 - .906 -1.058 +1.797 +.2W 

1.00 + .304 -.25 .10 .97 8 • 

1.0U + .3!)7 .oo • 09 .!J!J r =-.058 
1.00 + .859 +.16 + .01 .99 a =+.310 
1.00 + .:310 +.71 .w .m; <iT=-.224 

Synopsis of results for correction and rate of clock. 

-----------

j llonrly ! 
Clock-correction. I i·a.k. 

1 Date. 

ll'.l',, I i 

1~73. h. -·~-~--~~----·1~-._-j 
D~tnbcr 24 2 sidereal time. -t G. ti7b ± 0. 02'2 ) - 100 

26 +5.Blti O.Oldl -.047 

30 6 + 4. u2ti o. 011 I - . 001 

31 2 + 4. 767 0. 017 : - V21 

1874. I 
i Ja1111ars Y 1 
I-
I 10 6.5 
! ll 6.5 

+ 5.541 O.O<W j - .Ofi~l 

+ ;,, 560 0. 01~ i + . 054 

+ 5. 9T6 0. 0-21 I - . 058 

147 

The above probable error to the clock-correction does not include the uncertainty arising from 
variation in personal equation. 

Apparently, the rate of the Kessels clock undergoes very rapid changes, especially noticeable 
January 9 and January 10, when the daily rate was almost zero, yet the hourly rate at the time of 
observation was large and of opposite sign on the two nights. 1Vhetller all of this is real or 
attributable in part also to dinrual changes in the condition of the instmment, especially in colli
mation at n. time when the temperature changes rapidly, or to a diurnal variation in the obser,'er's 
personal equation, cannot; be decided from the present observations. The subject has received 
attention at the United States Naval ObservatoQ .• 

"Tl.le rtiadtir may be referred to Appendix: III, Wasbington OlJ;ervations for 1867 (printed in lt-<70). Seo also 
Appendix I, W&Shington Observations for 1867, note, p. 25. Iu the manuscript oontainiug the rooults deduced at tbc 
observaoory, bonrly rates greater than those given above have b~en admitted. 
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KEY WEST, COAST SURVEY ASTRONOMICAL STATION. 

Reduction of transits of stars f01· chronometer-correct-ion. 
Observer, Edwin Smith. Iustrument, meriolan telescope, Coast Survey No.13. 

DECEMBER 24, 18i3. r=-0'.20. c= +o•.16 W. T 0 =3"38m chronometer. ~T=-JbOOm22•. 

I 

Star. 

'. Chron. time Red. to ) Rs.to Level Coll'n. Dinrrl. 
: O\'e1· mean I mean of , corr'n. corr'n. con·'n. e.berr'u. 

Azim. 
corr1n. I Seconds 

of obs'd 
J transit. 

SeeoodB I Seconds 
of t<pp't of cbron. DHf. Equat'l 

dif[ 
R. A. co-rr'n. 

<l.T. 
I <>f lines. . lines. I b B I c C ' 

-----i 1-----1---.--~ 

a A 

s. B • 

A 

.. CLAM!' EAST. : h. m. s. , •· I •· •· I s. I •· 
~ Pisciom . ___ i 2 ~ 05. H6 I + 0. 58 :-+ O. :4 + 0. 06 I - 0. 16

1 

O. O'J + 0. 01 

.. 
06.57 

06.67 

04.73 

26. 43 

41. 59 

04. ~1 

49.119 

·H 15 ,22.42 + 0 04 + 
a Pi•cium .... 39 06.66

1

1 _________ ,+ 0.20 .03 \ - .16 .0-2 + .02 

50 Cassiopeai. 53 05.47 .•. ----- .1
1
+ 0.15 .18 I - . 51 . Ot\ • 14 

a Arietio .••••. ~ 00 26.59 .-·----·· 1+ 0.13 .10 I - .17 1 .0-2 .00 

f' Ceti . ·-·. Ui 4L 7~ I+ o. 01 . 10 · . Hi : - • lf2 + . 02 

a C&11oiopero. _ - I rn Oa. 47 1

1

+ 0. 06 • 16 . 41 I . 05 • 10 I 
p Ceti ---··---·'. 2150.20 j . + 0.05 ~10 .16 i .o~ + .02 / 

44. 21 

42. 41 

04.14 
19.22 

42. 35 

27.!l8 

22.46 + 
22. 3'l 

2-l 29 

22.37 

2-2. 46 + 
22.4l + 

cw.Me WEST. ! I [ I 
a Ceti ..••.• _ .. ' 56 04. 16 j :- O. 06 . 14 ! + . 16 I - • 0-~ + . 07 

1

1 Ot. 17 41. 78 22. 39 + 
48 Cephei. _ _ _ _ _ 4 05 48. ~ l '. J- 0. 09 . 45 [ + . 73 i, - • OD . 71 4i'. 20 25. 77 112. 43 1~ 
'Arictio OoOl.11 l-0.10 .1si+ .17 1 - .02 + .011 Ol.99 :J<J.73 2-i.2r.1-

.OS + 

.06 

.09 

.01 

.08 + 

.03 + 

.01 

.05 

.12 

. u~ 

. Ot 

+ 
+ 

+ 
+ 

.. 
0.04 

.08 

.Ol 

.08 

.fll 

.02 

.03 

.OL 

• Ol 

. ll 

. 01 

. 04 
a Pet'8ei . _ .. __ . I:> 42. fJ~ I- O. 12 . 2~ \ + . 25 II - . 031- . I 3 j 42. 67 ll(). 27 2-2. 4CJ + 
~· Eritlnui .... 5~:t~.17 .--·---- .. ;-0.25 .Hi+ .16 - .02 + .13\ 32.05 09.63 22.42[ + 

-'----'-----'-~-~---'----'----~-'-~---'~~~-

D1m1·:~11n:n 2o, Hl7:{. ,. = -O·.O~. c = + 0•.55 W. To= 3" 2o"' elirot.01uetcr. AT = - 1" UOm~;·. 

CLAMl' W£ST. I I 
9' Ceti........ 2 !ti 10. :13 + o. 04 : 

38 Ca98iopero. _ _ 2-i Ill. 30 ! •••... - •.. + 0. 04 i -
'I Piscinm . • • • . 23 11. 17 I + 0. 04 ! 
o P1scinm ..... 39 IL~ i + 0.03 

{J Arietis. ••• .. 48 07. 66 ! .......... + o. o-i 
:io Ca.ssiop&m. •• 53 m. 791.--·---·-· + u. 02 

" Arictis . .•• . . 3 00 31. 12 · .......... + O. 02 

E' Cati......... 06 46.33 [ .•....••. + o. 01 

.I~ 

. ~7 

.13 

.12 

• 12 
.30 

• JI) 

.12 

CLAMP JUST. ,. 

• C""8iopem .•. 3 19 12.11 ·····-·-- o.oc .32 

aGeti. .•..•... 5600.90 .•.••..•.. -.02 .14 

+o.551-
+ 1. 57 
+ 0,5(; 

+ 0.55 
+ 0.58 
+ I. 76 

+ 0. f;() 

+ 0.55 

1. 40 

0.55 
0.55 

I 
.021 + 
.051-
.02 + 
.02 + 
.02 + 

. 271' 

.98 

.091 .13 

. 04 

.Oo 

. 0-2 

.02 

1.14 )' + 0.01 

+ fi.13 

0. 551 .o:; 
.02 + 0.12 

0" + 0.12 

10.95 

19. 61 

11. 71 

11.82 

8.16 

10.07 

31.57 
46.88 

09. 79 

13. 93 

09.29 

43.26 

52.0:1 

44.13 

44. 19 

40.59 

42. 31 

04.12 

19.20 

42.29 

46.41 

41. 77 

y Cetl ........ 3714.56

1 

........... - .01 .17 

48 Cephei. ... . . 4 04 32. 70 + 24. ;'6 - . o-i . 42 2 . .'iO • 09 l.14 53. 09 25. ~7 

( Arietis...... Orl Orl. 2~ 1· ......... - . o:J 1-· . 16 0. 59 . 02 + O. 02 07. 46 39. 73 

.. Persei rn 49.23 ·-·------ - .03 - .21 o.~51- .03 0.21" I 47.90 I 00.~ 
Pe~sei. 34 23. 71 + 3. 13 - • 04 - • 24 O. 82 - • 03 1- 0.18 ~- 53 57. 77 

--~I---~----'------------- -----

27.f:~c-:r, :~ 
27.50 I - .03 - .Ol 

27.58i- .03 .0:1 

27.63 + .02 + .02 

27.57 

27. 76 + 
27.45 

27.68 + 

27.50 

27.52 

27.52 

27.42 

. 04 

.15 + 
.16 
.07 + 

0. 11 

• 09 
.09 

.19 

• 04 

.03 

.H 

. 07 

. 03 

• 09 

. 09 

.02 

27.73 + .12 + .11 
27.65 + .04 + .02 

27. 76 + . 15 + . 09 

DECEMllER30,1873. r=+0<.07. c=+O-.IOW. 'fu=2"35mchr"llOmeter(2795). AT=-1• . 

Cl..AMF WEST. 

61 Ceti • . . • • •••• 1 17 44.. 8ll 

38 Casaiopero .•• "-: 21 53. 89 

• Plsciom . • • • 94 .:;. G9 
o Piscinm •.•.. 3845.72 

{J Arirtis ••• • •• 47 4f.l. 09 

no Cas.<>iopem... !ii! 44.24 

" ArioU• • ••• • . 2 00 13. 48 - 7. 9!l 

fl Cetl • • • • • • • . • 06 20. 82 

CLA.HP BAST. 

' CU81opere. • • 18 «- 49 
r Cetl ......... 36 50.n - 2.34 

• Ceti ...•••••. 55 43.41 

48 Cepbei ·---·- 3 04 j!8_27 

{ Arietis .•..•. 07 41. W 
o. Persel. ••. _ •. 15 22. 18 

J Penei ..•.••. 

q Taurl .....•. 
{ Pere&i. •••••• 

y1 Erida..ni •.•. 

33 59. 80 
40 01. fill 

46 15. 02 

52 11. 21 1··-······· 

- .09 

- .O!l 

- .08 

- .07 

- ()6 + 
- .-05 

- ·°' 
- .03 

- .()2 

.oo 
+.02 
+ .03 

+ .0:1 
+ .o:; 
+ .07 

+.oe 
+.os 
+.w 

• 041 + 

::1! 
.02 + 
.Ot + 
.04 I+ 
.0-21 + 
.02, ~ 
.05 ! -

, O·l 

.04 

.13 

.05 

.07 

.07 

.~5 

.06 

.04 

0.10 

o.~ 

0.10 

0.10 

0.11 

0.32 

0.11 
0.10 

.2:> 

.10 

.10 

.45 

• 11 
.15 

• 1:; 

. ll 

.12 

.lll 

I 

. 0-2 + o.13 I 

.OS 0.48 

.0-l + 0.04 

• O!I + o. 06 
.o~ + 0.02 
.06 f),56 

.O't + 0.01 

.O!I + 0.06 

.05 0.3l 

.02 + .07 

.0-2 + .07 

.09 .69 

.0-.I + .01 

.03 .12 

.03 .11 

.02 .00 

.O!I .03 

.O'i + .12 

44. 90 

53. 47 

45.68 

45.77 

42. 15 

43.85 

05. 60 
20.91 

43. 80 

4B.06 

43.34 

26. 94 

4l. 32 

111.86 
59.51 

01.59 

14.87 

11. 26 

43. 21! 

SL.!!4 

44.09 

H.15 
40.55 

42.12 i 
04. 08 I 

19.17 

42.16 

ff.39 
u. 75 

25.46 
311. 7l 

20,~ 

57. 75 

00.00 
13.11 

09.61 

1.68 + .04 + 
L63 .01 

1.59 .05 

]. Ull - •• 02 

1.60 

1.13 + 
1.52 

.04 

.09 + 

.lt 

LU + .10 + 

1.6-1 

1.67 + 
1.59 

l.fS 1-
1.61 -

1.64 

1. 76 + 
1.59 
1. 76 + 
1.65 + 

.oo 

.oa + 

.05 

.rn 

.03 i -

.00 

.12 + 

.O!i 

.I~ + 

.01 + 

.04 

.oo 

.05 

.O! 

.04 
• O!I 

. 10 

. to 

.oo 

.03 

.05 

. 02 

.03 

. 00 

.07 

.05 

. 10 

. 01 
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Red1wtwn of transits of stars for chronometer-correction-Contiuued. 

DECEMBER 30, 1873. r=+0•.()7, c=+0'.10. T 0 =5h 57m chronometer. t. T= - I•. 

T ' 

I 
Cbmn. timei Retl. to Rate 

Stal'. over mea.11 1
1 

moan of COIT'll. 

Level 
eorr1n. 

Coll'n. 1,,'-~:'l. Azim. 
corr'n. aberr·n. corr'n. 

Seconds ; Seconds ! St>cond~ 
of obd"d 1 of app1 t \ of chron. 
transit. I_ R. .A.. I corr'u. 

lli E~uat'l 

cliff. 

_______ 

1 

_of liue~~_l_H_n_c_s. __ , __ _ 

CLAMP EAST. I h.m. s. [ s. ·1 s. 
9fi6 Groombridge 5 22 58. 77 ; .....•.... - • 04 

d Orionis _. __ . 5 23 41. 20 ! - 4. 77 i- . 04 

~ Lep<lri• .. • . 27 12. 67 ! ,_ • 04 

t Orionis ..... 

CLAMPWES.T. 

a. Orioois ..... . 

2-2 Caruolupard 

µ Gcminormu 

y Gcminorum 

29 51.34 ,-

1 
I 

4~ 2:1. !i9 I - 0. :>5 i-

G -05 01.nJ : .•••.•••.• :+ 
15 2-.!.231 .•..••.... [+ 
:JO 27. 89 . .. .... i+ 

.03 

.01 

.01 

.02 

. ot I 

bB 

B. 

.12 

. 05 

• 04 

. 05 

.LI 

. 24 

. 13 

. II 

+ 
+ 
+ 
+ 

c C a A 

i 

B. i B. S. 

. 381 .07 .24 

.101 .0~1+ .03_ 

. lo . 02 I + . 06 

.lOi .02[+ .04 

.10 .02 + .10 

. 2'l i .05 . 69 

.11 
1 

• o~ I + . 01 . 

.10~l __ ._02_ . .:1:_~o~j 

: a a T ____ · ____ , 
• I 

: I f. s. 
57. ~2 :>o. 62 I 
36. 25 
12. 5.1 . 

51. 18 

23. 08 

Ol. 2'2 

2'2. 2'J 

27. 95 

34.83 i 
11.23 l 
49. 851 

i 
2!.G5 I 

I 
59. 84 1' 

20.94 

26.63 j 

.. 
1.30 -

1.42: + 
1.30 -

!.33 I -
I 

1.43 ! + 
I. 38 + 

. . 
. 05. 

.07 \ + 

.05: -

.02 

.OB j + 
I 

.03 

DECE!lfllEH 31, lt373. r=-0•.02. c=+0'.01 \V. T,1=:Jh :i;;m cl1rono111eter. L:>T=-Jh 00"-' 27• • 

CLAKl' WEST. I I 
6' Ceti ......... 12 18 ll. OB 
313 CaRsiop~m . . '22 19. 5S 

'1 Piacium ... · 1 2.l 11. a:> 
o Piscinm .. _. 3!l 1-J. 01 

(! Arietis. •• .. . 48 Or'. :J6 

50 Cassiopero .. 
1 

51 JO. 05 

a Arietia ...... 

1

3 00 31. 90 

p i:eti .. .. .. .. 06 47.17 

CLAMP BAST. 

• C"88iopero .. ·1 19 10. 18 
'l' Ceti .. . . .. .. . 37 14. :l3 

a Ceti. ........ :m 09. 71 

48 Cephel ...... I 4 04 53. 41 

{ Arietio •..•. · 1 OB 07. !!.~ 
a Peroel.. . .. .. 15 48. !16 

~ Taurl . . .. .. . 40 27. 97 

C Perooi ...... I 46 21.27 

}' Erldani _. __ ·I 52 37. 64 

t- .03 

+ .02 

+ .O\! 

+ .O'J 

+ .O\! 

+ . 02 

t- .01 

+ .01 

+ .01 
.00 

.Ol 

.01 

.Ol 

. 01 

.02 

.O:l 

.03 

.06 + 

.u + 

.06 + 

.LO + 

. 10 j 

.26 + 

.ll -f 

. II + 

. 21 

.10 

• 14 

• 40 

.17 

• 2-2 

.17 

.!l!I 

. 14 

. 01 ' 
• O;J : 

. 01 I 

. 01 ! 
. 01 ! 
• O;J I 
. 01 i 
. 01 i 

I .ro: -

: ~~ I: -= 
. Ot -

. 01 

.O·l 

• 01 

. 01 

. OI 

.o:.i j' 

.05 + 

.02 

.02 

.02 

.06 + 

.0-..l + 

.02 

.05 + 

.02 

.02 

. 031 
:,i.: I 
::I, 
.13 

. 00 

. 021 

. 06 

. 01 I 

. 01 

. 14 

. 00 

. 02 

. 00 

.Oil 

• Ol 

11. 01 I 
rn. 57 

11. 79 

II. 96 

08. 27 

on. YI 

31. 79 

41. o4 I 

09. 96 

14.09 
09. 52 

53. 01 

07. 47 

47. 99 

27. 75 

41. 00 

37.H 

.09 + 

.02 + 

.O:l + 

.02 + 

.021 f 

.O:< -

-----------------------~--------

43.21 

51. 80 

44. OB 

4t. 15 

40. 54 

42. 07 

04. 07 

19. 16 

:~~I 
41. 75 

25. 40 

39. 70 

~.20 

59.99 
13. u 
09.61 

27. 80 .;. 

27. 77 

21. 71 

27.~l + 
27. 7a r -

27. 84 + 
27. 72 

27. t8 + 

27. 84 + 
27. 71 

27. 77 

>lT.61 

27. 77 

27. 79 + 
27. 76 

27.8!) + 
27.81 + 

.02 + 

.01 

. 07 

.03 + 

. 05 

.06 + 
• 06 

.10 + 

.06 + 

.07 

.01 
• 17 

.01 

.01 ·+ 
.02 

.11 + 

.O:l + 

DECEMDER 311 1873. r= -0•.02. C= +()o.01 W. To=7b 05'" chronometer. L:> T = -111 00"' 21'!8• 

CLAllP BAST. 

a Leporia . . . . • 6 117 39. t9 

t Orionis ..... . 3-0 lR 1:1 

• Orionio.. ••. 4R 49. 91 

p Gent inormn 7 15 49. 13 
>' Geminormn 30 5.t. 8K 

51 Cophei . 41 a;. GS 

......... + .01 

r .01 

.00 

.00 

.01 

.01 

• 21 
• 2'1 

• 2.1 

.29 

• 28 

2. f>ll 

.01 

.Ol 

.02 

. o~ 
. 12 

. 07 

.OI .02 .05 

.01 .oi . 01 

.Ol . Ol 0" 

. 21 i - . ia + 3. o~ 

---~-- ------ I -

39. 14 ll. 231 
17. 81 49.~ ! 
49.60 

4P. BO l 
54.51 ! 
35. 49 i 

f 

21.6G 

20.!14 I 
26.fl4 i 

Oi.36 I 

27. 91 .01 

+ . 04 , -I· 

27. 94 ! + . 02 + 
27. P6 ! . 06 

21. 90 j • Ol ' 

2,,, l:l . 21 

--------------------~---------------------------

. . 
• 00 

• 07 

. OJ 

. o~ 

. o~ 
. 01 

. 02 

. 00 

. 07 

. 03 

• 05 

. OJ 

• 0.5 

. 10 

• 0"2 

.07 

. 01 

. 02 

. 01 

. 01 

.01 

• 0!1 

. 03 

• 01 

• OJ 

. 02 

.05 

.()'.; 

. ro 
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Reduction of tran.~its of .~tars for cltronometer-corrcolion-Oonti n ned. 

JANUAHY \!, 1874. r=-0•.0L c=-0'.01 W. T 0=4" 15"' chronometer. ~T=-1" OOm :13•. 

-------~~~--------------------------·--~--------

·1·Chron. tim1 Red. to I Level ! i Azim. 8P.conils 
over mean mean of 1 Hate cotT,n. i Diur'l I ooi-r'n. of' obs'U 

Star. \

1 

of lines. lines. i' corr'll. b B aberr·u. I a A transit. 

S(•con<ls : Seconds 
of app't of chron. 

.R. A. corr'n. 

_/_ 
CLA>IP _EAST. I h. m. ·~ --s.-1-. -s-. - •· 8• _•·

02 1

J + .'·
0

" •· .. 
40. 44 

41.59 

fJ Arwtts .•.••. 

1

2 48 12. 81 1 ·· ....... ~ . 01 + . 30 ! + , 01 , • 13. 13 

50 Cassiopero... 53 14. 29 ......... J.,. . 01 + .65 + .03 .061- . 70 14. 2~ 
" • • 1 I j_ " =net1s .•••.. i 3 00 36. 21 ..... _ ... j+ . 01 , . 33 + . 01 . 02 I + . 01 36. 55 03. 91 

('Ceti. ....••. 1 ~65l.39 1 •....... J+ .01 + .25 + .01 .021'+ .08 51.72 1D07 
L Cas~iop~ro-"'i 19 14.76 ....... l+ .Ol + .37 + .03 .0:5 - .51 14.lil ,u:s1 
> Ceti. •••... --1 37 ld. 75 + . 01 + . 12 + . 01 . 02 i + . 11 1e. 98 4G. ao 
aCeti. ........ I' 5614.27 .00 + .12·+ .Ol .02i+ .11 14.4~' 41.68 

' I
I 'Ii 

CLAMl' WRtsT. 

48 Ccphoi...... 4 04 5tU1 I . 00 + . 24 • 05 ! . O'J ! - 1. 01 57. 40 ] 24. 84 

i Arietis ...... , 06 12.21 / I .00 + . IO .01 .02 i + ,O_, · 12.30' 39.63 
a Pcrsci.______ 1.5 52.87 If .CO + .13 .02 .O:l ! - .18 5'.l.'17 20.0t5 j 
o Persoi. ••.•• ·I 34 30. 53 . 00 + . 09 • 01 . 03 I - . lG 30. 42 57. 641 
~ Tauri. ...... 1 40 32,46 1_- .oo + .07 .01 .ll2 i + .01 3251 5H.94 

AT 

s. 
32.69 

3-l.63 
:i2.08 

32. 65 

32. eO + 
32.68 

32.81 + 

32. 56 

32.611-
32. 69 

32.7>j + 
.Jt.57 -

32. 71 + 
:12. 78 I-

Diff. Equat'f 
dilf . 

.. 

. 00 

• OG 

'11 
'04 

'11 + 
. Ol 

'12 

'13 
.02 
.oo 

+-

.09 + 
l" 

pl>. 

.. 
.00 
• Ol 

.10 

• Ot 

.03 

.01 

.12 

.01 

.02 
,00 

'05 

'11 

'02 

'09 

~ Persei. ...... 1 46 45. 83 • 01 + . Ol . 01 
1 

- . 02 i - . 04 45. 76 lJ. 051 
r' Eri<lani ..... I 524'.l.191 .01 .oo .01 .02 i + .18 42. 33 OD.55 

r T~uri ...... " 5 n 10. 44 1- . 0 l . Ol '01 . 02 I + . 051' 10. H 37. 70 32. 65 . 04 . 04 

".• CT~'mu:ilo·p·· .. ·,:;·.~1· 2492 0146 .. "6"19 I' .. ······'1- .. 0011 .02 .Ol: .02 I+ .04 14.5,'J 41.91, 32.64 .05 .Oo 
" ~ " u ·-·02_-~i __ ._rn_2 : __ ~~f_=:__~l-~'-3~31j __ ~~C_ __ ·1o_L+ ___ o3 

J.\.NUAltYl0,1874. 1·=-0'.02. c=-O•.OlW. 'l'0 =5"12mchronometer. ~T=-l"oom33•, 

I 
I 

C(..A.MP WltS.T. 

L Cassioppie... 3 rn 16. 15 I+ 
r Ceti.. •• .. • . 37 19. 51 1+ 
a Ceti . . . • .. . . . 56 14. 92 + 

48 Cepbci ..••• _ 4 05 00. 13 + 
( Al'ietia . . . . . . 08 23. S!3 I - 10. 28 !+ 
" Persei. .. .. . . 15 53. 831 .. --. .. . I+ 
~ Peroei....... 

40
34

4
a
1
t •• 

39
6:l

1

._ .... 

7 
•.. 

9
.
7
. j+-+ 

11 Tauri. ...... .,. 
~ l'erse! ...... 4U 46.61 .1 ........ :+ 

r' Eridani ..•• 52 42. 82 ........ --1 
CLAMl' EAST. 

I 

_J_ 
.113 l-
.o:J -

.021 -
021-

:021-
.01 1-
.01 i -
. 01 

.00 -

.oo 
• Tuiri. ..... 21 49.39 :········· I .oo 
y TanM .••• 

1

1 5 13 l8. 7~ - 7. 60 ! 
"Tauri ..... 29 15.37 [ ......... .00 

0 Camelopartl 42 07.06 i~-···· ... i- .Ol 
' Aurigre... .. 49 21. 54 '..... •• . . - . Ol 

11 Orionis. •••• 57 56.131 ···· ..... i . Ol 
IJ Orion!• . • .. • fi 09 ll2. 95 • • • . . • . . . . 02 

fJ Tauri .. • • • • . 18 54. 04 . • • • • • . . . [- . o-i 
d Orionie ...... 26 Oll.30 1- . O'J i -
a Leporls... .. 27 .f4.46 I- .02 I -
• Orionie ....• 29 >!3.32 ••••.•••.. J- .02 

.w 

. 15 

'15 

. 60 

.20 

. 32 

• 32 

. 25 
• 27 

. 16 

.26 + 

.25 + 

.251' + 

.49 + 

.31 + 

.26 ~ 

.3o I+ 

. zi I+ 

.[H, + 

.~21 + 
a Colnmbro.... 35 39.39 ······--··!- .03 . 16 I+ 
a Orionis..... 48 55.17 ··-····-··!- .03 .!IG + 
~ Camelopard 7 OS :14.53 , ..•••..•• !- .04 

1 
- .63 + 

----·-- ---- ------------- ---- .. _J ---

. 03 

.Ol 

,01 

• I)~ 

.01 

. 02 

.01 

'Ol 
. 01 

• 01 

.01 

. 01 

. 01 

.02 

• Ol 

. 01 

• 01 

• 01 

. 01 

. 01 

. 01 

.01 

• 01 

• 03 

~~[-
' .02 i + 

.0-J r + 

:~~II~ 
.03 -

.02 I+ 

:~:I~ 
.02 j + 

I 
.661 
• 14 

.141 
1.39 ' 
.03 j 

.25: 
• 2-J ' 

.01 

.05 

.25 

.06 

. 03 

15. 05 

19. 56 

14. 91 : 
58. 02 i; 

12. 77 ' 

53.23 

31.05 

33.16 : 
46.33 i 

42.86 

10.92: 

49. 16 

15.16 
.02 I + 
.021+ .05, 

.051 _ .58 I 06.55 

::~/~::ii ~:~~, 
. 02 j + . 19 02.1'!1 

.t>2 i - .03 53.68 

• O'l i + . 1511 
O!l. 19 

. 02 ! + . 26 44. 51 

.02: + .15 23.2'l 

.02 + .36 I 30.55 
54.98 

I 
41. 71 I 
46. 29 

:~:~I 
39. 62 

20. Oti 

57. 63 

59. 93 

13. 04 

09. 54 

37. 78 

1:;. 98 

41. 91 

33. 32 

47. 97 

~71 

29.64 

20.27 
34. 85 

11.24 

49. 88 
06.35 
21. 11 

I 
.0-2 + . u I 
.os -~~J __ _:1:_13_'_ 59.~-

3.1.28 + 
33.27 + 
3:J.24: -

33.25 ~ -

33.15 1-
33.17 I -

33.~2 i + 
32.23' 
33.29 + 
33.32 + 

33.14:-

33.18 1-
33.25 i -
33.23;-

I 
33.28i+ 
33,-Jj) 

33. 2.'\ 

:J.1.41 + 
33. 34 '\

+ 
33. :14 + 
33, 27 

33.00 
3-1. z; + 
33. 19 

i 

.02 i + 

.OJ 1' + 

.02 -

.01 

.11 

.09 

.16 + 

.03 

.03 + 

.06 + 

.12 

.Od 

.01 

.03 

.0-J + 

.06 

.Ol 

.15 + 
.OB + 
.01 + 
~08' + 
.os I -
.01 1 + 
.071-

.Ol 

.Ol 

.02 

.00 

.09 

~ 05 

.10 

.02 
• o-:i 

.00 

.1~ 

.08 

.01 

.01 

.0-2 

.oo 

.01 

.13 

.08 
.01 

.08 
.05 
.01 

.01 
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lleduction of transits of stars for chronomete»-correction-Uoutinued. 

JANUAHYll,1874. r=-·0".0-2. c=+0'.0:iW. Tv=5b16mcllronometer. to.T=-1"00"':]3". 

Star. 

:cl.iron. time1 Red. to 
! over rnt>an ! mean of 
: of liue8. j Ii11es. 

Rate 
corr'n. 

J,evel 
corr'n. 

bB 

Coll'n. j Diur'1. i Azim_ : Seconds : 8ecouds Sl'>ooTI<ls 
'1 corr:n. ! aberr:u. \ corr'u. 1

1 -of ob~'d of app't 'o.f chrou.: 

j cC I f n A ! tmuS1t. R. A. ' e<:;:n. 
Dill. Equat'l 

diff. 

i I ------ --1---- ---: 
CLAM!' WlUn'. h. rn. B. I 8. t;-. • 

a ATiclis --···J30037.78 .o5! 
g•Ceti ......... .: {)653.05 .04' 

' Cas~ir>pere .... i 19 20. 3G - 3. 85 . 04 

y Ceti. ......•. ! 37 20. 37 .......... :+ . 03 

C1 Ceti ... ........ 5G 15. 70 ........ ---'!+ . o~ : 
48 Ceph«i ..•.•. , 4 05 oo. 3l .•..•...• '+ . 02 • -

~ Arietis ....•. ' 08 l3.7:l ....••.... + .02 f -

a. PersC'i 15 54. 46 ............. '+ . O~ ! -
Lt.AMP EAST. 

n PerAei -- . 34 3'.1.24' ..... ..L '01 

'fl Tanri. ·-···· 
( Pf'>r.scL •...•. 
"Y1 Eridani .. 

y Tauri. ------

40 34. 14 j ..... 

4647.11 I ·········'+ 
52 43.58 \········· + 

5 13 12.03 j-·---· -·-·, 
2l 50. 20 1----------'. 
42 08.20 \ .......••. "-

' ' 
022.41 I··········-

11 (Morris.. 5756.971·······-··:

{I Orloni~ .•• 6 09 0:1.F? .-·········i
lf 'l':tUri. ••. ----J 18 5t.79 J··--·-----'-
c1 Orio11is ...•.. j 26 09.08 i··--······;-
n. L~·pori.s ...... J 27 4,"'j_ 36 ) •. -- .• •• • -'.-

• 01ionis ...••. 1· 30 24.~3 I ·········i-
• Col1tmhm... 35 40.30 j···-····· 

cr,urr WEST. J 

a 01·ionis 4-B 56 04 i·-·····-
22 Camelor>ard. 7 05 35.!lS .••.. 

t Geminorum. 31 01.10 ·······-·;-

.01 

. 01 

.Ol ' 

. 00 

.00 I 

'01 1

, 

. 01 

.01 

.02 

.02 

.02 

.02 

.02 

.02 

.03 

.04 

.05 

----------'---- --------.. 
. 43 + 
.41 + 

+ . 83 

.46 + 

.51: + 
1.56: + 
.63: + 
.86 l + 

.83' -

. (it l -· 

.63 i 

.47 

.51 

.5!J: 

1.10: -
. 72 r _ 

' .61 

.5:1: -
.71 ! -
.57 

• 48 

.57 

• 40 

.67 + 
j 1.11 

'78 + 

•. i 
.o5 I -
' 051 -
.1a I -
Oe ' "' 1-

. 051 

:~~I = 
.01'! -

o_I 
: o~ I ::: 
. o~ ! -
.o~' -
. 05 r 

. 05 ! 
• 12 ' 

. Ou ' 

. 05 

. 0.5 

'06 

. 05 

. 05 

. 05 

. 06 

. 05 

'13 

'051-

.. 
'02 

.02 + 

. 05 

.02 + 

.02 + 

.09 

.02 + 

.03 

.03 

. 02 

. 02 

.02 I + 

:[~ 
:~:I~ 
:~~I~ 
. 02 I r
. 02 i + 
.02 I+ 
.02 I + 

.02 I+ 
:~:I~ 

.. 
.00 • 

. 04 

.28 
• 06 

.05 

. 5~ 

.()! 

.10 

.06 

'00 
. Ol 

'06 

• 02 

. 01 

• 17 

. 02 

. 02 

. 06 

. Ol 

. 04 

• 07 

. 05 

. !I 

. o~ 

.2<J 

'02 

.. 
31. 4:l ' 

-52. 75 

15. 52 

20. 03 ' 

15. 3l ! 

58. 3:l i 
13. 16 

53. 57 

31. 26 I 

~3. 44 i 
46. 7fj ' 

43. ll 

11. 41 

49. ~13 

06. 84 

21 . .5t! 

56. 3~ i 
OJ. 31 j 

!3:~. D7 ! 
Od. 4G 

Ht<tti 

2.1: 521 
30.97 :I 

I 
55. 41 i 
33.59 ! 
00. 32 i 

i 

.. 
03. !15 

19. (15 

41. 73 : 

46.28 

8. 

:J:J.4~' 

3'.l.70 + 
33. 79 t-
33. 75 + 

41. 66 i - 33. 65 + 
~4.10 

39.61 

20. 04 

57.62; 

50.~: 
13.03; 

OJ . .53 1
1 

37. 77 

15. 07 

33.3() 

47. 87 

22. 71 

29. ()4 

20.27 

34. 85 ' 

11. 2t 

49. 8~ 

06. 34 

21. 72 

59. 95 

26. 75 

33. 6:l 

33 .. 55 : 

33.53 ' 

' 33.64: + 
aa.52 ~ -
33. 73 ~ -t-

33 . .5, ' --

33. 64 I -

3:3. SB' -

33. a4 -

33. 71 ! -i
l:t 61 ( -

33. 67 i· 
3:3. 70: + 
3:J. Gl 

33. 1)2 

33. 64 + 
33. 63 

33. Gtl : + 
J:J, 64 1

: + 
33. ~• I -

8 • 

.Eii_ 

. Oi ' ..,.. 

.16 I + 
.12 i + 
• 0-2 ! -+
. 00 

. 08 

. lO 

'01 -~ 
.ll 

• 10 ..,. 

'01 
. OJ , 

'09 

. Ot' ..;. 

. O:! : 

, 04 : L 

. Oi ; ---t

. 02: 

'01 

'01 ..;. 

'00 

.O(i I~ 

. 01 

• Oti -;--

Normal equations from wkicli aziinuthal deviations and chronmneter-corrections were deduccll. 

1873, December 24. 

5.4 r1T + ,08a = - 2.11 
.08 + 2.25 + .10 { 

and 
3.6 ,; T + .11 a,= - 1.26 

.31 + 2.0!) + .30 { 
December 26. 

{ a T + .52 a = - 3Ji3 
+ 2.43 + .86 

G.2 

and 
f 4,.5 
i - .81 

,~ T- .81 a,= - 2.99 
+ 2.90 + 1.42 

De.cem ber 30. 

6.1 /JT + .51 a= - 3.75 
.51 + !.l.43 + .25 

and 
7.2 ,tT- .!.lli«1= ·1.7-1 

- .:!6 + :1.3:1 + .80 

6 T = - 111 00"' 2'.!" 

;:., 'l' = - P.O (chr. ~w:>) 

+ o•.058 
.38 
.l!JS 

~ 
a = + 0".-!84. 

a T= - .<il 
ti,=+ .:12 

ll = + 0'.236 
',; T = - .(i4 
( a,= + .rno 

. 13 

'07 
.O.'J 

.1~ 

.02 

.oo 

.07 

.on 

. Pl 

.10 

.0':1-

.0.« 

.[II 

. 03 

.03 

.06 

.02 

. o~ 
.Oii 

.O:.! 

. 01. 

• 01 

.DO 
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Second set for epoch [ih 57ru. by chronometer. 
j 3.1 aT + 1.27 a11 = - .97 
l l.27 + 1.75 - .30 

and D. T = - 1".0 ~ 
(Ill=+ .08 

iJ 'l' = - 1.35 
a,11= + .34 j 3.1 aT+ .O!)a,111=-l.05 

t .0() + ,()1 + .28 

Chronometer comparisons as read off from the fillet. 

T 
--- ------ - --- - --

{ 

Time l>y 2795. ~T, 

-----i 

I<. m. .. .. 
2 112 10 - 1. 66 

a 15 4o - 1. 41 
f, 25 46 : - 1.31 

Decew ber 31. 

G.2 li T + .52 a = - 4.86 
.52 + 2.43 - .54 

aud 
6.6 .~ T + .OS a,= - 5.15 

.08 + 3.13 - .18 

Second set for epoch 711 o5n'. 

4.905 () T + 1.5i) 0 II = + .16 
1.55 + 2.50 - .28 

1874, January !J. 

5.3 li T + .13 n = + 1.69 
.13 + 2.34 + .74 

and 

{ 
7.2 liT - .65 a,=+ 2.0!J 

- .65 + 3.04 + .65 

January 10. 

J 7.0 iJT- .26a=-1.92 
I - .26 + 3.33 + L35 

and 
12.0 iJ •.r + 2.73 a,= - 2.14 
2.73 + 3.84 + .65 

January 14. 

{ 5.8 liT- .16a = - 3.68 
- .16 + 2.78 + .55 

and 
j 13.1 lJ T + 2.89 a,= - 7.95 
• 2.89 + 3.56 - 1.45 

Second set. 

2.2 iJT + .05 a11 = -1.39 
.05 + .91 + .10 

Sid. time. 
_____ ,_T_im_e_u_y_34_•_" I ~T I 

h. 

2 

5 

6 

m. .. 
22 08. 34 

15 44. :;9 

2;J 44 fig 

h. m. 8. h. m. s. i 

3 2'~ 36. !21- 1 00 27. 781 
6 16 12.41 21.82 

7 26 12.54 27.8:> I 
--~----.! 

6 T = - l1' 00"' 2i• 
~ ''. = - o•.055 
? il 'I = - .78 

6 T = - l1' uo•u 28" 

6. T = - lh oom 33" 

6. T = - 111 00'" 33• 

. a,= - .038 

{
- a11= - o•.164 
iJT = + .08 

a=+ o•.30 
~ ilT = + .31 
l a,=+ .281 

\ a, = + 0".3~ 
~~T=- .26 

a,=+ .353 

~ 
a=+ o•.162 

aT = - .63 
a,=•+ .103 

o, = + .145 
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Synopsis of results for correction and rate of chronometer. 

~ate. 

l<l7J. 

December 24 

26 

30 

31 

31 

1874. 

January 9 

10 

u I 

Epoch 
T.,. 

h.m. 

3 38 by cbron.1 

3 26 

5 52 

f 3 35 
7 05 

4 15 

5 H! 

5 16 

. i 
Chron. Frodsham 3477, i Honrl.v rate. 

oorrec.tion ti T 0 • ) -r. 

I 
h.m. .. .. l . . I 

_ 1 oo '22. 38 ± tj_ 014 I .200 

'.!7. 61 . 013 . 00'1 

27.82 
. 010 I . 040 

27.78 
. 011 . OtO 27. fl-2 I 

32.69 . 012 I . 008 

:<3.26 . 010 I . 020 

33.63 . 014 . 015 

--------- .. 
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About Dceember 21, the cllrouometer cba11ged its ratt>. rapidly; thus the diftereuce in .d T. for 
the 22d and 24th is 1! 1wco11us aml for the 24th and 26t.h 5i seconds nearly; after this, the rate 
was tolerably steady. 

TELEGRAPHIC CONNEO'l'ION AND EXCHANGE O.F '.I'IME-SIGNALS. 

The line connecting- Washington and Key West p11ssed through Augusta, Ga., Lake Oit,v, Fla., 
mid Punta Ra:1a, Fht., 11t each of which intermediate placPs there were antomatie repeatl:'rs. The 
dir.,ct clistauce betWl:'l:'U the tl:'r111i11al statious is nearly 1,100 ;;tatute miles, and by wire and calile 
1,432 mill:'!'\.* The same circuit was used on e,·er,r night of exchangl:'s. For transmissions of sig-
11als, the \Yashi11gton elock was made to break the circuit en•ry second for ubout five ruiuutt>s; the 
Kt>y West chro11ometer caused the circuit to be broken e,·ery second (and another chronometer 
every otlin !'lecond) for abo11t three minutes. There were also trausmitt.ed arbitrary 1"1ig11als from 
lioth ends. The lollowiug scheme exhibits the ti111es (tir:st and last minute breaks) of exchanges: 

Wuhingron, D. C. Kes We•t, Fla. 

Date. , --------
Cl<1ck·•igoalo sent to Kfly We•t. Chronometer-signals atmt to Washington. 

Ht·c. 24 : lf'rom 4h mm to 4h "LJlll bid. time ____ .. _ .... From 51t CK_ln• to 5h J:Jm and from 5h 18"' to :,.o 2tm chr.t time. 

From 5h 34m to 511 3..<Jm. 00 ! From 4h 44111 t,o 4h .19n1 _ .•••.•••..• _ •••••••• 
:m Jfroru5htlmt()5h 16m .••..•.....••••••.••• lt""'rorn 511 05m to 6h osm. [SignaJs by 2d chr. re,iecW<l. I 
31 From 5'• oom to 5• 05•• ............ ·-· ··--·· ' Twenty.five arbitrary signals between ti" ll'.1 111 awl ft1• :.!I"'. 

,Ja,u. H At 6h 09m .and 6h 49m: aliro two eete t of arbitrary signals. . . • • ... . . • . From 6b 39m to fib 4-.!'11• 

10 From6h29mto6h33rn .................................................... From7h21™to7I1 30111• 

11 1 From 7h O-Jm to- 7h 05m ............................. __ ., •••••••••••..••.• _. From 7n ;nm to 711 .fom. 

~According to information kindly f11rui<:1lwd (J 11ly 27, 1 ~76) by tt:t" 1n<&uagtir .,f tl.w \V "'!t"''" (J oioa '!\,I igra11li Otlk<J 
iu Wasbiugton, •he lengths of lines between tbe connected stations a.re &8 follows: 

8ta.tnte mil€8'. 
Washington to Richmond_._-------· . ___ .. ____ . --- _ _ l HI 
Richmond to Augn•ta, via Goldsboro' .. _ .... _. _ ••• __ • 47tj 
Augusta to Savannah .•.••..••••. ·- _ •. _ .. _ .•.. ·--- .• 1:12 
Savannah to Lake City __ .... __ ... ---- .....•.. ·----· 202 
Lake City to Punta Rasa. _. _ ....... _ ........ ____ ··-· :l(;1i 

1294 
Cable, Punt.a Rasa to Key West, 120 knots. _______ . _ _ _ 13M 

'l'otal length •••••••••••• --·· .••••. ··-···---· 14:}'4 
t Fil'8t set not Wied or reported . 

.a. Ex. 81-20 
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:For the determination of the difforeuce of longitude, we have tbe following simple formulIB: 
Let 

J ). =difference of (ongitude, west loug·itude being reckoned positive; 
t,. antl .1 (=the elock-time and the clock-correctiou at the eastent station when ;;ending 

a signal; · 
t"' and At,,.= the clock-time and the clock-correction at the we11tern station w!Jeu receiv

ing the ~ignal ; 

t,,.' and J t,/ = the clock- time and the clock-correction at the 1ce;dern stat ion when sending 
a signal; 

t/ and J t/ =the clock-time antl the clock-correction at the eastern station when receiving 
- the signal ; 

x =transmission time of electric irupulse inclusive of all causes of delay: 
tben, supposing the clock-times corrected for personal equations, a11d the transmission time be
tween the two stations the same eit.her way, we biwe from the eastern signals 

.::J i.-.l'= t, + .J t, -(t,,. + .J t,,) =i., 
a.nd from the western signals 

A ). + .x = tJ' + J t/ - (t,,.' + J t,/ )•= l.,,. 

also, 
t. i. =2 (i., + ).,c) and x=HJ.,.- .\,) 

Telegraphic di.fference of longitude between Washington a.nd Key West, 1873-1874. 

l.-1''HOM w ASHINGTON OR EASTERN SIGN.u,s. 

-----·----------------------
i Tranamitted from "rashington. Received at Key Woot. 

Date. I~-:-~ --! Co:;~c~i: :;~.~~o~:, ~~ro:om~~~f~::~:~io~: to / ~e ~ We•t a>.-" _______ J Coe -time. ' to clock. , •irl. time. tinrn. I chronometer. , sld. time. 

1873-'74.j h. m. •· i-----::· -;::-:;.-- ·· i~~;---;::--:.--.. -1~~-=--:~-I-----· 
Dee. 2

26

41 4 19 Ol i + 6. 45 4 IP 07. 45 I :; oo 28. ~g ;- 1 00 22. 65 , 4 00 06. 24 i 
4 43 59 i 5.83 4 44 Q.f.83 I 5 2.) 3),2() i 21,62 4 25 03.64 I 

301 15501' 4.63 51554.G31557~1.2"il 27.82 45G5.1.45! 
31 . 5 59 55 4. 70 5 511 59. 70 l 5 41 26. 3:1 i 27. 86 4 40 SP. 471 

•Jan. 9 ! 6 09 31 i 5.60 6 09 36. 60 f 6 5l 07. 91 i :!2. 71 5 50 35.20 I 

10 I 6 32 31 l 5. 56 r. 32 M. 5ll 1 
1 14 oe. 51 j 33. :io 6 13 35. 21 j 

11 I 7 03 __ ~J ___ s.9•_ 00_:3~~4 '~-~"- 04.2.~ 
1

_ 1 0() 33.67 6 44 30.58
1
. 

m. .. 
ID 01.21 

.19 

. 18 
I 

. 23' 

. 40 

. 35 

. 36 

*A set of arbitrary signals gave precisely the aa.me result, '\"'"iZ: Ulm OlJ.40. 

II.-FRO~l KEY W1csr OH \VE13T111RN SIGXALS. 

·------- ----

TraMmitted from Key West. Re~eb'ed at 'V••hington. 

Date. 
i 

Aw= AA+ xi 
Chronometer- Conection to Key West 

Clock-time. 
Washinjlton i 

time. chronometer. ! eid. time. sid. time. 

~--/ 1-·-- ----
I 

-· ------------

: 1873-'74. II. m. .. II. .... . . jh. m. .. h..m. .. .. h. m. .. 
, Dee. 24 5 19 2S 1 00 ~7~·! 4 ![1 05. 28 4 38 00.48 + 6.42 4 38 06. 90 19 OL 62 

!16 5 36 ~ 27.62 ! 4 :rn 04. 38 4 55 00. 10 5. 82 4 55 05.92 Ol. 54 

30 6 07 31 27.82 5 07 03.18 5 !la 00.13 4.63 5 26 04. 76 01. 58 

I 
"'31 6 19 23. 46 27.81! 5 1~ 55. 57 5 37 5~.56 4.69 5 37 57. 25 Ol.68 

; Jan. 9 d 40 37 32. 71 5 40 04. 29 5 59 00.48 5.Gl 5 5.Q 06.09 01.80 

! JC 7 27 38 33.30 6 Z1 04. 70 : 6 46 00. 88 ' 5.57 I 6 46 06. 45 OL.75 

11 7 37 38 - 1 00 33.00 6 37 04. 34 6 56 i 
5. 97 i 6 00.15 i 56 06.12 01. 78 

11 From a set of twenty-five arbitrary signal&. 

To obtain some tolerable approximation for probable error and weight to each of the Reven 
values 1'>r difference of longitude, there were combined for each night the probabl~ errors of the 
clock-correetion, of the chronometer-correcti<m, and,of the personal equatiou, the resulting n1lne 

• = ,r;,i+~,;i + •m' was taken to answer to l, l., and LI l; the weight given equal 1 · 
¢ 
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Results for tli::fferencc '!/' longitude, l~'a.~ltin,11toti anrl Key lVest, 1citlt approximate pro/Jable error.~ and 
relatil'l: 1rPi!/ltts; al;;o 1cwve amd armature time. 

I Relative 
Tlate. ~A=!(>.,," A.) I .. 

weight. 
x. 

I 
--------~ -- ·-----i-- . 

1873-'74. "'· s. : .. .. 
I 

: I>eceml>er 24 19 OL 421 ± o. 044 518 0.20 

26 01.37 I . 037 731 O.lti 

:io lll.38 i .tl:iii 71::1 0. 20 

31 01. 45 I .036 7i:l 0. 22 

Jan nary 01. 60 ! . 046 472 0. 20 

JO fn. 55 I . 045 494 0. 20 

lJ 01. 57 i . 047 453 0. 21 

'------~---~ ---------------'---------------------

Indiscriminate mean ofvahwsof Ji. ..... ............ 19m 01'.4., ::I: 0•.024 
r . ~· • J /. '\\ e1ghted mean "v . _ . - ......... __ . _ ... __ .. • • • . • . 19 OJ .46l ± 0 .015 

Mean of first 411igl1ts, circle at Washi11gton E ....... . 
Mean of last ;3 nights, circle at \Yashingtou W .... _ .. 

l9 01 .40 l 1) -
19 01 .57 j 1 01 .4So 

This last combirrntion would free tbe result from any pmisiblt' residual enor iu the assigned 
collimation co11stants for the trantiit-circle iu the two years, and, by applying tbe weights gin·u, 
we shall prudtH:e the most probable valut> for our final difference of longittHle-, yjz: 

.d ), from 4 nights iu 187.3 . - . . . . . . . . . . . . . . . . . . . . . . mm 01".404 ::I: o•.orn 
J /. from 3 nights in 1874....... . .......... ., . _. . .. 19 01.573 ± 0 .027 

Mean JI. ................................. _ ..... . 19 01 .488 ::!:: 0 .Ol65 
The wave :rnd armature time is gh·en in the column beaded :x:; tl1e separate values are 

sufficiently accordant, and, comparing the mean witlt the grt•ater value found by Professor Hark
ness in the telegraphic determination of the differe11ce of longitude between Washington and 
Ha\"'ana in 1868 (see Appendix I, "rashington Astronomical Obsen·atious of 1867, printed i11 1870), 
the diftereace, o•.36-0• 20, is sufficiently accounted for by the faet that iu the Havana line there 
was one more repPater aud about 100 statutt> miles of additional cable in the circuit. Tbe appa
rently large ,-a1ue of .'C in each detnniinat,iou is no doubt due to the resistance offered by the sub
marine cable, and, unless the electrical 1esista11ce was the same at Washington and Key 'Vest, the 
simple mean ~(A.,+).,.,) would not represent the true difference of longitude; the records give uo 
information on this point. 

RESULTING LONGITUDI!: OF KEY WEST AND OF LIGH'l'·HOUSES IN I'l'S YICINI'l'Y. 

According to Coast Survey Report of 1872, p. 234, (printed iu 
1875), the telegra{Jhic longitude of the dome of the Unifed 
St.ates Naval Obst>rvatory is .•........................... 

Reduction to transit-circle... . . . . . . . . _.... . . . . . . . . . . . .... 
Difference of lougitude, Washington and Kt•y \Vest. . . . . . . . . 

51; osm 12".0!1 ± o•.Ofi W. of' Gr. 

+ () .066 
+ 19 01 .488 ± 0 .017 

T .. . , • • ~ D 27 13 .644 ::!:: () ,()()'..J 
.uung1tude of Key West astronomwal stat10n .... - ... - ... -· · · t 810 i8' 24".GG ± 0".93 

Referriug this, b,'\' means of triangulation, to Tift's Ob8erYatory or I,ookont, the longit1ule of 
the latter becomes 8lO 48' 2711.86. In the Coast Sur\'er Report for 18.51, pp. 164 and 41/}, the longi
tude of this station is gi\"'en as 810 48' 30".73, showing that this olil <letermiuation, and consequently 
also the triangulatim1 up to date, was only i11 errnr 2" .87, or O•.l!J, as compared with the present result. 

Respecting tlte older determinatious, wt' may, iu the first place, compare. tbe r<>sults of rite 
moou-eulminatioi1s observed in 184H, by Assistant J. E. Hilgard, at Sa.nd Ke,Y (O".O~ ea"t of tlw 
light), with the telCgrapbic resnlt for the same, viz: 'l'be observer reports in 1851 the re,;ult of 
18 moon culminations oh&ern~d in July and August, 1849, from Professor Peudleto11'" rt>ductio11, 
and corrected tor error of Nautical Almanac place, 511 27111 27'\l; Mr. Main 1lerlnces, in J\farch, 1857, 
from 19 moon·culruiuations, the improved result, 5h 27rn 28•.7 ± l".:! (1.), (Which includes one case 
previously rejected). The value resulting from the present, investigation is 511 27m :w•.(;S, indicating 
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a personal equation of about o•.07. Secondly, we can compare the chronometric result of 1852 
with the tdf'grapbic i·e,.nlt. Umler date of December 10, 1852, Assistant .l. E. Hilgard reporto; the 
result of bis chrononwtric determination of the longitude of Key West as follows: 
Longiturle of Profe8sor Gi hbes' ohser\'atory, at. Charleston, S. C. _ ... - ..... - . 5h l !I"' 44•.0 
From transportation of 10 chronometeni hetween Charlestou :md Key WMt 

and return, in February, March, aud April, 18.52, the difterence of longitude 7 29 .H5 

He1we, longitn<le of Key \'\'est, tranl"it-statio11 of 185:! ........... - ... - . . . . 
Geodetic difference, Key West transit of 1852 and Saud Ke~· astronomical station 

5 27 13 .65 
. 17 .25 

Hence, longitude of Sand Key ash·onomical station._ .. j .15 27 ~~O .no } II 
... ---· ·-·--··---- t 810521 4::1''.5 . 

which is the basis (omitting fraction) of the valm• given in Coast Sun·ey Report for 1851, p. 164, 
and which correspouds to the longitude of Key \Ve~ light, s10 48' 07".13, sl1owing tbe exc('SS 
:i11.87, as stated a bo,·e. 

Tlie pniference was given to the c11runometric result, -for the reasou that it is less liable to be 
affected with a cout'taut error than results by moon-culminations; rnort•over, it lies ht•tween the 
first-named and auot hl'r previous dett>rmi11ation, which earlier result is as follows : From a ch ron 
ometric determination b,\' Prof. J. E. C. Coffin, U. S. N. (now superintendent of the American 
Ephemeris), the 1011 gitmle of the Key West light, depending on the meri1lia11s of the 1\1 orro U<istle, 
Havana, and the I~alize, is stated, in a report b,y the Bureau of Onlnauce and H.) drograph,\·, Navy 
Department, iu 1843, to be · · 

5h :nm 14•.0 or 81 o 48' 30" and re1lucing to 
Sand Key light + 18 .4 4 ;~5 .!) 

Sand Key light . . .. .. .. . . . 5 27 32 .4 81 53 05 .9 .. _ .... _ . II I. 
Jn co11clusion, I append the geographical positions of tlw Key West light, the Saud K('y light, 

and the Northwe8t Cbauuel light,'" giving the corrected longitude,:, "iz: 

Key West light...... . ... . 
Sand Key light .... _ ..... . 
Northwest Clrnnuel light .. . 

Latitude. 

24° 321 58".09 
24 27 10 .00 
24 37 04 .05 

I remain, sir, yours, most res[Jectfnlly, 

Hon. UARLILE P. PATTERS3N, 

Superintendent Un-ired Stale.~ Gom<t S11rre.l/. 

81° 48' 
81 52 
81 53 

Longitude. 

04".26 or 511 27m 12•.28 
40 .15 5 27 30.68 
57 .97 5 27 35.86 

CHAS. A. SUBvTT, 
As8'istant, Coai;t Surrey. 

·JI. In connection \Vith tl•ese Jl~b: s, the longitadt> of !-Iorro light, Hu.vana, 1na.y Le give11, ha8~d U(,on tht la1etit• 
telegraphic longitude of tbe \Va•hilll(ton Observatol'y 11ud the re~ult• re1><Jrted by ProfeSSUI' H•ukues8 iu hi8 paper 
above referreo to. 

· Wto hM·e, longitude of \Vashi11gton, dome of Ol>senatory .. _ ... __ ...... _. ___ ... _________ .. _. __ .. ___ .. 51> o~m 12•.0H 

IJitforence of longitude, Washington and Morro light ......................... ---· ................. O 21 13 .43 

Longit1uh• of Morro light .... ---- ..................... -----· .................................. ;, 2!1 2'>.52 

or 820 21' 2:.?'' .80 
with an unk11nwn oorrection for personal t·.quatiou~ 

It. will be 1nteresting to co111p&re t.liiR wit.Ii r.lw result deuuct'rl trom ol..,wrvations uiatle early this century, at 
Havana, by Don J. J. <le Perrcr. The meridian of Ha\'aua wa" then the bt•st ru;tro110111ically-d..termi11e<l meridian in 
the Gulf of .Mexico. Don Ferrer'« elahorate 1"11";r i• coutained in volume IV of tlie Memuil'!I of the Ast1· nomical 
S<iciety of Londou, 1830, No. XXXI, p. 569 cl •eq. Froru 20 obs .. rvtod occnlation•, 1 ... 1w .. en 1808 and 11}12, lrn gi\'es finally-

Havana, Dou Antonio Robredo'" ob~e1·vatory ..... , ........ __ •• '...... 51> 31'Jm 47•.7 W. of I'>tri!!. 
Difference of longitude, Paris aud Greenwich._ ...... _ ...•...... _... 9 21 .1 

Longitude of Havana obHen·atory .••. _ •• _ . _ .............. _ .• __ •. _. .. 
Reduct.ion to Gr~at Tower of .Morro ..... ---·. _ .. __ .•. _. _ .••••.. _ ••. 

5 2'.} 26 .6 W. of G1·.,e11wich. 
1.6 

Longitude of the Tower of Morro, (probably very near tLe light).... 5 29 28 .2 
a resul$ probably correct, within th" limit of 3'. 

ADI>ITION . .u. NOTE.-ln a letter dated June 23, l877, Capt. F. W. Green, U.S. N., oomnmuicated to me the re11nlt 
of his new determination of Lieutena.nt. Pnyazon'o; piel' of 1868, as connected with the Coaat Survey station at Key 
West. It differs oa.42 from Profo~aor Harkness'8 re1111lt, anil the diJf.,rence is no doubt. due to the fact that tJie cbro· 
nometer had to be carrie<l, in 1868, some distance ootween the olw!erving and the telegn1pb sta.tious. This new deter
mination, of November, t87r., gives t.he lm1gitntle of the Morro light 5h 2!Jm 2&.94 W. of Grrenwich. 
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.APPENDIX No. 10. 

HEPORT ON MOUNT SAIN'f BLIAS, MOUNT FAIHWEATHER, AND SOME OF TIIE ADJACENT MOCNTAINR 

BY WILLIAM H. DALL, ACTING ASSISTANT IN THE UNITED STATES COAST SURVEY. 

1.-HISTORIOAL NOTES. 

On the 20th of.July, 1741 (old l'lt;de), Ilering aud hi1< nssociatN1 marlt> the continental shore of 
Northwest Anwric11, aml, iu whiit tl1P~ estimated as latitude ;"IHO 15' aml longitude 1240 40' west 
from Ferro, the.v saw a great mountaiu, aud uuder it a point, wliicb tl1ey named after Saiut Elia><, 
tbe patron saint of the day. It is probable tbat U1ey saw about tlw Ha me time all the otller high 
peaks of t.he adjaC€1lt region, though the fact is uot mentioned iJJ the imperfect records existi11g of 
thiii expeditiou. 

On the 3d of J\fay, 1778, Capt. James Cook, in sl:'arch of a northeast pasRage, saw a beautiful 
peak, which he named l'!Iount Fairweather, ;iml I\ Lif'L lw placed i11 latitude 58° 52' north and lon
gitude 1380 we:,;t from Greenwich. The next tla.v, Im raised it grPat peak to the uorthward, am!, 
helil'ving it to he that St>en by Bering, be placed it on his chart as )fount Saint Elias~ in latitude 
Goo 27' and longitude u10 west. 

Considering the great advance iu nantkal i11Rtrnme11ts and tables since the days of Cook, tliese 
re8ults are extremely cretlitable. Cook did not attempt to measure the heights of either of these 
mountains, as far as we can learn from the anthorizf'd edition of his vo.vage. 

In 1786, the celebrated La Perouse saw Saint Eliai:s 011 thP 23d of June, and his iistrouomer, 
<l' Agelet, essa,\"ed to ineasure it with sext:rnt :mgles from tlte \"Pssel. The heigltt resulting from 
bis observations was 1,890 toises, or about 12,600 foet. As the lati tulle assigned for the Yessel's 
poiiit,iou, however, was indubitably ten or twelve miles in error, no Wt<igbt can be assigm·d to 
bis result. His assumed base-line was hardly less tbau fifteen miles too short. 

Shortly afterward, he saw Mount Fairweather, and anotlwr high mountain, which he named 
Mouut Crillou, after the French ministe1· of marine; I.mt it does not ap11ear from his uarratirn tliat 
the height of either was determined by his part_\'. The positions he as8igued to them are, 1w,·er
tbeless, quite near to the latest determinations. 

In 1787, Douglas saw Mount Saint Elias, on tlie 2d of Augu1o1t; an1l in this ~·ear the first Hus_ 
Rian Pxploratious of this part of the coast. were ma<le hy Becharf'ff and 1"111yloft'. Tb~~- me not 
recorded as passing to the 80uth of Lituya Ba_y, where tl1ey liatl al reads hePn preee(lt>d hy La 
Perouse. About this time, DUID('J'ous English and A merica11 trndiug-\-essels were fitted o_ut for 
commercial operations in this region. Though much iucidental gPograpl!ical information was thus 
obtained, I have discovered nothing of importance relative to the pl'Psent suhj<'et. 

On the 19th of June, 1791, Sefior Don Alessandro Malespina iiaw SHint Elias, and attempted 
from on shipboard to 111pasure lt8 height. Ile found it to be 17,851 ft>.et, which in the rouud uum
bers of 1 i,800 aud 17,800 feet has been ado11ted ou ma.uy charts, and is 11earel' the truth than the 
estimates of an_\· other uavigatol" which ha\·e l>eeu published. l<'or Fairwe<1tl1er he obtained a 
height of 14,695 feet, which is also not ver·y far from the truth. 

On tbe 28th of June, 1794, Van<>,ouver saw Saint Blim1, aud givt'8 in his vo.yage the first vi''"" 
of it whieh was e'\"er published. · This was taken from the "\'iciuit~- of Icy Bay, and bears some 
r~semblance to tbe roouutain, though 1111rnh seems in the plate to have been i;iacrificed to artistic 
effect. Vancouver placed the peak in latitude ooo 22'.5 and lougitude 140° 3!!' west, bt'iug ,·ery 
near the 1·ecent determinations in latitude, but too far to the e,ast ward. The same may he said of 
his position for Mount Fairweather, which he located July 25, 1794, in latitude 58° 57' aud lougi
tude 1370 13' west. Be appears to have made uo attempt to mPas1ne tbe ele\'ation of either 
peak. 
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Sir Edward (now Admiral) Belcher, iu 1837, w:u; the next navigator of impnrtauce to visit this 
region, and from his narratfre it wonld i;;eem that he placed special importance on the iletermina
tion of the position a11d beigbt of 8aint Elias. He failed, however, to get observations of pre· 
cii;;ion from on shore at Point Hiou, as he ha<l intended ; and that his resnlts were satisfactory we . 
ma:y doubt, as be does not give any elevation or position for the mountain in his narrative, and 
even omits it entire!,\· from hi,; drnrt. This, notwithstanding bis mention of baviug obtaiued sat. 
isfactory observations. \Yhate,·er the results may have been, most unfortunatels they do not 
appear to have been made public n11der his name, exceilt a view which be gives of the mountain, 
which is hardly more satisfactory tha11 that of Vancouver. 

Tebeukoff.vhiited thrn regio;1· in 1847, and from his hy1lrographic notes we learn that he placed 
the peak in latitude (JOO 2~'.G and longitude 1400 54' west, with a height of 17,000 feet. Ile men
tio11s that Vasil ieff from his n•ssel determined the height of Mount 11'airweather as 13,946 foet, and 
placed it in lat,iturle 58° 57' and lo11gitnde 137° 27' west. 

Since that time the coast baR beeu annually visited by wh;ilers aml traders; lmt their ohser
vations, if any, have not been made public; and it bas been reserved for the Coast Survey, through 
one of its parties, to make the latest, and, we have reaRon to believe, the most precise contribution 
to onr knowledge of the subject. 

'fhe United States Coast Surve,y schooner Yukon, under my charge, with Mr. Marcus Baker 
as astronomical observer, left Sitka on the 11th of l\Iay, 1874. \Ve rated our eight chronometers 
on the 5tu by mea11s of very slltisfactory ob,;ervations of equal a. m. and p. m. aHitudes of the sun. 
On the 13th, we ubtaiued forenoou sPxtaut altitudes from a sea-vosition on :Mounts Fairweather aud 
Crillon; similar observations in the afternoon anti 011 the following day. On the 15th we entered 
Lituya Bay, where we remained uu til the morning of the 19th. Here an astronomical position and 
azimuth we1e well determi1wd ou 8hore with the sextant, n•rtical circle, and theodolite, and con 
nected with a triangulatiou iududiug Mounts Fairweather anti Crillon. Vertical ang-Jes for the 
altitude of these mountains were obtained with the tlwodolite. 

Ou leaving I-'ituya Ba;, while beclllmed in its immediate viciuity, and wit.b our positiou well 
fixed by bearings on known 1,oiuts of the shore, additional sextaut-alt.itudes were obtained on 
Mounts Orillon, Fairweather, atHl Saint Elias. 

011the20t!J, iu the vicinity o1 Dry Bay, with a po8ition well fixed by a large series of observa
tions for time and latitude, additional ob8en-ationii with the sextant were obtained on Mount 
Saint Elias. 

On the. 21st, we entered Port l\folgrave. 
On the 2~d, a series of observations similar to those mentioned at Lituya were obtained, 

and completed on the 23d, together with the rernaiuller of the triangulation ou ~fount Fairweather, 
and a portion of oue on tlaint Elias. A lull and carefol series Qf double-zenith distances, on 
Mounts Saint "Elias, Fairweather and several other mountains, was obtained and connected with 
the astronomical azimuth line. 

On the 24th, additional astronomical obsen·ations were made-the 25th being occupied with a 
reconnaissance survey of the port-and on the 26th we sailed from Port Mulgrave. 011 our way 
out, intersections on Mounts Cook and Vancouver were made by compasa-beariugB, from a position 
fixed by bearings on the land. At the same time a ski;tcb was obtained of Mount Saint Elias. 

On the ~7th, from a µosition at sea determined b_y sextant-observations for time and lati
tude, we obtained a series of sextant-altitudes 011 Mount Saint Klias; and au azimuth was observed 
directly between the mon11taiu au1l the sun with the same instrument. 

On the 7th of Juue we were enabled to rate our chronometers again with good success at 
Saint Paul, Kadiak. 

From tbe material thus obtaiued, the rmmlts, tabulated with previous measurements, below 
hM'e been arrived at. 
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Mount Saint Elias. 

I Date. ! Autborit.y. I Height. Latitude. 

1-------·----, ! I 

I 
Feel. " ! 

17~6 j La Peromrn .•••.•...•••...••. .••••. ........• 12,G7~ HO i~-; oo 

~~:: j ~:~:::1;:r~~~~-.~~~~~~~~~~~~~~-~~:-~~~~~~~~~~~:\ ~~: 
1847 I Rus.Hydr.Ch., 137~·----·--·-···---· __ ... \ 17,,<54 
1847 f Tebenkotr (nc>t&) ... _ ................ __ .. _. I 16, 938 

:::: I =~:~;~·;:~:;z.r:_:·.:::::.::::_ ::::.:J ~;:~~~. 
1874 i UnitedSt.ateaCoastSurveJ' ... ----········-··I 19,500±400 

___ I ----------

Jfou:nt Fafrweafhei-. 

--------------
Date. Authority. Height. 

Feet. 
lWl MaJespina ••••.....•.•..................... : H,589 

60 ;i2 30 

60 21 110 

60 22 30 

60 :II :lO 

60 17 30 

liO 21 otl 

Latitude. 

1894 Va.ncouv~r ................................... . None. 58 :->7 00 N. 

1847 v .... rneft' .•.......•...•.... ·······-·-······--- lJ, 946 

1sn Tebenkoff IHyclr. notes) .....•.. _ ....... __ 14, 000 58 ~7 Oil 

1848 Rus. Hyclr. Ch., 1306 .• __ .... __ ....... _ .. _ .. _. 14,708 58 53 0-0 
1849 Tebenkoff, Ch. No. VII_ .. _ ....... _. 13. 86t 5e ;,1 oo 

185.'i Eng.Adrn.Chi>rt ........•.......•. 14, 708 : 58 58 00 

1874 United States Coast SurYPY ... rn, 500 = lco f 5i' M 24 

Other mountains. 

u.s.c.s. :Name. Height. 

:Jut. 

Je74 Mount Crillon •.••....... _ ............. __ . . 15,000 ± 500 ! 

1874 MountCoolr,approximate ..• .............••. 16,000 

1874 Monnt Vauconver. approximate ..•.......... i 13, 100 
1874 Monnt La P{lrouse, approximate .••.. ··-··--~: 11,300 

r ... atitude. 

58 40 

60 15 

60 13. 7 

58 ~4 

J"'ongitude. 

140 10 00 

140 3, IJO \\-_ 

141 uo 00 

140 54 (10 

HO 54 00 

14-0 51 oo 
141 00 00 

141 ()() 12 

Longitude. 

137 1:1 oow. 

137 27 00 

137 32 ()() 

137 27 00 

137 32 00 

137 30 3B 

Longitude. 

0 

137 02. 7 w. 
140 00 

139 43 

136 5~ 

159 

Mount Cook aud Mount Vancouver are two high peaks of the Saiut Elias Ranµ;e, to the 1<011~· 
ward and eastward of Mount Saiut J<:mas; and by the authority of the Superintendent of the United 
States Coast Sun"ey, as tlwy ba-rn been hitherto wiUiout distinct appellations, are 11ow named iu 
honor of those dist.inguished navigators. 

In like manner, to a high peak near the sea at Icy Cape, just south and east of Lit11ya BaJ, is 
11ow applied the 1111me of La Perouse. Of this, we. were only able approximatel,y to fix the position 
and height. 

GENERAL CONSIDERATIONS. 

The elevation heretofore assigned to Mount Saint Elias has \•aried gre.atly. Wilen the circnm
stance8 under which previous observations have been ol.Jtaiued are cousidered, this is not sur1iris
ing. No publication· has been made·of any angles for elevation taken with any instrument but a 
sextant. These were almost, invariably obtained from ou shipboard, with no mFans of e1<timati11g 
the refraction, and witb positions often greatly in error, es1•eeiall~· iu longitu11e. 

Thus, Tebenkoff gives a height of 16,H3,~ feet; bnt we know that his positio11 at Port :\Iulgrave 
was about six miles in error. La Peronse, with a position uow known t.o ht• teu miles in t'rTor iu 
latitude alone, obtained 12,672 feet. The Admimlt.y chart gh·es tue hPight of 14,910, aud other,; 
vary between 16,700 and 17,800 feet. Since the data b~- which all these r<'snltA were obtained are 
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inaccessible, and in most cases onl_v the result of the ol'iginal computations was preserved, it is 
hardly worth while to attempt any further reconciliation of these discrepancies. It is possible, 
boVl"eYer, that part of them may bf'. due to a hitherto unsusµecwd cause, uamely, that of mistaken 
identity. 

Off shore, Mount Saiut Elias ios unmistakable. Risiiig above the fogs, which at some oseasous 
en•elop its bnse, it may be f'!el'n when all other lund is far below the horizon. But in appronching 
the coast at Port Mulgrnve, it is often loi1t sight of before its position, relative to the port, can be 
recognized. This was the case 011 the occasion of our visit. After being a fow bourR in port,'the 
fog cleared up considnahly, a11d we saw a very Ligh peak in about tht' direction in which we imp
pm;ed Saint Elias to bt>al'. l\ly sailiug-mastt'r ideutified it as that mountain, as he bad seen it for sev
eral weeks on a previous vi,;it. ,Judge, tl.1e11, of our surprise when, later, the distant haze disap
peared, and the majeostic peak of the true Saint Elias \.Jecarne visiblt>, He then declared that during 
his previous stay at Port .i'ilulgrave, hazy weather prevailing, he had never sel'll the real mountain 
at all, and had ascribed tl1e difference in it:s appearance from that of Saint Elias, as seen from the 
sea, to his different point of dew. 

The error might easily occur, as tlw St'COllll 111ou11tain (Mount Uook) seems to be upward of 
16,000 feet in height. It is al,,;o uearer Port MulgTave, and its position mm·p, easterly than thnt of 
Mount Saint Elias, as is the position gh·eu hy some of the authorities for the great peak, to the 
eastward ot its true positiou. Some details as to the appearance of :\lount Saiut Elias and l\lonnt 
Fail'weat her, and the characteristics of this great uplift, may uot be out of place here. 

Mount Saiut Elias, from the entrance of Yakutat Bay, as rt>preA.euted in the accompanyiug 
sketch, (No. 22), rises from a confused mass of broken rnountaius behiml an elen1ted table-laud.• 

This plateau is a.ppan·ntly two or three hundred feet iu Leight, and, as mentioned by La Perouse, 
in some places the sea breaks agaiust its base, ;.ill(l i11 others a low and narrow strip of flat beach, 
formed by streams cutting through t,be escarprnl'nt, iuttcrvenes between the cliff and the Rea. These 
flats are greeu, and ofteu covered with spruce aud alders. The top of the table-land appears quite 
destitute of vegetation, resembling a plowed .field, with heaps of bowlders and gravel irregularly 
distributed upon it. This is probably J!,facial detritus. The face of the cliff on the northwest shore 
of the Ba~' of Yakutat is evidently composed of nearly horizontal i:itratified rockR. These we sup
posed to be similar to the horizontal Tertiary strata fourul at various points near Port Mui grave, on 
the opposite side of the bay. Large patches of clean, undisturbed snow lay in various ph1ces 011 

the top of the table-land; but we saw nothing rest>mbling a glacier there. 
The surface of the platt>au rise8 a little from the edges of the cliffs, and then falls to the axis 

of a \•alley pan1Uel with the .trend of the mountaini;, wtich is interposed between the table-hmd 
and the bai,;e of the range. In this valley Revera! small glaciers terminatt', having their sources on 
the lower part of th"' mountain-sides. A considPrable l'tream, the waters of which are probably 
cle,.ived from the melting of the glaciers, falls b1>11ce into the bay. At the head of the Bay of 
Yakutat is a small inlet caI:ed Diseuchautmeut Bas, where glaciers come down to the st'a, aud send 
tbeir floating fragments, lade11 with t>arth and stoiws, out into the sea. But from the mountains 
which border on the Bay of Yakutat itself 110 such icti comes down. 

To the eai;t of the pt·ak the rnui:i;e iH continuous with Saint Elias, and also apparently to the 
northwest of it, read1iug to at least twu-thircls the height of the peak itself. 

t;eparatt>d from Elias by a deep trough, in which two large beds of suow and ice lie, one some
what below the 0U1er, and with their axis in a northwesterly direction, some small, rather rounded 
mountains descencl toward the plateau. 

Toward the bottom of the e111't·8ontheast tlauk of Saiut Eliais is a great rocks amphitheater, 
with bigl1, ragged sides, 01w11 to the south and east. ln this is a simllar snow-b<'d. These beds, 
beiug destitute of latern.l or other moraines, and apparently 1iuable to move, from the peeuliari.ties 
of the topograph:r, we 811pposed wtire 11oc true glacier1:1, and, ind1•ed, from our 1>0sitiou we oould see 
nothiug on the flanks of the peak which was unmistakably a glacier. 

The great amphitheater may he the crater of an extinct volcano; \mt the fact that bedded 
strata, without the curves mmal in beds of igneous rocks, were plainly visible iu the face of il;s 
cliffs, and conformable with those 011 the adja{~ent rock:-foce of Elias, rendered this doubtfal. The 
impression it left ou our minds was that it was not a crater. 

_" ____ --~ -------· -~---------- -----~-----------

• On the plate the distances are in nautical miles, and th• beariuaa 1aagnetfo. 
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Pre-eminent in grandeur is the southern face of the mountain. With few and but im1ignificant 
foot-hills, it rises abruptly from the valley; and~ at about five thousand feet above its base', the 
entire side of the mountain is for med of an im~nense rock-face, incli11ed at an anglu of 4;')o tu the 
sea, rit;ing eight or ten thousand feet without a ureak in its continuity. It terminates somewlta,t 
irregularly above, and the upper contours of the peak remind one of the granite peaks of the Cali
fornian Sierras. The apex is pyramidal, sharp, and clearly cut, leading to the inference that it is 
precipitous on the invisible northern side. 

The whole of the great l'Ock-face is marked by straight, rigid lines of bedding, which are 
inclined uniformly to ·the eastward, at an angle of about ten degrees. 

There seemed to be but little snow on th"' upper portions of the mountain, though the lower 
peakR to the eastward were of a uniform white. We ascribed this to the topographical features 
which afford the wind every facility for carrying away any snow almost as rapidly as it falls. At 
the apex, there was no crater, nor any appearance of one; nor did an,y sign of smuke or steam 
appear in the vicinit_y of the mountain during the whole time it was visible to us. 

Mount Fairweather presents somewhat similar characteristics. Like Elias, it is separated from 
the sea by a plateau, with a valley behind the latter parallel with the shore and the trend of the 
range. But the upper surface of this table-land is more irregular, and is covered in parts with a 

• dense forest, which creeps up the side of the rnountaiu for four thousand feet, and fades away near 
the snow-line. The mountain is more extended east and west than Saint Elias, and consists of a. 
small, angular peak, with a. long, high shoulder on either band. The sides are seamed with rifts 
and valleys of denudation iu whose lower parts at least tunr large glaciers were evident. The 
angular cliff-forming structure so marked in t'1e Yosemite region of California, seemed especial!J· 
to characterize this and its adjacent mouutaius. Their upper portions were abunaantly supplied 
with snow; but here, again, was nothing which, by any stretch of the imagination, could be taken 
for a crater. · 

By a reference to the map, it will be seen that the portion of the range iu which these great 
elevations occur is at the apex, so to speak, of a deep curve in the shore of th~ coutine11t, forming 
what has been termed by the Coast Survey the Gulf of Alaska. The m1rve of the range is sharper 
than that of the coast, as lowlands intervene between the mountains and the shore. The greater 
pressure occurs in the region of sharper curves in all mountain-building, and here we have, as might 
naturally be expected, the greatest elevations on the continent in the region of unsurpassed mount· 
ain-folding. 

The extraordinary roughness of the topography is, in a general way, the result of two systems 
of plication, subsidiary to the greater flexures of the rang'· as a whole. One, the primary system, 
is of i;Mications parallel to the axis of the range; and the other, a secondary system, with plications 
at right angles to that axis. The fissure valleys of the second series are less conspicuous than the 
more extensive but proportionately shallower folds of the first series. The main direction of the 
coast-line is coincident with the primary series. The chief features of the local topograph_y are 
determined by the secondary series. Only the strongest of the!!e cross, from the mountains, the 
inner primary folds, and form bays in the shore-line beyond. 

Most of the glaciers for which this region is remarkable take origin in the snows of the higher 
elevations; are molded in the upper portion of the secondary valleys, and arriving at the first 
primary valley, are turned aside, and for the rest< f their course run parallel with the axis of the 
moulita.ins a.nd the· trend of the shore. A few, 'nvariably the largest, find a path ready hewn for 
them in the stronger secondary valleys above mentioned, which conducts them across the first 
primary fold to tho sea-shore. None of those on the main coast, betwen Cape Spencer and Point 
Riou, appear to cross the beach. 

When the terminus of the secondary fold is sufficiently pronounced to form a deep uay, then 
the glacier may reach the water, and its cast-oft' fragments appear as mimic bergs. In these cases 
the slope is always much steeper and sharper than when the furrow is t-00 wide to form a marked 
indentation of the shore-line. 

In front of all glaciers which reach the sea, white discolored water is to be observed, butexteusive 
shoals are not formed, the detritus being too fine to sink before being widely distributed. 1Vbero only 

H. Ex. 81--21 
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the torrents from the island glaciers are discharged, shoflls are invariably present. This generalrza
tion is of wide application, and important in its bearings on the question of glaciation in general. 

The character of the topography is such that it is inconceivable that a continuous glacier, mov
ing in any direction, could have ever coYered the western slope of these mountains. That it did 
not, we have abundant proof, which may more pro1)erly find a place elsewhere . 

. We are able t-0 contribute some facts of importance to the knowledge of the material of which 
tLis range was built, and to the character of ih; peaks. 

Wherever we were able to reach tlle bed-rock of the range, as at Lituya Bay and T>ort Mui
grave, we found it to be syenite, often associated with garnets. Here and there, as at Point Fair
weather, apparently at points of greatest lateral pressure, were small, low craters, rarely conical, 
usually partaking more or less of the character of fissures, from which basalt and recent red lavas 
have been sparingly emitted. These small vents are near the bases of the mountains, and seldom 
greatly disturbed the horizontal Tertiary beds of sandst( nes and conglomerates which border on 
the mountain masses of syeRite unconformably. The bare lowland which has been formed by sub
aerial and glacial wear, is often tinged with red by the lavas. The detritus overlies the Tertiary 
~trata, but where the bed-rock of the range comes down to the sea, volcanic material is entirely 
absent from the talus. At Port Mnlgrave, the lower portion of the foot-hills contains beds of lime
stone, meta,morphosed into coarsely crystalline marble, such as was found farther south by the • 
Coast Survey party of 1867 under Assistant George Davidson, and is not infrequent in the Sierras. 
There are also quartzites, much metamorphosed, undt Tlying the nearly-horizontal and sparingly
fossiliferous Tertiary beds. 

The conclusions, then, to which these facts would seem to lead us are as follows: That these 
Alps are, like 

0

the high Sierra of California, mainly composed of crystalline rocks, and in their 
topography, their small, pustular, basaltic vents, their associated marbles, quartzites, and later 
conglomerates, exhibit a close parallel to the Sinras; that parallelism in structure and composi
tion implies parallelism in age and method of formation ; and, finally, that the volcanic origin of 
the high peaks is opposed not only by analogy, but by the known facts. A glance at the accom
panying sketches will lead any one familiar with the types of mountain structure toward the con
clusion that these peaks are not of the volcanic type, and, even without confirmatory evidence, 
would lead to the snspicion that they were composed of crystalline rocks. 

I do not doubt that small eruptions have taken place in comparatively recent times from the 
vents alluded to, which may have led unscientific observei s to suppose that the peaks themselves 
were -volcanic, eE•pecially if they examined only the detritus, which in some localities is largel,y 
composed of basalt and lava. 

With regard to volcanic activity, I find no recorded oJservations of any relating to thesil'!leaks, 
except Saint Elias, and that only as foUows. In a manuscript translation of Tebenkoff's hydro
graphic notes on this region (most of which, by the by, are incompatible with recent observations), 
I find this statement: " In 18:39, Saint Elias pe!lk began to send forth, occasionally, smoke and 
ashes from a crater on its northeast side. Accordiug to reports collected by Tebenko:ff, -during the 
earthquake in Sitka, in 1849, the peak of Saint Elias sent forth flame and ashes."-tNotes 011 

Chart VII.) 
Now, uo civilized mau has yet beheld the northeast side of Mount Saint Elias, and, therefore, if 

smoke and ashes appeared from that quarter, it could not have been determined whether they came 
from that mountain, or some lower peak beyond. But as there were a~ that time no civilized inhab
itants at Yakutat, I agree with Grewingk, who bad all the material before him, in placing n-0 cre
dence in the statements above quoted. After thorough search, I have been able to find no trust 
worthy account of any eruption. I was informed by one Russian that he had, on a voyage from
Sitka, seen smoke and flame issuing from the peak of Saint Elias, and he gave a glowing account 
of the magnificent spectacle it presented. Another person, a passenger on the same voyage and 
vessel, afterward told me that indeed he had seen the mountain very plainly, but that the story of 
an eruption was a complete fiction. It is, therefore, not impossible that Tebenkoff might have been 
similarly deceived. 

Grewingk, discussing the same question, argues that since no trustworthy account exists of an 
eruption, it becomes unsafe to assert tliat it has occ11rred, and suggests that it may be placed in the 
same category with a volcano reported by 8pani.t:1h navigators on Oiipe Mendocino, which bas 1011 g 
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since been provecl to l.Ja\·e no existence. He says: "Though Saint Elias stands in the volcanic 
line of Iliamna, Nnnfrak, and Saint l\fathew's Tslancl, nevert,beless we believe its ¥olcanic natnre 
may justly be dou!Jted, since the absence of a crater or conical form, aml its ragged crest, make it 
>ery probable that it has never been penetrated by a volcanic cbimney.11 

• • • "The proximity of the active volcano of \Vrangell to Saint Elias renders 
it improbable that the subterranean fires would seek, so near, an indubitably difficult egress thro11gh 
the giant of American mountains." 

The great height of Saint Elias is also opposed to its asserted volcanic nature, aml the recent 
determination of the sedimentary (Cmtaceous) structure of Aconcagua and other high peaks of 
South America, which have always hit.1erto ranked among volcanoes, i~ worthy of being noted in 
the present connection. 
. We may, therefore, say, at least, that the presumption is in favor of the non.volcanic c!Ja.racter 

of Saint Elias, and that the burden of proof rests with those wllo may still be inclined to assert its 
volcanic origin. 

IL-DISCUSSION OF THE DATA. 

Jn the computations accompanying this report are given, first, all the data necessary to the 
·computer, followed by the computations of the positions of the peaks in question; and, lastly, the 

computations of the beights, resulting from the vertical angles and double,zenith distances meas· 
ured on the several peaks, aud their computed distances from the points at which tbe obsen·atious 
were taken. • 

Ilence, any one, with the data here fornisbed, can pursue the computations according to the 
method be may prefer, and have all the material necessary for forming an independent jndgment 
on the value of our results. 

The mountains referred to are Mount Crillon, Mount Fairweather; two peaks of great height 
in the range to the eastward of Mount Saint Elias, now first named by the United Stat~s Coast 
Survey Mount Cook and Mount Vancouver, respectively, and Mount Saint Elias itself. The means 
by which the positions of these mountains were obtained are of different values. Mount Crillon 
was determined by a triangulation from Lituya. B:i.y, connected with a measured hase and an m;itro. 
nomically-determined azimuth line. The angle at the peak was of course unobserved, and being 
very small, I regard the results as of only secondary value. 

Mount Fairweather was determined by ..iorizontal angles, referred to an astronomical azimuth 
from the astronomical stations at Lituya Bay and Port Mulgrave. The angle of intersection, t.11ough 
not observed, being not far from a rigb.t angle, the included error cannot greatly afr"ect the compu· 
tation for position, and I believe the result'\ to be as satisfactory as the method will allow. 

The positions of Mounts Cook and Vancouver were determined by horizontal angles, referred 
to the azimuth line from the astronomical station at Port Mulgrave, and intersected by bearings 
taken from the vessel when in a well-determined position in the western portion of the Bay of 
Yakutat. The intersecting angles are moderately large, but the method is much less satisfactory 
than if both angles had been measured with the theodolite, and I regard the results as approximate 
only. 

The position of Mount Saint Elias was fixed by horizontal angles connected with the azimuth 
ine at Port l\lulgrave, by azimuth obsen·ations taken directly on the peak from a weJJ.determined 
sea-position, aud by confirmatory bearings from a very well determined sea-position at Dry Bay. 
The latter, however, bave not been used in the computations. 

The unobserved angle beiug nearly 600, the liability to error is reasonably small. 
Our position for tbe mountain is within a t.hird of a mile of that assigned t-0 it by Captain Cook, 

and is, in my opinion, sufficiently sati&fa.ctory to remove any doubt as to the probability of serious 
error arising in the results from uncertainty of position. 

The vertical angles for elevation are also of different classes. 
The ~rst of these eo1r1prises sextant-angles.' Except under the most favorable circumstances, 

antl especially unless within a comparatively ~hort distance of the object measured, I do not con
sider tbese as being of any great value. 
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The uncertainties of position and refraction are so great as to render the result in most cases 
off only the most general character. I ha Ye, therefore, r1,jected a large number of these olisenatiom. 
Thol'e which I baYe admitted, in most. cn8es, I do not cm1sider of !mfficient precision to unite with 
the results of vertical circle or tbeo11o1ite observatious for the 1rnrpose of obtaining a mean. 

In one case only-that of Mount Fairwt>ather, where the elevation was measured from well
determined positions close to the base of the mountain, and not far from the stations at which the 
other class of obserYations were obtained-have I •Tentmed to use them in snch a manner. 

I have inserted some computations of such observations in separate columns; but, with the 
exception already noted, rather as a matter of curiosity than as a source of reliable information. 

Mount Crillon was measured from five or six-different points with the sext:oint. I bave given 
the best of these observations, but place no confidence in them. It was also measured from Lituya 
Bay with the theodolite, and were it not for the ertremely small angle of intersection, which throws 
some doubt on tho 11osition, I should be tolerably well satisfied with the resulting height. The 
impression made ou our minds from viewing this mountain from a multitude of positions was that 

·it is slightly higher than 1\fount Fairweather. I think it probable that when better observations 
are practicable it may be found a few hundred feet lower than our theodolite-determination. 

Mount Fairweather was m.easured from I..ituya Ilay by theodolite and from Port !Iulgmye by 
vertical-circle observations of double-zenith distances; also, from a number of points close to Lituya 
Bay by sextant-angles .• 

The mean of all the Lituya Ba,v observations is._ - . - - - - -.. - - - - - . - • - - . 
The mean of all observations with sextant is - _. _ . _ - .. - .. - - . - - - - - - - - -
The mean of vertical-circle and theodolite obsenTations is. __ . _____ ... 
The mean of all obsenations is. - - - - - .... - - .. - .. - . _ - - - - . 

.. A.nd this result, I am convinced, is not far from the truth. 

15, 4G2 feet.. 
15, 443 feet. 
15, 388 feet. 
15, 4-23 ± 120 . 

The altitudes of Mounts Cook an(l Vancouver were determined b;y a series of double-zenith 
distances, observed at the Port Mulgraye astrouomimil station, and the resulting heights are 
regarded by me as approximate only, becaus<) of the doubt resting on the precision of the compass
bearings, by which, partly, their positions were determined. 

Mount Saint Elias was measured by a particularly large series of double-zenith distanceR from 
Port Mulgrave, and also by a large nnmbm· of sextant·obsernttions from various localities. Part of 
the latter have been computed for the sake of 1>howi1ig that all the observations point to a greater 
height than bas been previously claimed for the mountain. I give them no weight in the result, as 
they were all t:tkeu at great distances from the peak, and subject to various disturbing influences 
and uncertaiuty in most of the positions. 

It has occurred to.me, in view of the unanimity in the Litnya Bay observations, that we might 
apply the difference between the height of Mount l•'airweatber, as there obtained, and that obtained 
from Port Mnlgrave, in the ratio of the square of tlrn distaJJces, as a correction for the undetermined 
error of the refraction in the case of Mount SaL1t. Elias. • 

All the Port Mu1grave obsernttions were tak<'n about the i;:ame time, at the same place, with 
the same instrument, and subject to the same iniluences. As the mean of' the Htuya observations on 
Fairweather is greater than the result of the Port ~lulgrave ohser.vations, the correction for Mount 
Saint Elias would be additive. The ratio being 147,907.242 : 111,212.P : : 192 : 108.5, which is the 
resulting correction for Saint Elias, 192 feet being the difference between the two series on Mount 
Fairweather. The height. of Saint. Elias, as obtained at Port J\1ulgrav~, being 19,464 feet, when 
corrected it would be 19,572 feet. 

Unfortunately, Port Mulgrave is so completely encircled by land as to have rendered it impos
sible tO obtain a back sight at the opposite sea-horizon, which would have gh'en us au approxima
tion to the true refraction. In the following compctations, 0.08 has been taken as the cot!fficient, 
which is nearly tbe average found in the ordm nee survey of Great Britain, with a not very dis
similar latitude and climate. Tile observationti of all kinds have been computed by Ooast Survey 
methods. The heights have been compute!l by a special formula supplied by Assistant C. A. Schott, 
chief of the computing uiyision. The formul11s for the computation of distances are from Appendix 
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No. 36, Coast Survey L. J\1. Z. tables, computed inversely; the radius of cun-atnre from Appendix 
~o. 11, Coast Snr\'ey Heport 1871, carried out to 600 north latitude. 

The computations ha Ye Ul'en nrnde by Mr. :Harcus Baker and redewe<l by Mr. Schott. 
I would recommend for adoptiou the following ,-alues :-

Mount Saiut Elias·---·-· ........ ·----· ·-·-· .. ·--· ____ rn,;-;oo feet± 400 feet. 
Mouut Cook . __ .. - . _ ......... _ ..... - . - .. - ... _. _ ... _ .. 16, 000 feet approximately. 
Mount VancoLn-er . - .......... ____ - - . _ ............. __ .13, 100 feet approximately. 
"Mount Fairweather. - . - ........ __ ... _ ... _ ...... - .. - .. 15, 500 feet ± 150 feet. 
Mount Crillon .... - .......... - . - . _ - .. - ._ ........ - .. _ - .15, 900 feet ± 500 feet. 

Tue accompau,ying sketch-map will facilitate the comprehension of the data for computation 
a11<1 the method employed. 

HEDUCTION OF OBSERVATIONS MADE TN 1874 BY ACTING ASSISTANT W. II. DALL AND PARTY, TO 

DETERlIINE '!'HE IlEIGil'l'S OF J\IOUNT SAINT ELIAS, COOK, CRILLON, FAIRWEA'J'IIEU, AND VAN

COUVER • 

.All the longitudes used in· these reductions depend upon u chronometers, rated at Sitka l\fay 
5, and again at Kadiak June G, 187 4. The rate:-; of tl.Je chronometers are assumed uniform 11 uring
this iuterval. 

Tim corrections to the chronomet,ers at Sitka depend upon 24 pairs of equal altitudes of the sun, 
• measured with the sextant and artificial horizon. 

The corrections to the chronometers at Kadiak depend upon 46 pairs of equal altitudes of the 
sun, measurerl with the sextant and artiticial 11orizon. 

1. Lituya Bay. Time depends upon 33 pairs of equal altitudes of the sun; l:ttitnde depends 
lll)OIJ 44 single altitudes of the sun with tlle sextant and artificial horizon; azimuth depends upon 
7 sets, of 6 each, of observations upon the sun with C. S. tbeodolite So. 97. Fi\'c of these sets 
were observed and r<>duced by the method given in ~· 16. Appendix 11, to the Coast Surn>,y ]{pport 
of 18ti6, by Assistant Schott, and two sets hv fl 19 of the same Appendix. 

2. Port MulgraYe. Time depends upon 33 pairs of equal altitudes of the sun; latitude depends 
n1w11 18 altitudes of the sun with the sextant, and 32 double zenith distances with Gambey n•rti
cal-circle No. 7ii; azimuth depends upon 8 sets, of Geach, of observations upon the sun, with U.S. 
theodolite No. 97, and by method 16 of the Appendix above referred to. 

3. Station "At sea," upon which the position of l\Iount Saint Elias depends. Time depends 
upon 12 altitudes of the sun from sea-horizon; latitude reckoned by log from noon; determined at 
noon by the us.ual sextant-observatio11s; azimuth depends npon two sets, of .'i eat:!h, of obsen·a
tion1> npon tile sun. Tl.Je angular distance of the sun from Mount Saint Elias wns measured with 
the sextant, and the time noted. From the known latitude and hour-angle the altitude au<l azimuth 
were deduced, and from these the azimutli of Mount Saint Elias. 

In all the observations with tl.Je t1extant the index-correction has )Jeen determined in connection 
with each series of observations and properlv allowed for, an<l, also, proper allowance bas beeu 

· made for dip, parallax, and refraction, including the barometric and thermometric factors. 
· In all the sextant-work the sextant used is No. 95, by Troughton & Simms, of Loudon. 

The adjnstments of all the instruments nsed have been constantly examined and found correct, 
and the instruments kept le\·el wlieuever used. And wbere,·er the principle of reversal bas been 
available for the elimination of error, it has been employed. 

Mounts Oook and Yanconver are determined in position only approximately. The determina
tion was made as follows: The true bearing of the magnetic mark from the astronomical station 
was determined a.strouornicall~', and the angles between the mounta.ins and ti.Jc mark mellsured 
with theodolite No. 97. This gave the true bearing of the mountains from Ast. 6, Port l\iulgrave. 
When the vessel left Port Mulgrave and had reached the mouth of Yakutat Ilay, its position was 
fixed by compass.bearings upon o~jects cletermine~l by us on shore, and at the same time ti.Jc com
pass-bearings of Mounts Cook and Vancouver were taken. 

From these data, the mountains were platted upon a chart made from our own observations, and 
tile resulting latitudes aml lougitlldd8 1Vel'l.1 useLI iu <lete.·mining ti.le uista1rn0s of tile mountains. 
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REDUC'l'ION OF OBSERVA'l'IONS FOR ALTITUDE OF MOUNT FAIRWEATHER. 

The astronomical station at Lituya Bay is in longitude ................. . 
and latitude...... . . . . . . . . .. 

The azimuth of the line Astronomical 6 to Village 6 is_ .............. . 
The angle at Astronomical r_,, between Villa~~ 6 aml \Voody Poiut 6, is. 
'l'he a zimnth of the line Astronomical 6 to Woody Point 6 is ........•. 
·woody Point 6 is in longitmle ......................... _ ............ . 

and latitude...... . ............................ - .. 
'l'he azimuth of the line Woody Point 6 to Astronomical 6 is ......... . 
The angle at Woody Point 6, between Astronomical 6 am.l .Mount Fair-

weather, is ............................................... , ... . 
The azimuth of the line Woody Point 6 to Monnt Fairweather is ...... . 
The azimuth of the line \Voody Point 6 to Astronomical 6, Port Mul-

gra ve, is . . . . ..........................•....................... 
The distance from \Voody Point 6 to l\founL Fairweather is ... _ ...... _. 
The vertical angle of J\fount Fairweather from Woody Point 6 is ...... . 
The vertical angle was measured at 2 p. m., May 15, 1574: Barometer, 

30.11; attached thermometer, 750 Fahrenheit; external thermometer, 
590 Fahrenheit. 

The astronomical station at Port l\folgrave is in longitude ...... _ ...... . 
and latitude.. . ......... . 

The azimuth of the line Astronomical 6, I>ort Mulgrave, to Magnetic 
Mark, is. . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . ............. . 

The angle at Astronomical D., Port Mulgrave, between Mouut Fairweather 
and Magnetic Mark, is . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 

The azimuth of the line Astronomical 6, Port Mulgrave to Mount Fair· 
weather, is . . . . • . . • . . . . • . . . . . ................. _ . . . . . ......... . 

The azimuth of the line Astronomical 6., Port Mulgrave to Woody Point 
6, is ............. - - . - ... - - - - · · · - · ... · · · · · · · - · · · · · · · - · · · · · · - · · · · 

The distance from Astronomical 6., Port }folgrave, to Woods Point 6, is. 
The distance from Astronomical 6 1 Port Mulgrave, to Mount Fairweather, 

is ................ - .... - ..... - ................................. . 
The zenith distance of Mount Fairweather trom Astronomical 6

1 
Port 

M ulgra ve, is ....... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . ..•....•......•.. 

0 II /I 

+ 137 40 04. 6 ± 10. 6 
+ r;'s 36 57. o ± I. 2 
+ li .'. 41 08. 0 :I:: .J. 4 
+ 98 ~l 15. 
+ 274 02 23. 
+ 137 37 40. 9 
+ 58 36 51. 7 
+ 94 04 25. 6 

+ 97 05 55. 
+ 19L 10 20. 6 

+ 131 33 26.44 
33184. 53m 

7 58 40. 

+ 139 46 15.9 ± 18.3 
+ 59 33 42. 0 ± 2. 1 

+ 133 24 57. 5 ± 6. 7 

165 08 35. 

298 33 32.5 

309 43 07.3 
161895.56m 

H7907.24m 

88 45 17.1 

The zenith distance was meMured with Gambey vertical-circle No. 75, at 6 p. m., May 23, 1874: 
Barometer at 6 p. m., 29.92; attached thermomet. r, 6~o Fahrenheit; external thermometer, 640 
Fabreubeit. 
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11riangulat-ion at Lihiya. Bay. 

i 
Denomination. Oliserved Corr. j Plane angleo Logarithms. 

angles. land distances.
1 

_____ _ 

Astronoruioal 6 to Village t.= base ..... ----- -~:~·:::·~~'.~·-11··=·:~~- i 9:0·::·7;~" 
2. 61Gi790 

0. 7715961 

9. 99536il 

9. 9779i03 

W<>ody Point t:. ............................ . 

Astronomical t.. .• --· ----· ••• --- - •. - • --· ----. 
Village t. .••.••.•.•....••.•..•......••....•. 71 M 17. 5 - L 5 I 71 54 16 

"Villager. to Woodv Point" .............. . .............. 

1 

I 2419. 500 3. 3837422 

3. 366345l 'VoodyPoint D to.Ast1·onomical 6 ..•.•••.. ••••• - •• _ - •• - • 

1 

I 2324. se5 

z 
L 

z 
dZ 

18()0 

Z' 

I>etermin((tion of position ef Woody Point 6. 

I 0 : 

Astron-omical station to Village A ••• _ ........ --- •••••••••.•••• I 175 1 41 06 
Village"" and \Voody Point t. ............................. · l 9~ i 21 15 

:--i----
Astronomical station to Woody Point !!. •••• __ . _ ..• ________ . i 274 ( 02 ::.?3 

::::::::::::::::::::::::-.-.-.·.:::::::::::::::::::::::::::::::::::::::::! ~-~-!~~ 
WoodyPointt. to.A.stronomicalstation ...... · 94 04' 25.6 

i I 
K 3. 3663454 ........ , ......... ·-·I 

sin Z 9. 998919712 I , 
·····"""1··--··· .. ···1 

.A! s. 5687~ d M f ~- lo732n l 
cos I~' u 2833.126 sin>.. 9. 93130 

ar. comp. ----- ! 

t~:r 
2.15T3200n 2.08862n l 
- 143". 655 -dZ - 12211. (l I 

I 
I 

1()7 
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Computatfon of distance from Woody Point t;;, Lituya Bay, to Astronomical 6, Port Mulgrai,e. 

' 1.:::: :::: :::~············· : : ::: :: : :::. :: : ::·~:;]···~;. I ::: I. '.. 
Z Woody l'oiut "', Litn~a Ilay, to Astronomical"'• -~ort Mulgrave .. 1~1~ -;,.-;;-

I 
dZ I-····-···--··········-----------·····-·-········ ·------·-····--··1·-=~~~~ 

I ·:;: I ~;;~;;;;;;;; ; : :,;;~ ·;;;;;;;;;:;; w;,;~; :,;;;;; ; : ~;;;;: ;;; : : i .. ~; .. ;, . ;; ~ 

I :r;~ 1 ·_ 3~: si'.'685 r:~yPoint-:-~ituyaB1y~---~~--.-: 1-1~ I 37 40.94:; 

· dL 1····-·l-r5G: 50.315 J 161895">.56~100.a9stotutelnllcd .••. d"M [-:- 2. 03 34.95a 

l---1------! 1--l-----

L1 \ 59 33 , 42. 000 j Astronomical D.., Port Mu1grave ___ . M 1 
1 

139 ) 46 15. 900 
' r I . 

A =-59Q 051 1111 I B I 8.56951J5 I c I l.617H 
'i K c<>s Z 5. 0309903" K2 sin' 7 l o. 1666 l 

D 
h' 

I ~. 3372 
7. 080~ 

.,,.1 1-.- 1-·-
lstt<irrn. 1-34,1.3U3[ h ,3.a405038nl .•••• ,. .. 

1 
1.78402 ••••••. !9.4181 

2iland3tlterins. + 61 .07t! I I j 60.816 .••.•••. : 0.262 

----, I l I 
-d L - 3410. 31~ i . I . 

I [ sin Z ' 9. 8740712 cos Z \ 9. 8217554n 

z 
t-1:Z 

K cosZ 
Kain Z 

A' 

cos I/ 
1 ar.eump. 

- 48° '26' 33". 5(j 

0. 0523158'> 

5. 0309903" 
5. 01333061 
8. 5087016 

o. 2953257 

I 
KsinZ j~~061 l'KcosZ/~309903n 

K I 5. 209-2.149 K I 5. 2092349 

dM 

Bin A 

3.8873334 

9. 9334!i59 

1 3. 8873334 3. 8'20799:1 l d M + 7714". 955 -d Z + 6619". 10 ! 

--~--~-------1 
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SOLVTION OF TRIANGLE :MOUNT l'AIUWEATIIER, WuODY POINT r\, AND AS'l'RONOMICAL '-\ l'OllT 

l\1ULGRAVE. 

Z 'Vood~· Point 6 to Astronomic~al 6, Litaj·a Bay ... . 
L Astronomical 6 aud Mount Fairweather .......... . 

0 fl 

fl! 04 25. (j 
!)7 05 55 

Z Woody Point 6 to Mount Fairweather ...•............... 
Z Woocly Point.c, to Astronomical 6 Port Mulgrave ....... . 

L At '.'; oody Point t:, between Astronomical 6 Port 

8 II 

191 10 20.6 
131 33 26.44 

Mui grave and Mount Fairweather .......... _... . . . . . ......... _._ .. (A) 
Z Astronomiflal 6 to Magneticl\fal'k, Port 1\-lulgrave... 13:) 24 57. 5 
L l\1agnetic Mark and Mount Fairwe.ithe1· . . . . . . . . . . . . 1G5 08 35. 

Z Astronomical 6. Port Mt1lgraYe to Mount Fairweather. . . . . . . . . . . . 298 33 32. 5 
Z Astronomical .6 Port l\folgrave to Woody Point 6, Lituya Bay.... 30!) 4;) 07. 34 
L At Astronomical 6 Port Mulgrave between ·woody Point c,, Lituya Ilay, aud 

Mount Fairweather._ ..•........ _ ........................................ (B) 
1800 - (A+ B) ............ _ .... _ .• _ •.... _ ............. _ ... _ ........ (C) 

---- ------- ~-·-- ---- ·-~---~-----------[ Plaoe angles aud ]------. 

Denomination. ! di"d ~ 1 Logarithms. I o.,..uce•. ! 

j Woody Point />. to Astronomical c. Port Mnlgrave ....... 11---l6~~g5m_~- i~9234g 1 • • 
! IlfountFairweather(C) ................................... -1~0 13' 31".0 I, 0.0249-it6 

I Astronomi<lal"' l'ortMulgrave (Ill ..................... I 11 Oil 34 .81 9.2867792 
, Woody Point"' (Ai..................................... 59 36 54 .2 9.935e32!l 

I 1---~ 

I Astr-ouomical a Port Mulgravc to Mount Fairweather . . . 14i007m. 24 ' 5.1699804 ! 
Mount Fnirwea.thor to 1Voody I'oint c.. .•. . • .••• •• ........ 33184. 5:! : 4. 5209357 ; 

; _______ ' ------

II. Ex. 81--22 

0 II 

5!) 36 5.J..2 

11 OH :~+. 8 
109 13 31. 0 
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z 

z 
dZ 

180'' 

Z' 

I, 

dL 

REPORT OF 'rHE SUPI<JJUNTENDENT OF 

Determination of position of Mount Fafrweatlter. 

D j' ' I " Woody Point 1:;., Litn,ya Bay, to Astronomical h., Litnya Bay._ 94 04 1 '25. 6 
.Astronomical .~ 1 Li.tn_ya. Bay, and Mount Fairweather------- - _ 97 05 55 

1-1"1 l-10 :-~-.6 \Voody Pointe:,, Litu-sa Ba:\-·, to Mount ]'airwcatber .. _________ "" ""u .................................................................. [ +:;: 43.4 

--1--
Mou~;;~;;~-~~;1:~~-~;~~~;·;;~;-~~-~:-~;~,;;~-;;~;::::::::::::: ~j_2~[~~~~ 

0 i · 1 I 58 I 36 ; 51. 68.'.i 1 Woocly Point t., Lituya !lay ..• · I M 137 ;7 40. 945 

~1 +17 !:~IO:;' 33184m,53 ........................ 
1 

dM .

1

•

3

.

7 

.. -~:I/ 4

5

1

9 

.. ·7

2

0

4

2

3 L' 08 I 54 i 23. 790 I Mount Fairweather ............ ·I M' .,,_, 

T 

A== 58':i 451 3711 , 7 

lat term. 

K 
n 

cos z 

h 

4. 52003~7 I K 2 I 9. 04187 

I s. 5005rn5 I c 1. 61741 

\__'.'.· !l!ll690fin I $in" Z l_'.'.:_57453 

I 3. 02\ll39Bn 1-- " .... ' v. Zi381 

D ~- 3372 

6. 0443 

I 
2d o.nd 3d termo. 

-dL 

-1052". aoo I 
+ , 195 

--:;; .1051 
i \ ! . m 3 

I I 

8. 3815 

.0241 

K 
sin Z 

A' 
cosL1 

ar.comp. 

dM 

::::~~n [::::::: !::::::::::~:-~-==~~ 
a. 5087163 I d M I 2. 60390n 
O. 2869847 : sin ;. I 9. !13 l 97 

---1 I 2. 6039044n [ .. -·---- 2. 53587n 

-4rll '" 102 I -a z -343". 4 
~--- ~---~-------~ __ , 
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Computation of d·istanccfroni lllount Fairzccatker to ''0.U' Gape Spencer." 

j I ·------·---- :;---;--~-

1

. ~ I::::::::::::::::·,~::::.·::::::::::::::::::::::::::::::::::::::::::::::::::: I::::::, ::: : : : 
. ' ' ·--1--1---; 

j Z Mount Fairweather to "Off Cape Spencer"............................ 350 1 01: 3-1.60 

: :: :::::::::::::::::·::::·::::::::::::::::::::::::::::::::::::::::::::·::::::; :::::1, ~12.\ -~~--~~: 
1 

Z1 
.. Off Capo Spencer· to Mount l'mrwcatlier __ ·-_-_--· ---- ......... -----~~~ ~7~~ =2~. 58 

I D " : I 0 • ' I i L 5:8 54 i 23.790; }lountFairweathcr ..................... !I 137 ! 30 i 5H.2t3' 

I

I d L -~5 : 03. 790 j 84W-2"".75 .. -- .. - ··- - .. --- --- .. - .. - ·- --- "I d M ------: -14 i 59. 24:1 

L' -;---;;;;-:-;-1 "0ffCape Spencer" ................ --l~j-;;;-;--;-;;-;-;;;-

' A= 580 31' 52" n ! 8. 509493; c l. 62".1381 :::> 1· 2. 3349 
K cos Z f 4. !~223083 K• sin' Z · 8. 3:J492 hZ 6 €6'l6 

. I I . . ' 

bt term. +27021
'. 726 : 

2d a11d 3tl terms. + I . 064 i 
----! 

-d L +2703 . 190 j 

I 
I 

z 
tgZ 

Kco~z 

K 1:1oiu Z 

A' 
cos I/ 

ar. CUIU)l. 

•-a-. 4-3-18_0:_10-;.... ·-!-J.-95-7-30-- ......... /-;;::;,;-

• 

9. 245152:tn 

4. !m3083 

4. 1674608n 

8. 5087J3J 

I o. 2116629 

1

-- 2. !"•:!!-l7'70n 

-t!Ml11• 243 

o. 906 ·i 0.156 

sin Z 9. 2385.19In 

K eiu z 4. 1674fi08n : 

:----: 
K ' 4. 9289217 ! 

dM 

siu A 

-dZ 

1 ........... .. i .......... . 
I I ••••.• ~ •. 

j 2. H~l~77n 
I !). 9:lO!JI!l I 

' I 
\~;;:;:-: 
I -7ti6". ~I~ 

I 
I 

MB Z i 9. 9913865 i 

K cos Z i 4. 9-22JOo3 : 
' I 

K I 4. 92892l8 ' 

-~~ ---·---·- --·--------·--------
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Computation of di8tancc from Mount l!'airwcatlw-r to "0.ff' Lituya Bay. 

, , : :: • :::: ::,- :::::::: :::: ::::: : ::::: :::· : ::: : : :::: ! :~: I ::: :. I :::• : l 
z I .Mount Fairweather to" Off Lituya Bay".·- ... · - · · · · --· ·---- ----· ---

1

--;:;-l~I-;_ :i3 

.~: i . o;~.~,O.~~.:;~.~:;~.><;~<>.~ . •. .:. I~;: I : : 
~--------- -~------------~ ----- - ----------

L I ~8 : 54 23. 7!1Q [ Mount Fairweather .................... ! M 1~7 ~O I !59°24~ I 
dL 

1

_:_:_:_:_ -18 ~790 J 36498m.76 ............................... dM =~«-~~757 II 

L' I 5ti I 35. 40 : "OffL1tuyaBay' ---··--··--·---------- ::.!' 137 421 30 

·=~~~-), ~ s~0 ~~, :,~- = I - ;----- s~m931-~~-~- ~1 --1-.62~~ 71~0;--r 2 ~: I 

lat term. l 

2<1Bild3d termR.1 

I K cos Z 4.54-09793 K•sin•Z S.0950:l3 h2 j 6.1000 I 
+1123''.241 I h ~41'JO ·~~ ---------1 8.43;-
+ .M9 l 0.5217 .•••••.••. 1 .0273 

I + llllJ . 790 

z 
tgZ 

KoosZ 
Ksin Z 

A' 
cos L' 

ar.comp. 

d lll 

sin Z 9. 4e.52385 

• KsinZ 
coo Z I 9. 97870 II 

4. 0475167 K COB z ' 4. 54097113 

K 4.56~i782 

17° 47' 52".:i.1 I. ......... ··-·--···----·· 
9. 50ti5374 -----·---- -----------··-

4. 5409793 ·----- .... ·------···-··· 
4.0475167 ·---------

8. 50872:r.J I d M 
0. 2830853 •in A 

-- 2. e:m3i!53 / 

+6!ffi11• 757 j -dz 
I 

2. 839325 

9. 931924 

2. 7712i9 

I 

K i 4·~~1 
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Cumputatfon uf dii;uinccfrom Mumzt Fuinrrntlwr to ''0(/' Lituya, 1lfay HI." 

1 o , r-o-I 
z ·--·----··--·00------------·----··-····------········-------·-······· 1 ...... , i i 
L .•...•..•.••. ancl .........•.......................................... -- [-·····! ~~~:· l·~:~~~~:j 

1-:-1--
z ! Mount J!'airweather to 11 Off Lituya, May 19'' .................... __ .... j 29 ! 57 I 40. fi i 

I ,;-[i0~.,~ ;;,:'"'"~""~' ;~;-~,;::. ······~·-·····-•1i< I:~: I ~~I :~I 
! L 5a ~ I 23. i!lO ! Mount Fairweather .. - . . . . .• . . . . . . . . • . . . M 1'17 I . ~O I f>~. :4~ 
I dL -- -20 ~790 i 44698"'.72 ........... - ................. II dM =1-i---~+-~-:-

1 L' -~_l_3~l_:J() _I "OffLituya,~-a~:~----~~---·~~:__-_-_···.· M' -c~~J.~~J __ oo.~o~ '. 

I A = 530 43' 57" ' JI I ~- 50!l4U:l7 I - '.; I I. 622!81 I J) i \!. :!34!! 

! K e<>s Z I 4.587!l'J51 I l\.2
srn

2
Z 1~~~1 '" • &. rn~ _ _I 

II lstturm. \ +1!151".f.67 h ! 3.09H888 l·-·------1 0.319~93 ! ... _ ..... ! i'.!\il\19 I 
! 2tlaud 3d tcrms. 1~~ 12:J I i 2. C888 ......... l . 033!J I 

: -dL . -I 125.1 .790 I I I 
I I siu Z 1

1 
9. &n84&08 :os Z I 9. 9377001 ! 

I 
I K sin z I 4. 3487559 K cos z i 4. 587995 l I 

I 1--- , __ 
r ·~~c==~= ..• ~J __ ~ -- ·-~~~29~~. --~-- -"~::~9:,~ 

! z ~mo 571 40".4D L---·--··' 
t~Z 9.7607t;-Od [ ......••....••...••..••. 

! I Kens Z 4.5879951 1--- .. -- ... 
\ R sia Z 4.348755U ·---·-·· ......... -- ... .. 

A' ~. 5087241 1 d lll 3. 140ll7 I cos L O. 282637.! I siu A 9. 931841 I 

I
i ar. cowp. 1-------i 

l I 

, d M +~~~:.'.~~~ 1··-~-d~· ;-,~~~~~ 
!----~-- ·------·------



 

174 REPORT OF THE SUPEIUNTENDENT OF 

Cmnputation of height of 11fount Ji'airweatlter. 

I -______ : ______ - ,---------- i 
i Off Cape Spell-1 Ofl'L" 1, If OII Lituya. 1, 
I llUYli >:1.V. 
I, ccr. · ·· 

1 
.May 19. I 

~~-- -- --------1 . 
•> I 3 
- I , 

87' 01 1 54''. 3 82° 5.11 0'211
• 7 /~, 5111

• 0 ~ 
II 4. (1289~17 I 4. 562"l7il2 i 4. G50"2950 i 
i--~7H7666 _j __ 9. 096.149:1 ' __ s. 9993eoo j 

! · 3. tl436><0:1 I 3. 65862751 3. 6496750 ', 

~ot. 

l 

logs 
log cot ( 

log 1st term 

i--------[.?.V oorly Point .

1

. Astrono~~:a~<> 
, A Lituya. Port Mult!,.ravo 
I 8(lt. ~ 

I -- : 4 ,---li---

1--------;-----:-----1 
~o Ol' 20". 0 I 880 45' 17". l i 

4. 52,09357 I 5. 1699894 l 

_ _'.'.:_14657871--~720-2~_1 

3. 6615144 l 3. 50il917 I 

logs 

lo!! cot ' 

Jog 1st term 
' I I J 

log~ (1-2 m) = log . .i2 j H. G:lJ~1D3 I 0. c:l32·U:~ i !). 623~M{I:~ 

log 81 9. t!~)~i",4:i4 : 9. 124:l5fi4 j 9. ::1ro:inoo 
Ing ~ (1 ~· 2 m) =log. 4il 
log .!<2 

g_ 623249:1 I 9. 62324U3 i 
9. 041B714 I 0. 33997881' 

a. c. log;µ 3. rn;;o12 i 3. 19494G , 3. 194823 
; ______ -----i----- ---~ 1949~1--3. 194:192 i a. e. logµ 

loµ: 2£1 term 1 2. 676!047 J I. 94275171' 2. 1186623 log 2d term l. 8P.OlU~7 I :$. 1576'201 

9. 9637878 9. 9637878 ii lo;::!;' (1 - m} = fog .!>2 

log: fl st tern1 )2 

I 9. 9637878 9. 9637'!78 n. usa1s1t1 

l 7. 28737t3tJ 7. 3l72550 ! 7. 299:}:100 

log (I - m) =log .92 

log [1st terrn)2 1. 33502ss [1 r. 0143s.14 I 

a. c. log p 
1 

3. 195012 3. 194946 i 3. 194823 a. c. log p 3. 194988 3. 194392 
_________ ! 

' 
log :id term 

1---___ ! _____ _ 
I o 4461164 f o. 4159888 o. 4579608 log 3d term 

l•t term 

0. 49:J8046 0. 1725632 

I 4402. :J88 ' 4556. 459 'i H63. 495 
i 474. 3.'lH ' 87. 650 l'.il .420 

I 2. 7941 2. 99-l I -2. 870 

li--~9. 5381--~647. ~o-;-1-- 4597. 1ss 

3. 6!l'l3787 I 3. 6671821 • 3. 6625487 

' 0. 51!>992'J o. 5159!12!> o. 515!!929 

ls\tt-1-m 
2d term 
:ld term 

h. 

log h 
c-0m1taut 

I _____ ---------

2d term 

3<1 term 

h. 

Joi.: h 

constant 

4650. 658 
72. 462 

3215. 079 

1437. 540 

3117 1.488 

--:;::,: .--34:~~~~~~ I 

log h in feet 

1 

4. 2043716 4. 1831750 4.1785416 , log h in feet 
h in feet 

0. 51599291--0. 515!192!) 

4. 10050841 4. te3E292 

Ji_ in foot. 16009. 15247. 15085. 15566. 15270. 

Set I. Mean of six nltitnd-es from sea-hor-izon with Troughton sextant, No. 95. Instrument in adjustment. 
Set 2. One altitmle fro-m sea-horizon with Trough ton sextant., No. 95. Jnstrnment in adjnAtm-flnt. 
Set 3. }:Jean of eight altitth_lf'ri from Rea-t.orizon with Trougbton sextant. No. 95. Instrument in adjustment. 
Rct 4. MeAn of twelve altitudes, six direct and six:. rcvereetl, with Casella theodolite, No. 3300, in adjustment ant] leve~ 
Set 5. Mean of nine dou\Jlc-zenith distam;e1', with Gaml>ey vertical-circle-, No. 75, in .e.djuatrnent antl le't'sL 

Reduction of observations for height Pf Mount Orillon. 

TRLl.NGULATION AT LlTUYa BAY. 

Denomination. 

1---- ----
1 Woody ~~int 6 to Villag~ 6 •••••• 

Observed 
a11gl£8. 

Corr 

I ~::;~ ~·~i1~~11~ :: : ·: ::: ::::: :: :::::: ::::::: :: ,~~;,~ l::,, 40" I 
\vnrnioc. ··-···----------· ;i-i 21 46~/ -!" 

I Village ~_to Mount Crillon -_-· .. .,.,, ..... ., . _·_--_:·~·-~·-· __ ··.-· .. ··~·-_·:.·.· _.

1
._. ____ _ 

1• Mount Cr11lnn to W(l{)-f\y Potnt t" ••• _ .. _ __ _ _ _ 

!___ --·-·------

Plane ani:les 
and distances. 

2-irn. sno 
10 32' 34" 

155 59 40 

22 27 46 

3G'i61. 3 

34337. 75 

\Voody Puint A i:R in Jongitmlt' ............................... -·-·· ... __ ........... . 
a.ntl la.tit1ule ..................... -·. -.••.............••... --- .... . 

Tim azimntll of the linn \Voody PoiI1t a to Astt'unomical A is .......•.....•............ 
Tlw angfo at \V00t.ly Point A betwt.."Cn ..Aatr•oIJomical 4 and Mount.Urillon is 
'l'hii vertical an~fo ou M:ou11t Urilluu fruut Wuutl_y Poinl A iH .•••........ __ ........... __ 

i 
I..ogarithms. ! 

:i.~~~;I 

-j-1:!7 
+ 5~ 
-j-!H 

16.'.> 
7 

I. 5698717 I 
9. ;;0940791 
o. r.s2157g 

i 
U630218 f 

4.L357718 ! 

37 40. !I 
36 51. 7 

04 25.-0 

H ()'J, 

55 37 .• ) 
1'leasur._ .. 1 at 2.30 I•· m., :i\lay I~, 187-1. Barom~tcr. 30.11; a.ltachetl tLorwowctcr, 7;y:. lfabroubeit ~ 

t·xh·nu1.l th~rmm•wLu·. titt- J.:i'ahrouboit. . 



 

THE UNITED STATES COAST SURVEY. 

Determination of position of Jlount Crillon. 

Z I Woody Point A to ~strorrumiual station ....•.•.•••••......•. J 94 04 : 2;.' 61 
L ' Astronomical station and Mount Crillon .....•........ ······1~ ~-()~1 

Z I WoodyPointAtoMountCrillon ..••••.•••••.•••••..••••.••. j 259' 48 34.6 

~8:0 !:: : ::: :::: :: : : :: :: ::::::: :: :: : : :: ::: :: : : :: : -: :::::: :: :::: :::: · 1· ::: : :I.~~.·_.-~~-· 1 

zr I Mountl:rillontoWo-mlyPoint~ ------------ _____ ., ________ ., 80 l 18 23.0 i 
l =·=·~-. -,-··--=-:,~~1· ~--·-· ·- . . ~~~I- -=~=;T . ' I . ·-,,· c I 
i L 58 36 51. 685 , Woody Point A............. M 1371 37 i 40. 9i5 

I dL .•.••• + 3 ll.631134337m.75 .•••••.....•••.••••• I dM , .••••• :- 34 i 56.924 

I ---- ~-'.-·--
1 L' 58 40 03. 316 I Mount Crillon ..••.•.• , . .. . . M' : 1371 02 i 44.1}21 

I K 4.5357'718 K 2 I 9.071541 •••• J ........ . 

8.5005135 I 1.61741 D 1········· 
I 

A =58° 37' 57" B c I 
cos z 9. 2t77'760n sin• Z I 9. 98619 1<• 1--·· ..... 

I lstterm. - 196"·364 I h 2.2930613;: ......... 1-;-675141 ..•• J~ 

I 

2d and 3d term• ~ 4.733 1 I ! 

-<ZL -191.631 I I I 
' I . 

K 
ein Z. 

A.' 

cos L' 
ar. comp. 

dM 

4.5357718 1 .......... ············! 
9. !l930945n .................... .. 

8. 5087217 dM 3. 3215iin 

0. 2839947 sin,\ 9. 93138 , ____ 
---

3. 3215827n 3. 2529fin 

-0096".924 -dZ -1700''.4 I 

' --------

175 



 

176 REPORT OF THE SUPERINTENDENT OF 

Comp11tation of disfonccfrom Mount Crillon to "Off Cape Spencer." 

I 0 i , " i 
~ I:::::::::::::~~~::::::::.-.-:::::::::::::::::::::::::::::::::::::::::: -. : :: : : : : :: ::::: : ::~ ::: :J 

I --------

z i Mouut Grillon to "Off Caps Spencer".----------- ---· ---· ----·-... 12 51 44. 29 ' 

c1z i------------------------------------------------------·------·-··----- ~:..:.:.:i..~~~f 

11~0 1-:.-~~: -~~~-~ ~-~~~~~~-.:~~ -~~~~~-~;i;;~~-:::::: :::::::::::::::::::::::: ... ~;J--~~- -;~~ ;~ I 

1,,~ 1--~~ I-
L' I 5,; 

40 03.316 \ MoantCrillon ..•..•... : •..... : ..... JM 

--30 43.3l6 l 5841l"'.38 ···············-·············1 dM 

~--;;~000 \"_Off Cape Spencer':_----_-···_._-_--···~--- M' 

I 

>.. = 5tf:I 241 4211 

1~7 ·- ~2-1 44. 021 

..... +13 15.979 

_ u1. __ rn ,-oo. ooo. 
n 

KcosZ 
8. :1()95()99 c 11. 618312 

~~9068 K'sin' Z ~~ 
2. 33680 

6. 53083 

1st term. + 1842''.539 h 3. ~167 9. 847283 8. 86763 

. 0737 2d and 3d terms. + . 777 .1"035 

+ 1843.316 -dL 
sin Z 9. 347;421 008 Z 9. 9889635 

K •in Z 4.11448541KcosZ14. 7559068 

• i I K ~66~ K -;.-;;;:;-

I-=--==~,~=~;~=--- - i"-=,-- ---1 -----
j z 112051'44".291'·------· -----·-----· 

tg z 9. 35851'81i ·--·----

Koos z I 4.7:;59008 ( ..... --- ·---·--····· 
K sin z I 4.11448541 .. ---- ___ .•••••.••••. 

A' 8. 508T.133 : d M l!. IMlOllOil 

ar~o~~p. ,-~~I sio>- ~-9ao354 
2. 9009-016 i ... -.. -. ~- 8al256 

dM I +795".9Wj
1

-az
1

+1i'18''-04 



 

L 
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THE UNITED STATES COAST SURVEY. 

Computation of db1tarwe /rum N111rnt Cn:U1m to "Ojf' Liiuya." 

o I 
58 40 

-- 4 

35 

,, I 
03, ~16 1 Mount C.rillon . _ ... _ .......... . 

I 
I o j r " : 

M i l:Ji ~ 0;2 1 44. Oi!l I 
dM ...•.. ,+39!45.9"··: Zl.316 39347~88 .••..•...•.........•.. 

,--·--:---:--1 _ 
"Off Lituya'' ••.••..••••• ., ••.••••••.. 1 M' I 1~7 I' 42 30.000 I_ 

: I : 
40 

~=~=A=~~--=~=0=37~.~. -=,2·=~~--=--=~-=--=·=~~-~-=~ ~o;:ql-~---,~. ;ff~:~- ;~ j ~.-~3680~=, 

i K cosZ 1 3. SOCG732 i K2 sini Z 9. 1717lfi ! lt 2 ! 4.. 82037 ! 
I ,--1 --, 1--1 

1st term. +257".HB 1 h 1 ·2.4101831 :·········· 0.790028 /··--··· j 7.15717 I 
2d and 3d terms. _+ __ 6_. _rn_a : I ! 6. 1663 1-.. . . . . 

1 

. 0014 

-dL +263.316! I I ! I 
I sin Z 9. 99-09~6ti , cos z_ \ 9. 3057~!8 I 
, K sin Z 4. 5858a~O f K cos Z I 3. 9006;32 \ 

I K ~49214 l K ! 4. 5949214 

--------~-----.,------~I______ I _I ______ I 

B. Ex. 81--23 

z 
tg z 

Koos Z 
K sin Z 

A' 
cos L' 

ar. comp. 

dM 

780 20'06".58 \·-- .. --.1·-········-'-1 

I 
;:::~~~~ c:::::]:::::·:::::::· 
4. 585~580 f ...... - . ; ............ .. 

I 8. 5-0872.1:1 • d M i 3. 317667 1----0. 283(18531 sin I. 1--9~~373 

I 
3. 3•7666ti I .. _ . _ . .

1 

3. 309040 

+mes". 979 / -d z +2037 •. 2 
---- ~-- I----

177 



 

178 REPOB.'1' Ol!' THE SUPERINTENDENT OF 

Oomputation of distance from Mount Orillon to" 0.0' Lituya May 19t1i." 

---------- -------------------~·~--~---~ 

z ---··· ........ to .•••.•.•••••.••••••••.•...•. ·······-·················· 
L ---·--···-·--·and.-----········---·······.............................. . ............... . 

Z Monnt Crilloo to "Off LituyaMay 19th"........................... 76 35 41.93 

dz ··•••• ..••••.•••••.•••....•.. ·····-········· ...•••••••••.••• -................ - 43 45.8'1' 

18()0 

Z' "Off Litnya May 19th" to Monnt Crillon.. .•. .• ............. .••••.. 25.~ 52 02. Oll 

·-'-----'-------- I 
0 - , ., - I - : I 0 I ' I ,, . II 

5e 40 03. 316 I :Mount Cnllon . . • . . . . . . . . . . ... - ....• I M 137 02 U. 021 J, 

dL ••••. - 6 33.3161 ;112-.l'".8-0 ............................. 1 d M ••••. ~51115.9791 

v ___ 5: ____ ~3-L ao. ()()0-! "~~~itnya _M"Y 1n~~~:.-.:_·_-~·-:_-::_J_1>l'__ _ 1~- 54 j oo. ooo _j 

~ =~~ 36' 46".7 - -----~- I ~_-50;;mig-i ~ ) ~- 61~~~- - D. --;_~~~ 
K cos Z ; 4. 073?3'16 K 2 •ln• Z ! 9. 393244 .h' s. 164149 

lot term. 
2d a.nd 3d term•. 

-dL 

+383". 04.1 

+ 10 . 2TJ 

,, 1---;;;:; -;,-0115;- 7.~ 
' 10. 2607 

sin Z 9. 9880068 cos Z 

K sin Z j 4. tl96fi219 K cos z 

. 0032 

9. 36512-!51 
4. 0737376 

r--- ----, 
! 4. 70a6151 i K 4. 7086151 I K 

····------ ~-=~~~--=•c.c·'--==c-~-~--=C--=-- --· --==c~=== I 

z 76° 35' 47". 93 

tg z 0. 622il843 
K cos Z 4. 0'737376 

Ksin Z 4. 6966219 

.A! 8. 508'7l/41 

oos IJ' 0. 282ffl13 

··~-~---···;:~~~I 

sin • .- 9. 9312898 I 

-dZ 

ar. \lOmp. ·------
1 3. 4879833 

dM , I +3075".9'19 



 

THE UNITED STATES COAST SURVEY. 

Computation of height (!{ Jlou11t CrW011. 

Set. 

! Off Cap& SpHn~ I . . I 
Off Lituya Bay) 

: (_',Cl". !Oil L1tnya Bay. 

1-- 1-------~ -
May l!l. ' 

! J i ~ 3 

i-,---------1 86" oo' 52'·. 7 ! 83" :J9' 52". 7' e5° rn· :10··.1 

log s 1 4. 7tifi94:S;.i ! 4. 5fl.,19"214 ; 4. iO~{il:ll ! 

l0cg Mt~ l __ ~ t4304G:.! ! __ \1.o:mWtil ! __ ~"~ll:lti~lj: 

log lat term 

log! (l-2 •».)=log .42 
log 8., 

a. c. logp 

log 2d term 

log (1-m)=log .92 

log (!st t<rrn)' 

a. c. log,. 

log 3d term 

1st term 
2d term 
3d term 

h 
iog 11. 
const. 

l<>g h in feet 
h in feet 

I 
3. G-0991:W5 3. 6517175 J 3. ti212:'6~ 

0. 62:J'J1V3 U. 623'-J403 I U. 6~H4fl3 
U. 5c3..'18H66 ft lt:l9B-128 j H. ·t:liUO:.! ! 

3. llliillO:J I :i. 194<?6:J ! a. 194:173 ! 
--2. :~5213~~ ll--2. 00735;jJ :- 2. 23-1752;) ; 

9. 96:!7flt5 !I. 9U:l7H7~ I !I. !163787~ : 

7. 2199;90 7. 30343JO I 7. 2424736 I 
3. 195003 3. 194:.!6~ I 3. J94:J73 ! 

----- -----!-----/ 
o. 378769!l o. 46U8!\8 i O. 400:>344 l 

4073. 70 4484. 541 4180. 5i:' i 
~24. 911 wt. 11 111. 69 I 

____ 2. 39 ____ 2. 89 ____ 2. 51 I 
4301. 07 4589. 14 4354. 78 I 

3. 6335765 3. 661731.1 3. 6.1896621 
o. 5159929 I o. 515992'J : o. 5159929 j 

-----i-----1-----1 
4. 1495694

1 

4. 17':724~ I 4. 1549591 1 
14111. I 1:;()56. 14207. I 

. I I 

s~t. 

:; 
JOJ_; S 

}1)g C1)t; 

log 1st term 

lo?!'~ (1~2 1m,,l=-log .4:! 

.log"~' 

a. c. lug; p 

log 2d t.ertn 

log (l-m)=log .92 
lo:! (1st term)2 

a. c. log p 

log 3d term 

1st term 
2d term 
:Jd term 

" log 11. 
cons ta 

logh in feet 
h In foot 

Set 1. :Mean of oh: altitadea from Bea-horizon with Trougbton sextant, No. 95, iu adj11stment. 
Set ll. One altitude from ""'1-horlzon with Troughton sextant, No. 95, in ad,justment. 
!!et 3. Mean of eleve11 altitndes from sea-horizon with Trough ton sextant, No. 95, in ad,jostment. 

\Y ooc:ly Point 
r .• Litnsa. 

l t'~CJ 04r ~~11 , 5 

j 4 . .'):tYi71~ 
1 ~·- i .t:r;-~ 4~ 
1---• 
I 
l 

:ttiW;'i+tiJ 

j ~t 194:.!JI 

!-----
1 

I 
-3.191-J;:li 

-0. :;11u11• 

• 
I 47i'1. :HJ 

I 
77. 43 

1---
1 4862. 04 

3. 6~6~18-0 

0. 5159929 
! ______ _ 

4. 20'l8L15 

159~2. 

Set 4. Mean of twelve altitudes, ab< diroot and flix revel'lltld, with C"""1la thoodolite, No. 3300, in adJUBtment a.nd level. 
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180 REPORT OF THE SUPERINTENDENT OF 

REDUCTION OF OBSERVATIONS FOR HEIGIIT OF MOU.NT SA.INT ELIAS. 

0 // II 

The astronomical station Port Mulgravc is in longitude ... _ ..•....... _ .. 
and latitude ..... -.. - ....... . 

+ 139 46 15. 9 ::I: 18. 3 
+ 5U 33 42. 0 ::I: 2. 1 

The azimuth of the line Astronomical 6 Port Mulgrave to l\fagnetic 
l\1ark is . . . . . . . . . . . . . . . . . . . . . . . . ............................. . + 133 24 57. 5 ± G. 7 

The angle at Astronomical 6. Port Mulgrave between Magnetic l\lark 
and Mount Saint Elias is ........ _. . . . . . . . ...... - . . . . . . . . . . . . . . . + 8 52 20. 

The azimuth of the line Astronomical 6 Port Mulgrave to l\fount Saint 
Elias is . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . - ....... : . . . . . . .... . 

The az:imnth of the line Astronomical 6 Port Mulgrave to 6 At sea is .. . 
The angle at Astronomical 6 Port Mulgrave between Mount Saint Elias 

and 6 At sea is . . . . . . . . . . . . ................................... . 
The station At sea is in longitude ...................... : ............. . 

and latitude .................. ·.. . . ....•.......•.. 
The azimuth of the line 6 At sea to Monut Saint Elias is . . . . . . . . .... . 
The azimuth of the line 6. At sea to Astronomical 6 Port Mulgrave i~ .. . 
The angle at 6 At sea between Mount Saint Elias and Astronomical 6. at 

Port Mulgrave is . . . . . . . . . . . . . . . . . . . . . . . _ ...............•...... 
The distance from 6 At sea to Astronomical 6 at Port Mulgra>e is .. _ .. 
The distance from 6. At sea to Monut Saint Elias is...... . . . .. _ ..... . 
'.rhe distance from Astronomical 6 Port Mulgrave to Mount Saint Elias is 
The zenith distance of Mount Saint Elias from Astronomical 6. Port Mul· 

+ 142 17 17.5 
+ 54 22 24. 8 

87 54 52.7 
+ 142 14 01. 
+ 58 37 
+ 199 23 52. 5 
+ 232 15 38. 8 

32 52 16.3 
17G030m.1 
204768 .2 
111212 . 1 
0 II 

grave is . . . . . . . . . . . .. . .. . . . . • . . . . .. . . . . . . . . . . . . . . . • . . . . .. .. . . . . 87 21 59. 0 

::!:: 24. 

Measured at Cl p. m., May 23, 1874, with Garn bey vertical-circle, i.'io. 7;J; 18 repetitions. 
Barometer, 29.92; external thermometer, 640 Fahrenheit; attache1l thermometer, 680 Fahrenheit. 
·weather, clear; wind, calm. Altitude of 0 at time of observatiou=l7o. 

SOLU'l'ION OF TRIANGLE 6 A'l' SEA, ASTRONOMlCA.L 6 PORT MULGRAVE, A.ND Jl.lOUN'l' SAINT ELIAS • 

• 
Z u At sea to Astronomical 6. Port Mulgrave .... ; •..........••.. 
Z 6. At sea to Mount Saint Elias. • . . . . . .. . . . . . .. . . . . . . . • •..... 

L At 6 At sea between Mount Saint Elias and Astronomical 6 Port 
~Iulgra\·e ..................•......•................... (A) 

Z Astronomical 6 Port Mulgrave to Magnetic Mark ........... _ .. 
L At Astrouowical 6. Port Mulgravc between Magnetic Mark a111.l 

:Mount Saint Elias . . • . . . . . . . . . . • . . . . • . . . . . . . . . . . . •....•... 

Z Ai,;tronornical 6. Port l\Iul~rM·e to Mount Saint Elias ......•.... 
Z Ai,;trouomical 6 Port Mui grave to 6. At sea. . . . • . . . . . • . . - .... 

+ 

0 // 

232·15 38.85 
199 23 22.5 

0 II 

32 52 16.35 
13:~ 24 57. 5 

8 52 20. 

14~>, 17 17. 5 
54 22 24.82 
------

L At Astrouomical 6 Port Mu1grnvc between 6. At sea mul Mount Saint Elias (B) 87 54 52. (i:i 
1800 - p. + B) .. . . . . . . . . . . ............... _ ........................ (D) 59 12 50. 97 

i Denorninatiuu. 

I ~-~~:,·:::i:-;-:-I'ort M~~-irrnve tu A At •ua .. 

I
' MonnlS•intElias ................... (U} ............... . 

Astronomical .>. Pon Mulgrne . . . . ( ll) ....•..••.....•.. 
-' fl.tima ............................ (.A) ................. . 

i 

I .~At•eaioM01mtSai11tlm..,, ........................... . Mount Saint Elias to Astronomical "' Poi-t Jdulgrav" ... . ! _______________ _ 

l 
Pla.11~anglc8a.nd 

diotances. 

1760JOm. I 

590 12' 00". U1 
S'I 5! 52 . ti8 

:)'~ 5'~ 16 • :t5 

20411J8m. 2 
1112111.1 

Logarithms. 

5.2155870 

0. 0059G3:! 

!I. O'J971ll:l 

9. 7"df6018 



 

THE UNITED STATES COAST SURVEY. 

Computation oj distance from A At sea to Astmnomical A Port 1lf1dgrave. 

! I! 
0 

' " I 
Z I t 1 

I:::::::::: ::a:;:::::::::::::::::::::::::::::::::::::::::::::::::::: :·1 ::: : : ::: :: ::::: ::: :1 L 

:~ !.~A:''~:-· .. ~····~°:·: .. ·~'"'"'"'·:••: .·· :•:·• .. I. ·:1 .. ~. H~~ .\ 
Z' : Astronoruieal[,.PortMulgrnv<>toL,Atsea. __ ...•••••...•...•.... [ 54 i 2-J I 24.82 i 

0 I ' 1' : I I c i I . I I ' I 

58 37 
1 

00.000, ,~At sea ..• ··-·····-· .•......•..•....• JI[ · 142 i 14 j 01.-000 i L 
dL ··-···i -,-56 1 42.000, 176030m.L.--···········-··············1I dM i . 2 f 27 j 45.100: 

--1--i---1 !--j--!---1 

L' ·--~9j_~l~~r():Jl'i:ai_:_~~1l~r~: -~-· J_ ~' :_ 139 ! 4G ! 15. 900 I 
I B . s. 509:;133 : c l. Gl74~0 b 72 .. 03!~72~ !I 
I K cos z· 5. U:i238fl!ni ! Kl sin2Z o. 2t-!7:H3 h'l CJ 0 

I I : ' ' I I ----1 , ____ , ----! 

-34~".573 I h J.~419002n !--··-···-· !.90fi~3 9.42098 i 
+ 80 ,573 ! I ~0.309 I I 0.264 I 

A. = 59° 05 1 21" 

1st term. 
'2tl .and :ill tern11~. 

-=~1' sin Z 9. 8980~93n I cos Z 9. 7867999n I 
K sin Z 1 5. 14Jtl;6Jn; K cos Z 5. OJ'Zl86911 

' I 

I K 

1

~4558;-' K 5. 24.53870 I 
'--~=-=~~-===•·--~·=;•=•=~-···~-,--- --------- ·-··· ·-·---- - --~~~=~===•~===~I 

- 2320 ~~,l~~~~--1~] ___________ _ z 
tg z 

K cos Z 
K-sinZ 

A' 
cos L' 

ar. co!Jlp. 

dM 

:;. oa-i:1~6911 

5. 14365G3n 

e. W87016 

o. 2953207 

3.!14768Wn 

-1:186:>".1 

dM 
sin A 

3. 947683rm 

9. 9334710 

. - .. - · 1 3. 8811~46n 
- d z - 7600". 97 j 
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DctcrminBtiori of position of Mou1it Saint Elias. 

z Astrouomi<ial ('>,Port MulgTave to Magnetic Mark ...•.•..•••.•... ;~-;I, . ~4 --~:~:I 
L MagnoticMllrkandMountSaintElias ..•..•....•..•........•••...• ~~--~1 

I z Astronomi<ial ['. rortMulgravc to ,,Count Saint Elias ......•......•. t-142117 17.5: 

! a z I ....... ········································-·-·-··-······-···--· i 03 59.7 ! 
j Jtl1)01---·-·········-······-····················--·-····-······--·······--· ·=r:-=~:-:=I, 

Z' I MonntS~intEliastoAstronomical () l'ortMulgrave ...•..•......• 321 1 13 17.8' . ' 
·~==~~-·~~~=~~~c-=c•-c====~==~==~~~= · · \ 

. I :9 ! ~ 42'.'ooo I Astron(}mical 6 Port Mulgrave....... M 1~9 
1 

~6 '. 15,,9 I 

I
' d L 1~:.:.:l +41 ~ 2801111212•'.1 .••....... ·---·- .••••••.••.. d M ~ ~i~· 790, 

V 
1 

60 I 20 45. 2tl0 I Mount Saint Elias.................... M' 141 00 ! 11. 690 I 
' ' ~---1-·-- \ 

>.. = 590 571 13". 6 
I K : 5. 046152C 1· 

I 
lot term. -21343". 359 [ 

B I 8. 51)9(498 

co 6 z : 9. 89623007• / 

h ! 3. 453831~ .. 

K' 
c 

siu2 Z 
I ~:~~= 1··-~--+---~-~~~-

9. 573003 h' 6. 907f>6 

--1. il'Jil98611 
--9-. 23124 

2U am! 3d term•. + 20 . 079 I 

- dL --:;;; .280 / 

K 
sin Z 

A' 
cosL' 

ar.oomp. 

! 

5. 04~1520 
I>. 781)5314 

8. 50&IB44 

o. 30aoo32 

1

1

-a-. ;;:;;,10 
+ 44:15''.790 

19. 906 .113 

d M 3. 6469710 

ein ~ 9. 9a73~75 

3. 5842985 
- d z + 3S:l9''. 71 

i 



 

THE UNITED STATES COAS'l' SURV~\'. 

Oomputa.tion of distance from Mount Saint Elias to "Off Lituya Ba.11." 

~ : :: :: : ::: :: ::.:::::: ::: : :::: : :: : :: : : : : : :: ::: : : : :: ::: ::: :: : : :: · :: : · I : ::• I · :• 'H 
dzZ l ~~'.'_".~-~~l-~~~'.i'.1.8.~.':~~-~-I~~~~~~.'~::::::::::::::::::::::::::::::::· /! : ! ::: l 

\ 
--1--i 

1 ~".° I;,·~~~;~~~~~~~~~~:_~~~:::::::::::::::··:::::::::::::··;;;· ···;;·I·;.;.-;; 1 

L 
<IL 

v 

o I 1 l 
60 20 I 45. 2£'0 

- 1 ' 45 5.280 

se 3s I 4o. ooo 

, I I 
~ • • · i : 

0 i I 
1 

MountSarntEha.s-----··--------------·: M: : 141 i 00 ! 11.h'OO ! 
269747m.14 ..••..•..•••.••••••••••.•••••. [ d M i - 3 I 17 \ 31. 690 i 

I ' I ' : 1--:--·---· 
"Off'Litnya Bay"····-····-··--········! lrft 

1
1 137 j 42 j 40.000 j 

I ' ' 

I K~9~; 
i 5. 2789013 

A:::=;. 590 28' 1211.6 I B 
KcosZ 

1st term. +614J".855 I h 

2<1and3dterms. ~~~I 

j __ 
1 i 3.1882995 

K's~n•z -~:=~~~ I ~ i ~:~= I 
----;,;1120-7 -

1 

......... · 9.89;;-I 

162. 632 I . . . . . . . . . 0. 793 I 

! 9. 847n. ••4 I 9. 8510147fl ! cos z "~ 
5. 2819716n I K cos Z 5. 2789013 i 

+1130:; .260 -dL 
•in z 

Ksin Z 

K 5. 4309569 K 5. 4309569 

Z -~;;~~ W.lO·I·~==~~~~~;---==• 
tg z I 0. 00307031' ..•••••••.•.•••••..•..•. II 

K cos z I 5. 2789013 ..•.•••••.•.••.••••••••. 

K sin Z 5. 2819716"" ....................... . 

A' I 8. 50872.1.1 d M 4. 0737~02n 

ooo L' l __ ~B53 Bio A __:_:i~~ 
sr.;:~ I 4. 073. 780'ln ..•.... _ • _ 'I 4. IJOE!lfil3n 

1 
-11851''. 600 ·-d z -105!08". 63 
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z 
L 

z 
dZ 

REPORT OF THR SUPERINTENDENT OF 

Computation of distance from Mount Saint Elias to ''Off Dry Bay." 

I 0 1 I II 

: : : : :~:::::: :::~:: :: :: : : : ::: :: :: :: : : : : :::::::::: ::: ::: : : : : ::::: ·:: :: ::: :: ::::::I:::::: : : : : : : . 
MountSaiotEliasto"OfflJryilay" ••••..•.•.••.•.•.•..•••••..•....•.. ' 3131 34 23.06 

......•....•••.... •··········· .......•...•.....•....••..•....•......•..••. ! +:I 18 56.96 

i-1-1--
1~0 [·:.-~~;;;~-~-~;;.-;~·~~~;;; s;:i~~-~;i~~:::::::::::::::::: :::::::::::: :::::.: --~;;;· r .. ~~ 1 ·~: ~;· 

00, I 141 11. 690 

- 2 40 I ss.69o 

1381~1~000 

I 
I I j 

L 1 60 f 20 45. 2i0 I M@nt Saint ..,;lias • • • . . • • . • • • . • • • . • • • • . • M 
dL \ - 1 ! 20 i 46.2~0: 212srnn1.2 ___________ ·---------·---------- dM 

)--:--.1---1 
L' [ 58 i 59 59.000 i "Off Dry Bay' .....•••..••.•••.••...•.. M' 

I n i s. 50939e>l I c i. 647'264 I D I :1. a22eo I K cos Z I 5. 1664000 I K 2 sin•z o. 376004 i.• I 7. 3S161 

lstterm. \ +4740".282 i 1' Ii 3.6758042 ! ......... -2.-02335;;- .••••. 1-9-.61-4_4_1 _ 

A= 59° 40' 2211
• 1 

2dand3dterms.i~05 .998 i ! 105,526 ··········1 0.472 

-dL l +4e40.2il0( . i i 
. I &in z 9. 8600359" CO• z I 9. 83839:;:1 

ii 

K sin z 5. 1880468;> K COB z 1-5-. 1-664-060_ 

5. 3280108 K l--;.-328()1;- K I 
--~-· ~~===~~~==;~~~=====':===o;=========="'====oc='=-=-==~· • z 

tgZ 
K cos Z 
K sin Z 

.A! 

cosL' 
ar.eomp. 

dM 

- 46° "25' 36". 94 

0.0216408n 
5. 1664060 
5. l 881l<168n 

s. 5087142 
0. 2881572 

3. 984918211 

-9658''. 600 

.•••••••••••..•...•••••• 1 

:::::::::: ::::::::::::::/ 
d l'rl 3. 91!49t82n i 
sin !. 9. 9360893 l 

---1 
3.9210075" I 

-ti z --8336". 96 ! 



 

Nol•t>n.Malaspiflll'BOb•.,.,,atiom on.Mcunt St. Elial.-Aoopyof Espinosa'•" .Memorias," &c. (IE09), having partofthedA.tn nsed by Malaspina, 
hae come to band since this memoir was first published, and enabled us to recompute on bis b"8is th<' height of Mount St. Elias. Thoni:h 
working; with approximat.e formulre and the imperfoot instruments of the time, be appears to ba.vo been well qualified for his task. In l>rief, 
his position for l:'ort Mul;p-ave was 590 :14' 1W' n<>rth latltnde, and t31!0 42' 12" Wt'st longitude from Greenwid1, aecording to bis own determilrn· 
tion. From his l>Oint of obaervatiDn tho mountain bore north 380 50' west, and by angles from a base-line ho determined its distance R-8 53. l 
nautical m )PB. liis vertie&l ang?e for the pe-,a,k was 20 38' 06''; being O!i'' grea.tf'r than that mPasurP<l hy the United States Coa8t Hurvev, rt 
ra-tber remarkable agreement. A computation by Coast Sarvey methods frQm bfa, dat.a giveM a height of 17,664 f.eet, hie own approxJmat<-'caicu
btion being 17,&-0 feet. The doubt lies .wholly with bis distance. We do not know .exactly where his a.atr-onomical station W&8 situated. 
Hjs results ,~ould point to a. position somewhat north amd fut of the United State8 Cua.et Survey station, but in any case the: distance between 
either- .his or- our own aetrouomieal station and the moanta.in would be Dea.rJy the &&me. We do not know th<i lt!njtth of his base nor bow it 
WllS meuured; we only know tba.t the nature of the country would not admtt of a measured base of mure tha_n a mile iu lt;;Dgth, if ev<1;,n .f!to 
lofl#. His a11gJe of inte1"800tion at the moq:ntain, under th.e most favorable b:n)()tbesisLoonld not ex<.,ned 3° 071

1 mtroduciug- u eoueidE>-rabl~ un
certainty l'.11.tll 1he distance so compsred with th<(angle of about 61Jo oblainsd by us. Computed with t.he Coast 811ne.v diotaIJco an<l Malaopi
no.'a data (P>:OOpt fol" distanoo) the height obtainoo ia J!l,473 Cet>t, agtinet 19,4M· from our own observations. Jt is prol>al>le that a final elimi
na.tlon of all nnoortlLintiee at aome fntore time will reanlt in a height not greatly varying from 19,~00 feet. W. H. D., Fehruary, 1e18. 



 

Set. 

' logs 
log cot C 

log lstterm 

log g (1-2 m)~ log .42 
logt2 

a. c. log p 

Jog2d term 

Jog cl-m)= log .92 
log [lat term]• 

a. c. log p 

log3d term 

lat term 
2tl term 
3'1 term 

h 

logh 

c>.onst.ant 

Jog h in feet 
It in feet 

THE UNITED STATES COAST SURVEY. 

Computation of height rf Mount Saint Elias. 

Off Lltuya Bay. Off Dry Bay. 

1 2 
... -------

89° 50' 54". 9 sno 001 5111 • 0 

5.43095.6fJ 5. 3280108 

7. 42"20521 8.1638979 

2. 8530090 3. 49190<:!7 

9. 61!3'.!49 9. 623249 

0. 861914 0. 656&2"2 
3.194587 3.194563 

----------
3. 679750 3. 473834 

9. 96:!788 9. 963788 

5. 706018 6. 983817 

3.194587 3. lll4563 

8.864393 0. 142168 

712. 86 3103.91 

4783. 55 2977.:is 

.07 1. 39 

-----
5496. 48 608"k 68 

3. 7400846 3. 7840950 

0.515~ 0.5159929 

----------
4. 256-0775 4. 3000879 

18033. 19956. 
I 

A. t sea, May 27. 

:I 
,, _______ 

89° 121 26". 0 

5. 3112625 

8. 1410566 

3. 4523191 

9. 623249 

0. 622525 

3.194885 

-----· 
3. 440659 

9. 963788 

6. 904638 

3. 194885 

-----
-0. 063311 

2833.47 

2758. 41 

1.16 

5Ml3.04 

3. 7476479 

0. 5U9929 

------
4. 0036408 

1~. 

8ct. 

.; 
log• 
log cot ( 

Ing 1st term 

log t (\-2m)= log .42 

Jog 82 

a. c. Jog p 

Jog2d t.crm 

log (1-m)= log .!12 

log {1st terml' 
a. c. log p 

log 3d term 

lat term 
2tl term 
3tl term 

h 

log h 
constant 

log h in feet 
h in feet 

Set 1. Mean of nine altitudes from sei>·horizon with Troo,e:hton sextant, No. 95, in Bd.instment. 
Set 2. Mean of oix altitudes from 1161l·horlzon with Trougbton sextant, No. 95, io acij11stment. 
&t 3. Mea.n of eight altitndea from sea· horizon with 1.'ronghton sextant, No. 95, in a.djustment. 

! Astronomical~ 
!~rt Mulgra=~· 

i 4 
i 

970 2l1 5W1• 0 

5. 0461520 

a 6627350 

3. 70fl8870 

9. 623249 

0.()9-.13()4 

3.194660 

2. 910~1:1 

9. 96371*' 

7.Um4 
3.194660 

0. 57622-~ 

5115. 49 

813. 23 

3. 77 

5932. 49 

3. 7732370 

0. 5159929 

4. 2892'.!'19 

rn464. 

Set 4. Mean of eighteen double-zenith distances with Gambey vertical-circle, No. 75, in adjostment and level. 

H. Ex. 81--24 
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18() REPORT OF THE SUPERINTENDI<JNT OF 

Oomputat·ion of distanee from A8tronomieal 6 Port lfolgrave to .ilfount Cook. 

~ ::::: :: : :: ::::: ::;· -_-.-·-_·:: --.-.-: :: ::::::::: ::::: ::: :: : ::: : : : : : :::::: ::: : :. ·:::::I : :·.-I·::: :::: -i 
Z , .Aatronomical 6 Port Mulgrave to )\fount Cook .••.••••••••••••••••.••.•••. ·-;;;- -;;-;-57. 91 I 

j 1:: :::::.: :::::: ::::::.-.-.-.-.·.·_·:-.-.·.-.·:::::. :::::: :::::::::::. :::::: .. : .:::::::.:::I :::: .. ~:~·I· ... ~~:~: I 
j Z' : M:nntC~~~A,;~r:no-~~al-6 ~o-rt~:1l~v:~-:~--~~:~:~~···-.····! 3:0' 2: ! 04.~0 I 
• L j 59 33 42. 000 Astronomical 6 Port Mnlgrave . . . • • . . M [ 1391 46 I 15. 9 

dL/······ +41 le.ooo 17740m.4 ..................................... d:M' .•.•.. 1-;-131 44.1 I . i I 

~I _6~i: ~-":1o~_c:_k~_:_:_=~:~~~·~:~~:~~~-\ ~'l :1~~01-=~~o 
>. """"'59::> 541 21 11 B. 5094498 c I 

4. 884795511. Kt sin2 Z ! 
i B I 
( KcosZ i 

I I I .---
1 1st term. I - !l478". 8221' h I ~- 3942'5311. . • ·.······I I 2fl and 3<l terms. I + . 822 I 

i----- I i 
-dL I - 2478 .000 I l I I · •in z 

1 

1. 633619 

8. 205929 

9. 839548 

0. 691 

9. 2123180 

4. 1029646 I 
1 

Kainz [ 

I K i-4-. 890--64-66 

z 
tl(Z 

RcoeZ 
Ksin Z 

A.' 
cos L 1 

ar.comp. 

dM 

90 23: 0211 .09 ...... f .......... . 

9. 218169111. ..••.•. I •••••.•.•. 

4. 8847955n 
4. 1029646 

a. OOll6865 d :M 2. 9159tl0 
o. 3043~88 •in,>, 9. 937118 , ______ ----
2. 9159799 2. 85:J()98 

+ S24".1 -dZ +713''. 01 

D 
h' 

COB Z 

KoosZ 

K 

2. 3i!'J58 

6. 78849 

9. 11807 

. 131 

9. 994149111. 

4. eB41955n 

4. 8900464 



 

TUB UNITED STATES OOAS'l' SURVEY. 

Cuwputatiun of (]istancc f1·um Astronomical L1 Port Jlulgrave tu Jlfount Vancoui1cr. 

z 
L 

z 
dZ 

180° 

Z' 

I ' 

:::::: ::::: ::::~:::: :::::: ::: : :· ::.-~~::: :::::: :::::: ::: ::: :::::: :: :~::::::I:::::: I:::::: I::::::':::·: 
1-,---1 

~~~~~~~~~~ -~-~-o-~t-~~-1~~~-,~~-t-~ ~~-t:J.\~-~T-~l:~~~·-f-~~ ~~ • ~: :~ ~ :: ~~::: :~~~: ~1· • -~~~-! + 1: ~~: :~ i 
i I 1-1---1 

~~~~;-~~~:~~n~~~: ~ ·~·;;;o·~~J;:i;~; ~-~~~~~ ;;,;}~;~~:::: ::: :::::::: :: :::: ::1 · -·· ;· [ ··. ;,;· --- -~~--;; i 
L I ~J ~31 -: ~-I A~t:<~n~=~cal A PortMulgrm -~=--~~ -~-1-- l~lJ-~6 ! 1~'. 1! 10~[ 

dL ..... I +39 ! 58.000174265'".5 .........•.....•.....•.....•..•••... d Mi=' - 3 ,~!100 i 

L' --;-\-·;;T--:;o.ooo 1 

JltouutVancouver. ......................... M' 139 4:l 1 00.0flO j 

I K~., 8. 5()!)4498 

4. 8704287n 

-----
Ist t<•rni. -2398". 16~ J h 

2jl and 3d terms. -~--~ 162 I 
3. 3798785n 

-dL -23~/j. 000 

I 
z 2° 19' 3fi". 66 I 

tg z 8. 6088845 I 
I 

KcosZ 4. 87fl4287n ; 

K•in Z 3. 479313:2'.11 j 
A' . 8. 5086"70 I 

I C·Ot:J L 1 o. 3040:142 
I 

ar. cump. 
--2. 2920344n I 

dM -19.5".9 

c 1. 63.1619 
K2sin2Z 6. 958626 

------
·····-·--· 8. 592245 

.0391 

sin Z 8. ri08'i263n 

Ksin Z 3. 4793132n 

----
K 4. 8i0~861l 

-- - -

------------1 ····--··----· 
'j' ··----····-· I 

! 
1 ·····--·.---· i 

dM 2. 29i!Q.144n I 
sin).. I 9. 937068!• 1 

.[ >?.2-mn33,. I 
-tlZ I -169". 47 1 

D 
h' 

cos z 
K oosZ 

K 

2. 3'.!e-5t<> 

I 6. 75976 
! ____ i 

9. 08934 I 
• 122tl i 

H. H9964J8tt 

4. 870-42f:1'7u 

4. S70786!l 
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188 REPORT OF THE SUPEUINTENDENT 01'' 

Oornp1ttation of lieiohts of Motmts Cook and Vuiwou'!Jer. 

Set. 

Mount Cook.: M.ount Vnn-1 
oonver. 

t 
1----------- ------ --- --

i 

logs 

lo~ cot' 

log !st term 

log! (1-2 m) =log. 42 
logs• 
a. c. Jog p 

lo-g 2d term 

log (l-m) =log .!12 

lug [l..t term)• 
a. c. loiz p 

log 3'1 term 

lsttcrm 
2d term 
3d term 

,, 
log h 

constant 

log h in feet 
h in foot 

860 40' 11'1• 6 870 10' 2011• 2 

4. 8906466 i 4. 8707R6fl 

8. 70482;;5 i 8. 6936669 

3. 6554721 i 
9. 623249 1' 

!1. 781293 

3. W492:2 I 

3. 5£445.'18 

9. 623249 

9. 74157' 

3.1949i0 ____ , ___ _ 
2. m9464 I ii. 551)763 

9. !J631es I 
7. 310944 II 

3. 1949'cJ 

9. 963788 

7.128908 

3.194910 

----1-----
0. 469654 0. 28" .336 

4523. 47 

397. 62 

2. 95 

4924. 04 

3. 61123216 

0. 515992!! 

3668. 21 

362. 88 

I. 94 

4033. 03 

3. 6056314 

0. 5159929 

-----,----
4. 0083145 ·11 4. 1216243 
16155. 13232. 

S.,t 1, Mean of four double-zenith distances witb. Gambey verticaJ.cirole, No. 75, adju8ted and levelud. 
Sd 2. .Mean of six douhle·~enitb distancco with Gawooy vertical-ende, No. 15, adjustlld BOd l•>velcd 
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APPENDIX No. 11. 

REPORT CONCERNING RECENT OBSERVATIONS AT SOUTH PASS BAR, MISSISSIPPI RIVER, DY HENRY 
MITCHELL, ASSISTANT IN THE UNITED STATES COAST SURVEY. 

BOSTON, j}farch 10, 1875. 
The original programme for this work contemplated the determination of transverse and ver

tical curves of velocity, from point; to point, along the course of each pass and out o\·er the ban; 
to the sea. These observations were to be, as far as practicable, simultaneous from section to sec
tion, and were to be repe1tted at dilferent periods of the tide. Among other questions we hoped to 
answer by this course of inquiry were the following: 

l11t. In what maimer does the outflowing stream expand as it approaches the sea, and how is 
this expansion related t.o depth and velocity~ 

2tl. How does the meeting of fresh and sea water densities affect the channel depth, or how 
are these related'¥ 

3d. Is there any indication of a littoral current beyond the bar~ 
The observations at the mouth of the South Pass have been made somewhat in accord with 

the pre-arranged plan, and appear to have been made under favorable coudltions; but they are few 
in number, so that our conclusions are by no means fi.nal. Mr. Marindin, the assistant of the Ooast 
Survey having immediate charge of the party, and Mr. Weir, his principal observer, as well as 
several other members of the party, were familiar with our methods, having had long pre\-ions 
experience elsewhere. 

I, therefore, have full confidence in the work done, although I left the locality before the party 
were fully engaged. I shall refer to the statistics of the work hereaft€r in some detail. 

§ 1. ExrANSION.-As the stream approaches the sea after passing the contraction in the neigh
borhood of the South Pass light-house, it expanrls at the expense both of its depth and velocity. 
The banks, on both sides below the light-house, are covered with thick growth of reeds wl!icll 
extend much further seaward upon the right than upon the left shore. If we view the scene at 
high water, we find the right bank exposed to \"iew for a distance of 9,430 feet below the light-house, 
while the left bank is visible only to a distance of 1,987 feet below a point opposite the light-house. 
But at extreme low water the flats are exposed quite out to the bar and the two banks are seen to 
be essentially of the s811kle length. At the time of our observations the low banks above referred 
to were mostly submerged and there seems to have been some escape of the water O\er them. In 
a distance of 8,000 feet below the light-house the river increases its superficial width five fold, i. e., 
from 712 feet at section A (see sketch No. 24)to 3,400 feet at section B. Section.A. represeuts the pass 
just within its visible mouth, and section B the outlet·chaunel just within the crest of the bar. 
'Ihe area& of these sections show an increase of 36 per cent., i. e., from 18,270 square feet at A to 
24,600 square feet at B. The mean depth has diminished from 24.44 feet at A to 8.03 feet at B, or 
in much less ratio than the width bas increased. 

As the velocity (mean) should vary lu-versely as the section, and as the depth (ri>presenting 
scour) should vary as the squares of the velocity, we shoultl expect, under ordinary circumstanct>s, 
that the depths should be inversely as the squares of the sections. Bat from the figures above 
you wil1 observe that the depths from section A to section B vary as 3 is to 1, while the squares of 
the sections vary as 2 is to 1. We might argue from thiR that some lifting force has been at work
the denser water of the sea, for instance-and thus discover in our results a confirmation of the 
statement upon page 445 of the Phy-sic.sand llydrau1ics of the Mississippi Wver, that" this lifting 
force of the salt-water must widen the river-current .. " But from the best reductions we can mako 
of the velocities in the two sections which were not occupied by current·statious simultaneousls, 
except for the axis of the stream, the mean velocities were l.3U feet per second against O.GG, gi dug 
for the ratios of their squares ~Hw to 1, which is not widely di!fereut from the ratio of mt•au tle):lths. 
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.Again, if we compare tlrn vertical curves of velocity siinulta.neously obseryed in the thread of the 
stream for both sections, we find the axial scour at ( 1. 71 )2 

: ( 1.09)2 = 2.4(i : 1, and the channel-depths 
to which they correspond 29: 11.5 = 2.52 : 1, from which I think we must conclude that as far as 
our evidence may cover the case, the depths vary with the squares of the velocity, leaving no room 
for the interference of any other element. .And our curves of specific gravity taken at the same 
time indicate only a slight intrusion of sea-watec- at the seaward section B. ·when it is consid
ered that our observations were made at the low stage of the river, it will be admitted that for the 
permanent order of things our sections must be regarded as those of fresh-water conduits, and since 
the levels alter but little, from low stages to flood, we may conclude that the axial velocities will 
preserve much the same ratios. 

Thus far 1 am inclined to regard the expansion of the stream as primary antl the loss of depth 
dependent. This granted, the incc-ease of sectional area is seen to be a necessity growing out of the 
iucrease of wetted perimeter, wllich reduces the ·rnlocity by friction. 

At other periods of the tide than that at which we observed the sections, brackish water was 
found higher up the stream, but to no great extent. 

§ 2. I submit that the exclusion of the sea-water from the South Pass at the time of our obser
Yations was due mainly to the presence of the bar as an antecedeut obstruction. The velocity of 
the outflow at the light-honse corresponded to a fall in space of 0.03 foot, and the ele,-ation of the 
actual ri\·er surface abo'°'e the sea could not have been measured, probably, because so small. The 
d;y11a11]ic pressure due t-0 the impulse of the issuing stream cannot exceed t.wiec the weight of the 
Jiead dne to velocity; so that a stratum of sea-water having a thickness of 7 feet (the depth ou the 
crest of the bar) would by its greater specific weight have very much o\-erba"lanced tlrn river as Pt 
flowed through the light-house section. One may easily see that if at the time of our observations 
the bar had been taken away, the sea-water would have poured in along the bed of the pass with 
a n•locity near the bottom very much greater than that; of the surface outflow observed. We must 
couclude, then, it seems to me, that the bar had been bullt by floods when the river was issuing at 
a l1igher wlocity aud at a higher sutface elevation, so that it overmastered the sea, aucl that the 
oflice which the bar filled in the low-river season, when we made our observations, was that of a 
l.mlwark holding back the sea. 

We may expect that so long as the proposed jetties serve to dissipate the bar there will be an 
influx of the sea during the low-river season, and some tendency to fill np the pass, but the mate 
1·iul brought in must be small; and since the surface fresh-water velocity must be increased at some 
stages of the tide, and will be scarcely diminished at any other stages, deposits of much sediment 
need not be anticipated. 

I call your attention to the vertical curves of specific weights given irl, our table and sketch, 
aud also to tl.ie diagram (sketch 24) sl10wing a "section of South Pass along the chanuel-wa,r." 
Our ol>:,;ervations made shortly after low tide probably give the minimum of sea-water for the day. 

§ 3 . .At the same time that the transverse curve of vefocities was being determined at section 
B, another trans\·erse curve was being determined just outside the bar. Tilis outer curve depends 
upon three stations, and unfortunately the maximum velocity falls upon the most western instead 
of upon the central station (as was designed); in other words, our curve is too far to the eastward, 
so that its apex does not fall iu the middle, leaving some doubt whether the position of the thread 
of the stream was reached. 

Nevertheless, for the purposes in view these three stations are highly important, since they 
reveal the presence of a current in excess of the discharge from the South Pass. Assuming that 
the section in motion is limited by our extreme stations-which, of course, it is not-we find the 
passing Yolnme nearly 107,596 cuhic feet per second, or over four times the discharge given by our 
corrected curve at section A, off the light-house in the South Pass, and over five times the volume 
passing ovtir the bar as given by the simultaneous observations at sect.ion B. At this outermost 
section the depth is not only greater in the arnrage from side to side thau at the sections above, 
but the iwt•.rage velocity from Rurface to bottom is some 30 per cent. greater than at the light-
1.Joul:le section, aud the maximum velocity of the 6-feet-surface stratum is double that found at 
the i;ection just withiu tl.Je \Jar. l\loreover, a change in the direct,ion of the current is observed 
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deflecting to the westward; so that no doubt exists in our minds that at the time of our olJsen-a
tions there was a strong littoral current, or race of the sea, along the outer slope of the, South Pm;H 
bar. 

In our sketch, (No. 24,) wlJich accompanies this rep()rt, we llan~ not gi\'Cll the" outer" curve of 
velocities above rnentionetl, becau;;;e it was incomplete, as we ha•e stateu, and because it was not 
transverse-the currents beiuJ:!: deflected from tlJeir anticipated conr;;;e. The weather at the time of 
these observations was quiet; the wind, being light from north and northeast, could not ham 
had any measurable influence, but for several days previous the weather bad been windy, and con
siderable sea was running on tlie day of the obsen·ations. 

The water issuetl from the South Pass in a southeasterly direction, hut after crossing the bar 
was turned to the southward and southwestward. At one of the outside stations occupied on the 
same day but at a different honr from those which formed our curve, tbc observer, ~fr. "~eir, made 
a special note in his record to the effect that the submerged floats moved to the westward, while 
the line upon the surface was carried southward. 

Whether this mO""rnment along tbe outer slope of the bar is a race of the sea or a littoral cur
rent, we have not enough data to determine; suffice it to say, we fouu<l it steady at the depth of 2± 
feet, and have no adequate reason for supposing that it was the result of anomalous or unusual 
circumstances. 

South Pass bar is not salient to the general sweep of the delta fro.utage. I called attention 
last year to the fact that a circle could be drawn which would pass through four of the bars, Yiz: 
Southwest Pass, South Pass, Southeast Pass, and Pass <t Loutre, and fall oul.r 2,300 feet within a 
fifth bar-that of Northeast Pass. This circle ltas a radius of 21~ statute miles, and its center 
lies about 2-!r miles to the southward of the Jump, in htitude 2!)0 1±' 20", longitude soo 2(1115", and 
8! miles above the heacl of the passes, as found upon the printed cbart of the Coast. Snney. 

Ne-vertheless, the South Pass bar lies nearer to those deep contours of the Gulf, which seem 
not yet to have been reached by the aproning of the delta, than any of the others, and rnusl> 
therefore be regarded as the salient zJoint of the delta as regards the Gulf and its movemeuts. This 
is among the reasons why the experiment of jetties at this pass seems to me more likely to be 1mc
cessful than at the others, and within a reasonable cost. 

Tbe new deposits, after the jetties are built, are likely to be swept away to some extent by the 
coast-current and tlte race of tbe sea. It does not compare favorably with tl.Je two other passes in 
width, depth, and previous good character, as regards freedom from obstructions. 

Respectfully submitted. 
(Signed) HENRY MITCHELL, 

United States Coast Survey. 
CARLILE P. PATTliR.SON, 

Superinteru1ent United Statii.~ Coast Burney. 

The tables which follow have been computed from three determined poiuti;; in tlw horizontal 
and vertical. 
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Spec{fic 1veights of water-llJouth of South Pass. 
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Soutlt Pass of Mississippi Rii•er at light-lwuse. 
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SECTION B. 

Soutk Pass Jlississippi Rh,er, on the inner slope of the bar. 
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Total volum-e pa.ssiu& through section = 19,947 cubic feet per second. 

SECTION C. 

Outside of South Pass Bar, January 30, 1875. 

Dlaanoo from ftr&t station. 
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APPENDIX No. 12. 

DISCUSSION OF TIDES IN NEW YORK HARBOR. 

UNITED STATES COAST SURVEY OFFICE, 
Washington, June 30, 1875. 

DEAR SIR: I have the honor· to submit the followiug report of the dhicussion of the tidal 
observations of Go,-ernor's Island in New York Harbor. 

1. The observations used embrace a snies of 1!) years, from 1856 to 1874, inclusive. There 
are some interruptions in the continnit.v of the series, especially in the first part of it, arisi11g frnm 
the freezing-up of the tide-gauge and from storms; hut these are mostly of sliort duration, and do 
not Rerionsl_y impair the value of the ohRervatio11s, or affect sensibly the accuracy of the results 
deduced from them. 

In this diRcussion, the first rednetions of the observations made by the Coast Snrvf'y were 
furnished to me for the purpose. These comprise the times and heights of the high an1l low waters 
of the ti(fo, together with th<• apparent times of tbe moou'l:l weridiau transit immed 7ately precedi11_!! 
the times of high water, and the corresponding ltrnitidal intervals. 

THE GENERAL PLAN AND IMMEDIATE OBJECT OF THE DISCUSSION. 

2. The geut>ral plan adopted in this discnssion is the same as that of the discussion of the tidal 
ol>servations of Boston Harbor, the deviations being merely in some of tlie details. This plan is 
found to work well aud give very accurate resnlts. It is not claimed, however, that, by methods 
inYoldng a mnch greater amount of labor, a slight improvement in the accuracy of the reRults 
might not have been obtained. By the method used, the probable error in the mean amplitude of 
the tide, or in the co-efficient of any of its inequitlit.ie,., depending upon abnormal disturbances, errors 
of observations, and imperfect.ions in the methods uf reductions and of the discussion, i8 not more 
thau one-twentieth of an inch, and, in the Calle of the luuitidal interval, not more ti.Jan one-quarter 
of a winute. Of course, nrors of these ord1~rs are of no cousequenee in any practical applications 
of the re!\ults; and even in the 11iue8t comparisons between theoretical relations and those de1lucecl 
in the discussion of the observations, these errors are so much smitller than those of auy tidal 
theory "hieh we 111,w have, or can ever hope to havt•, that it wouhl hardly seem to be worth while 
to expend a great amount of additional lal1ur in order t-0 diminish very slightly these small probable 
errorR. 

3. The imme<liate object of the discussion of the obsen·atious is the determination of the 
mean amplitude and lunitidal interval of tile tide, an1l tbe co-efficients and epochs of their principal 
ineq1ialities, and the first step in the plan a•loi)tell cousists in grouping all the observations of the 
luuitidal intervals autl of the heights of high and low waters wit.It refereuce to the argume11ts of the 
inequalities taken two and two, so tuat each grnup shall give the averages of the obt>ervations 
within certain small ranges of eaeh one of these twu arguments; as, for instance, the twenty-fourth 
part. of tlle arguments correspo11<ling to the periods of the i11t>qualities. Frow these averages, the 
effects of all abnormal disturbances of the winds aud of barometric press11re, aud also tbe other no¥· 
1nal ineq nalities, arl~ very nearly eli miuatecl, siuce in both the Illus and mi11 ns effects must, very nearly 
counteract each other, and we have sirn1>ly the 1wer1J.ges as atfectt>d lor the rnost part b)· the two 
inequalities merely sought to be determined. The an·rages of tlwr1e groups being entert>d into 
t:ables with double arguments, antl being summed each way, we get other aYerages, affected by only 
one of tbe inequalities. This method shortens ,·ery much the amount of' work, since the observa
tions can be ~Touped with retereuce t-0 two argument,; in very nearly tho same titue that they could 
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with reference to one simply; and thus, when we have obtained the averages as aff~cted by onl' 
inequality, it requires but little additional labor to sum the averages of the groups, and obtain 
average8 affected onl,\· by the other inequality; and we thus 8a\·e the tmuble of grouping all the 
observations again witli referenct> to tbe argument of the second ineqnalit~·. When the avenq~t·s 
have been obtained, affected ouly by the inequalities haYing the ,;ame argument, b_y comparing 
these avt>rnges with t,heir knowu form of expression, we mm 111ake ont as mans equations of condi. 
tion as we han• avPrages, for determining the unknown amplitudes and epochs of the ine1prnliti<>s, 
as will be explained as we proceed. 

ADOPTED NOTATIONS. 

·i. The notation of the arguments adopted in this di:;i.cnssiou is the same as tha.t nse1l in the 
dcYelopmeut of the tidal force:s in § 19 of Tidal Researches, published as a11 appPrnlix to the Coast 
Survey Report for 1874; and that of the l1rnititlal i11ten·als and heights of high and low water is 
the same as that a1lopted i11 various parts of those Reserl.rckes. The uotatiou i:s as follows:-

91 =the angular di11tance betweeu the moon a.nd sun, expressed either in are or iu time, being, 
in tl1e latter case, •lenotell U_\' the a,p[Jareut time of the moo11's meridian transit; 

'1'2 =the moon's mean anomaly; 
'/'3 = 2 1", in which i. is the moon's longitude; 
'f• =the longitude of the mooi,'s ascenrling uodc; 
'fs = the sun's true anomaly ; 
<p7 = the sun's true longitude; 

'fll = 2 'fl; 
\012 = 2 '1'2• 

The other argumentR not given here helong to ver_y small inequalities, wl1ich we 11a.vr not 
attempted to determine in this c\iscnRsiou, and which consequently we have had no occasion to use. 

We also put-

H 1, ). 1 =the height of the first high water after the moon's upper tranRit, anti the correRponding 
lunitidal iuterval, resvectively; 

H2, 1. 2 = rlle same for the following low water; 
H 3, A3 =the beigllt of the high water 1wxt followiug the moon's lower trausit, aud the corre

spouding lunitidal iutR,rval; 
H4, i. 4 =the same for the following low water. 

We sh.all also put for convenience-

H '1 = 2 (Hi + H3) 
H 1

2 = i (H2 + H4) 
Az=~ (H'1-H'2' 
Ho= i (H'1 + H'2! 

).'1 = t (i.1 + .I.a) 
l.'2 = t (lz + i.,) 
L2=1 (i.'1 + l.'2) 

AVERAGES DEDUCED DIRECTLY FROM THE OBSEHVA1'1UNS. 

5. With tlle preceding explanations of the notations usf'd, together with tL1~ additional expla· 
nations following, the following tables of averages will be understood. 
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TABLE I. 

Containing average values bel-Onging to the argwneJit \1'1• 
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555 2 14. 8 7 56. 2 14 23. 9 8. 789 3. 838 11 11. l 2. 475 6. 313 .004 : 6 25. ~ 

~'l!i 2 44. 5 7 56. I 14 16. 1 8. 686 3. 940 11 6. l 2. 373 6. 313 • 004 6 20. 0 
I 

558 3 14. B 7 57. 3 14 11. 4 B. 564 4. 023 11 4. 3 2. 270 6. 293 - . 024 6 14. 1 

533 3 44.3 7 52.5 14 8. 7 8.507 4.250 11 0.6 2.128 6.378 + .061 6 16.2 

562 4 14. 3 7 5~. 4 14 5. 9 ; 8. 495 4. 40~ 10 59. 7 2. 043 6. 451 . 134 6 12. 5 

54-0 4 44. 3 7 51. 3 14 7. 6 l 8. 413 4. 502 10 59. 4 1. 955 6. 4571 .140 6 16. 3 

58'.I 5 14. 7 7 53. 0 14 16. 3 8. 337 4. 567 11 4. 7 1. 88:i 6. 452 .135 ti 23. 3 

549 5 H. 6 7 r.2. 7 14 28. 0 8. 253 4. 590 II 10. 4 l. 831 6. 421 I . 104 6 35. 3 

,'ili2 6 14. 5 7 52. ti 14 35. 8 8. 121 4. 500 11 14. 3 1. 700 6. 355 . 038 6 43. 0 ' 

I 559 6 44.4 7 57.0 14 46.2 8.161:\ 4.605 ll 21.fi 1.7~1 6.386 + .069 6 49.!l I 
I 571 7 14. 9 8 3. 3 14 5;.i_ 4 8. 101 4. 450 11 27. 8 I l. "25 6. 275 - • 042 6 49.1 

[ 543 7 44. 6 B 10. 2 14 57. Q 8. 185 4. 3H 11 33. 6 ! l. !13.5 6.6.ll&ll"' . 067 ti 46. 8 I 

I
\ 565 8 14. 6 I 8 18. 9 15 u. 7 i ~- 072 4. 2Jj; 11 39. 8 I l. 918 ~ . I>63 6 u. 8 

549 8 44.718 ~8.5 15 4.5 8.:189 4.157 11 46.5 I' 2.116 ', 6.273 .044 6 36.0 ( 
55'2 9 H 9 s 2Y.;; 15 3. 9 s. 401 a. m 11 .w. 1 2. 217 I 6. 100 . 127 6 34. 3 

I 5:l6 9 44. 4 I 8 29. 2 15 4. 3 8. 584 3. 894 11 46. 7 i 2. 345 I 6. 239 . 078 6 35. 1 

I M<l 10 14. 4 I 8 26. 3 I 15 2. 9 I 8. 728 3. !!21 11 «. 6 2. 453 I 6. 274 • 043 '1 6 36. 6 

I 54ti 10 44.51 8 2-2 6 I 14 5P.5 i S.795 3.744 "'ll 41:0 2.5\<S I 6.270 .0471 6 36.~ 

5>5 11 44. 8 t 8 15. 7 14 53 0 8. 946 3. 717 11 34. 4 2. 614 '. 6. 331 + . 014 \ 6 37. 3 I 
555 11 15. 0 8 20. 2 14 57. 6 ' 8. 863 3. 718 11 38. 9 2. 57l! 6. 290 - · 027 I 6 37. 41 

1~ ~=-:-18-7.2il4a;;-D i-;;:-550 4.088 1123.5[2."Zil(G.rn ==-=\63i7 

TABLE II . 
• Containing avfn'age values belonging to the argument '1'2· 

.A' • I -~~.~1--~-;--.;.--l-~~r ~~- A',=>.':-
----1------ ------1 , _______ 1 ___ ---

'" m. h. m. I Feet. Fett. I A. m. : :l'Nt. .Peet. I' F""t. h. m. 
1 :rr.1 14 41.519.05.4 3.<0t I 11 19.6: 2.675 6.31P + .llll9 6 ~3.8 

544 30 8 1. 2 14 43. l 8. 891 3. M4 !' 11 22. 2 i 2. 6~ 6. !l67 1 - • O.'llJ 6 fl. 9 
541 45 8 3. 6 H 41. 7 8. 9SO !l 7411 11 22. 6 : 2. 604 6. 346 I + . -O'.l6 6 38. l 

543 oo s s.1 u 43.a a.s•s a.s10 11 2:1.0, ll.517 6.m I + .001 6 37.7 
s.ie 1s s 1. 1 u 44. 1 s. n2 3. 864 11 !l6. 2 i 11. 439 e. 303 I - . 011 6 37 o 

5:l0 90 8 9. 4 14 ff. 9 8. f;:J!) 3. 974 11 27. J i 2. 329 ft. 303 I - ,()17 6 3;_ 5 

551 105 6 12. 4 14 45. 2 13. 550. 4. 141 11 !l!!. 3 i ll. 205 II. 345 i + . OllS 6 3'2. 6 

551 l'ilO 8 lt. 2 H 44. 0 8. •!!:I 4. 181 11 29. l I 2. 121 e. 3112 ) - . 018 6 211. 8 

559 135 8 16. 1 14 42. 3 S. 3S3 4. 2:15 11 211. !! 1 ll. 049 6. 30411 
- • Cll6 6 26. 2 

540 1:!0 6 18. 4 14 40. 5 8. 290 4. 3"lll 11 '29.4 ll. 959 6.331 + .011 , 6 n. I 
!">511 165 8 15.6 14 39.7 8.!IM 4.434 11 27.7 2.IMll! H.342 I + .022 6 .!M.1 

544 180 s 15. 9 u 42. 9 e. 231 4. 390 11 !19. 4 2. 920 6. mo \ - . 010 : e 21. o 

Sf8 1115 ·s 1s.2 u 38. e e.195 4. m 11 21.0 2. m e.3:11 1 + .037 , e a e 

5H !110 8 12. !! 14 38. 7 l!.169 4. 441 11 25. s I 2. 914 6. 35.~ I + . 035 ' 6 ~. 5 
549 ll25 8 10. 7 14 38. 8 8. 194 t. 411 11 iW. 7 , 2. f.'91 6, 31121 - .018 i ti !18.1 

548 5H9 B 8.6 14 34.4 8.264 4.:JM 11 21.5: 2.955 6.309 i .OU 6 25.8 

553 1155 8 5. 7 14 35. 0 8. 3!11 4. 314 11 20. 4 i !!. !JO' 6. 317 i - . 003 i fi !Ill. 3 

556 !l70 8 4.6 H 34. l S. 429 t. :t4i II 19.3 2. 092 6. 336 '1 + .016 i 6 llll.~ 
548 1185 B 3.1 14 33A 8.MIO 4. l!ill 11 18.6 2.200 6.320.

1 

.000, ti 'illl.7 

MS 300 '1 59.9 H :n.2 8.614 4.016 i 1l 18.5 2.lt!l!I 6.315 J - .005 I 6 37,3 

5.'I!! 315 7 59. 4 H 37. 7 s. 67:; . :l. ti84 11 18. 5 2. 3911 ·G. 280 I • oo l ti 38. 3 

548 330 1 57. s 14 3$. 1 s. 776 a. m u 1a. a s 44!1 a.111!4 I . 0361 e 38. ii 

MO 345 7 :'i7. 4 14 38. 718. MO 3. 7!i8 11 U!. 0 !Ui56 11. t84 ~-016 I ti fl. 3 
- 3l!O 7 ~ s 1• ae. a o. ooe 3. '128 u .~.1 I t.1139 1. 3lr. + . on \ e '"'· s : 

XMDa.. s 7.9 14:39.BaM54.086tlii.s12:m-e:;
1 
•••••• =1~1 
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52.5 

67.5 

82.5 

97.5 
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TABLE III. 

Containing ai·m·age valnes belonging to the argunient cp3• 

A'-1---A~ 
h. m. h.. m. 

Obs. fl, 

Feet. 
9. 006 

9.036 

8. !l6ti 

b 940 

8 901 

B, ObR. : 

Feet. h. h. m. 
14 32. 2 

14 29. 4 

14 24 7 

14 20. 5 

14 20. 3 

Feet. 
8. 368 

8. 303 

8. 190 

8. 114 

8. 1-01 

Feet. 
279 

274 

269 

267 

275 

276 

266 

277 

274 

273 

275 

276 

275 

8 14. 9 

A 13. 4 

8 7. 7 

e 1. o 
7 55. 4 

7 53. l 

7 53. 3 

7 55. 1 

7 54. 6 

7 59. 5 

3. 7 

5. ti 

8. 8 

273 I s 9. a 
271 I S 10.1 

218 ! 8 8. 8 

14 51. 6 

14 52.1 

14 4i<. 3 

14 48. 0 

14 47. 7 

4. 093 21;1 

4. 117 277 

4. 138 'ltll 

4. 109 272 

4. 103 273 

H 7. 7 

~ 8. Fl 

~ 8. f) 

" 5. 0 ' 

fo! 3. j : 

3. 997 

4. 078 

4. 152 

4. 262 : 

4. 3S5 

14 45. 8 8. 827 4. 09" 27G " 5. 2 14 19. 6 8. l:ll! 4. 288 
14 45. 5 8. 7~8 3. 944 274 8 ~. 2 i 14 2.1. 2 R. 15~ 4. 2:ll 

14 45. 7 8. ~14 4. 01 l 27:J 8 8. 6 : 14 27. 6 8. 394 4.320 

H 43. 4 8. 7M 3. 9>!4 278 P 11. 1 • 14 34. 7 8. 531 4. 224 

H 44. 1 8. 1;00 :1. 884 2<2 8 15. 2 i 14 40. 0 13. 641 4. 174 . 

H 44. 5 8. 511 3. f'5:l 271 8 l~. 8 14 44. 4 8. 782 4. 092 
' 14 4:1. 1 H. 440 :J. 9:J.l 2<5 ; 8 21. :! 14 50. 3 8. 830 4. 071 

14 37. 0 8. 324 ' 4. 03[1 274 8 2~. :l 14 51 0 8. 943 4. 125 

H 34. 7 8. 243 4. 090 271 8 18. f' 14 54. 2 8. 98ll 4. 089 

14 28. 5 8. 127 4. 223 272 8 1:;. 2 14 51. 6 8. 972 4.13i 

14 28. 7 e. 006 i 4. 37! 270 b 7. 4 ·H 51. 8 9. llOl 4. 116 

271 8 4. 5 14 25. 3 8. lUO ' 4. 418 2H 8 4. 0 H 5L. 2 8. 924 4.158 

214 I s o. 2 u 28. 3 s.1!83 : 4. 290 21" : 1 ss. s 14 49. 1 s. e1• 4. 010 

265 I 8 \l. 7 14 27. 6 e. 187 4. 2811 274 ! 8 1. o 14 45. ~ s. &W 3. 963 

273 B 4. 2 14 33. 3 8. 307 : 4. 297 270 i 7 ~9. 7 : 14 45. 0 8. 753 3. 90!1 

271 \ B 1. 7 14 36. 8 8. 507 I 4. 196 21~ i 8 1. 5 i 14- 42. 2 8. 713 3. t'59 

278 : 8 ll. 2 14 42. 1 R..61!6 : 4.137 274 : tl 3. 2 i 14 40. 5 8. 731 3. 823 

277 i R 13. 6 14 40. 5 8. 800 i 4. 113 274 i 8 8. 2 ! 14 38. 4 8. 719 3. 900 

__ 266 l_A H. 8 _1~.:..:_ ~ 918 I~ 062 21_8 ~ !_:.~~ s. 554 :1. 9li 

Means ··\ 8 4. 7 14 40. 9 ~. 5'30 I 4. 115 . . . [ 8 8. 1 \ 14 38. 5 8. 610 4. 094 

TABLE IV. 

· Oontaining atier:$e values belonging to the arg1tment <f's• 

I i I 
8H0 . A,->..1 I Ob•. h'1 N, H', ! H'i L, ~___::__ --- ---------- ---- ---------1 

h. m. I h. m. Feet. Feet. h. m. Feet. Feet. Feet. A. m. ! 
.'52 8 11.3'14 41. 9 8. 687 4. 045 11 26.6 2. :121 ' 6. 366 + .Olf> 6 au j 
:>51 8 11.1 I 14 40. 7 8.660 4. 097 11 25.9 2. 281 6.381 . 031 6 29.6 i 
530 8 8. 3 ! 14 36. 5 R.57A 4. 145 11 22.4 ~217 6.:-tlll . 011 6 28.2 I 

539 8 :i.o/u 34. 2 8. 527 4. 185 11 18. 0 2. 171 6.356 . 006 6 31.!2 
548 7 59. 4 ! 14 34.0 e. 531 4. 2~9 11 16. 7 2.151 6.3EO + .030 6 34. 6 
552 7 59. l i 14 32. 7 8. 475 4.193 l1 15. 9 2.141 6.334 - .016 6 33. 6 
540 7 59.7114 34.4 8. 473 4.088 .u 17.0 2.192 6.281 - .069 6 34. 7 
550 8 I. 8 I 14 36. 6 8. 604 4. 166 11 19.2 2. 219 fi. :i1·m + .o:w 6 34.8 
55ii 8 2. 8114 39.0 8. 643 4.074 11 20.9 2.2i'5 

' 
6. 359 + .01¥.l 6 36.2 

545 !l 7.1 14 42. 0 8.6!11 4. ();19 11 24.5 2. 006 6.325 - .02."i 6 34.9 
! 

546 8 11. 2114 44. 5 8. 647 3.!>73 11 27 8 2. 337 i &.310 .040 6 33.3 
!l51 8 13. 4 14 4ti. 7 8. 639 4.002 11 30.0 2.318 ! 6.320 - .030 6 33.3 
549 8 1.5. 5114 44.0 8. 634 4. U!!'l 11 2!.l. 7 2. lIT6 i 6.35~ + .00~ 6 38.5 
544 8 14. 1 114 44.5 8.613 4.0~4 ll 29.3 2. 260 \ 6.356 .006 6 30.4 
543 8 12. 6 14 40. 0 8. 550 4.180 11 26. 3 2.185 i 6.365 .015 6 37.4 
!MS 8 s.1il4 40.2 8. 533 4. !!43 11 24.2 2.. 14;i : 6. 3"8 .038 6 32.1 
542 8 4.3 i 14 38. 3 @.512 4. 2t<8 11 21.3 2.112 i 6. 400 + .050 6 34.0 
546 7 59. s \ 14 39. 0 8. 478 4. 150 11 1!1.2 2. 154 I 6. 314 1 

- .036 6 39.5 
5:19 8 1. 8114 31i. 4 8. 498 4.126 11 19. l 2.186 ! 6.312 . 038 6 34.6 

I 
6 37.1 Ma 8 2.0 H 39. l 8.530 4.103 11 ro.:; 2. 213 i 6.316 .034 

54:1 8 4.6114 39. 5 8.640 4.027 11 22.0 2.307 ! 6.33a .017 6 34.9 
a:i2 8 7.!! 14 4l. 3 8. 70~ 4. 980 11 24. 2 2.364 ! 6.:34:J -.()()7 6 34.1 
551 8 10. 9 114 43. 2 8. 760 4. 0116 11 27. 0 2.371 I 6.388 + .038 6 32.:l 

i>4-0 8 11. 1 14 44. l 8. 736 4. 988 11 27. 6 2. a11 1 6. 363 + .013 6 3.1. 0 --sti.7114 39. 1 2.2'5/6. 3iO 
------

:VMD& •. 8.595 4. 104 11 m.2 ··-· ·••··• 6 :1.1.0 
. 
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TABLE V. 

Containing yearly averages, or those belonging to a.rgument rp., 

I, Year. j __ <I>_•_ -'' 1 -'', H', I H, L, A 2 H, J 

\ 

1 

o h. ,,;;, k. m. Feet. 1-~~~~ ---;:-::,_-~-Fut. \--,,-. -m-.-

11856 : 20. 5 8 2. 4 14 37. 4 9. 675 I 5. 340 11 19. 9 2. 107 I 7 . .'I07 i 6 35. 0 

I 
1s57 1. 2 s o. o 14 a1. 6 9. s21 I s. 160 11 15. s 2. 1so i 1. 640 i 6 31. u 

1858 341. s I s 5. 1 14 37. 6 9. 744 1 s. 438 u 21. 6 2. 153 1. 591 
1 

6 ~1. 9 , 

I 1859 : 32"2. 5 I 8 4. 4 14 34. 0 9. 815 i 5. 418 11 19. 2 2. 1!19 ! 7. 616 i 6 29. 6 ! 
I 1860 . 303. 1 I 8 c.. 7 H 3:l. 7 9. 764 : 5. 387 11 20. 2 2. 189 7. 575 i 6 27. 0 

! 1861 2&l. 8 8 7. 3 14 32. :l 9. 317 i 4. 860 11 19. 8 2. '.!29 7. OBH 1 6 !25. 0 : 

I
I 1862 264. 5 i 8 5. 0 14 3E. 7 8. 764 . 4. 22;; 1 11 21. 8 2. 270 i 6. 494 ! 6 33. 7 

1863 ; 245. 1 I 8 !J. 0 14 3g_' 8. 773 i 4. 223 I 11 24. 4 2. 275 I 6. 498 I 6 30. 7 I 

i 1864 ' 225. 8 I 8 8. 5 14 44. 4 8. 701 i 4. 240 11 26. 5 2. 330 I 6. 570 ! 6 35. 9 i 

11865 
1 

200. 4 I 8 9. B 14 42. o e. 8121 4. 141 11 ~- 9 2. 3~ : r.. 476 1 6 32. 2 : 

I ~=: ~E: i
1 

: 3 ~ I ~: ::: : ::::: i !: :: ~~ :: : :: :: i :: :~; i : E : ! 
I 1869 129. 1 s H. 1 14 45. 3 e. 102 1 4.169 11 30. o 2. 265 , 6. 43:> ! 6 30. 6 

. 1870 109. 7 I 8 10. 0 I H 44. 0 7. 977 I 3. 413 l1 21. 0 2. 281 I 5. 69~ I tl 34. 0 

i 1871 90 4 I 8 5. 3 I 14 41. 0 6. 715 I 2. 2:!0 11 23. 2 2. 242 I 4. 472 6 35. 7 

I
i ~:~~ ~~: ~ I : :· ~ I ~: :~- ~ :· :: ,II :: :~~ ~~ ~~: ~ : :~ ! :: :~: i : !~:: 

1874 32. 4 7 57. 8 J4 38. I 6. 565 2. 151 11 18. 0 2. ,W7 1 4. 358 t 6 40. 3 • 

Mea1,s . -1-8 -6.61\'"14 3~. 6 --8. 596 '1--4. lOJ ---i1 211. 8 - ~. 246 \--6. 3491--6-3.1-.-0 ! 
! - - - - --- - I ' 

TABLE VI. 

OQntaining monthly a?)erages, or those belonging to arguments ~6 and ~7• 

·--1-----r-·---i----- l : I I 
Month. <Pc i ~1 Oba. l ~ 1 1 I >.'2 j H'1 j Il'2 i L, j .A, Ho 0 Ho I 

i-----i·-0-1--:- --:~:n. :I:-:-~. -: Fut.1-=t.--i~.:. Fu; FeRt. --;.:t.-1 
J' an nary... 15 i 230 1066 i 8 10. 5 I 14 39. 6 : 8. 344 i 3. 974 ; 11 26. 4 2. 185 6. 159 -0.183 i 
Febrn&ry .. 45 i 290 999 i 8 9. 0 14 38. 6 8. 295 i 3. 933 j 24. 4 .181 ti. 114 • 228 j 

March .. . • 75 I 3.51 1118 ! 8 6. 5 I 14 38. 5 ' 8. 420 I 4. 019 j 22. 4 • 'lOO 6. 220 - . 122 ' 

.April...... 105 [ 51 1089 i 8 3. 4 [ 14 36. 2 I e. 704 ! 4. 272 : 21. 5 I • 216 6. 488 + . 146 : 

May .••••• 135[ 110 1138'
1

·s 2.0114 35.7! s.e42I 4.:18.>I 19.9\ .22s 6.614 .2121 

June...... 165 ! 168 108!; 8 4.0 / 14 37.7' 8.71'16 i 4.324 I' 21.91 .231 6.5SO .2<l8 I 
JnlJ ...... 194122fi111~18 5.2114 39.5! 8.6801 4.200. 112.7! .240 6.440 .098

1 .August... 2231 2~4 11~7 t 8 6.5 14 41.2 i S.685 i 4.185 [ 24.3 [ .250 6.435 .093 

September 252 i :l44 10~4 ! 8 9.5 \ 14 43.4 8.67:; ! 4.197 ! 26.6 \ .239 6.436 .0941 
October . . • 282 I 4411128 \_ 8 8. 9 \ 14 42. 6 8. 674 ! 4. 208 \ 2.'i. 81' . 233 6. Hl + . 0001 
Noverub&r.. 313 i 1-06 1072 : 8 t>. O i 14 41. 5 8. 478 i 3. 9941 25. 2 • 242 6. 236 - • 106 

December. ~l~~1~~i~::.::_l~l78 l_:w2 !-~1~-=-975 __='.:367 
:Means... . ... 1··· .. ·I .. -· .1 8 7. 0 114 39. 7 l 8. 5ti3 \ 4.121 i 11 23. 8 j 2..221 6. 3-12 .... ······I 

I I J L I 

6. The observations were first grouped with refPrence to the arguments ~1 and ~2, each 
group comprising obser,,.ationR belonging to onf' of 24 equal cUvisionR of each argument. The 
divisions of 'Pl! ex:presAed in tirnf'S of transit, were from Oh om to Oh aom, from Oh 3(Jm to lh om, &c., 
so as to make the averages correspond to the values of Oh rnm, Oh 45"', &c., or very nearly. The 
divisions of <p2 wer.e Emch as to make the middlt' of the divisions correspond to J5o, 300, &c.; and 
it was assumed that these medium values of the argume11t-B in the case of so many observations 
would correspond so noorly with the actual average values that they could be adopted instead 
of the latter without any toensible error. It should be remarked that the values of ~h used in the 
discussion, were thoSA of the moon's tra11"1it over the meridian of Washington, instead of the ' 
meridian of the port, as is usual; and consequently the values belong to that time, and not to the 
time of high or low wat-ers, and that a correction must be iutrodu(,>ed into the epochs of the results 
on this a.coonut, where the argument is taken for the time of transit over any other meridian, or 
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for the time of high or low water. The ntlues of <p2 nsed were those corresponding to the times of 
high water. 

B_y summing the averages of the groups in two ways, so as, first, to eliminate the inequalities 
depending upon <p 2 , and, isecomll.r, so as to elimivate tbe iue<iuality depending upon \"i, the aver. 
age values co11tained in Tables I and II, belo11gil1g to the correi<pouding values of the arguments, 
were obtained. 

7. ln the secornJ place, the observations of each year were grouped witl1 reference to the moon's 
longitude, with a view of determining tbe inequalities in the semi-diurnal tide depending upon the 
moon's longitude, and a!i;o the amplitude of the diumal tide, which likewise depends upon the 
moon's longitude. The ouservations of each Jl'ar were grouped separately, in order to determine 
the int>quality in the semi-diurnal tide depending upon v4, t.he longitude of the moon's asceu!ling 
node. TLe value of '/'~ belongiug to the middle of the year was take11 as the value for the groups 
embraciug each year. 'l'be value of the moon's lnug·itude, i., in Tablei,; IH and IV, are tltose 
belonging to the transit C over the Washi11gto11 meridiau, according to Lul.Jbock's notation; that 
is, to the fourth transit, preC€ding the time of higlt water. Tliis arrangement was adopted i:;o that 
the arguments of longitude which bad bef'n u8ed in the discussioti of the tidal 01Jservatio11s of 
Boston HarlJor, in wbicb the Junitidal i11terval8 were referred to trausit O, could I.le also used in 
this di8cust:1ion. All that will be necessar.Y to correct for this will b<> to introduce a correi;ponding 
change in the epochs of the angles in the final results obtained. In ordt>r to obtain the amµlitude 
of tue diurnal tide, it was necessary to keep the obi:;en·ations of upper and lower transits separate 
in this Cflse. By first summiug and taking the aYerage of the groups lielonging to each of the 
years for each value of;., the averages in Tables Ill and IV were obtained; and by summing 
a11d taking the an'rage of all the observations belonging to each ;rear, the results of Table V were 
obtained. 

8. The results in Table VI are the averages of all the observations for the whole series belo11g
i11g to each month; the values of ~6 and <p7, being those belonging to the middle of each month. 
These results are to be used in determining the inequalities depending upon the sun's longitude 
and true anomaly. 

SEMI-DIURNAL '.l'IDE. 

9. We sha·ll now determine from tlm preceding tabular results, t11e unknown co-efficients and 
epochs in t,he theoretical tidal exprPssions of tbe amplitucie and lunitidal interval of tl1e semi· 
diurnal tide, and show with what degree of accuracy these expressions, with the unknown cou. 
stants thus determined, rei>re!:'ent the obsen·ations. These expressions are (Tidal Researches (97) 
and (9Y) :-

(1) { 
Az =Ao::, R, cos (tp, - a,) 
L; = 1: B, sin (tp, - s,) 

in which A 2 is the amplitude of the tide aud L; the ltmitidal interval, the subscript 2 in the gen· 
eral t'xpression common to all the several oscillations being the characteristic of the semi-diurnal 
tide; also Ao is the amplitude of' tbe mean tide, and R, is the ratio betweeu the coefficients of the 
iuequalities of A 2 and tbe mean amplitude. The expression is put in tbis form for the imrpose 
of comparing these ratios in the tidal expression with the correspondi11g ratios in the fo.rces denoted 
by P,. the values of which are gi\'en in Tidal Researches. § l\}. 

10. Half.monthly inequality.-Iu the a\'erages of Table I, the eficct of the diumal tide is elimi
nated, and the eftect of the ter-diarnal deep-wate,r tide is always extremely :;mall. The mean 
Yalne, therefore, of (J.'2 - .l.') in Table I, if the results were not affected by a qnarteNliurnal and 
other tidel'I of shorter period, arising from tlle shallowness of the water, ancl therefore called shal
low-water tides, would be exactly the fourth part of a rupan lunar day, wliich is 6h rnru.6; and t.be 
inequalit.r in these values depending upon the values of Sl'i would be Yery small. It is seen, how
ever, that the mean in the table dillt>rs from the fourth of a lurwr da,Y about 10 minutes, and that 
this ditlereuce for 11Hl"N·ent values of the argument <p1 is very differeut. In 1leep-water tides altso 
the value of Bo, which is the mean sea-level as determined from the means of ti.le heights of high 
and low w~ter, would be constant since there is no half-mouthly iriequality iu this mean height 
in such tides. 'Ve see, however, from the oolumn headed o Ho that this is not the case. The tides 
of New York Harbor are therefore affected by large shallow-water components, so that the usual 
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formnhe, based upon the theory of deep-water tides, cannot hA userl in determining, from the results 
of Table I, the semi-diurnal tide and its half-mouth!~- inequalit.v without incurring some risk of 
having the results slightly affected b~· these shallow-water compouents. The mean diflerence of 
nearly 20 minutes between the intervals from high to low and from low to high waters is caused 
mostly hy the supposition of a quarter-diurnal upon the semi-diurnal tide, which, it is readily 
conceh·ed, must cause a diff'ereuce iu these intervals, unles;; the epochs of the semi-diurnal and 
quarter-diurnal tides are such as to make one of the high waters of the quarter-diurnal tide coincide 
with a high water of the semi-diurnal tide, in which case tlie. intervals from high to low and from 
low to high waters would he exactly eqnal. This is the case in the tides of Boston Harbor, although 
there are indications of a small quarter-diurnal tide, as shown l>y a small differem;e in the mean 
level of the sea at the times of the syzygies and quadratures as determined from the averages of 
the heights of hig·h and low water. 

It is seen (Tidal Researches, 360) that there are six of tbt>se shallow-water components, thrMof 
which are lunar, solar, oi- lnnisolar quarter-diurnal tides, and one mie-sixtk diurnal, which have 
periods which are commeusurable with the period of the half-monthly inequality; and hence they 
cause not only the mean difference between the iuten·als from high to low aud from low to high 
waters, but also a half-montbl.Y inequality iu these diffe1·euces. 

11. Wit.h the observations of the times and heights merely of the resultant of a-ll the sballow
water terms combined with the diurnal and semi-diurnal tides, it is impossible to so analyze these 
tides as to determine the amplitudes and epochs of each one, aud thus to dP.termine the effects of tile 
shallow-water tides upon the values of A, and L 2 iu Table I, from which we deduce the amplitude 
and lunitiual interval of the semi-diurnal tide and their half-monthly inequality. If the heights of 
higb and low water were observed exactls at the interval of one-fourth of a lunar da)·, the effect of 
the quarter-diurnal tide upou A 2 in Table I would be elimiuated, but it would still affect the value 
of H 6 , but where a high water of the quarter-diurnal tide does not, coincide with a high water of the 
semi-diurnal tide, these intervals, we have seen, are not exactly one-fourth of a lunar day, and 
hence the differnnce between H'1 and H 1

2 , \Vhich is the value of A2, may be slightly affected from 
this cause. Tb.e best we can do, however, in this discussion i>1 to neglect the considera.tion of these 
effects, which we have reasou to think are very small. We here see, however, the importance, at 
least in shallow-water tides, of using the harmonic aualysis in the discussion of ti<lal observations, 
by means of which all these small compo11entt1 cau be detcl'tnined from the observations. 

12. \Ve have (Tidal Researches, 333), for the exµressions of A 2 in (l),-

A2=! (H1-Il2 + 93-H{)=~ (lI'1-H'2) 

In this expreRSion, 11owever, the values of H 1, H 2 , &c., being functions varying with the time, must 
be taken for the same time; hut the values of H' 17 in Table I, a.re for high water, and of H 1

2 for low 
water; but, instead of reducing them to the same time, we can take the \'alue of A.2, givt>n by the 
expression above, as belouging to the intermediate time half-way from high to low water, tlle cor
responding lunitidal interval of which is L2 = ~ (i.' + A1

2), given in the ta.hie. The values of .A 2 and 
L_,, in the table, then, ca.u be regarded as tlae averages of the amplitudes of the tide at this interme
diate time, ~nd Li, those of the corresponding lunitidal iuten-als. 

Where the averages are for short inten·als of the arguments, these averages can be taken as 
the true value of the functions belonging to the mean values of the arguments without sensible 
error; but where the intervals are large, a <',orrect.iou is required. If the values of .A.2, in Table I, 
could be taken as the corrt~ct values belonging to tlrn corresponding average values of ~1 , we should 
have, from the first of ( 1),-

Az = Ao j l + R1 cos ( \1'1 - a1) + Rn COS (211'1 - au)f 

all the other inequalities in the general expression having been eliminated from the averages of 
Table I. The correct geueral expression in this .case, applicable where Aa is made to represent the 
averages for any limits of the arguments whatever, is (Tidal &search.es, 316) :->.. 

(2) .A.2 =Ao jl + k R, cos (\1'1 - a1) + k' Ru cos (2 \l't - a11) I 
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in which, expressing 'fii - rp 1 in terms of the radius,-

(3} /,. 2sin -1 (911 - 'f,) '-' = ------··-· ----· --
'P 11 - <p, 

k' =sin (rr_,, --~~) 
'ff! - 'f1 

201 

In these last expressions, '!',and <p11 are the values of the argument at the two limits uf the group 
of observations, and the space between these limits may be of any extent whatever. 

The angle 2 sci = 'f11, in the notation of § 5, being a multiple of l"i, the inequality corresponding 
to it has not been eliminated from the averages of Ta,ble I, awl hence this term must be retained. 
It would likewise be necessary to include, in the expression, terms having the angles 31"1, 4 Soi, &c., 
if there were any sensible terms having such arguments. But we know from theoretical consider
ations, as well as from an inspection of the residuals where the results belonging to the expression 
where only two terms are retained are compared with observation, that all terms beyond the second 
in the expression are insensible. Of course, sensible co-efficients are brought out in the discm1sion 
where such terms are retained; but these are merely of the order of the probable errors of the 
averages used, and do not indicate real- terms. If we had 24 average ·values of A 2 , and should 
retain so may terms in tue expression of (2) that the number of co-efficients and epochs in the 
expression should amount to the same, we should probably get sensible co-efficients for every term; 
but, instead of this expression being more correct, it would be less RO than where fewer terms are 
retained, for it would evidently be an expression wllich would represent all the errors of observa
tion. A too great attempt at refinement, therefore, in this direction, only leads to error. 

13. The preceding expression of A.2 may be put into the form-

(4) A2 = A-0 + M cos sc:1 + N sin 'Pi + ill' cos 2 <p1 + N' sin 2 sr1 

from which, when M, N, M', and N' are determined, we lla\·e, for the co-efficients and epochs,-

(5) 

1 Ji' 
Au Rn =-k' -'M--;z-+-,._7,z=-·-

~ V .H' COS au 

N' tan a1 1 = .-1 .lt.' ( 

With the 24 values of A.2, in Table I, aud the corresponding values of \Oii we get, from the pre
ceding expression of A 2, 24 equations of condition for determining Ao, ..1I, N, M', and N'. The solu
tion, by the method of least squares, gives: 

Ao = 2.231 ft. 

• 
'M .4328 
M 1 = -.0052 

N = .0838 
N 1 = - .0087 

Since the limits of the groups in Table I are at 24 equal intervals of S"1, we have, in (3) 
¥>u - ~1 = 15°; and hence we have, in this case,-

(6) k= .997 k' = .989 

Hence, the averages of the groups might have been used in this case for the true values belonging 
to the averages of the argu~ents, since these values differ but little from unity, especially the first, 
which belongs to the principal term. 

Witb. the preceding values, we get, from (5),-

AoR1 = .4422 ft. 
Ao Ru = .0102 ft. 

This latter may be put in the form-

Ao Rn = - .0102 ft. 
H. Ex. 81--26 

R 1 = .1982 
Rn= .0046 

R 11 = - .0046 

Gt1 = 100 57' 
"'11 = 239° 
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This makes tbe sign of Rn correspond with that of the corresponding value of P11 iu th& forces, 
and makes the value of the epoch an in the tidal expressions correspond more nearly with that of 
the forces, which is 0. 

Witb the preceding values, the expression of A;, (2), represents the a\·erage values of Table 
I, from observations with a main residual of .016 foot ancl a maximum one of .065 foot. 

14. The general expression of L., (1 ), when applierl to the values of L, in Table I, can be put, 
for reasons already given in the precediug case, into the form-

{ 
L 2 = B 0 + k B 1 sin (p1 - <i) + k' Bu sin (2 p - <n) 

(I) = Bu + .i1l sin l"i + N cos q 1 + M' sin 2 p 1 + N' cos 2 1"1 

in which-

(8) • 

I M 
( Bi=- -,,1,u2 + .Nz = --
) k cos <1 

" N I tau <1 = - Al N' 
tan o 1~= - JP 

·with the 24 values of £ 2, in Table I, the sec<>nd of the prMeding forms of expression gives 24 
equations for determining, by the method of least sqmues,-

,lf = - 2om,5 
lf(' = }m.7 

N= 
N' = - tm.4 

By means of (8), we get from these values and the preceding values of k and k' iu (6), 

B 1 = - 23m,1 

B11 = 2"'.2 
~l = 27° 20' 
<11 = 38° 7' 

\Vith these \ralues, the first form of (7) represents the observe1l average values of Lt, in Table I, 
with a mean residual of om.8 and a maximum residual of 2m.2. · 

15. In Table I, the values of S"i are those at the time of the moon's transit over the meridian of 
Washington next preceding the time of high water, while the corresponding values of A 2 and L 2 

are those \Jelonging to the time of the middle phase of the tide between high and the following low 
water, which is 1111 23m,5 + 12m,3 = llh 35m,8 later; the 12m,3 being the difference between Wash
ington amt New York time. Hence, the preceding epochs must be increased by the amounts by 
which the angles p 1 an<l. 2 p 1 increase in 1111 35m.s •. The vallrns a1 an<l e1 must, therefore, be in
creased by-

and the values of a11 and •u by twice this amount. We therefore get, for the corrected values,-

a1 = 22° 44' 
an= 8~0 

•1 = 390 07' 
z11 = 620.3 

• 

l'hese corrected epochs are to be nsecl iu all theoretical comparisons of the expressions; but, 
for practical purposes, the time for which the values of the angles are taken is entirely arbitrary, 
provided the vaJnes of the angular epochs always correspond with it. If tpis time be the time of 
transit over th~ meridian of W a.shingt.on, then tb.e former values of th4:>se epochs, ah th &e., must 
be used in the tidal expressions. 

For the value of B 0, which is the mean of :4, belonging to high water, we tnust deduct one
eighth of a mean lnnar day, which is eqna.l to 3h 6m.3; and hence we get for the corrected value 
of the lunitidal interval of high water, reckoned from the lunar transit over the meridian of New 
York,-

Bu= llh 23m.5 - 311 6m.3=8h 17m.2 

This is for the mean high water of the semi-diurnal tide unaffocted by the quarter·diarnal and 
other tides, which make mean high water occur still 10 minutes earlier. 
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16. L11nar parallaetic inequality.-In Table II, all the inequalities except tbat depending upon 
the moon's parallax, or mean anomaly, ~2 , are eliminated from the averages. The general form of 
the expression of Az, (1 ), in this case becomes of the form of (2) or ( 4-), except that we must pnt q-2 

for Sot and a 12 for u 11 in tlii,;; case. "\Vith the 24 •alues of .42 , 1n Table II, given by obst>rvation, we 
get, from (4), with the modification just stated, 24 equations for determining, by tlie method of 
least squares,-

.Ao= 2.232 ft. 1lf = .3712 ft. N = .1200 ft. 
111' = .0365 ft. N' = .0172 ft. 

With these values, and the values of k and k' in (6), we get, from (5)-

.Ao R2 = .3913 ft. R 2 = .1753 a 2 = 170 5;")' 
Ao R,. = .0405 ft. R,2 = .0185 a,2 = 2;;0.2 

With these values, the expression of the form of A., (2), putting v>2 for 91 in this case, repre
sentt1 the obsen·ed values of A., with a mean residual of .015 foot, and a maximum residual of .045 
foot. 

By proceediug iu the same manner with the values of L2 in 'l'alJle II, using the Equations (7} 
and (8) in this case with <fJ2 and 22 instead of \Ci an1l e 11 we get 24 equations, which give:-

B0 = llh 23m.5 211 = 3m_37 1f = - 4m_53 
111' = - om.11 N' = Qm.06 

With these v<ilues, we get, from (8), modified as above to suit this case,-

B2 = 5m.99 <2 = 53°.8 
B 12 = - ow.13 e1i = !!9°.0 

With these values, the expression of L.1 , (7), with the subscripts 1 and 11 changed to 2 and 12, 
represents the observed values of A 2, iu Table II, with a mean residual of om.6 and a maximum 
rPsidual of 1m,5, 

In Tuble II, the values of the arguments belong to the time of high water; lmt the values of 
A 2 and Li!, as deduced from the averages uf the table, belong to a tim1~ 3h Him later. Heuce the 
preceding epochs must be increased by the amount by which the angles cp2 aud 912 change in that 
time; that is, l.ly-

31~~l?m. 130.18 = 10.311 
for the epochs a2 and 22, and 30 for a 12 and 212· With these corrections, we get, for the corrected 
epochs,-

ll.z = 19° 26' <2 =55°.3 
a12 = 28°.2 °'12 =32° 

17. Mean lunar deelinational inequality.-In the averages of Table IV, the diurnal tide and all 
the inequalities of the semi-diurnal tide, including the inequality detlending upon the moon's node, 
are eliminated, except that depending upon the moon's longitude, A.. Besides the term depending 
upon cp3 = 2 J. in t11('1 general expressions of A 2 aud L 2, (1), of the semi.diurnal tide, there is also a 
small component depending upon the fourth power of the moon's distance from the t'arth, of wbieh 
the argument is the moon's longitude, .i., the effect of wbich is to cause a slight difference in the 
tides belonging to north and south declinations of the moon. To the terms, therefore, in the 
general expre3sions of ( l) depending upon the moon's- longitude, the principal term of which has 
the argument '(11 = 2 ..l., we must also add a term of which the argument is .i., to represent the 
term depending upon the fourth power of the moon'" clistauce. Neglecting the term, tbert>fore, in 
the general expression depending upon 2 <(J3 as being insensible in this \·ery small inequafit,y, the 
expression of the averages of A 2 iu the table in this case may be put. into the following form:-

A2 = .A0 l 1 + k R 3 cos ( cp3 - a3 ) ! + a k' cos (i. - o.') 
= Ao+ M cos <}':i + N sin '1'3 + ~1' cos i. + N' sin I. 

By proceeding as in the preceding cases, the 24 values of Az give 24 equations, which give-

~ = 2.245 ft. M = .0845 ft. N" = - .064 7 ft. 
M' = .0213ft. N' = + .0012 ft. 
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In this case, the groups of observations include one-twelfth instead of one twenty-fourth of the 
argument of the principal term, of which the argument is s<>3, and hence the expressions of (3) give, 
in this case, k = .989 and k' = .997. With these, and the preceding values of M, N, &c., the 
formulro of (5) give-

Ao R:1 = .1047 ft. 
a =.0214 ft. 

a3 = - 36° 8' 
a'= 3°.4 

With these values, the expression of A 2 above represents the average values of A 2 in Table IV, 
ootained from observation, with a mean residual of .012 foot and a maxim urn residual of .026 foot. 
The probable error of the principal co-efficient Ao R 3 is ::±: .0030 foot, or about -.}8 of an inch. The 
reason for estimating the probable error in this case only will be explained farther on. But, 
the residuals being about of the same order, the probable errors do not differ much from that given 
above in all t.he other cases. 

The expression of the averages of Li in T<tble IV may be put into the form-

Li = Bo + k B:i sin ( s<>3 - a3) + k' b sin ( l - e') 

= B 0 + M sin 93 + N cos S'3 + M' sin A + N' cos ). 

With the 24 values of L 2 in Table IV, and the corresponding values 'P:i = 2 i., we get, as in pre
ceding cases, 24 equations, which give-

1rl = 5m,Go 
M' = - lm,33 

These values give, by the formulre of (8),-

B3 = - 5m.56 
b = 2m.05 

N = om.13 
N 1 = - im.58 

e;i = sso,7 
•' = 1300 

The values of the arguments in Table IV, as bas been explained in § 7, belong to the transit O 
of Lubbock's notation, and hence to a time preceding the time to which the values of A 2 and L 2 

belong by one and a half mean lunar days plus Bo pins the difference between Washington and 
New York time; that is, by-

37h 12m.7 + Uh 23m.2 + 12m,3 = 4Bh 4Sm.2 

The preceding epochs must, therefore, be increased by the amounts by which the angles increase 
during this time. The amount of change of 'f13 in 24 hours being 260.36, the epochs a 3 and 123 must 
be increased by 53° 47', an<l those of a' and e' by half this quantity. We therefore get, for the 
corrected values of the epochs,-

a 3 = 170 391 

a'= 300 
•a= 1420.5 
•' = 1560 

18. Lunar nodal ineq_uality.-ln the averages of Table V, all the inequalities have been elimi
nat;ed except that depending .upon the longitude of the moon's node, sei4 • Taking in only one term 
of the small inequality depending upon 'f4 in this case, the general expression of (1) becomes-

.A2 =Ao jl + k R" cos (<p4 - a.iH 
= Ao + M cos <p4 + N sin p 4 

With the values of A2 in Table V, and the oorresponding values of ip., belonging to the middle 
of the years, this equation gives 19 equations of condition for determining-

. Ao = 2.246 ft. .ill == - -:0764 ft. N = - .0064: ft. 
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Since in this case the period of the argument is divided into equal parts of 18.6 years, the value 
of sc11 - sc1 in (3) is 19° 20', and hence we get, from (3\, iu thi8 case k = .!l!I±. 

With these values, we get, from (5),-

Ao R 4 = .0770 ft. R 4 = .0343 ft. "• = - 40 50' 

V\7 ith the preceding values, the 1n·•·cedi11g expre8sion of A 2 satisfies the values obtained from 
obserration, with a mean residual of ,012 foot and a maximum of .027 foot. This is the usual order 
of residuals, and hence there is no sensible term depending upon 2 l-"4• 

We, in like manner, get for the expression of L 2 in this case,-

L2 = B 0 + k B 4 sin (<f4 - 04) 

=Bo+ M sin 9. + N cos <f', 

With the values of L 2 in Table V, and the corresponding ,·alues of r-4 , tllis gives 19 equatious 
of conditions, from which we get-

M = -3m.63 

These give, b,v (8), nsing the \'alne of k above,-

B, = - 4m.2 £4 = - 300 

With these values, the expression of L 2 above represents the iiverage values from observation, 
with a mean residual of 2111 .2 and a maximum of 7m,O. If we· compare these residuals with those 
of all the preceding cases, we find that, while an the others are nearly of the same order, these are 
about three tim~s larger. By comparing also the values of Lz in Table V with thosf1 of the other 
tables, it is found that the former are much more irregular. These irregularities must be caused 
by errors in the time used, which causes the averages of the different years to be several minutes 
in error fo some cases. A part may also be due to personal errors in making the reductions, wbich 
were probably made by different persons in different years. All such errors would be eliminated 
mostly from the averages iu all the other tables, and would show themselves only in the yearly 
averages. 

By applying Peirce's criterion to the residuals, it is found that it rejects two of the yearly 
averages, regarded as one observation; and, from the remaining 17, we then get, instead of the 
above values,-

There is no sensible correction of the epochs in this, as in the former cases, on account of the 
very slow rate of change of the angle 50, in this case. 

19. Solar declinati-Onal and parallactic inequalities.-The an~rages of Table YI contain two 
inequalities; the one depending upon the sun's anomaly, and the other upon its longitude, or decli
nation. The period of the former is sensibly double that of the latter. These inequalities are very 
small, and the general expression of A 2, (1), in thi~ case, becomes-

Az = Ao { 1 + k R6 cos ( 51'6 - ai;) + k' R1 cos ( 50, - a1) l 
= A.0 + M cos '1'6 + N sin 'f6 + J-[1 cos l-"7 + N' sin <f7 

With the 12 values of A 2 in TalJle VI, and the corresponding values of r-6 and ~1 belonging to the 
middle of the months, we get from this 12 equations for obtaining-

Ao = 2.221 ft. M= - .021 ft. N = - .020 ft. Al'= .004ft. N' = .oosn. 

In this case, each of the 12 monthly groups of observations include 300 of the angle rs and G0° 
nearly of <p7 ; and hence, by the first of (3), we get k = .988 and k' = .953. The corrections, how
ever, depending npon these quantities, although larger thau usual proportionally, are of no couse. 
quence on a.ceonnt of the smallness of the inequalities to which they are applied. 
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With these values, we get, from (5),

A0 Ra = .029 ft. 
A 0 R 7 = .009 ft. 

R 6 = .013 
R, = .004 

a6 = 2240 
a 7 = 1170 

With these valu~s, the preceding expression of A 2 represents the observed values, with a mean 
residual of .006 foot and a maximum of .012 foot. 'l'he co efficient of the last inequality in the 
preceding expression is so nearly of the order of the residuals that it can scarcely be regarded as 
a real inequality. 

In like manner, we get, in this case, for the expression of L 2,-

L2 =Bu+ kBs sin ('f'e - e-s) + k' B 1 sin ('f'7 - 2 7 ) 

= Bo + 1'[ sin 'f6 + N cos p 6 + JI{' sin 'f'7 + N' cos <p7 

With the valnes of L 2 in Table VI, and' the corresponding values of the angles, we, in 1ike 
manner, obtain 12 equations for determining the values of-

Jl1 = - lm.22 

With these values we get (8),-

Bs = im.2 
B 7 = tm.o 

M' = -Om.95 

<6 = 126° 
'1 = - HIO 

N 1 = om,33 

20. Mean sea-level.-The average.of high and low waters, denoted by H 01 in the tables of aver
ages, are not the heights of the true mean sea-level, as bas been stated, when the tides are affected 
by shallow-water terms. Theory does not give any half-monthly inequality in the height of mean 
sea-le\'el in det:p-water tides; and aJJ the other inequal;ties, depending upon parallax and <fficlina
tion, are so extremely small that it is impossible to deduce them from the preceding tables Of 
averages which are afteQted by large shallow-water terms. There is a theoretical shallow-water 
component, with a half-monthly period, which would affect the mean level, and this may, in some 
cases, be sensible; hnt the column in Table I headed ~ H 0 does not represent this inequality, but 
is the effect mostly of the quarter-diurnal components which are not eliminated in the averages of 
high and low water. 

The column headed H 0 in Table V shows that there was a change of more than three feet in the 
zero-plane of the tide-gauge between the beginning and the end of the series. An abrupt change 
of about 1.1 feet seems to have been made abollt the middle of the year 1861, and another of 
nearly two feet some time during the year 1871. On account ot' these changes, we cannot deter
mine whether there has been any secular change of sea-level during the time of the series of 
observations. 

DIURNAL TIDE. 

21. The diurnai title can be determined from the averages of Table IV, which are given sepa
rately for each of the high and low waters of a lunar day. If there we.re no ter.diurnal tide, or 
quarter-diurnal and other shallow.water components, we sbonld have, for the mean values at 
the bottom of that table, 11 = ;.a, ).2 = 14, Hi = H3, and Hz = H4. In obtaining the values, there· 
fore, of Ii ().1 - ..l3), t (A2 - A4), ~ (Hi - H3), and i (Hz - H4), due to the eft'ects of the diurnal tide 
alone, we can correct in a great measure for the effects of all the other components of short period 
by subtracting from each of these differences the differences of the means at the bottom. For 
instance, we must diminish each of the 24 values of (J-1 - A3) by - 4m,O; and so of the others. 
Since, moreover, the averages belonging to low waters belong to a time equal to six lunar hours 
later than those of high waters, and it is uecessary, in determining the amplitude of the diurnal 
tide, to have these quantities for the same absolute time, we have applied a small eorreetion by 
means of proportional parts of the differences to those of the low waters, in order to reduce them 
to the times of high waters. WiLh the preceding corrections or reductions applied to the dift:er
enees or Ttlble "IV, we obtain those of Table VIL 

- " 
' 
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'J'ABLE VII. 

Containing m1erage.~ from which the diurnal tide i.~ deduced, and also the corresponding theoretical 
values. 

-·", ____ :I----~-----0-us_e_rv_a.t_i_·o_n. ________ , 

)\ I . n (>.,-A,) l (A2-1'4) ;;(H,-H,J,~(H,-H4): 

---~-- -,,,~-1-=-1-/~e;~- feet. 

1. 5 + 5. 6 I - 8. 2 I+ o. 334 + o. 046 ' 

22." 4. :1 I 10. l . :181 + . 018 
37. 5 + l. 4 10. 6 . 403 . 008 

52. 5 o. o .1 12. i . 12e . 013 
ti7. 5 - 2. 0 12. 5 . 385 . 129 

82. 5 4. 0 12. 0 • 367 . 100 

97.5 4.5 . 10.4 .33U .150 

112. 5 4. 7 

1

i s. 2 . 225 . 163 

rn1s 6.2 4.o .101 .162 

142. 5 

157.5 

172. 5 

187. 5 

202. 5 

217. 5 

232. 5 

247. 5 

262.5 

277. 5 

292. 5 

307.5 

32'2. 5 

337. 5 

352. 5 

:: ~ II = ~:: : ~~~ : ~~ 
5. 8 4. 1 . 184 . 086 

4. 7 

2. 7 

- 0.5 

+ 2.7 
2.3 

2. 7 

2.9 

4.2 

5.1 
6.0 

4. 7 

+ 5.6 

7. 5 

10. 5 

12. 3 

12. 7 

13.9 

12. l 

. 294 

. 354 

. 407 

.452 

.397 

.38() 

10.4 .296 

7. 5 i .208 

4.4 i .118 

- 1.0 1- .007 

'+ 2.6 '+ .055 I+ 5.4 ~+ o.197 

062 

1

- .014 

i+ .02~ 
I .108 

I .112 
. 124 

.149 

I .1s2 

! .158 

I .150 

I .100 
1+ 0.070 

feet. 
o. 386 

.3i'2 

. 403 

. 433 

. 405 

.381 

. 353 

. 276 

. 191 

.159 

• 180 

.203 

. 300 

.355 

. 409 

.469 

. 413 

. 400 

. 331 

.276 

.197 

.150 

.114 

0.209 

7.~ 

2. 7 

358. 8 

350.3 

341.4 

341.7 

335. 4 

324. 0 

3()2. l 

212.0 

228.0 

205. 0 
191. g 

18'l. 3 

176 .• , 

166.5 

164. 2 

161. 9 

153. 2 

138. 7 

126. 7 

92. 9 

61.0 

19. 6 

Theory. 

in. m. 
+ 1. 2 _j._ ~ 6 

+ 0. 5 9. 8 
- 0. 2 10. 3 

1. 9 11. 0 

3. 3 !l. 9 

2. 6 9. 4 

4. 0 8. 5 

4. 2 5. 8 

4. 2 + 2. 6 

4.1 - 0. l 

3.'! 3. 0 

2. 2 4. 7 

1. (i 7. 6 

-0.4 9.1 

+ 0. 6 10. 8 

2.8 11.7 

2.9 10.2 

3.2 9. 8 

3. 8 7. 6 

4. 7 5. :i 

4.0 3.0 

3.8 - 0.2 

2.6 +I.4 

+ 1.8 + 5.1 

feet. 

o. 306 

. 367 

. 410 

• 429 

. 421 

. 389 

. 335 

. 267 

. 196 

. 151 

. 170 

. 235 

• 306 

. 367 

. 410 

.429 
• 421 

. 389 

.335 
• 267 I 

.19" 

.151 

. 170 

0. 235 i 

_______ : 

12. 4 

a. 5 

35i.1 

351. 6 

346. 4 

340.;) 

:13"2. 9 

321.9 

301. 7 

269. 6 

230. 8 

206.8 

192..4 

183.5 

177.1 

171. 6 

166. 4 

160.5 

152.9 

141.9 

121. 7 

89.6 

50.8 

26.8 

By putting the sines of small ares, or those differing but little from 180°, equal t<> the arcs 
themselves, or their differences from 1soo, and likewise the cosines of arcs differing but little from 
900 or 2700, equal to the dillerences, and also neglecting the terms depending upon A 3, the ampli
tude of the ter-diurnal tide, since the effect of this has been corrected for, together with those of 
the shallow-water components in the tabular results above, we get, from Tidal Researches, (161), 
(162), and (326),-

t ().i _ ;.3) =M1 si~~ 
4A2 

,Z(H1 - H3) =Mi cos J 

'(' ).) M1COSJ !! 112 - ' = _4_A_2_ 

iu which M 1 is the amplitude of the lunar diurnal tide; J is the time, expressed in arc, by which 
the high water of the diurnal tide follows that of the semi-diurnal tide next following the moon's 
npper transit; and Az ( =2.31 feet) is the mean amplitude of the semi-diurnal tide. Tile small in
equality of .A2 depending upon longitude can be negleeted in these expressions, since the quantities 
are all small. The expressions of i (,l.1-J.3) and t (4-.1.4) are in term!i of the radius, and must be 
reduced to time. • 

With the values of i (H1-H3 ) and i (H2-H4 ) iu the preceding table, the last two of the pre 
ceding equations give the corresponding values of M1 and J in the table. With these valt1es of ,~f1 
and .J, the :lirst two of these equations give the computed values of i (A1 -J.3) and t V~-l4) in Table 
VII. These could not be expected to agree exactly with the observed values, siuce the latter, and 
likewise the data. from which the former were computed, are all affected by the various irregulari· 
ties not completely eliminated by the number of observations. But, besides these irregular differ· 
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ences, a very small systematic difference is observable between the observed and computed values, 
which was to be expected, since the correctiont:i for the shallow-water components wei·e necessarily 
only partial and imcomplete. 

22. The nllues of 11f1 in the preceding tal>le give au extraordinary result, which has never 
been brought out before in the discussion of the observations of any tidal station. The lunar 
diurnal tille has always been snpposetl to vanish at or near the time of the moou's crossing the 
equator; but the result obtained I.Jere shows that, in New York Harbor, the diurnal tide never van
ishes, but that there is a minimum diurnal tide, with an amplitude of about two inches, near the 
time of the moon's cros»ing the equator, while the amplitutle of the maximum tide near tlie time 
of greatest declination is less than six inches. The theoretical explanation of this ·will be given 
farther on. 

If, in Table VII, we put-

Jlit =Ao+ Ai sin (2 A. - a,j + Az sin (4 J. - a2) 

and determine, by methods heretofore adopted, the most probable values of the constants, we get-

Ao= .306 ft. A 1 = .141 ft. Az = .018 ft. 

With these values, the preceding expression represents the observed values of Al, in Table VI, with 
a mean residual of .011 foot and a maxitnum one of .030 foot. This is the usnal order of the resid
uals, depending upon the uneliminate<l irregularities of the observations; and both the sm;i.llness 
of tlie residnah1 and the small value of A 2 show that the above expression represents very accu
rately the true values of M,. 

Since the ''alues of l in Table VII belong to the transit C over the Washington meridian, 
which is 451.i 42w before the time of high water next following the moon's upper transit, to which 
time the values of Jlf1 belong, the preceding epochs must be increasetl by the amount by which the 
angles change in that time: which, for 2 A, is 500.2, and, for 4 J., twice that amount. With the pre· 
ceding values of the constants, and tltese corrections in the epochs, the preceding expression of M1 

becomes, in feef,-

}f1 = .306 + .141 sin (2;. - 710,8) + .018 sin (4;. - 1290) 

This expression gives JI, = .429 foot for the maximum value, and M, = .147 foot for the minimum 
value. 

From the epochs in this expression of M" it is seen that the maximum of the diurnal tide 
occurs before the time of greatest declination, which is another nnusnal result in connection with 
this tide; for generally the maximum of the tide follows the time of the maximum of the force 
upon which it depends. 

The first and principal periodic term in the expression above is a maximum when A.= 80°.9; 
and hence, as J. changes l30.18 in a day, we have-

900 - 800,9 = 0 690 
13°.18 • 

for the time in the decimal of a day by which the maximum occurs before the greatest declination, 
that is, before the maximum of' the force; and the eff~t of the other small term does not change 
sensibly the time of maximum of the whole expression, since the epoch is such as to make it either 
a maximum or a minimum almost at the same time that the other is a maximum. 

From an inspection of the values of .d in Table VII, it is seen that the high, water of the diur
nal tide at the time of maximum and near the time of greatest declination, occurs very neady at 
the time of high water of the semi-diurnal tide, but that near the time of the moon's crossing the 
equator, when this tide is a minimum, it occurs near the time of tile low water of this tide; and 
hence it bas a range of about six hours with regard t-0 the time of the moon's transit. 
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COMPARISONS OF ll'HEORY WITH OBSERVATION. 

23. The potential of the disturbing forces giving rise to serni·diurnal tides ma.1 lJe put into tlrn 
form of (Tidal Researches, ( 35) )-

V2 = N2 cos (2 'f' + 2@) 

in which both the co-efficient, N2 , and the angle, cp, have inequalities depending upon the tiuw. 
The expression of the co-efficient is of the form (Tidal Resea1·ches, (34))-

iu which B2 is a function of the latitude of the place, and 0 2 a known constant if the mass of the 
moon is known, and P, expresses the ratioi:; between the co-efficients of' the several inequaJities antl 
the constant aud mean co-efficient to which Pu= I belongs. Corresponding to these, we have the 
tidal expression (Tidal Researches, (OU))-

1'2 = Az COS (2 'f'J - Lo) 

in which the amplitude, ..A2 , is expressed in the !orm-

A2 =.Ao~, R, cos ('f'1 - a,) .. 
as already given in (1). The expressions of' N 2 and A 2 , it is seen, are simllar in form, and R, 
expresses the ratios between the co-efficients in the inequalities of A 2 and the mean constant ampli
tude, .Ao, as P, expresses the corresponding ratios in the forces. The values of a, indicate the dif
ferences in the epochs of the angles of the inequalities in the fol'ces and those of' the corresponding 
tidal expressions. 

The values of R, and u., belonging to the principal inequalities in the preceding expression bave 
been obtained for New York Harbor, and it will now be int.cresting to compare them with the cor
responding values in the forces; the values of P, being given below, and the epochs to wbich a, 

corresponds being 0. As the tidal observations of Boston Harbor aud of Brest ham also been dis
cusse<l upon the same principle, and the values of R, and a, have likewise been determined for the 
principal inequalities, it will be interesting to have all in the same connection, for the sake of com· 
pal'isons with each other and with the corresponding quantities in the forces. We therefore gi\·e 
the following values of P1, belonging to a mass of the moon equal to .012ti, with the corresponding 
values of R, and a., for New York, Boston, and Brest; those of New York being collected from the 
preceding pages, those of Boston being taken from the Coast Survey Report for 1868, aml those of 
Brest from Tidal Researches, p. 184. The epochs of the two latter have been reduced to the tinws 
of high water, for which those of New York are given, bJ means of reductions similar to those in 
the preceding pages. 

Valuea of P., and of R, a1id a, fo1· New York, Boston, and Brest. 

N&wYork. Boston. Brest . New YoTk. Boston. Breat. 

P, .4433 R1 .1982 .1388 • .35!>0 22".l 39'-'.0 34°.7 - a, = 
r. = .1496 R. - .1753 .1624 .1592 a, = l!JU.4 29''.2 2!F.2 

Pa= .0982 R" = .04&7 .0225 .079:~ a, - 17°.6 47".0 3t"'.2 
- lF.0 P 4 = - .0370 R., - .0343 - .0235 a, - - 40,g 

P•= .0096 R. = .0130 .0077 .0017 "" = 224° 245° 90 

P, - .0055 R, = .0040 - .0019 .0015 a, = 117" !')80 47° 

P11=- .0480 R11=- .0046 - .0045 - .0357 a11 == 82° 97c 670 

P12= .0062 R12 = - .0185 .01()7 .001'5 aui= 25° 44" ;12° 

By comparing the values of R1• R 31 R 4, and R 11 with those CJf the corresponding values of I',, 
it is seen that they are smaller for each of the three ports, and that those of New York au<l Boston 
are very much smaller, while those of Brest differ very much less. But the values of Ri for each 
of the three ports are a little greater than that of P2 belougiag to the forces. 

H. Ex. 81--27 

• 
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The values of the epochs, a., of the principal inequalities beiug positive, indicate tbat the maxima 
of the inequalities occur after the corresponding maxima in the inequalities of the forces. By 
dividing the values of a, by the daily change of the corresponding angles, we get the amount of this 
delay in the times of the maxima of the inequalities in the tides, from which it is seeu that this is 
very different in the different inequalities of the tides of the same place, as well as very 1lifferent iu 
the same inequality for tides of d~fferent places. This amount of retardation, in the case of.the first 
and principal inequality, has been called the retard, and, by Dr. Whewell, the age of the tide, upon 
the hypothesis that our tides are derived from those of the Southern Ocean, and that this delay in 
the time of the maximum is simply the t.ime required for it to arrive as a free tidal wave to the ports 
of the North Atlantic. The great difference, however, in the retard of Boston and New York, now 
shown by the preceding results, entirely disproves this hypothesis. 

24. The theoretical relation between R, and P, for deep-water tides, neglecting terms.of the third 
order, is (Tidal Researches, (97))-

P,+m,EQ, 
l+F 

in which E and Fare unknown constants, to be determined from observation for each port. With 
the values of P., ni,, and Q,, belonging to the first four inequalities, and introducing a correction of P,, 
which baa been omitted above, for the correction or tlle moon's mass, JL, we get, for New York Bar
bor, with the values of R., from observation,-

.1982 ( t - F) = .4433 - 28.0 a11 + ( .1827 - 15.5 <J1,) J<J 

.1753(1-F)=.1496+ 3.8Jr.t- .0501E 

.0467 (1-F) = .0982+ 1.0J,u+ (.0479-0.51',u) E 

.0343 (l - F) = .0370 

The first three of these equations are sufficient fm· the determination of the unknown constants 
and the correction of the moon's mass, and their 1mlntion gives-

1 
11= ti6 

E= -.9G3 

F=-.245 

This value of 11 we know is mnch too large, and its error is not due to errors of observation, but 
arises from the preceding conditions, which hold only for deep-wa.ter tides, not being applieable to 
the New York tides, which we have seen are aftected by large shallow-water components. The large 
value of F, also, which is obtained in some 11\aces; is due to the effect of the shallow-water compo
nents; for it has been shown in Tidal Researches that the effect of these components is to smooth 

• down in.some measure all the inequalities, which effect is represented by Fin the preceding e:x:pres
sion when it bas a negative value. In deep-water tides the valne of Fis, perhaps, insensible, and 
it is very small at Brest. 

The declination-inequality at New York Harbor, upon which the third of the preceding condi
tions is based, is very small, being little more than an inch; and the probable error(§ 17), as deduced 
from the observations, amounts to une thirts-fiftb part, and this would afl"ect the determination of 
the moon's mass in about the same ratio; so that the probable error in the preceding determination 
from this source is probably not vers large; and in ports where the declination·ineqnalit.y is six 
times as large, as it is at Brest, the error in the determination of the moon's mass, arising from 
~rrors of observation, would be 1)roporti<>nally decreased, and hence would be q11ite small. A.lmoat 
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the whole weight of the determination iR thrown upon this inequality, anu it i1< little affected by 
small errors in the ,·alues of R 1 and R1 obtained from ohsen·atiou. We have reason, therefore, to 
think tl1at tlie moon's masR would be accurately given by the preceding conditions, in the m.tHe of 
deep-water tides, having a large amplitude and eomiequeutly a large declination i1u>qnalit;q for the 
absolute amount of the probable error of this inequality as obtained from obst•n·ation does not 
depend much upon tl1e amplitude of the tide. 

The shallow-water components affecting the preceding conditions are so numerons, and their 
rela.tions to each other and to t,he components depending directly tipon the forces, with regard~ 
amplitude and epoch, ma_y be so different in different ports, that we do not know what their general 
tendency is; liut it seems to be to make the moon's mass too great genl.'rally, though they may no 
cloubt haYe the contrary effect sometimes. 

The preceding value of Eis large, as in the case of the Boston tides, and haR the same sign. 
The effect of this is to diminish the first and tb ird i neq uali ties, i11<lic~at.ed by the values of R 1 and R 3 , 

and to increase the lunar parallactic inequality, of whieh the ratio to the mean tide is R 2 • The 
value of Fis negative, as in the titles of Boston Harbor, but mncb less. The effect of thiN is to 
diminish all the inequa1iLies in the same ratio; but it does not diminish the parallactic inequality 
as much as it is increased by the term depending upon E, and the difference leaves the value of R1 

a little greater than P 2• In the case of the first and third ineq nalities, the effects of the terms 
depending upon E and Fare both in the same dii·ection, and heuee R 1 anll R 3 are very mueh less 
than P1 and P 3• The ,-alue of F, as 11as been stated, dependR most!~-, if not entirely, upon the efft>ct 
of the shallow-water terms, and represents in the preceding expression of R; only approximately the 
effect of those terms; and hence the preceding conditions, from the theory of !leep-water titles, in 
the case of the New York tides, affected by shallow-water components, are best satisfied with a mass 
ot' the moon which is too large. 

The value of F, obtained from the first three of the preceding eq nations, substituted in the l:tst 
one, gives R 4 = - .0300 instead of - .03!3, as obtained from observation. Tile difference corre· 
sponding to .0043 A0 in the absolute co-efficient of the iueqnalit~', being about only one-eighth of an 
inch, ma_}' be regarded as falling within the limits of the possible errors of observation. 

25. The values of tbe epochs, a., being positin• in the first tl.tree principal inequalities indicates 
ti.mt the maximum of the ticle follows some time after the maximum of the forces. The daily rate 
of increase of the angles cp, being respectively 2!0.38, 13°.18, 0260.:w, by dividing the prececliug val
ues of a1 , "2• and a 3 by these qnantities, we get, respectively, 1.922, 1.45, and 0.61 da.ys for the times 
that the maximum of the several inequalities in the tides follows that of the forces. These times 
ditler very much among themselves, and are all much smaller than in the case of the tides of Boston 
Harbor, in which, on the average, they amount to about two days. By the equiliorium-theoQ·, these 
times should vanish, and by the theory of deep-water tides, neglecting quantities of a third order, 
which must be generally very small, tliese times should be the same for all the inequalities. Thc·se 
CLlochs, then, as well as the co-efficients of the inequalities, are no doubt much affected by the shal
low-water components, and the large clifferences observed are not due alone to these neglected quan
tities ot a third order in the theory of deep-water tides. 

The Yalue of a~ should be sensibly o, on account of the very long period of the fourth inequality; 
aud the small value, - 4°.8, obtained from observation, falls within the limits of the possible errors 
of observation, for the epoch cannot be very accurately determined on account of the smallnesH of 
the inequality. · 

26. In the case of the sixth and.seventh inequalities, the values of R 6 and R 7 dift'er but little 
from those of P 6 and P 7 , all being very sma11; but when we consider the epochs which iu these 
inequalities of long }leriod should by theory be sensihly o, we see that there is 110 correspondence 
between theory and observation; and this bas been found to be the case generally at aU tidal 
stations. The results obtained from observation have been supposed to be due in a great measure 
to meteorological causes connected with the different seasons; for, since the very small theoretical 
inequalities have a yearly and half-yearly inequality, the effects from meteorological causes would 
~ot be eliminated from the results in the discussion of the ob~ervations; but still it is not very 
clear how tlte mere range of oscillation of the tides should be affected sensibly by the different 
seasons. 
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By referring to the column headed iJ H~ in Table VI, it is seen that the height of the mean level 
of the sea is greater during the summer than the winter. Tliis same annual inequalit~· in the heigllt 
of the sea-level has been obtained in the case of the tides at Boston and at Brest, except that the 
maxima at the latter places seem to come later in the fall. A &imilar result has been also obtained 
iu the case of the tides at Key \Vest, Fla. Tbe obsen·etl anuual inequality in the atmospheric 
pressure accounts for only a >ery small part of this iueq uality of the lwight of sea-level ; but 
the balance is prolmbly caused by annual changes in the winds and in the ocean-currents, which 
hM·e an effect upon the mean sea-level. 

27. From Tidal Researches, (99), we have, for the expression ofthe. lunitidal interval,-

~ = 2, Bi sin (<pi - " 1) 

We give below the Yalues of B, and o, for the principal inequalities, as determined from obser
vation for New York Harbor, and collected from the preceding pages; and likewise the corres1l0nd
ing values for Bostou Harbor and Brest, for the sake of comparison:-

New York. .Boston. Brest. New York. B'lston. Brest. 

B, =-23"'.1 -2'2m.6 - 43m.O t1 =+ 38°.!l + 49°.r. + 45''.7 

B, =+ 6"'.0 + 6m.2 + 5m.s l':,i =+ 55o;3 + 72V + 83° 

B" 5m,6 + ::Jmra + 3°'.8 l3 = +142° + 60'' -58° 

B, 3m,:3 2ru.r) ,, =- 18° 50° 

Bn =- 201.2 3m,9 + Om,5 Eti =- 54° - 730 -53° 

B1 =+ 1m.o om.6 2m.o ,, =- 1!)0 - 10° -60° 

Bu=+ 2m.z + 2m.O + Sm.I £11=+ 52° + 112° + 85° 
Bio=- om.1 + pn.o + 1m.O e,, = + fi4° = 500 -6li0 

The value of Bi. which is tbe coefficient of the half-monthly inequality, is very nearly the same 
at New York as at Boston, but is very much less than the value at Brest, which is very nearly the 
value for European ports generally. By comparing the value of ai, given on a preceding page, with 
that of 121 above, it is seen that the former is little more than half as great as the latter.; and hence 
what has been called the age of the tides from the heights is much less tqau the age from the times, 
the former being, as has been fouuu, 0.922 day, and the latter may be readily found to be 1.48 days. 
A like difference is seen in the case of the tides at Uoston and Brest, but it is much less. 

We have the following theoretical relations, expressed in minutes, for the first three inequalities 
of ~(Tidal Researches, (132,) (133)), which should be satisfied by observation:-

B 1 cos (e1 - a1) = - 53.7 + 4320 iJµ. - (22.4 - 1190 81~) E + 1.2 sin2 a1 - 4.2 R1 
B2 cos (<2 - a2) = - ( 4.1 + 187 iJµ) E + l3.0·sin2 

a2 - 2.2 Ri 
B3 cos (e3 - aa) = - 2.2 + 120 ;;,, - ( u.2 + 48 or1) E - 5.1 sin2 aa - 4.5 R3 

Residuals. 
+ 2.3 
+ 0.1 
- 2.IJ 

With the preceding values of B., e., and a,, obtained from observation, and also the preceding 
values of E and oµ, obtained from the theoretical relations of the inequalities of the amplitudes of 
the tides, these equations arc satisfied with the residuals annexed. But these relations, based upon 
the theor.v of deep·water tides, as those in § 24, require too large a mass of the moon to satisfy 
them. 

From the values of B4 and e4 above, it is seen there is a small inequality in the lunitidal 
interval, depending upon the moon's node, both at New York and Boston, and that the co-efficients 
and epochs of the inequality do not differ very greatly at the two places. There is no correspond
ing inequa1ity in the theoretical expression, unless it depends upon friction, which is as a greater 
1>ower than tbe first power of the velocity; and, even upon this hypothesis, the epochs of the ob· 
served inequality, especially in the case of the New York tides, are not what t,heory would require. 
This int.>quality, therefore, which seems to be clearly brougb.t out from the observations both of 
New York and Boston, does not seem to be satisfactorily explained by thoory. 

• 
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Prom the values of BG an(l <G, it is seen that there is a considerable annual inequality at both X ew 
York and Boston in the Junitidal interval; while, in the theoretical expression, the annual i11equal1ty 
is scarcely sensible, and the epochs do not at all correspond with those of observation. This i1n•q nal
ity, therefore, as the corresponding one in the amplitude of the tides, must depentl in some way 
upon meteorological causes. The theoretical semi-annual inequality is also very small ; but for this, 
obsenation giYes likewise a \'ery small inequalit.y. 

The values of Bn at New York and Boston are small, wllile at Brest its .-alue is four times as 
large. This is merely an inequality of the second order, iuclnde<l under the same argument with 
that of the half-monthly inequality, and the values of B 1 and Bn show that the expression is much 
more convergent at New York and Boston than at Brest. 

28. In the averages of Table III, the effect of the solar diurnal tide is eliininate(l, and the diur
nal tide obtained belongs entirely to the moon. Neglecting the parallactic and nodal inequalities, 
which are also eliminated from the iwerages, the potential of the luuar force producing the diurnal 
tide may be rnsolve<l into two uarmonic components of the form K cos it and Ji. cos i' t, to which 
correspond tile tidal components (Tidal Re&eareltes, (164))-

in which-

A. cos (i t - •) and A' cos (i' t - "') 

A = A 0 (1 + u E) 
A 1 = Ao (1 - u E) 

'i = i 0 + u 
i' = io - U 

2=Lo+1tG 

r/=Lo-UU 

In these expressions, the origin of t must be takeu so as to make u t = - i ,. when the moon's 
longitude,;,, equals O, or u t = 0 wlleu the moon has its greatest 11 ortheru declination, and u = .!i3U 
in terms of tbe radius, has sucli a value that the periotl of ii t is equal to tbe period of tbe moon's 
tropical revolution. The values of A.0, Lo, E, and 0 cau only be uetermined from observation. 

29. By corn bining the preceding tidal components by means of the general formula (Tidal Jle
searcltes, (22) ), we get, by putting JJ!1 for the resultiug arnplittule of the uiurnal tide,-

A cos (it - •)+A' cos (i' t - <:
1

) = M 1 cos (it - "+ E) 

in which, since (it - •) - (i' t -~') = 2 u t - 2 n G-

A' sin 2 (u t - ii G) tan E = - --- __ . _ 
A + A1 cos :t (u t - u G) 

~_(_l_- u <) sin 2 (u t - u G) 
i - u " + c 1 - 1i "l cos:! u r=- ·1i u) 

The value of 1ll1 is a maximum when u t = u Gort= G, and a minimum when u t - u G =!JOO 
The maximum of the tide, therefore, occurs at a time t = G after the maximum of the forces. It 
has been fonud (§ 22) that the value.of G is negative in tbe New York tides, allll equal to O.Gtl of a 
day. From the preceding expression of M1 we get, for the maximum, 1111 = 2 A 0 , anti for the rniui
mum, when 2 (u t - u G) equals :l:: 180°, ?111 = ::I: 2 u E A 0• This occurs G da,ys after the moon has 
passed the equator, which, in this case, is before it has passed, since G is negati\'e. The di urn al tidl', 
therefore, never vanishes when circumstances are such as to give a value to E, which makes the 
term 2 u E Ao sensible. The general expression, therefore, A,, in Tidal Rese.arcltes, (Hi), when 
applied to the diurnal tide, is not strictly correct, since it neglects this quantity of a second order, 
and assumes that the tide vanishes when the moon is near the equator, as has always been i;mp
posed. This term, howe\'er, must gene:ally be very small, if not entirely insensible, and it was so 
found to be in the case of the tides of Boston Harbor. Peculiar local circLUm;tances, howen~r, may 
be such as to give Ea very large.value at some stations, and this must be the case in New York 
Harbor. 
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30. It was found from observation (§ 22) that the maximum •alue of the amplitnde of the lunar 
dinrual tide is M 1 = .'163 foot, aocl the minimum value is Af1 = .185 foot. IJence we have 2 Ao= .429 
foot and ± 2 1t E Ao= .147 foot. These, with the value of u = .230, already given, give Ao= .214 
foot and E = ::l:: 1.50, which is very much greater tbau the value of e in the semi-diurnal tide of 
New York Harbor; and this latter value is very much greater tbau the value belonging to Europeall 
ports generally. 

The preceding conditions do not determine the sign of E, and consequently they do not determine 
whether A or A' is the greater amplitude. This can only be determined by comparirig the epochs 
denoted by A in Table VII with those of the preceding expression, .il11 cos (it - " + E), the result
ant of the two harmonic components of the lunar diurnal tide, to which the results of Table VII 
belong; the solar diurnal tide and the inequalities of parallax, &c., having been eliminated from 
the averages by tbe groupiug of the observations. With the preceding values of i and "' we ham-

1Jf1 cos (it - eo + E) = 1111 COS (iv t + 'll t - L 0 - it G + E) 

Tbe expression of tlie mean semi-diurnal tide being A 0 cos 2 (i0 t - L 0 )1 we shall ha Ye, for the 
time l.Jy wbicb the diurrrnl tide follows the semi-diurnal, expressed in arc,-

A=Lo+uG-E-l+Jlr:-Lo 

putting for ?t t its equivalent l - ~ 7'. In these expressions, the true longitudes nia.y be used instead 
of the mean without sensible error where the observations belong to true longitudes. The value 
of A given by this expression should agree with that in Table VII, given by observation. The 
value of L 0 in timP, which is the mean lunitidal interval of the semi·diurnal tide, bas been found 
to be Sh 7m,2. 

It is found by trial that the results given by this expression of A above cannot correspond with 
those of Table VII unless A> A' in the preceding expression of tan E, which miters into 4; and 
hence that the preceding valne obtained for E must be positirn. B.r putting L for the constant 
part of the expression of .:J, we have-

,J=L-E-J. 
in which-

L=Lo+ uG+~;,-Lu 

If vre now compute the vafups of Eby means of the preceding expression of tan E for each of 
the 24 values of A. gfren in Table VU, putting E = 1.liO, and substitute them in the preceding 
expression of .J, a11d compare the results with the 24 values of .J in Table VII, we obtain 24 equa
tions for determiniug the value of the unknown quantity L; and this being determined, each of 
the 24 values given by the precedin~ expression of A should agree with those in the table within 
the limits of the possible errors of obsenation. In this manner, we obtain L = 710,3, With this 
value of L, and the computed values of E for each of the 24 valnes of ).1 we get the computed 
values of .:1 in Table VII. Tbe values of J. to be used in these computations are those of Table 
VII, corrected for the time from transit O, to which those in the table belong, to the time of 
l1igb water, which, as shown 1n § 22 1 is 2:3°.1. It must be remembered, also, that in tbe values of 
u t = ). - ~ w' this corrected value of J. of Table VII must be used in both the expr!"asions of M1 

and tan E preceding. With the value~= 1.50, before det~rmined, and the other known quanti
ties in the prece<lingexpression of M1, we get, for the 24 values of " t = J. - ~ ,., tbe 24 computed 
values of A in Table VII. 

31. By compariag the values of M1 and A in Table VII, computed from the preceding formula, 
witli those which had been obtained from. tile differences of tbe observed times and heights of 
upper and lower transits, the differenoos between these values of M1 and .4 are mOl'Jtly thoso only 
depending upon the nnelimioated errurs of observation. In the com11arisons of the two ~ts of 
values of ..d, a small systematic difi:erence is disc.ernible, with a maximum of about 20. This, no 
doubt, depends upon small errors in A, as determined from observations, resulting, as has been 
stated, from the effects of the shallow-water tides not having been completely corrected for; for 
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an error of 2° in the epoch of a tide, with an amplitude of only about three inches in tLe mean, 
implies an error only equivalent to about 0.1 inch in amplitude. The result completely verifies the 
truth of the preceding theory of this singular tide of New York Harbor, as well as the correctness 
of all the formulre used in the preceding development and explanation of it. 

With the preceding values of Ao and E, and the known value of u, we get, from the cxpres 
sions of A and A' (§ 28),-

A = .214 ft. (1 + .230 x 1.5) = .288 ft. 
A'= .214 ft. (l - .2:-JO x 1.5) = .140 ft. 

32. The value of E = 1.5, determined from thfl lunar diurnal tide, enables us to determine the 
solar diurnal tide, which bas not been deduced from the discussion of the observations. In the case 
of one harmonic component of the solar diurnal tide, the value of u is the same as in the lunar, and 
the two exactly coincide. The value of u for the other component, on account of the very slow 
motion of the sun in longitude, di1fors but little from it, and is .196 (Tidal ResearchcH, § 28). Denot
ing, therefore, tbe amplitudes of the two solar components by a and a', and putting the ratio 
between the lunar and solar forces equal 0.45, we shall have-

a = .214 (1 + .230 x 1.5) x 0.45 = .130 ft. 
a'= .214 (1 + .194 x 1.5) x 0.4a = .124 ft. 

" When the two components coincide at the times of the sun's greatest declination, we have a 
solar diurnal tide with an amplitu<le of a + a' = .25! ft., aml a~ the time, or very nearly, of the 
sun's crossing tile equator, a diurnal tide with an amplitude only of a - a'= .006 ft. The solar 
diurnal tide, therefore, sensibly vanishes when the sun is on t,hc equator. 

PRACTICAL APPLICATIONS. 

33. We have now, in the preceding tables of average quantities, and the constants determined 
from them in the preceding pages, all the necessary data for constructing tal:lles for the computa
tion of a tidal ephemeris of the lleights of high aud h)w waters and the times of their occurrence. 
We shall give here, however, only tables for the high waters, since the heights and times of high 
water merely are given in the tidal ephemeris published by the Coast Survey. In constructi11g 
these tables, we shall neglect the most of the small inequalities of the second order, since these 
inequalities are always very small, and are e,;peclally so in New York Harbor, since the amplitude 
of the tide there is small, and these inequalities are proportional to the whole amplitude of the 
tide. Neglecting these numerous inequalities, and giving tables for high waters only, we shall be 
able to make the tables and the whole method of computing the tidal ephemeris very much more 
simple than that which has been given for th.e tides of Boston Harbor. In the latter cal'le, a 
method of computing the tidal ephemeris as accurate as possible was needed for making accurate 
comparisons between theory and observation. The following tables and method being designed 
merely for computing a tidal ephemeris for practical purposes, the neglect of the small inequali
ties referred to above, which, in the <Jase of New York Harbor, can rarely, in the aggregate, 
amount to more than one inch in the heights of the tides, or to more titan one or two minutes in 
the times, can be of no consequence, especially as the abnormal inequalities of winds and changes 
of barometric pressure, which cannot be taken into account in the predictions of the tides, fre
quently amount to ten times these neglected quantities. 

34. The following tables are so arranged as to include in the same table the inequalities iu 
both the amplitude of the tide and the changes of mean level, and likewise the effects of the shal
low-water terms, so far as they affect the heights and times of high water. Tiley also include all 
the inequalities of a second order depending upon the same argument. in the tables of single entry. 
The principal inequality of the second order iu the lunitidal interval depenrls upou the moon's 
transit and parallax:. This is an inequality of about three minutes at, the maximum, anll this has 
been taken into account by means of a table of double entry ~Table I, .Appendix). 

By making the lunar parallax: and declination the arguments iu the t,abl&i, we are enable<l to 
including a great number of terms of a second order of the inequalities which arise iu de\·elopments 
into ex:p:ressions with. circular a.rgumeuts. In this way, the effects of all the terms in the expression 
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of the lunar parallax are inclu<led in tile tables having the parallax for an argument; and the effects 
depending upon the longitude of the moon's node are included in the tables having the declination 
for the argument. In these convenient arrangements, however, some sliJht sacrifices of theoretical 
accuracy have to be made; but they are too small to be of any cousequence. 

35. In the tables given in the Appendix for computing the tidal ephemeris,-
Arg. I is the apparent time of the moon's transit over the meridian of Washington next 

preceding the time of high water; 
Arg. II is the moon's parallax one lunar day preceding the time of the moon's transit, used 

as Arg. I; 
Arg. III is the moon's declination one lunar day preceding the time of transit,- as in Arg. II; 
Arir. IV is the moon's parallax 1.5 lunar days after the time of transit, used as Arg. I; 
~<\rg. V is the moon's right ascension at the time of transit, as taken in Arg. I; 
Arg. VI is the moon's declination 1.5 lunar days after the time of transit thus taken. 

'I'he mean height of sea level used in the following tables is 4.45 feet, which is the average given 
for the last four _years in 'ral>le V, and therefore corresponds to the zero·plane at the close of the 
series, supposing that it remained unchanged these four years. 

DIREC'l'IONS FOR COMPUTING A TIDAL EPHEMERIS. 

Directions for computing a tidal ephemerfs will be best understood in connection with the 
example given in the Appendix. The column headed A, is the mean time of the moou's transit over 
the meridian of Washington, taken from page 330 of the American Ephemeris. The column a con
tains the equation of time for the time of transit, taken from page 324 of the Ephemeris. A- a= 
Arg. I, omitting the days, is the apparent time of the moon's transit. Arg. II is the moon's paral
lax at. the time of transit, obtainell by 'nterpolatiou from page 337 of the Ephemeris, and entered 
in the column one Jay in advance; that is, the parallax belonging to la 3h 5P1.6 is entered in the 
next place opposite 2a 4h 40m.7, and so on; so that the parallax used is that belonging to the time 
preceding the Lime of transit by one lunar clay. Arg. IV is the parallax:, taken ~.5 lunar days in 
advance, as it is entered in the 0olumn headell Arg. II; that is, one and a half lunar days after the 
time of transit. This is obtained with sufficient accuracy from Arg. II by means of interpolation, 
taking into account first differences only. Arguments III and V are the moon's declination and 
right ascension at the time of transit, taken from page 6 of the American Ephemeris for Greenwich, 
adding 5h to the time of Washington transit use<l as an argument, for reduction, approximately, 
from '\Vashington to' Greenwich time. Tilus, for the first date in the example, in the column A adll 
51>, and we have, approximately, ld 9h, corresponding to which, we get from the Ephemeris, page 6, 
the declination and right ascension in the columns headed Arg. UI and Arg. V; but the declina
tions are placed one day in atlvance, as in the case of Arg. II. Arg. VI is Arg. III taken 2.5 lunar 
days in advance, as in the ca~ of Arg. IV with regard to Arg. II. With Arg. I and Arg. II, take 
a from Table I; and with Arg. IV and Arg. V, take from Table Il the parallactic and declination 
inequaliti'es, denoted by b and c in tbc headings or the columns in the example. With the month 
as an argument, then take from Table H the annual inequality, and place it in the column headed d. 
The uumbe1·s in the table are for the middle of the mouths, and, for other parts, small corrections 
can be made by means of the differences. Then take the sums of A+ a+ b + e + d + 1911 = S, and 
enter tllem in the column headed S, leaving intermediate spaces for the interpolations to lower 
transits. The 19b is composed of 121i, to reduce tl.Je astronomical time in A to civil time, and of 7h, 
which, together with. the constants in the table:'!, milke out 31i zm.2, the mean hmitidal interval. 
The column S, therefore, is civil time; anJ, when the bours exceed 12, the time is in the afternoon. 
The larger figures in .:::1 1 and .:::1 2 are the differences by means of which the interpolations are made. 
The interpolated numbers are outained by aduing (~ Ll 1 - ! 2.J} to the preceding number. The smaller 
figures in J 1 and Ji are the two terms of the preceding expression m1ed in the interpolation. The 
columns headed o are the differences after interpolation. In these di1forences, the day and the 
halfda.y, or 12\ are not writteu in the example of computation, but borne in mind in making the 
interpolations. 
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From the latter part of Tallie II, with Arg. \'now take the effect of the luuar tliurtrnl tide, and 
enter it in the column m; and., from Tallie IY, witl1 the hour of transit as one arguuHmt and tiw 
month as the other, take the ett'ect of the solar diurnal tide, au<l enter it in the cohtmn n. The sum of 
m + n = s is then interpolated for the intermelliate \':ll ues belonging to the lower transit, an<l tl1ese, 
it must be borne in mind, must be taken with the contrary signs; tliat is, wheres is added to 8 for 
upper transits, it must be subtracted for lower transits, and t•icc rasa. lu this way, the column 
beaded t. h. tc. is obtained, which, taken in connection with the days and h()urs of 8, is the time of 
high water, the decimals of a minute being neglected. 

Iu precisely the same manner are the accented quantitie~ taken from the same tables, usiug tli<' 
columns hf'aded "Heights': instead of ",Times", except that n' is taken frum Table llI iu,,;tead of 
Table IY. \Ve then enter a'+ b' + c' + <11 + 5.00 ft.= S' in tlie column headed 8', and then pr,)ct•1•1l 
with the interpolations for lower transits, and with the corrections for the effect;o of the diurnal ti1h•, 
in the :same manner as in the case of the times. Tlle const:rnt 5.00 ft., together with the cm1sta11to; 
in the tables, is the mean height of high water above the zero-plane. Tlrn final rnsult, in the column 
beaded h. h. w., is the height of high water above the zero of the tide-gauge, as it stood at the clo:m 
of the seriN1 of observations. 

Of course, no tidal theory or tide-tahles can take into account the abnomml meteorological 
disturbances of winds and changes of barometric pressure, which are freque11tly quite large, and 
differ very much in (liffereut ports for the same meteorological changes. The results obtai11c1l, 
t,herefore, by the preceding directions, althongh designed to be uear approximations to the trne times 
and heights of the tides in an undisturbed sea, will necessarily diftcr considerably frow tlic observed 
times and heights in individual cases. 

Very respectfully, yours, 
Wl\I. FHRREL. 

Capt. C. P. PAT'.l'ERSON, 

Superintendent of the United State.~ Coast Bun•ey. 

H. Ex. 81--28 
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APPENDIX CONTAINING PRACTICAL TABLES FOH. COMPUTlNG THE HEIGHTS AND 
TIMES OF HIGH WATER. 

TABLE I. 

Por obtltin,ing the half-monthly inequalities in the height of high water and the lunitidal interval . 

:l'!rloon's 

transit. 

h. m. 
0 

n 30 

1 0 

1 :10 

" 0 

\! 3n 

3 0 

:1 :l(J 

4 

4 30 

5 

5 3() 

G 

tl 3U 

0 

30 

0 

8 :JO 

v 
!I :rn 

10 0 

rn 30 

11 0 

11 :JO 

12 0 

. ----- ·- Ine~nal~~~-~:~:::~~al interval: Arg. I and IL I' 

IneqnaUt.y -----·· ---------
in height: MooD 's parallax. ) 

Ar,g. I. I' 

54° 5:;- ;j60 5;0 58° 59c 6(F 61n 

------- - ·-- ------ - - . - ----

Feet. m. m. m. m. m. m. m. m. 

I. 00 23. 8 25. 4 25. 0 24, 6 24. 3 24. 0 23. 6 2:3. 2 

1. 01 21.0 

0. 97 16. 6 

21. 0 

I 
20. 9 20. 7 20. 6 20. 4 20.'.! 20. 1 

lG. G IG, 7 16. 8 16. 9 17. 0 17. 0 17.1 

0. 90 12. 6 

(i, 82 9. 0 

1;i. 8 I 13. 0 13. 3 13, 5 13. 7 14. 0 14. 4 

9. 4 9, 8 10,5 10,9 11. 3 IL 7 12. 0 

0. 75 fi.:l 6. 8 ~- 3 7. IJ 8. 4 9. 0 9. 5 10. 0 

0. 67 4, 0 4. 6 5. 3 6, 0 6.,6 7. 3 7. 9 a. s 
0. 59 2.2 3. ll 3. 7 4. 5 5.2 6. 0 6. 7 7. 4 

0. 52 1. 3 2. 0 2. B 3. fi 4. 4 5. 2 6.0 6. 7 

0. 46 0.tl 

0. 38 0. 4 

0. 2'; 0. 1 

0. 20 0.6 

1. 6 

I 
2. 4 3.1 3. u 4. 6 5.4 6. 3 

I. 2 2. 0 ~- 8 3. 6 4. 4 5.2 6. l 

l. 0 J.,~ 2. fi 3. 4 4. 2 5.] 6.0 

1. 4 2. 3 3.1 4. 0 4. 8 5.7 -6. 6 

u. 14 3.3 4. 0 4. 8 5. 5 6.2 7. 0 7. 7 8. 4 

0.11 9. 0 9, 4 9. 8 10. 3 10. 7 11. 1 11. 5 12. (l 

0.1~ JR. fl 18. 0 If'. 0 l~. 0 18. 0 1~. 0 18. ft 17. 9 

0.17 27. 8 27. 3 26. 8 26.3 2s.a 2.'i, 3 24.8 24. 4 

0.26 36. 0 35. 1 34.2 33. 3 32. 4 31. 5 30. 6 29. 7 

0. :l6 41. 5 40, 4 39, 3 38. 2 37.1 36. 0 34.9 33. 8 

0. 4'3 43. 2 42. 0 4lt. 8 39. fi 38. 5 37. 3 36.1 35. 0 

o. 62 42. 2 41. 2 40. 2 39. 2 3S.1 37.1 36, l 35. 0 

o. 7:-i 39. 5 3H. 6 37. 7 36. 7 3.'\. 8 34. g 34. 0 33.0 

o. 8:5 3$. 4 34. 6 33. 8 33. 0 32.2 31. 4 30. G 29. 7 

0. 94 30. 7 30. 1 29. 5 28. 9 28. 3 27. 7 27.1 26. 5 

1. 00 25.8 25. 4 ~o 24. 6 24. 3 24. 0 23.6 23. 2 

---- -



 

THE UNITED STATES COAST SURVEY. 

TABLE IL 

For obta·ining the lunar parallactio and deolinational inequalities and the <tnnual incqiw.lity <!(the ltc:igltl 

and fo11e of higli u;ater, and the effects <!f the lunu,r diurnal t-idc 1tpon the same. 

IM-•· 
Jn~qnality in-

Hcightli: Ti me.s : 
Arg.11. , Arg.IV. 

I parallax. 

---- ---- ___ ___, 

54 0 

54 30 

55 -0 

!""~ 3-0 
56 
56 30 

57 

m 3o 

53 0 

58 30 

59 0 

59 30 

60 0 

60 30 

61 0 

61 30 

Feet. 
0.00 

0.00 

0.12 

O. lo 

0.24 

0.30 

0.36 

0.42 

0.48 

0.54 

0.60 

0.60 

0.12 

0.18 I 

o. €4 

0.90 t 

m.. 
22. 5 

21. 0 

19. 5 

18. 0 

Iii. 5 

15. 0 

13. 5 

12. 0 

10. 3 

9. 0 

7. 5 

6. 0 

4. 5 

3. 0 

1. ~ 

0. 0 

g I lueq. in 
"" [ heights: 
·: I Arg. III. 

~_I __ 
0 

I' Feet. 
0.32 

I 0.32 

0. 31 

0. 30 I 
8 0. 29 

10 0. 26 

12 0. 2{) 

14 0. ~4 

rn o. 21 

lt 0.18 

20 0. 15 

2:2 0.1'2 

24 o. 09 

26 0. 05 

26 0. ()() 

lt. 

0 

1 

2 

3 

4 

6 

7 

9 

10 

ll 

12 

Ineq. in 
time.'i: 
Arg. Y. 

m. 
13.2 
H.O 

I:l.2 

10. !I 

7. (} 

3. 5 

0. 9 

o.o 
0. 9 

3.5 
7. () 

10. 0 

13. 2 

Month. 

.Annual inPquality 
in-

1----1~ 

j Heights. j Tirm'S. 

Jan .•... ·-
Feb ..•.. 

1 

Feet. ,!---,,=-
(). 33 31.0 

·\ 
Mardi ...... ; 

April. ...... 1 

~.fay.·-· .. . 
tfune ..•.... 

Jnly ·--···· 
Ang ..... . 

Sept~--· ... . 
Oct .•...•. 

~()\" ---···-
De,c ---~-- __ 

o. 2• I 
o. 411 I 
0, 68 

O. B:2 ! 
0. 7tj 

0.66 

O .. fif. 

0 .. 6.i 

o. 63 

0. <t 
0 .. 23 

27. (J 

24.(J 

24.0 

2a. o 
26. 0 

2cl. 0 

2~t. 3 

30.5 

:11.0 

Effect of lunar' 1lin£'nal thlP on-

Height~: .. A.sg. Yl. 

10 

h! 

H 

lf> 

11' 

20 

22 

24 

.Feet, 

0. 00 

0. 04 

o. o~ 
0. 12 

0. lli 

tl, 2H 

0. 24 

~6 iJ. 4i 

21" tJ. 4.\) 

h . 

0 

3 

10 

II 

I:! 

UL 

:i.:. 
:;_4 

I.I 

\). 4 

I.I' 

:tfl 

:I.fl 

NOTE.-'\7 hcn the declination ls south. or tho right ascension mortl tha:n 12h, the sigus of the ine,1ualitios must be rt~v1.:rsed. \\~hen th• 
right aseeneiou is more than 12/1., the table is entered with the exces8 over 12h aB; th~ arguurnnt. The sign of the effect of tlle i.liurual titlt· 
must be reversed for the bigll water immediately following the lower transits of the moon. 
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TABLE III. 

For outwining the e_ff'eet of the .~olar diurnal tide upon the height of higA water for every Ttour of the nwon s 
transit, and the first of each month, expressed in hitndredths of a foot. 

Hou1·s of moon's trau.sit iu astronomical t]me. 

~r=~:--.~~--~-~'-4 _:_ 6 ~;~i~:~1~1~~Trni~-ct u!16 1~l1si10\20-i2~l22\~~;i 
.fan .... i+25 1+2:1 +20 i+15 +10 -10: 15 '-20 .-23

1

-2s l-2s '_23 :-20 •.-1s [-10 - 3 !+ 3 i+10 ~l:J !+20 ,+z:i [-2s 1

1 J<'eb. ·-- i 20 j 18 i H i 12 1 7, 7 l 12 H: 18 20 i 20 18 j 14 ' 12 .

1 

7 2 j 2 i 7 I' 12 i 14 181 20, 

Marcl1 I_;_ g '+ 8 i+ ~ '+ :.> ·+ '!' - 3' ".· 1- 6 :-. 8 ·i-. : 'i-, 9 8 1_,- 6 .-, 5 ,- 3 - l ;+ 1 'i-1 3 '.+ 5, ',,+ 6 + 8, + 9 
Apri; :: ·~ 5 i- ;, :_:_ 4 i 3 '- ~ 3 :+ 4 ,-t- 5 ,_,_ ~ i-t- 5 5 + 4 -r- 31+ l + 1 - 1 - l - 3 - 4 - ,, - 5 

May._ .. ! 15 J H ! 13 10 G G JO ] 13 : H 1511;, H : 13 10 ti 2 2 ' 6 'I rn. 13 l4 15 
Juue --· -i 24 j 23 i 18 14 !l !l 14 ' 18' 23 24 24 2.31 18 . 14 I U :J 3 9 H 1 18 23 24 

.July . . . i 25 I 23 20 15 10 10 15 ' 2-0 23 25 25 23 ' 20 15 I 10 3 , 3 I 1V 15 I 20 23 25 

Aug .. __ I 20 I 18 15 12 2 i 2 7 12 : 15 
1 

18 20 I 00 181 15 1 12 i 7 i 2 I 2 7 [ 1:2 j 15 18 20 

Sept .. __ J- 9 I_ 8 - 6 5 =~ 1 + 1 3 :; 
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TABLE IY. 

For obtaining the e.tle<~t of tltc solar diurnal tide upon tlte Ume of high water for e11ery liow· of the t1ioor1's 
trn 1rn·it, and .for the first of each month, expressed in tenths of a minute. 

·---- ·----------------------

Hours o-f moon's transit in astronomical time. I 
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Month. 

NOTE:.-For lower transits, the signs must be reversed. 
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EXAi\IPl,E OJ<, THI~ CO:\tl'U'l'ATION OF A TIDAL EPHE:\lEIU~ FOlt TUE Fll{ST 
PART OF ,JAXUARY, 1876. 
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APPENDJX No. 13. 

REPOlff ON THE TlUN8IT OF VENUS EXPEDITION TO JAPAN, BY GEORGE DAVIDSON, ASSISTANT 
JN THE UNITED STATES COAST SliRVEY. 

UNI1'ED S'l'A'l'Es COAST SURVEY SERVICE, 

SunOPFICE, SAN FRANCISCO. 

DEAR Sm: la compliance with your re111iest, I make the following report. to ,you in relation 
to my work on the Transit of Venus Expedition to Japan iu December, 1874. 

I was ready to lea\"e San Francisco by the second steamer of July, but, in accordance with 
.'·our irn;tructious to leave a plan of operations for all the parties on this coast during my absence, 
I was detaiued nntil the end of August, awl reached Yokoliama on the 24th of September. Thi11 
dela;v compelled the al.Jandonment of m.r project to ohsen"e the transit from a high mountain and 
iu a locality where tlle chances for good weather were the greatest, an(l I determined to occupy 
a ,;tatiou at ~agasaki, where I could immediately connect with one end of the cable between 
Nagasaki all(l \YladiYostok, for the determination of the telegraphic difference of longitude. The 
organization of the party was a>-1 follows: Prof. George Davidson, United States Coast Survey, 
eliief astronomer, in chargl' of the party; Mr. 0. H. Tittma.nn, United States Coa8t Survey, first 
assistant astrouomer; Mr. ,V, S. Edwards, United States Coast Survey, second assistant astron
omer; Mr. S. R St'ihert, United States Treasury Department, chief photographer; Mr. H. J<J. 
Lodge, Boston, first assistant photographer; Mr. F. H. \Villiams, Boston, secontl assistant photo
gmphcr; :\fr. Uyeno, of Nagasaki, third assi8tant photographer; Mrs. George Davidson, recorder; 
:\Jaster George F. Davidson, recorder. The three last named were in addition to the origillal 
organization, as I was too short-handed. 

To the Japanese government I had proposed that sevcml of the younger Japanese officers or 
students should accompany my party to witness the opemtions and study the methods and means 
employed in sucb work. The following gentlemen were appointed to accompany me: Lieut. K. 
Otomo, Imperial Japanese Navy; Midshipman K. lsono, Imperial Japanese Navy; '~Ir. T. 
:\fagome, Mombusbo, Tokio. It was also arranged that Prof. David Murmy, LL.D., Chief Councillor 
of the Bducational Department of .Japan, and Mr. Y. Ilatakeyama, director of the Imperial Col
lege, should join the party December 1. Previous to that date, Capt. Narvo Yoshi Yanagi, Chiflf of 
tlm Bureau of Hydrography of the Navy Department, came from Tokio to witness the transit and 
longitude-experiments. Captain Yanagi is est~emed one of the most learned men in Japan. 

Messrs. Yanagi, Murray, Ratakeyama, and Magome were J:e(}Uired by their government t-0 
w11ke special reports of the ob11en-ations of our work ; and f'rom Captain Yanagi I received 
authority to procure for his department the instrument!! necessary for a small observatory at 
Tokio. 

Through the kindness of Dr. l\furray, I readily obtained the necessary authority from the gov
erumeut to examine and locate my station in any part of the empire, and to use the telegraphic 
lines for the business. 

I arrived at Nagasaki October 6. Here the cable connects with Wladivostok and the southe1·n 
parts of China. The previous three months had been characterized by continuous rains and heavy 
typhoons, one of which was very disastrous; but the weather seemed changed for the better . 

. After an exa1t1ination of the hilly country immediately surrounding the bay upon which Naga
saki is situated, I selected a stoop hill, 850 foot above the bay aud a.bout one wile south of the 
1>outher11 part of the town. I obtained permiss10n from Miyagawa, Kenrei of Nagasaki district, 
to open a ruatl tu the top of the bill. The records contain the detailed descri1ltion of the locality, 
and the chart shows it8 general relation t-0 the bay of N agasa.ki. 
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I put eighty-five men at work upon this road under tbe direction of .\fessrs. Tittrnam1 and 
Edwards, and so soon as it was completed the houses and instruments were carried up. Piers for 
the transits and equatorial were built, and the iron piers for the photographic apparatus plaeetl 
in position. The utmost care wa>1 exercised in building the foundations. 

Although my instructions contemplated the execution of the telegraphic work after the tran-;it, 
I cheerfully assented to the request of Professor Hall, at \vladivm3tock, to undertake it in ad\ance, 
as otherwise the lateness of the season might cause him to be frozen in all winter. 

For reasons not necessary to enumerate, I selected a transit-station for this longitude-work in 
the ground occupied by the telegraph company. l was informed that no arrangement bad been 
made with the company for this work and no plan of operations bad been proposed or agrePd npou. 
Upon representing the whole matter to .:\fr. Th. Russell, the manager of the Great Northern TelP
graph Company, be promised me the free use of the cable and placed me in communication with 
Mr. Carl Nielson, the electrician. I urged upon him the advantages of sending the clock-signals; 
through the cable; and upon examining the instrumental connections and methods of work he 
reported favorably, and I was enabled, through the insulated armature of the clock-beli:s:, to break 
circuit directly on the main line. But as the clock-signals were too :,;hort for transmission, the 
armature was held back at certain de.finite breaks in each minute. \Vith more time and a.J.ditio11al 
means I should hM·e been aule to leugtllen the break through the instrument itself. 

Of course, there were many little incidental difficulties in the way; but within ten days three 
uigbts were obtained wherein seYeral hundred clock-signals were successfully sent and recein•d 
from each station. I should have preferred two nights more, but Professor Ilall expressed himself 
satisfied. 

Mr. Russell, ou behalf of the COUJRany, gave me the use of the line for one or tvrn hours each 
night; and Mr. Nielson, when not on tluty, ga\·e his time wholly to our mssistance. To the otlil'r 
gentlemen of the company we are also indebted for kind assistance in our operations. Tlte telP
graph longitude-work at this station was done with the Unite\l States Cna'1t Surn~y merillin,n
instrument No. 2 (Davidson's) by "\Yiirdemann, and the double-pen chronograph 4848, and relays 
used by me in the San :Francisco-Cambridge longitude-work of 18t:m hy the Coast Sun·ey. With
out these duplicates, I should luwe been compe\l~Ll to ex:ecute tilis work afGer the transit. 

The operations were completed 011 the 7th of No\·ember, and on the 8th I transferred all m.'
time to the transit of Venus station. 

Subsequently, this telegraph-station was connected with the transit of Venus station hy 
triangulation, which also embraced the French transit station; but Professor .Janssen ne,·er made 
any request to connect our stations, &c. 

Up to November 14, fifteen observations of occultations of stars by the moon wen; rna<lP to 
compare with Pekin, but there was a blank in the list furnished from that date t.o Decem her ~. 
However, I soon found the labor of the day and the regular work of preparn.tion, practice, a1ul 
observing was as much as could be <lone. 

In order that I might be familiar with the phases of V{'ntu~, I had large painted boardR plnce(l 
on the Meridian Hill, three miles to the north of the transit-station. These phases were to repre-

][[ 

sent the cusps (I); Venus when 40 seconds 011 (II); Venus when 10 seconds on (III); Venus when 
40 seconds after second contact (IV). These were made of a size to show Venus as she would 
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really appear in the telescope. I recorded the practice upon these objects in the regular "day
book '', observing upon tl1em wlrnnever practicable in all sorts of weat.ber. 

The regular obsenations for latitude and time were wade by Mr. Tittmann, assisted by 1\fr. 
Edwards. Some <le>lay was occasioned in this work by disco-vering that the levels of' the Stackpole 
transit-instrument l;)ll7 were useless from inferior workmanship; but., fortunately, I had the UnitPd 
States Coast Survey meritlian-instrumeut with extra level!:;, which, after much trouble, I fitted iu 
the transit. 

I determined the valne of the micrometer of this instrument, and also the equatorial intervals. 
Mr. Edwards determined the inequality of the pi ,·ots of the transit-axis, wltich was fonnrl excnp
ti01ially large. 

The photographic apparatus was in good working order early in November, but for nearl,> two 
weeks there wtt8 not suflicieutly clear weather for drill and practice. Upon the first favorable da_y, 
experiments were made for the bes-t focus, and satisfactory results ga,'e us a focus one inch sl10rter 
than that assigned to the lem1. After this adjustment, the lens and reticulated plate ne\·er required 
changing. 

The value of the level-scale on the reticulated plate, and that of the engineer's level, were 
determined by )Ir. Tittmanu. For tbe quick photographs proposed near I and IV contacts, I had 
mad·~ frames for holding half a dozen plates, each to obtain lrn.lf the sun's disk. It would give six 
pictures per minute, but witb pt•oper mechanical means wonld gi\'e twPlve pictures per minute. 
Mr. Seibert devised a method of getting a small part of the suu'l:l border and the center, and to 
this I added means to get the electrical record; by this arrangement we could get a photograph 
every secoud. Messrs. Lodge aud \Villmms- etliciently aided all these prep~trationx. 

'£0 make this branch of tbe 'transit labors a success, I directed l\Ir. Seibert to spare no means 
for its accomplishment. The observatory was enlarged, photographic matt~rial was procured, and 
additional photographers for the day of transit. 

Upon the arrival of Dr. Murray, he cheerfully assumed the duty of recorder iu the photographic 
room, heside8 assisting in other operations. 

I<Jverything \\·as in good working order before December, and 1 felt that, so far as the meaIJs at 
our disposal wern coucerued, nothing had been overlooked or slighted. 

The instructions had been carried out as systematically as practicalJle. The ouly d1n·iation I 
made was ict not taking down the heliostat every night of transit-work aud <lirectiug the middle 
transit-thread 011 the reticulated plare before and after testing transits. The vei·y act of removing 
and replacing such a heaYy and unwieldy mass was, in my judgment, riskiug the safety of the 
reflector, and was nearly sure to jar the iron pier, if anything would. But the transit was always 
referred to the meri1lian-ma1·k before the examination of the photographic-plate adjustments, and 
e>ery (Wening and morning it was referred to the mark, so that we must know its deviation from 
the meridian very closely. 

Notwithstanding my being in readiness, we had many annoyances to hinder uniformly smooth 
results, in the character of the instruments. 

With the heliostat I had constant trouble, and was compelled to alter it and to clean it several 
times. 

The chronograph ran irregularly in spite of attention and care, aud was a source of constant 
annoyance with its frightful noise; but on the day of transit both chronographs weie running well. 

The spring governor of the equatorial broke, and no spare springs had been furnished with it; 
no instrument-maker was to be found in Nagasaki, and I took the instrument apart and replaced 
the broken spring. After running a short time, I had to take it apart and clean a second time; then 
the second spring broke, and again I replaced it, obtaining my springs from a Chinese watch·dealer. 
Aft13r more trouble from the spring, and another cleaning, I got it running well about two weeks 
before the transit. ' 

The value of the screw of the double-image micrometer I determined by the trausits of Polaris 
And here it may be mentioned that there were several nights when the equatorial with the double: 
image micrometer and highest power would not show the companion of Polaris; and at a.U times 
the star was irregular and deformoo. 
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"\Yheuever the sun was visible. I examined it; to judge of the geucral character of the limb antl 
of the spots, with reference to their apparent sharpness of definition and steadiness, aud for tlie 
faflulrc, in comparison with my observations upon it i11 the Sierra Ne1ada in the summer of 1873. 
The conclnsions from those observations are folly >erified and confirmed. 

A few <lays before tlie 9th, the weather was tbickeuing-tlrn uights were partiall_y clear, the 
days heavy and threatening. 

Ou the 8th, I outaine(l good transits for tinrn, and repeated them at 4 a. ui. on the morniug of 
the 9th. Suddenly, the clear bright s•arligllt morning was wholly co\~ere<l with clouds, that grew 
denser until sunrise, and continued after it. 

Abont 8 hours a. m. all the adjustments of the photographiC' apparatus were examined, the 
llistance between the objective aud rcticnlated plate measured, and soon after, through a break in 
the clouds, the re,·ersed pllotographs were successfully malle. Then the weather changed; two 
strata of clouds were seen to form, an upper stratum of cirrus aml cirro-stratus forming a tolerably 
homogeneous screen; below that, and resting on the mountain-top, two or three miles south of us (aud 
1,HiJO feet ele.-ation), was a tleusri stratum of cnmulu-stratns coming up from tlie southward with 
slow, steady mo\·ement. 

At H.ao a. m., this lower stratum bt>.came dense an<l tlestroyed onr hopes; but about 10 minutes 
after 10 o'clock a break occurred in it, aml the sun Wl\S visible through the upper stratum with 
variable distinctne8s. At interrnb it was too bright to observe with the unprotected e,re at the 
efjnatorial, and, unfortunately, the shades of coloretl glasses were too fe1v, and at every change luid 
to he unscrewed, &c. I hatl au extra set fnrnished by the Coast Survey, but on preliminary exam
inations three had been cracked by the sun's heat. 

l used the li~htest shade furnished with the instrument (not the thin ones), and when I com· 
me.need steady watching, about two minutes before tlie predicted time ("o as to include the time of 
the English prediction aml to watch if Venus were visible off the sun's limb), the outline of the snn 
was moderately stea(ly, yet not sharply cut and defined; and I would have liked a great deal more 
light. 

As I kept up the beat of the chronometer, I felt sure that tlle predicted time was long passed, 
wlrnn the clouds suddenly thickened, and the faintest outline of the sun was visible; yet I hail no 
time to unscrew the colored glass, and before I could ha,·e done so the suu's limu brightened, and 
the limb of Venus was seen just entered upon the sun at the exact spot which I had been steadily 
wat.ching for over three minute!". From my (lracticc with the artificial Venns I judge the planet 
was two seconds on at the time noted; at any rate, .Mrs. Davidson made the record of the time I 
announced, with the necessary remarks. .About 7 or 8 secon1ls thereafter I called to the photogra· 
phers to commence. 

The sun's limb was quite unsteady just before the tirst contact, and at the brightest intervals I 
could not see any approach of Venus nor ans different indications at the poiut of contact other 
than existed at adjaeeut parts of the limb at which I occasionally glanced. 

The epoch noted after the first coutact was 11
" 36• later than the predicted time. 

1\Ir. Tittma11u was ouserving with the Coast Survey Hassler telescope of 3.1 inches aperture, au1l 
when I ciilled out to the photographer, he noticed that Venus was already on the sun's limb, alltl 

then noted the time. Captain Yanagi, with the United States Coast Survey reconoitering telescope 
Ko. 35 of 1~ inches objective, took his e;yc from bis instrument as if he had not seen the planet. 

I prepared to obtain measures of the tlistance of the phmet from the sun's limb. a,s I hall prac
ticed, lmt, though visible, it wait then too faint to aumit of obser>ations of precision. I tried agiti n, 
as I had before the first contact, to observe with the unshaded eye, but sudden openings in the 
cloud-; rendered this too full of risk to my e~'esight. 

\Vhen about half the image of the planet had entered upou the sun':> disk, the images length· 
ened, a.ml I made fourteen micrometer·readings of the cusps under var,Ying conditions of brightness. 
The cusps were not so bright as I could desire; a lighter shade-glass or other means for regulating 
the amount of light would have enabled me to get more certain aud more numerous measures .. 

When near the second contaet, I turned the do11blo-im:~ge micrometer to zero for that observation. 
Re-00nd oontact.-This I obtainetl as weH as such au observation can be made, and altho11gh 1 thiuk 

H. Ex. 81--29 
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it was noted exactly, yet I feel satisfied that it has not an error of 2 seconds; it occurred about 2 
minutes after the predicted time. There was no black-drop or true ligament or band, only slight 
distnruauce of the limbs that prevented such a sharp separation as I had observed in the total solar 
eclipse of 1869 in Alaska. 

But this disturbance was exactly similar to what I have been accustomed to meet with in 
twenty-nine ;years' experience on the Coast Sur\'ey at small elevations. It was similar to the dis
turbance that I had noticed in the artificial Venus; but UtlOU this subject I will add an appendix. 

Mr. Tittmann reports that he obsened the second contact wen. The sun was seen through the 
11aze or thin clouds of the upper stratum, aud the limb was not disturbed. The liue of light broke 
clearly and in an apparent true continuation of the limb of Venus. He reports that when be took 
his eye from the telescope to catch the tens of seconds 011 tl1e chronometer, Oa.ptain Yanagi called 
out" time" to his assistant, thus noting it about four seco11tls later than Mr. Tittmaun. 

After the second contact, I commenced measures of the separation of the limbs of the planet and 
sun, and with var_ying phases of brightness and unsteadiness until the images were too faint. I 
obtained se\'ent_y-eight micrometer-readings. 

I bad mounted the United States Coast Survey meridian-instrnment No. 2 to observe the pas
sage of the sun and Venus at meridian transit, and also arranged for Mr. Tittmann to obserye the 
difference of declination of the upper limb of the sun and of the limbs of Venus tn transit-instru
ment No. 1507. 

Near culmination, the snn was 1nutially obscured, and I used the light shades of the sextant, 
gh·ing a light-orange image of the sun. The record was made on the fillet of the Coast Snrvey 
chronograph 4848 umler the watchiug of George F. Davidson, and I observed the first limb of 
the sun o\·er 9 threads, the first limb of Venus over 8, and second limb over 8 threads, and the 
secoud limb of the sun over G threads. 

l\'Ir. Tittmann made nineteen micrometer-readings of the sun's ap1mreut upper limb and the 
upper and lower limbs of Venus, the time being noted by Mr. EJwar<ls. 

Clouds again intervened; but at ten minutes after meritliau I commenced measuring the 
diameter of Venus with the double-image micrometer with varying phases of visihility. In this 
work I ohtaiued forty-four micrometer-readings, and good results. Mr. Tittmann made nine meas
ures aml Dr. Murray six, when the clouds obscured the sun completely. 

The observations for the meridian pasMage of the sun, and of Venus when projected thereon, 
for diflerences of declination aud for the diameter of the planet, are not mentioned in the instruc
tions of the commission. 

The clou11R increased, and nothing now seemed possible. There was a slight break when 
Venus was one diameter from the third contact; tbeu more clouds. 

Third contact.-A t the third contact there was an opening in the clouds, and ten or fifteen 
St'conds before contact I saw the clear separation of the limbs with litt-le or no unsteadiness
hetter even than at second contact; no ligament or band-when clouds suddenly covered it at the 
time of contact, and again broke away just after contact. But I felt that contact bad not 00011rred 
more than five seconds, and noted the time of tbe reappearance of brightness, with proper 
remarks. There was a clear, sliarp outline; no disturbance. The sharp points of the cusps were 
almost touching, and were very delicately-pointed objects. This t'poch is only eighteen seconds 
from the predicted time. For this observation I was m'!ing the unprotected eye, and in the 
sudden gleams of brightness was almost compelled to desist. Mr. Tittmann observed with the 
unshaded eye, and noted the contact, but recorded that" clouds passing interfered with the exact
ness of the determination, but apparently the clouds caused the only uncertainty. Observer 68n
not form an estimate of the error of' his observation." 

.After the third contact there was a sHgbt opening in the clontls, and without sttnshRde I trietl 
to get measures of the cuspsi but succeeded in obtaining only three mierometer·readiogs with 
cusps' points. 

FO'Urth cPntact.-At the time of the fourth contact the sky was hidden by dense clottds, and 
about 4 p. m. rain commenced. 

During the obserYations at the equatorial I was sssisted by Mr. Tittmann, yko noted the 
times for the micrometer-measures. Mrs. Davidson and George F. Davidson a8$ieted in recording 
ot.her obaerYations and atten<Hng to the chronograph. 
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PHOTOGRAPHIC WORK. 

After I uotified the photograpliers to commence, the plates for frequent exposures near fi1·;;t con
tact were run through, but no indentation of V cnus is exhibited. This was when I foiled to get 
measures for the cusps. \Vhen the sun came out sufficiently bright for me to observe, impressions 
were obtained, aud the negath~es were exposed wl.JeU1er there was su11 or clouds; of course, nmny 
plates show nothing whatever; but by this plan views were obtained at intervals when there was 
an opening of a minute or two. 

IIa.d there been a clear day, the operations were so systematic and consecutive, from my em
ployment of extra photographers-J;tpauese-that not less than four hundred plates could have 
been ~ade. 

About one hundred and sixteen plates were exposed up to the time when the sun wholly dis
appeared, and probably one-half of that number fnmish as fair photographs as could. be o\.Jtaiuecl 
under the circumstances, and with collodion films. 

Mr. W. S. Ed wards remained at the heliostat throughout the day to direct it in case of derange
ment. He had been well practiced to have taken Mr. Tittmann's or my place in case of oar illness 
or of accident. 

Time-observotions.-A t dark, after the transit, there was a narrow break in tlle rain-clouds for 
half an hour or more, and I fortunately succee(led iu getting a good set of transit-stars for time. 
Then the night shut in, thick and raining. 

Having been informed by the Secretary of the Commission that t11e funds of tlle Commission 
were low, that the telegraph-work hence to Melbourne was abaudonetl, and that I should clo!'e 
operations as soon as practicable, I made my preparations aceordingly; but carried on photogral)hic 
experiments for 011e week longer, as instructed. 

The instruments were dismounted, and such as were ordered home were shipped, while others 
were deposited in the United States naval storehou;ie, as directed; but a receipt for the same was 
refused me b.Y the United 8tates naval storekeeper. 

The work of preparation and observation had given me a fair opportunity for judging of the 
capacity of the instruments and methods, outfit, and personnd for working, and I proposed to the 
Commission to make a special report thereon. Some of my views of the iustrnments ha\"e been 
embodied iu my general report to you. 

On bebalf of the members of my party I can speak with freedom, becauoo there has \.Jeen no 
jar, want of harmony, or shrinking from duty, and they gained the respect of the Japanese offi
cials and people. 

And it J..lil a pleasant duty to report my gratitude and hearty thanks t<> the Japanese authori
ties for assistfng my labors and intercourse with the people, for affording me use of the govern
ment. telegraph from Nagasaki to Tokio for subsequent telegraphic lo11gitmle-work, and for 
assigning officers of rank, positi()n, and qualification to accompany ths expedition allll assist in 
the final work, and to report upon its appliances and methods, &c. 

In connection with the transit-work, a short series of magnetic obsen·ations was made to 
include the declination, horizontal force, and inclination. 

And to connect tile telegraph and transit stations, as well as to include the :French station, a 
short base was measured, signals erected for triangulation, and azimuth-observations made suffi
cient for the purpose. 

The records of a.ll the transit-work and the day-books were duplicated and forwarded to the 
President of the Commission, before my leaving Nagasaki. 

You will recollect that I appealed to yott and to the President of the Commission for permission 
to determine the telegraph difference of longitude between Nagasaki and Tokio, at the expense of 
the Oommiasion or of the Coast Survey. 

At the request of Captain Yanagi, Dr. Murray, aud others, and the promise of their assistance, 
I determined to bear the cost of this undertaking myself after all tlie transit-work was done. Ou 
their return homeward, Messrs. Tittmaun and Edwards voluntarily offered to give their services at 
Tokio, instead of taking a ~hort leave of absence which I bad granted them. 
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.For this work, a small ollsen·atory was erect.ell in the extensiye grounds of the ltnllerhtl NaYy 
Department at Tokio, aml a loop of the maiu telegraph-line was run from the telegraph main sta
tion. A 1001) was also rnn iuto the l\Ie:xieau transit of Venus station at Yokohama, whereby 
Sefior Don Dias Corrubias was enabled to receive my signals passing betweeu Nagasaki aud Tokio; 
and some of the details of my plau were made to accord to his wislles, a.,; lie was not in reality pre-
pared with instruments for this work. · 

My signals passed through the main Ii ue at Ko bi (Hiogo ), whel'e the second French stntiou 
was located; but Professor Janssen was enga.ge!l for st.weral weeks in determining the telegraphic 
difference of longitude between Nagasaki station and Kobi. 

Every assistance was rendered to the party at Tokio, Lis Captain Yanagi, Chief of the Burt\au 
of Navigation, and hy ~Ir. Tanaka, Vice-Minister of Education, secomlell by lUr. Morris, the Chief 
of the Telegraph-Hues. 

At Nagasaki, I recd\·cd thl1 hearty support of the Japanese superintendent allll his native and 
European assistants. Vor recorder in this work I had the services of my sou, George F. Davids011. 

This. hearty co-operatiou at both ends of the line, aud moderately good weather, euabled rue to 
obtain tlie transmission of clock-signal,; o,n se\·en nights ht>tween December 20, 18';«.t, and January 
2, 187i:i; with a fiehl-curupuleu result of 3!)m 30·.~ for the difference of longitude instead of 39m 40• 
from the charts. This result I communicated to Ua.ptain Yanagi. \Vant of time has prevente.d 
my further reductiou of this special work. 

In this work, tue weakness of the 8iugle-pen d1ruuograph was made eYident. A two-pen 
chrouograph was nsetl at Tokio, and a one-pert chronograph at Nagasaki. Upon two nights the 
Tokio clock urokc so 11early coincident wit]J miue that I con1d ha'l'e gotten only an approximate 
result if I hall not resorted to unusual expedients. Had a mean-time chronometer been availahle 
at one end of the line for the trausmission of signals this trou!Jle would have been olJYiate(l. My 
letter to you of January 14, 1875, mentions this and correlatiYe matters. 

1'Thile I was engaged in this work, Dr. Valentine, the chief of the German transit-party at Uhufoo, 
China, arrirnll with chronometers on a German man-of-war for the determination of the tlifterence 
of longitude between that station and Nagasaki. I gave him the use of my observatory when I 
sbould finish; but before that be compared with my chronometer for time. Ile did not move his 
chronometers from the vessel, but compared his pocket-cht·onmJ,1.eter with my obs(lrving-chrouom
eter and then compared with the chronometers on the vessel. During the '.£okio telegraph longi
tude-work we obsen·ed for personal eq nation. 

I may here mention that upon the twenty-four day rnyage from San Francisco to Japan I 
made observations for magnetic ,-ariation, an"ll in midoce<m the steamship was swung to correct 
my observations. Having no special instruments, I used tlie ordinary Schmalkalder compass. I 
also observed the uip daily; but, unfortunately, the axis of the observing-needle w~s broken tbe 
day before arriving at Yokohama. 

OBSERVATIONS AT GREA'l' ELEVATIONS. 

Bdore closing this report I desire to add a few words of my experience on the subject, of 
direct interest in the transit of Venus observations. 

The judgment which I expressed about four 3·ears since of the importance and necessity of 
great (l}evations from wllicil to make astronomical observations of prech..,ion, and subsequently, of 
the importance of observing tbe trausit of Yeuus at great elevations (Special report and letter to 
the late Superintendent), was amply confirmed by m.r experience at Nagasaki. 

At uo time whate~er bad I been al>le to see with the Clark 5-inch Xo. 862, the limb, spots, 
})enumbrre, faculre, &c., of the sun with the same definiteness with which I daily observed it with 
the 3-inch Hassler, and a smaller telescope, on the Sierra Nevada at an elevation of 7,250 feet. I 
did not see a silar1) llorder to the sun at Nagasaki up to Jan nary 41 187J5 (elevation 850 feet); was 
uot able to trace the apparent inflowing toward tbe centers of the sun spots; and did uot see the 
faculre on any part of the sun. The limb of the sun was always blurred and unsteady. 

On some nights the seeing was occasionally almost as good with this equatorial as with the 
II assler on the Sierra; the serrations of tbe moon's limb and all the irregularities were well defined; 
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the border was exhibited with sl.Jarpness, and the fiue points of the cu::;p8 were ge11erally good 
objects. 

The divhiion of Saturn's rings was better here upon one or two uigltts with the CLlrk .).inch 
than 011 the Sierra with the Hassler 3-inch, according to m:r recollections of the latter. So was the 
companion of Polaris at times, when I used the highest-power astronomical eye-pieee. 

Black drop, cfc.-Ilaving also expressed the conviction that the ligament, or Llack drop, of 
Yeuus was due to the same cause that produces Baily's beads, I am induced to gi\·e you a short 
account of my experiments before the transit of Venus. 

Referring to the rough sketch already giYen to illustrate the artifieial Veuus on )leritlian Hill, 
at ~agasaki:-these were made of tile same size as the planet woL1ld actually appear in the tele
scope, and I practiced upon the different measures under nearly all conditions of weather, and 
made the record as if it were actual transit-work. In these experiments I CXJ)el'ienced a]l}>earancc;; 
such as occur to us almost daily in the geodetic work of the survey, and wuieh iu astronomical 
obsen·ations have been designated the "black drop," &c. 

Upon some cloudy days, when the atmosphere was quiet, the outlines of the artitkial Venus 
were comparati-vel.v sharp aud steady; but when the suu shone out fiercely after a rai11 the outline:,; 
wen• confused and tlie objects unfit for obsen-ation. Early in the morning or late in tl.Je afte1·noon 
was the period when the objects were best suited for good work. \Yllen they were very unsteady 
and confused the border of the sun and the spots of the sun were ali!o unsteady, boiling, au d 
blurred and nnfit for observations of precision. After such a dtty the moon frl•qneutly had a <'1.'111· 

fused Lorder and the ragged edge was ill defined and unsteady. 
I had two meridian-marks for the transit-instrument neiir the artitici<d Yen us, autl on 011P of 

them was a Loanl pierced witb. several holes. Under ordinary circ1urnsta11ces, the atmo:sphL•re was 

so uusteadJ·, and the mark apparentl.Y so unsteady, that the holes conld not be distinguished; but 
when the atmosphere became steady so tllat the artificial Venus arnl sun were moderately good 
objects for observation, then the boles in the meridian-mark could be seen distinctly. Dnring the 
state of unsteadiness the sides of the adjacent holes were in fact apparentl.)' connected liy the so. 
called ligament. 

Lest there be doul>t about that effect of the unsteadiness, I ma.Y mention that in my experienee 
in geodetic work on the Pacific coast I lrn-,·e sometimes bad my signal, as seeu from certain direc
tions, apparently almost touching a light-colored tree (say a dead, barked troe) nea.r it. \VlleneH'l' 
the atmosphere was steady, there was no doubt in tbe observer's mind about the separation of tlie 
two objects, but wllenever the atmosphere became unsteady the two objects woulU uecome so con
fused as tQ,. apparently coalesce and separate throughont their lengths, and also join aad S('paratc 
in parts of' their lengths. .Again, pole:> standing out clear of surrounding ohjectR become, when 
the atmosphere is unsteady, unusually diffused and broad, and frequently they can be seen flying 
away in parts as the unequally disturbed (refracted) atmospheric waves break np tile image. Simi
lar phenomena are seen with heliotropes, and especially when the objects are much elougated YCl'

tically. A similar phenomenon is exhibited by objects on the bottom of' shallow wate1· whose sur
face is greatly agitated by the wind. 

·what I witnessed in the experimeuts with the artificial Venus and snn I have experienced 
through thirty-two years' work. A,nd ou tile 9th of December similar appearances, in a moderate 
degree, were exhibited between the limbs of Venus and the snu. 

There were to me no new phenomena., allihough I wa.s a.cutely alert to_ uetcd such, and l had no 
more difficulty in deciding than I ba\-e daily iri geodetic work, or in transits of the snn or moon. 
'fhere was a slight disturbance between the limbs of the sun and Venns exactly similar to the dis
turbance in the artificial Venus and sun, and of the same character that gh·cs rise to tlrn Baily's 
beads, and to the confusion of the images of double stars upon nights w b.en the atmospliere is 
unsteady. There was a. ligament at this station as depicted and described by some of tile OOSN\"CTS 

of the transit of Venus of 1761 and 1769; and even reported by ollservers at Yokohama, in 1874. 
C<!rtainly there was no such phenomenon as black drop. Nor was there to my vision any diiltortion 
of the planet's disk. 

At the third contact, or rather about 5 or 10 seconds after it (for a cloud hid the actual contact), 
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the sun and planet were o!JserYed witl10ut colored glass; the atmosphere wafi! then quite steady 
(threatening rain), and the cusps were very sliarply defined. During these obser\·ations, I was 
obserdug through two strata of clouds, the upper one of which seemed to prevent the passage of heat. 
rays so that the lower !Jody of air was not disturbed, i. e., unequall_y and irregularly refracted. I had 
a somewhat similar experience in obserying the total solar eclipse of August, 1869, in .Alaska; the 
day was cloudy and at times rainy, the atmosphere was exceptionally qniet, and the disappearing 
limh of the sun at totality (seen through a rift in the cloud:;) was a liue of the sharpest, clearest 
character, withont a wave or a break in it. ( l';ide report to tbe Superintendent.) 

In conclusion, from these and other observations and experiences, l ha ye no hesitation in saying 
that all the phenomena of IJlack-drop, ligament, &c., IJetweeu Venm;; and the sun, .as well as the 
plleuomena of Baily's beads at total solar eclipses, are due to the unsteatliness of the atmosphere 
at the time and place of observation. 

Aud it appears to we highly proballle that tlJe phenomenon wllich I have twice observed and 
reported, of Antares being }ffojected upon the bright body of the moon for 2~ seconds after appar
ent contact '\\1.th the limb and before the sudden disappearance of the star, may be due to the 
same cause-the moon's bright limb being so disturbed by irregnlar atmospheric refractions as to 
become blurred, coufused, and apparently enlarged. 

Therefore, to obtain the best results in all astronomical observations, we should make them at 
g-rcat anll isolatell eleYations, where the atmospheric disturbance is a minimum. But if the high 
eliwation ue a plateau or only on the general level of the surrounding mountains we cannot expect 
so good results as on peaks or ridges risiug high above them. Guder such favorable conditions, 
and with equatorials of 8 inches, I believe we shall 8ee Venus at the next transit long before the 
iirst and long after the last contact with s~fficient definition to measure her distance from the sun, 
and that at contacts sharp limbs will be exhibited and closer times be observed. 

Moreo\'er, I suggest at the urxt transit of Mercury, in May, 1878, observations be macle at 
gt·eat altitudes, as well as at low, with similar instruments, to obtain further results in this exam
ination. 

During the coming season, I hope to make test-observations upon the high sum.mits of the 
Sierra :Nevada, when occupying them for the geodetic irnrposes of the Coast Survey. 

Yours, respectfully, 

Mr. C. P. PA.'.l.'TERSON, 

GEORGE DAVIDSON, 
Assistant in the United States Coast Survey. 

Si,perintenilent United States Coast Survey, Wa..shington, D. O. 
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APPENDIX No. 14. 
REPORT ON THE TRANSIT O~' VE~US EXPEDITIO~ TO CHATHAM ISLAND, BY EDWL\i S~IITH, SCB

ASSISTANT IN THE UNITED STATES COAST SURVEY. 

IYASHINGTON, D. o., .lune 30, 1875. 

SIR: I 11ave tbe honor of submitting the following re1lort of my duties undel' the Transit of 
Venus Commission, in conformity with your instructions, dated April 21, 1874: 

I reported to the Honorable Secretary of the Navy, April 22, and received instrnctions to 
report to the President of the 'l'ransit of Venus Commi.s1'ion for further or<lers. 

I reported officially to the President of the Commission at the Naval Observatory, \\-ashing-
ton, D. U., April 25, but bad already been at work there for several days. l\Ir. Albert H. Scott, of 
the Coast Survey, who had received instructions to report iu the same manner as myself, but aR 
assistant in my party, had done so, and was also at work at the observatory. 

From this time to June 1, the time was occupied in testing the instruments, becoming familiar 
with the methods of observalion, and iu organizing the party. 

During this time, I also obsc1Ted for personal equations with the '»arious obserrnrs at tlw 
olJservatory, for tbe longitude-work in the South, of the past winter. 

On Jnne 3, I received instructions from the Chief of the Bureau of Navigation to report to 
the Vice-Admiral at the navy-yard, New York, which I did, aml recei\·ed orders to, report to Com
mander Ualpll Chandler on board the Swatara, which I also did on the same date. l\Iy party alw 
reported to me on board the Swatara, on June 3, in conformity "Witlt their instructions from tLe 
President of the Transit of Venus Commission. 

\Vhen we left Washington, the organization of the party was as follows, viz: Edwin Smith, 
Subassistant in the United States Coast Sun·ey, chief of the party; Albert II. Scott., Uuited States 
Coast Sun·ey, assisbu1t astronomer; Iionis Seebohm, chief photographer; Otto Hnel1ler, fir:-t 
assistant photographer; \V. IT. Hau, second assistant photographer; and Sumner Tainter, intstru
ment-maker to the expedition, althoqgh attached to the party of Prnf. \Villiam llarknesl'i, IT. 8. 
N., was to remaiu at Chatham Islantl. 

On June 6, tbe party was on board the United States sloop of war Swatal'a, under the com
mand of Commander Ralph Chandler, lI. S. N., Ising off the Ilattery at New York. In :Xev York, 
Mr. Louis Seebobm appeared to be in good health, but we had scarcely left the harbor when lw 
began to suffer from sea-sick11es8, and continued to get worse. \\'hen we reached the equator, 
July 4, be was barely able to walk without assistance. 13y the ad\•ice of Captain Clntn(llt•r aml 
the surgeons of the Swatara, Drs. Kershner and Kidder, Mr. Seebohm was left at Bahia, Brazil, 
with money and instructions to return to th'il United States. Mr. Seebohm died at Baliia, of ;rellow 
fever, about ten da;ys after the Swat.ara sailed. B,v instructions afterwar<l rccei\'ed from tlie pre;.;i
dent of the commission, Mr. Buehler was made chief photographer, and Mr. Han first assistmit 
photographer. 

At Hobart Town, Tasmania, agreeable to Captain Chandler's instructions from the Iiouorable 
Secretary of the Navy, I took charge of the twenty chronometers for longitude, on board the Swa
tara. Their corrections on Hol.iart Town time had been determined and furnished me by l'rof. 
William Harknl\ss, U. S. N., chief of Hobart Town party. The Swatara s:iilccl October 10, aud 
frequent comparisons of the chronometers were made while at sea between Hobart Town alld 
Obatham Island. 

On the evening of October HJ, the Swatara anchore(l in Wh~garoa (I,ong Bay) Harbor, north 
side of Petre Bay, Chatl1am Island. The next day, t11e sites for the station and camp were selectecl, 
and work immediately begun. On the evening of October 21, camp was settled and tbe transit 
pier and bonse built ready to mount the instrument. The weather, however, did not admit of satis
factory observations till October 25, wheu tlte chronometers on board the Swatara were compared, 



 

232 REPORT OF TEIE SUPERINTENDENT OF 

and tnrned over to Lieut. G. P. Wilkins, U. S. ~.,navigating officer of the Swatara. The Swatara 
sailed from \Yhangaroa at six o'clock on the morning of October 26. 

Chatham Island is of small extent, being included in a circle of abont tbirty-ffre miles iu 
diameter. The southern, western, and northern shores of the island are rocky, and rise abruptly 
about tliirt:.' or forty feet; the eastern shore is a long, low sand-beach, near which hea:vy seas 
continually break. Petre Bay is a large open bay on the western side of the island, and Whan
garoa Harbor, a small bay on the uorth side of Petre Bay, is tlrn only harbor on the island. lt is 
small hut perfectly safe for two or three vessels. (See sketch.) In the northern part of the island, 
sPvt•ral liills rise to the height of fhTe allll six hundred feet, the most prominent of which are 
l\fannganui and hrn Kawa, or Mount Dieffenbach. 'l'he latter is about fi\·e milef;) from "\Vhanga
roa, a11tl lrn<l been selected for tile station before leaving tlle United States, but it was impossible 
to get the instruments there and monntl'd iu the limited time we had before the day of transit. 
The rocks are mostly basaltic, and pumice is found in considerable quantities, indicating tbe vol
canic origin of the h1land. The soil in many places is very rich, and produces fine vegetables and 
grain. In other places it is clay covered with a peaty earth, which yaries from a few inches to 
se,·eral feet in thickness. In the low parts this peat seems to be floating on water, and after a 
heavy rain it is impossible to cross it for several da;ys. In some higher portions this peat has been 
burning- for·some thirty year:;;. The grazing is very good in most parts of the island, and many 
sheep aud cattle are raised. Few trees are found, mul these only near the shores. Tile Chatham 
Islmul lil_y is a plant peculiar to the island. A great number of seeds and bulbs were brought to 
the liuited States, but were destroyed in transportation. 

Their are from two hundred and fifty to three hundred inhabitant.'l on the island, about one· 
half of wborn are Emopeans. Of the remaining number about one-half are l\Ioriories, the aborigi· 
nes of the islan\l, and the other half Moaries, from New Zealand. Several skulls of' lloth these 
races were hrought to tlie United States, and the most valuable sent to the Smithsonian Institn. 
tion. The Europeans are mostly English and German, who performed various kind offices for us. 

ST.A.TION. 

The instruments wt>re placed quite near the top of the hill, on the west side of \Vhangaroai 
Harbor, thus being protected from tbe strong westtlrly winds which prevail at Chatham Island, and 
still allowing a good view of the sun at the time of last contact, the sun then heing only about 10 
degrees al'OVe the horizon. They were nearly in the same meridian, the eqnatorial being 228 feet 
south of tile transit·instrumont. The transit and photographic instruments were about 65 and the 
rquatorial about 8."J feet above the level of the sea. (See accompanying sketch No. 25.) 

FOUNDATIONS. 

The soil in which the foundations were made is of clny. At the point wbore the photographic 
plate-bolder pier was set tho chty :was so hard that the bole was made with eonsi<lerable difficulty; 
but at the points where the photographic objective and transit piers were set the soil was so soft 
a11d wet that deep holes were made, drained, and foundations of stone and cement of over two feet 
n thickness made for the piers to rest upon. With the photographic objective, particularly, we bad 
much difficulty. A bole more than :fi-ve feet square about the pier was filled to the surface with 
stone and cement. The transit-pier was built of brick above the foundation, and capped with a 
single brownstone brought from America. Having i10 rain for two or three weeks, the soil all about 
hecame very bard. 

Owing to our small foree and the difficulty of getting the material to the station, the work 
progressed slowly. Not a moment was lost, but still the equatorial was not ready for work till 
November 13, and regular practice iu photography not begun till November 1 i. 

llllSTBU:M:ENTS. 

The following instruments were used at Chatham Island: 
Stacli;pole transit No. 1506. 
Ulark & Son's equatorial telesoope No. 861. 
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A Hipp cylimlcr chronograph. 
Chronometer Negus No. 1527, sidereal time and break circuit. 
Cllronometer Bond & Son No. 243, mean time. 
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Cllronometer Bond & Son No. 387, sidereal time and break circuit (Uuiie(l States Coa~t 
Survey}. 

Zenith-telescope No. 6 (United States Coast Sur>ey). 
A clock was furnished, but not used. 
l"hotograpbic apparatus with plate-holder No. 2. 
Objective No. VII, reflector No. 1, heliostat Ko. 1. 
Measuring-rod and an engineer's level. 
Set of magnetic instruments, magnetometer No. 5, and dip-circle Ko. 105. 
The records of each particular class of work contain all necessary information about the instru

ments used. The Hipp cylinder chronograph and the levels of the transit were not satisfactory. 

OBSERY A'l'IONS. 

Previous to December 8, all the astronomical observations were made by myself; but after that 
date they were mostly made by l\Ir. Albert H. Scott. 

All observations for latitude and errors of chronometers were made with the Stackpole transit 
No. 1500. For errors of chronometers, 172 observations were made on 59 stars on 21 nights. For 
latitude, 80 observations we.re made on 16 pairs of stars on (; nigllts. The value of one revolution 
of the micrometer-screw was determined by four sets of obsen·ations on B. A. C. No. 47!IO, L. C., 
and p Octantis, L. C., on two nights. The value of one divisiou of the level-scales and the inequality 
of the pivots had beeu determined at \Vashiugton. 

The chronometers were compared twice each day, and, near December 8, three times. They 
were carefi1lly protected from great changes of temperature, and their temperatures always recorded . 
. AJter the transit, the value of one revolution of the screw of the double·image micrometer with 
highest power of the equatorial was determined from 38 obsen"ations of fl Hydrre and 10 observa
tions on r Ilydrre on three nigllts. The weather wouid admit of no occultations L>eing obsen·ed. 
The United States Coast Sarvey zenitil-telescope No. G was mounted, and an attempt made to 
get observations of equa,l altitudes on the moon and a star, bat on one night only were wo successful. 
Tllis makes the longitude of Chatham Island depend entirely upon the chronometers on board the 
Swatara, which were compared twice at the island, on Octobur 25, 1874, and January 3, 1875. 

PHOTOGRAPHY. 

The adjustments of the apparatus were frequently examined, and their errors determined. 
These observations show the instruments to have remained very steady. \Vhen practice was first 
begun, the imag~ of the sun was very much blurred. It was soon discovered that both the reflector 
and objective were held t-00 firmly in their cells, and by loosening tlle inner ring of the cells we 
obtaine<l a much sharper image. 

A contrivance was made to make twenty exposes on one plate of those small portions of the 
sun's limb where Veuus should enter and leave the <lil$k. It worked well, and we expected to get 
twenty such plates at both the beginning and endiug of the transit. For some reason all the pho
tographs obtained at Chatham are much thinner than is desirable. I endea>ored to iwpress upon 
the pl1otographers the necessity of the uegatives being more dense, and for this reason, together 
with climate, some slight changes were made in the chemicals. A statement by Otto Buehler, cllief 
photographer, to be found in the record, will explain. 

DAY OF 'l'RANSIT. 

The duties of the members of the party on the day of the transit were ns follows: Mr. Albert 
H. Scott, assistant astronomer, kept the record, and had general cllarge of the photographic opera
tions; ,V. H. Rau, as8istant photographer, prepared the plates and put them into the holder; l\ir. 
Sumner Taiu te.r, i11strnmeat-rnaker, made tho exposures and- read the le\'el ; l\Ir. Otto Buehler, 

B. Ex. 81--30 
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chief photographer, developed and finished the negatives, and was responsible for the good working 
of the chemica.ls; one of the men, 11amed 'l'uruer, looked out for the beliostat and chronograph; 
assisted by :J\lr. W. Bouke, a Germau resident of the island, I observed with the equatorial. 

On the 6th of December, fine obser>ations for time were obtained and the azimuth of the pho
tograpl1ic telescope careful].'~ examined. The>e were the last observations previous to the transit. 
December 7 was a dark, dull, rainy thty. The morning of December 8 was still cloudy. The instru
ments were carefully examined, however, and everything put in rnadiuess for work. About noon, 
a few clear places were seen. At 1 p. m., one hour before first contact, every man was at his post 
in the photographic house. A moIPent later, on going to the equatorial, the spring governor of the 
driving clock was found broken. I immediately sent for ~Ir. Tainter, and by his skill and coolness 
the clock was taken off, spring repaired, and the instrument again in order at 1 h 40m p. m., twenty 
minutes before first contact. Anxiously we now waited, hoping the contact might be seen through 
some of the thin clouds flying about. A.bout sixteen minut<>s after first contact, a thinner cloud 
passed o,·er the sun, and I obtained nine readings of tbe micrometer for measurements of cusps, 
though Venus and the sun could scarcely be seen, no shade-glass being used. At the photographic 
lwuse, no reilectiou could be seeu during this time. Had the reflector been silvered, perhaps we 
mig-ht have obtained contact-pictures. Nothing more was seen of the snu till fourteen minutes 
after second contact, when 1 outained nineteen readings of micrometer to measure the shortest 
distance between the limbs of Venus and the sun. During this time a number of plates were exposed 
in the }Jhotographic house, lrnt few are good. About twenty-eight minutes after second contact 
the sun came out bright, but not perfectl,Y clear. Ten more micrometer-measures were made, aud 
several very good photographs obtained. About forty minutes later the sun again appeared faintly, 
and eleven good measures of the diameter of Venus were obtained and more plates exposed. About 
one hour aud sixteen minutes before third contact heavy clonus passed over the sun, and, shortly 
after, it began to rain. lfain ceased shortly before third col):tact, and when Venus was about half-way 
off the sun, J had a glimpse of her for about one second. Thirteen minutes after last contact tl1e sun 
came out for a fow minutes, after which it was not again seen from Chatham Island for several days. 
No more obsen'ations were possible till Dece:n her 20. In the photographic operations twenty plates 
were exposed, thirteen of wliicll show an image, bat only eight are good. At no time was the sun 
perfectly clear of cloudt>, and in all the exposures the slid0 was moved by band. 

WORK AFTER THE TRANSIT. 

A s1uyey of the station and l'>lll'roundings was made by ID,\'Self, and afterward by Mr. S. Tainter, 
to include the entire harbor of \\Thangaroa. We bad not the means of doing the hydrographic 
work necessary to make a complete chart. The tides, however, were <;>bserved. It is to be regretted 
that the h~·drograpllic work was not done by tbe officers of the Swatara. This survey has hcen 
plotted and the map pbotolitbographed by the United States Coast SnrYey, a copy of which 
accompanies this report. 

A complete set of magnetic observations was made by Mr. Albert H. Scott; and after the 
transit the ob~ervations for intensity were repeated by ms self. 

'l'he Swatara anive<l on the morning of ,January 3, 1875. Observations for time were obtained, 
and the chronometers ou board the Swatara compared for 1 ougitude that same nigbt. By noon on 
Jan nary 5, all the Chatham Island party and instruments and cq uipage were on board the Swatara. 
The Swatara sailed a secon<l time from \Vhangaro<l Harbor on the morning of January 6. 

The Swatara arrived at Port Chalmers, Xew Zealand, 011 January 10, and a copy of the Chat· 
ham Islan<l records was immediately sent to Washington. The party remained together on board 
the Swatara till she arrh·ed at l\Ielbourne, February 19. Here, in conformity with instructions 
reeeivml through Captain Chandler, I advanced to each member of the party a sufficient sum of 
money to return to their homes l)y t11e mail-route, Yia San Francisco, wi.tb instructions to report by 
letter to the president of the 'l'ransit of Venus Uommissiou. I left l\lelbourne ou February 25, and 
arrived, Yia Europe, at New York, June 15, but a short time after the Swatara. Soon after my 
return, the original records of the Chatham party were sent to the commission. 
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On June 21, I reported in person to you at the Coast Survey Office, after which a few days were 
passed in settling my accounts and other work with the cow!llii,;sion. 

A colllplete copy of the Chatham Island records bas been deposited at the Uoast Surve:y Oftice, 
in conformityf.with your wishes. 

COMPUTATIONS A.ND RESULTS. 

Preliminary and partial computations of the observations for time, latitude~ lougitude, and 
magnctios were made while at Ohatham Island. 

In consequence of my going on duty in the Coast Survey very soon after my return to the 
United States, these unfinished computations were sent to the office, where the latituue and mag
netic observations have been recomputed. These results art' given in this report. 

It is impossible to give the final result for longitude at present, as it depends upon observa
tions at other stations and data whicll I have not at baud. From the preliminary computation of 
the first comparison of chronometers on boanl the Swatara at Cllatham Island, the longitude of the 
station is 1760 39' 50" west. · 

LATITUDE· OilSERY .A.TIO NS. 

The fol1owing observations for latitude were made witb the Stackpole transit No. 1506. Tllis 
Jnstmment has a focal length of allout thirty inclJCs and a clear aperture of two and a half inches. 
A prism is placed in the axis and the eye-piece at one end of the axis i.imilar to the Hussian porta
ble transits. The power used was sixty (very nearl.y). Tlie micrometer has three parallel wires, 
called I, II, III. The distances between tUese wires in revolutions of the screw were accurately 
determined. "\Vire 11 was generally used. \Yl.ienever either of the other wires was ut>ed a 11ote 

was made-a small correction being required to reduce it to wire IL The value of one dh·ision of 
the level·scales was determined with the Coast Survey level-t,ricr in ::\fay, 1874, llefore lea,·ing
Washington. The 'Value of one division of scale of level 0 used in these obsern1tions is 1".-US 
This level was very unsatisfactory. 

The value of one revolution of the micrometer-screw was determined by the following series 
of observations: 
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WHANGAROA., CHATHAM ISLAND, SOUTH PACIFIC OCEAN. 

Obser'°"ed 
time by 

Bond 387. 

Value of micrometer of Stackpole tran,~it No. 1500. 

0BSERVEn, EDWIN SMITH. 
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WllANGAROA, CHATHAM ISLAND, SOUTH PACIFIC OCEAN. 

Value of micrometer of Stackpole transit No. 1506. 

OBSERVER, EDWIN SMITH. 

No" ember '27, 1874.-Chronometel' fa.st, a T =:::: -27~.o. 
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The above observations were reduced by the method of least squares, giving the following 
results: 

RESULT. 

4790 B. A. C., No\·ember 23 ........•..................... 
4790 B. A. C., November '.!7 ........•...... : . ...•.......•. 
p Octantis, November 23 ................................ . 
p Octantis, November 27 ................................ . 

Result....... . . . . . . . . . . .• . . . . . . . . . . . . . . . . . . . . . . .. 

68".9f .. i ± 0".007 
.970 ± o .006 68".!W7 :L 0".007 
.913 ± 0 .017 
.935 ± 0 .012 68 .!l'.?.t :I: 0 .015 

± 0 .011 68 .94G ± 0 .011 

The following are the observatiom1 and results for latitucle; observer, Edwin Smith: 



 

WH.ANGAROA1 CH.A.THAl\1 ISLAND, SOUTH PACIFIC OCEAN. 

Latitttde.-Stackpole transit No. 1506. 

I Still'. Level. 

l> t 1---- Microroete1· I Merldlan-
a e. [ No. I N re11dinge. I dl8tance. 

I 
B. A.C. S. N. S. 

Declination. 

Correction a. 

I , I Wire Microm. Lcvol. Relr. . 
1 IlWJ'I(, 

. -·-- . - . - -- ·----- -- -- . I ----------

1874. I 
November 2 i 817818. 

I 8192 N. 

31 .. ········ 
s I .............. . 

6 L-•••••••••lo••• 

8 •..•••..•. ·•···· 

9 1 ........... l••• 

Novembn II s220 j ·s. 
~8 N. 

.R. D. 
28 36, 

28 53.S 

28 49. 5 

29 39. 5 

ll8 79. 5 
28 73. 5 

28 74. 5 

28 61. 5 

27 22. 

27 15. 

28 38. 5 

28 ~'9. 

13 03. 

42 68. 5 

3 I ..•..••••. !.. .. I 12 66. 

5 
··· 1 

6 ] .............. , •••. 

8 l··········r.--· 

9 1 ............... , ... . 

November :i' 8332 IN. 

42 35. 5 

14 31. 

44 03. 

12 71. ~ 

42 42. 5 

13 85. 

43 53. 

12 &7. 5 
42 71. 

21108.5 

8369 j s. I 111 :ill. 
51.......... ... !M 1lO. 

6 1 ............... . 

8 !••••••••••I••• 

D 1 ............ i. •• 

!19 97. 5 

24 41. 5 

29 111.5 
!14 81. 5 

;s 59. 5 

gs OU 
29 86. 

31. 4 

11. 9 

29. 7 

16. 4 

25. 7 

12. 0 

25. 4 
12.0 

25.1 

9. 9 
23. l 

10.0 

26.6 

12. 7 

23. 5 

8. 8 

25. 9 

12. 0 

26. 0 
11. 0 
94.6 
10. 5 

~ .. 
10. 4 

7. 0 

19.5 

l\l. 0 

25.1 

11. 8 
25. 4 
7. 8 

22. 2 

11. 4 

24.4 

,, 0 I f, 

18.1 ............ - 45 u 38.03 

25.2 .•••.•..... - 42 26 48.03 

16.4 .•..•.•.•.. 38.19 

29.9 .•.••• :..... 48.19 

12. 0 38. 51 

o 0.17 r+ 4.40 

0 3. 451- o. 07 

0.00 

0.00 

25. 7 ···-···--·· 48. 51 g 2. 01 I o. oo o.uo , ....... 
11. 4 38. 67 

26. 1 .•...•..•.• i 48. 67 o 4. 4~ I- o. 46 
LOO I ··. I 

11.0 ........... I 38, 99 

24. 0 •••••••.•.•. ' 48. 99 0 2. 41 i+ 0. 78 0.00 '·· ••.•.. 
9. 9 ·••••· .••••. 3!!.15 

23. 1 .•••.•..•••. I 49. 15 0 3. 27 l- 0. 04 I 0. 00 

13. 2 .••••••••••. I - 46 11 6. 17 

26. 3 . • . • • • • • • . • ' - 40 5~ 44. 46 17 

9. 9 . •• •• . .•• • . . 6. 34 

:r.12 ·•••·•····· 44.63 17 
12.1 ........... i 6. 68 

25.9 ........... ' H.9~ 11 

11.9 .•••••••••• : 8.85 

25,1 •••••••...• i 45.14 17 

24. 7 . • • . • • . . • . . 15. 49 17 

14.4 ............ 7.37 

2. 30 r_+ o. 281- o. 29 
I ' , I 

3.68 I+ 0.851- 0.29 j+ 1.71 

4.ss I+ o.o~ I- 0.2• !+ I.41 

·~I+ .... 1- ··~I+ L" 

a. 17 l- o. 04 I- o. 29 ,+ 1. 41 
10. 5 ·•••••••••• 1 7. 20 

23.B .•••••.••.• 45.tlll 17 8.51 H- 2.69 I- 0.29 [+ 1.41 

20. ~ ... •• • ••• • •. - 30 11 u. 14 

5. 6 . . ....... .. - 57 39 8. 6S 3 o. 46 1- u. 9" + 0.051 ....... 

+ 0.061 

25.7 .••••••••••. 0.59 

11. 4 .. ••• .... ... 9. 28 + 3 19. oe 1- o. 43 

26.0 ............ ·0.14 
11.4 
22.3 

7.8 

25.0 

10.8 

9. ~g 1'+ 
1. 04 

9.901·+ 
1.19 

10.11 I+ 

3 19. 251- o. 35 I+ o. 06 

I a 19. 24 :- o. 01 I+ o. 06 

3 w. 46 :_ o. 4J I+ o. 06 

J,atitnde. .:I. I t.• 

1-----

- 43 48 [68. so] I 1. 44 I 2. 07 

69.81 

71. 44 

69.65 

70. 80 

70. 92 

- 43 48 70. 24 

i==== 

0. 4;1 0.18 

I. 20 I. 44 

o.sn o. 35 

o. 51i I o. 31 

o. 68 I o. 46 

- 43 48 57.63 11.0111.02 

~6.90 1. 74 I 3. 03 

• 
Remarks. 

Wire I observed at 23• 30" 4~· = + 0".58'. 

59. 2'2 
Wire I = + om.0501 l = + 8•.041'. 

o. 58 I o. 34 I Wire m = - o .009 

Wire I. 
58. 43 0. 21 I 0. 04 I Wire m. 

Wire I. 
:;s, 44 I 0. 20 f 0. 041 Wire III. 

Wire I. 
61. 21 I 2. 5716. 60 Wire III. 

43 48 58.64 

- 43 52 

~ 
c:.i:i 
00 

~ 
~ 
"'O 

~ 
~ 
1-3 

= ~ 
'(/1 

~ 
tz;l 
~ .... z 
~ 
~ 
~ 

~ 
c 
~ 



 

November : : .••• ~~f:I 
9 75. 5 6.3 20. 0 . • • • • • .•• . . - 30 25 9. 90 i i . I I 2ti 51.:; 18. 6 2!:~ :::::::::::: - :;7 31:::~1+ 9 37.77 - 1.06 

+ o. n , . . . .. . • - 43 48 51. 12 o. eo o. 64 

11 86. 5 12. 0 I 
2l! 71.5 2.1.0 9. 0 . • • • .. . • • • .. 46. 731+ 9 40. 88 - 2. 02 + o. 11 I . . . . . . . - 49. 51 o. 81 o. 66 

·>I 12 03. 11. 8 26. 0 ............ 10.50 Wire r = -· 0"'. 050'. 

28 86.5 25. 2 11.0 ............ 46.94 + 9 40.36 - 0.57 + 0. 17 - 1. 72 50. 48 0. 16 o. 03 

12 55. 5 7.8 112.3 ·--------··· 10.ao Wire I. 

29 37. 5 22. 2 7. 7 ············ 47.36 + 9 39.84 - 0.07 + 0.17 - 1. 72 50. 86 0. 54 0. 29 I 

9 I ......... 1. ... 1 12 62. 11. 9 25. 6 10. 97 
I 

······-····· ! 

29 50. 5 2J.3 10. 7 ··········· 47.58 + 9 42.08 - 0.89 + 0.17 1. 72 4!1. fi4 0. 68 11 4fl 
------
-· 4:1 48 50. 32 

:::::::==:::::: ========== 
November 2 I 31 Is. I 36 71. 

27. o I 13. I ........... - 55 46 9. 731 I I 
43 IN. !!"2 36. 5 rn.o 25.9 ............ - 32 !l 34.:12 I+ s 14.52 + o. 7!'! 

1

+ o. 14 ...... - 4:J 4B 66. 58 0. 30 0. 09 : 8 
35 74. 26.1 12. I .. • • . . . • • . .. 09. 95 I Wire III ~ + 0"'. 0091• ~ 
21 44. 9.9 24. 0 ... . .. .•• .. . 34. 491+ 8 12. 97 + I. 521+ 0. 14 + 0. 3l 67. 28 0. 40 o. rn I t,:tj 

36 69. 26. 3 q ·······-··!····' 12. 7 .. • . . • . • • • • . HI. :JS . 

2.131 ~ 40. 10. 5 24.3 ............ 34.8'l 1+ 8 12.63 + 1.49 \+ 0.14 ...... 68. 34 1. 46 ~ 
6 I ......... 1 .... 1 35 ill. 5 ~l.9 7.7.-.......... 10.601 . Wire I -- - 0". 050'. ...... 

~ 
21 35. 5 7.9 21. B .. • .. • • • • .. • 34. 99 [+ 8 18. 4n -t- 0. 041+ 0. 14 1. 72 65. 8·1 l. 04 1. OB I t:::J 
!le 34. 24.t 9. 9 ...... ...... 11.031 ! tj 
21 7g, 13.9 28.2 ............ 35.3~ ~+ 8 21.5!) 2.87 if· 0.14 1.72 66. 03 0. 85 0. 7~ Wire I. rJl I 
37 22. 5 26. I 12.9 ............ 11.24 I 

~ ~ 80.5 12. 0 25. 2 .. • • . .. •• .. • 35. 4 11 R 17. 11 -t- 0. 64 + 0. H 1. 72' ----6~10. 3l 
0.10 Wire I. 

11. 5 18 _ 44 22 32. 7~ I - 43 48 66. 88 ti:l 
November 2 I ...... ~.!.~:I 

20 81. 25.1 
-=-~==-....:::::= rJl 

34 88. 12. 5 26. 4 55 42 59 14. 4a 1- 8 5. 04 -- 0. 8\l - 0. 13

1 

0. 46 - 43 48 60. 03 ! 2. 3~ 5. 66 a 
2l 06. 5 26.0 12. o 2s 32. 91 I 

6t. !17 I "· 56 

c 
35 32. 7. 8 2l.9 - 35 14.6:11- 8 ll.42 + 2.94 - 0.13 ·- 0.58 0. 31 Wire UT = - o~. 009'. > 

00 
5 I .. _ ...... ! .. 1 22 08. 5 26. l 12. 3 18 31. :12 ~ 

36 33. 10. 8 24. 7 30 15. 06 

1

_ 8 IL 08 -t- 1. O:l - 0.13 - 0. 4;; 64.85 2.41 ~). 95 Wire UL rJJ. 
20 25. 5 28.0 13. 9 23 33. 52 q 
34 51. 5 JO. 0 24. 0 55 15. 26 - 8 IL 59 f- 2. AO - 0.13 0. 79 64. LO 1. 69 2. 8fi Wire III. ~ 

33. ~3 
I "".l 21 03. 24. 1 9.9 18 I 

••••••••• 1 ••• 1 

1.54 I Wire r II. 
t,:tj 

3.'> 07. 5 12. 0 26.2 
40 I 15. 67 - 8 4.18 - 1.49 - 0.13 0. 5T 61. 17 J. 24 ~ 

·······•·l···-1 00 75. 24. 7 ll. 4 18 34. 14 

34 86. 10. 5 '.13. 8 25 15. BB - 8 6. 42 + 0.64 - 0.13 0. 44 6l. 36 1.05 l.10 Wire III. 
------

I ............ !- - 4:l 48 62. 4l 
November 2 Im i 8. 3G 31. 5 25. 8 11. 9 48 54 32. 16 ~~~====-= 

144 'N. :JI' 44. IL. 9 26. 0 :::::::::::1- 384l21.8l - I 13. 26 - 0.07 - 0. 02 ....... - 43 48 70. 3:1 !. 00 LOO 

5 ......... [ .... 40 25. 24. 2 10. 5 32. 8~ Wlre ITI =+om. 009t. 

42 4L 5 10. 4 21. I ············ 22. 40 - 1 14. 64 + 0.07 o. 02 ····-·· 72. 20 0. A7 0. 76 Wir" III - 0. 009. 
I 

:::::::::::! 8 ......... 1 .... 41 M. 21. 6 10. 4 33. 48 Wire Ill. 
I 

43 72. 5 10.;, 24. 5 22. 98 1 12. 57 0. 00 0. 02 ...... 10. s2 I o. s1 o. 26 WireJII. 

0 ·---- .10 10. 27.1 nu " ........... I 3:1. 71 Wirn Ill. 

I 42 f'J. 5 ll. 2 r r - 23. 18 I 13. 95 j- 0. 4G 0. 02 -1 9'> I 0 6" 0. 38 Wire III. 2).;) -- ......... 

..... ' 1 ~! ~=--~3~- . ,_ ~ 

I I I I 
CJ:) 

~ 



 

WHANGAROA, CHA'l'HAM:. ISLAND, SOUTH PACIFIC OCEAN-Continued. t..:i ,,.... 
0 

Latitude.-Stackpole transit No. 1500. 

Star. Level. I Corrections. 

:Micrometer· Meridian· ·-----··-··- ·---~-- ------~-I 
Date. • I readings. I diotance. Declination. I T Latitude. I d I a• I Remarks. 

No. N · N. S. ~licrom. Level. llcfr. "Ire 
B. a. C. 8. merid. 

--~~ - ---- ,----- ---- --- ------

1874. I I l R. D. •. Q ' " " " 0 ' " " 

November 2 150 S. !IS 11. 17. 6 3. 4 ...... 
1 

- 18 41 21. 9.'i 

192 N. 14 29.5 6.0 20.1 ······--····i - 39 ~ 3.87 + 6 12.e3 - 1.81 + 0.10 ....... - 43 46 ijJ.79 o.99 o.oe t;O 
2ss;;.s 25.0 10.1 ........... " 2'J.73 t;cj 

18 10. 10. 0 24. It- ........... - : 4. 48 + 6 10. 76 + 0. :l9 + 0. 10 .. .. .. . 6<. 36 0. 42 0. 18 cg 
29 79. 29. 3 15. 3 ............ 1 22. 99 t;O 
19 ER 5 13. 2 2H. 0 . -.......... ) 4. 6i! + 6 9. 04 + I. 21 j 0. 10 . • ... . . 63. 49 0. 71 O. :;o ~ 
30 il9.5 24.0 !J.9 ............ t 23.51 I I 0 
19 53.5 9.9 2u ............ 

1 
5.o• + G 10.u3 - o.o4

1

+·uo ....... 63.31 o.53 o.2s ~ 

9 l ........ I ___ I 29 -18. 26. 5 13. 2 .......... "'I 23. 78 , ~ 

18. 72. 5 12. 1 il!l.5 -......... ""\ 5. 2!1 + 6 IO. 71\ + 0. 74

1

+ 0 10 . .... .. 62. 94 0. 16 0. 03 . ~ 

l ~--~~- t;cj 
i -434962.78 \/). 

I I ---- L1 November 5 i 20-2 N. 20 18. 5 10. 0 I 24. 0 .... ........ - 3!! fi 2~. il4 ------ "d 
21~ I s.1 5 45. 5 24.1 10. 0 ........... ·I - 48 14 43. 37 - ~ 27. 79 + o. 04 ,- o. 14 + 1. 72 - 43 48 71. 51 o. 41 0. 17 Wire l =+om 0,50'. t;cj 

21 09. 13. 1 2il. 1 ............ 

1 

47. 51 I ~ 
634.5 27.9 13.7 ............ 43.61 -- 82i'.31 +o.14,-0.14 tl.7;l 72.15 1.05 1.10 Wirer. z 

21 53.5 9.9 24.1 ............ ! 47.92 1-3 
617.5 26.2 ll.9 .......... 44.06 - S 28.82 + 1.4S - 0.14 + 1.72 71.78 0.68 0.46 Wirer. ~ 

20 72. 12.0 25.5 -........... 48.13 t::I 
ti 13.5 23.2 9.9 ............ , 44.29 - 82-,.79 -1.56 - 0.14 + 1.72 68.98 2.1~ 4.49 Wirer. ~ 

---- z 

I 
43 48 71. 10 1-3 

----- 0 
No~ember21 2"J6 $. 25!.)8.5 25.3 ll.O ... -- .. _ .. -753628.04 lzj 

I 260 N. 30 27. 11. 4 25. 0 ........... ; - 11 06 39. 67 - 2 27. 71 - o. 3:; - o. 01 I ... -.. - 43 4il 61. 96 0. 98 0. 96 
5 i ........ 25 4~. 23.l 8.7 ..... _ .. ___ 28.bO 

I 29 78. 5 10'. 0 . 24. 1 . .. .. .. .. • .. 3~. 98 - 2 28. 40 I- 0. 82 I- o. 04 I ....... I 63. 65 I 0. 71 I U. 5U 61···--·--· __ .. 25 70.5 25.0 10.8 ........... 29.05 
2996.5 12.0 26.1 .......... 40.0BI- 22fl.b5[-o.s~1-a.oi1 ...... 1 02.21 10.0110.4!\ 

8 I......... . .. 25 28. . 25. 7 11. 3 . ••• .. ..... . 29. 56 

I 119 61. ll.O 26.2 ........... 40.29 I- 2 29.271- 0.39 [- 0.04 I ...... I 64.63 I 0.69 I 2.eG 
9 .......... 25 78.5 23.2 9.9 ........ ,__ 29.83 

I 
3005. 9.9 fl3.il .......... 40.391- ~27.t~l 0.001-0.0-11 ...... 1· ____ 62.11 10.;110.59 

- 43 48 62. 94 
==;;:;;:;;==::;:= 



 

~ 

~ 
00 
lo"' 

Nonmber 5 I m IN. 
ms. 

fi 1 .•••••••.•• 

s i······ .... I .. 
9 1 ........ .. 

L NDYember 2 !!9111 s. 
2ll6 N. 

""'"' 5 l••••••••••I•••• 

6 1 ............ i .. .. 

8 ............... . 

• l·•••••••••I•••• 

November $ 

s l ..... ~~-1 :: 
6 i ........ .. 

I 
I 

s 1··· ....... 1-··· 
i : 

9 i ......... :--· 
- I 

November 21 380 I S. 
I 423 IN. 

5 i. ......... 

I 
6 : ......... . 

' i 81 ............ I 
I I I 

9 i ----··--·1··1 
I 

24 27. s I 
24 :l!J. 

24 13.5 

!14 49.5 

24 8!!.5 

ll5 17.5 

~· 33. 
24 63. 

!19 91. 

17 13.5 

118 37. 
15 64. 

28 25. 

15 72. 5 

!IS 95. 
16 26.:. 

lid 41.5 

15 76. 

21 76.5 

34 97. 

21 63. 5 

34 91. 

21 61.5 

34 88. 

21 55. 

34 70. 5 

21 49. 

34 62. i 

:12 76. 

23 7il. 

33 65. 

24 5?. 

31 72. 5 i 

2i 67. ' 

:12 R4. 

23 70. 5 

33 30. 

24 15. 5 

10.0 

23.1 

12.0 

26.0 

12.& 

26.1 
13. 7 

117. 2 

18. 7 
10.0 

23.1 

10.8 

26.0 

4. 8 
26.1 

11.0 

2' 2 
13. 8 

25.4 
II. 9 
26. 9 
10. 4 

26.6 

12.0 

21, l 

12.6 

25. I 

12. 0 

30.0 

12.0 

27.6 

11. 5 
26.1 

10. 8 

2fi.1 

12. 0 

~s. o i 
12. 0 

25.2 

7.8 , ........... . 
26. 1 

11. D 

ll6.3 

12. 0 
27.1 

16 I 

- 30 2 6.00 

- ~7 36 4.19 + 0 I0.861- 1.52 
6.18 

4. 42 + 0 12. 41 - 0. 07 

6.54 

4.94 + o 12.011- -0.07 
6. 72 

0. 00 

0. 00 

o.oo 1- 0.03 

13. 9 :u9 I+ o 10.a, !+ o. u I o. oo ...... 

- 57 40 33. 72 3.2 
25. 3 ........ ~~-1- 30 11 ::~I+ 1 20.39 

- 4. 75 I+ o. 13 o. 43 

53. 671+ 7 18. 84 
34. 76 

- 2.13 H· o. 13 '- 1. 1~ 

I 
53.87 + 1 11. n I+ 5. 01 + 0.121- 1.72 

35. 28 I 

7. 8 
26.1 

11. 9 
18. 8 

1!!.0 

25. 3 

13. 9 

27.0 

. :::::::::::[ 54.23 I+ 7 17. 29 I+ 0. 64 1+ 0. 13 I- 1. 72 

10. 0 

27. 5 
11. 5 

25. g 

1~6 

26. 0 

12. 0 

35. 53 ........ ·--1 

. I 
o4.4t I+ 7 16.25 I+ 0.11 I+ 0.13I-t.12 

~-·········i - 55 55 0.27 ........... 1- 31 ~7 55.20 ,_ 
............ 1.05 

...... ------1 55. 70 

............ 1 1.31 

........... i 55.98 

........... 1 1.Rl 

7 35.!?'~ 1- 1.4~ I- o.13 

1 37.63 I+ o. 74 I- o.13 

7 37.28 I+ o.43 i- 0.13 

7 33.49 I-· 0.50 I- 0.13 26. D 1----· ...... i 5fl.a1 ·~ 
11.9 ............ 1 2.0!! 
25. 2 ............ : 56. 56 1-- 7 3'l. 63 0.07 1- 0.13 

14.4 ............ - 46 12 5.24 

27.7 ............. - 4136 29.!IO + 5 9. 57 I+ 1. 67 I+ 0. OB 

12. 0 ...... -.. .. 5. 96 

27. 2 ........... 30. Oil + 5 12. 6i It 0. 321+ 0. OS 
12. 0 ............ 6. 20 

25. 0 ........... 
1 

30. 84 -r 5 12. 16 t O. 82 + 0. OB 

12. 0 --- ..... __ i 6.68 

~6. ~ ........... 1 31. 30 I t 5 H. 91 I- 0. 04 I+ 0. 08 
11.9 ........... , 6.92 

2s.1 

1 

............ 1 au4 I+ s 1s.26 1- 0.011+ o.os 

- 43 48 ~5. iti 

52. 96 

53. 77 

55. 51 

- 43 48 54. 51! 

- 4:1 48 58. 08 

58. 07 

59. OB 

58. 42 

60. 20 

- 43 48 58. 95 

=== 

- 4)148 tit. 50 

65. 44 

fl5. 6~ 

63. 22 

(]2. 15 

- 43 49 M.19 

-=~= 

43 48 66. 2:i 

65. 21 

65. 47 

64. 04 

63. 96 

43 48 C4. 991 
~==-:-=i 

1. 2ij I l.59 

1.54 12.37 

o. 73 I o. 5:1 

1.01 I !. 02 

o. 87 I o. 76 

o. o~ I o. 00 I Wire 1 = - om. 050'. 

o. 13 I o. 02 I Wire t . 

0.53 I 0.28 I Wire I. 

1. jl5 I 1. 56 I Wire I. 

o.31 I 0.10 

1.2s11.rm 

1.43 I 2.04 

o. 97 I o. 94 

2.04 I 4.16 

l.2fi I I. a9 

o. 22 I o. os 

o. 48 I o. 23 

o. 95 I o. 90 

1. 03 I 1. Oli 

r3 

= ~ 

~ 
~ 
00 
1-.3 
~ 

~ 
00 

8 
p.. 
rn 
~ 

u; 
d 
~ 
~ 
~ 
~ 

t..:; 
~ ..... 



 

WnA.NGAROA.1 CHA.THAM ISLA.ND, SOUTH PACIFIC OcEA.N-'.Jontinued. 

Latitude.-Stackpole transit Nu. 1506. 

-~------~ ------~--

Corrootion11. I 

I 
Star. Mlcrome~er- Level. ll:n-'d_i_a~1--------

DaMi. No. IN. l'elldlnge. ~ !listance. I Declinat1on. 

I I )Wire I Latitude. 6 L.' 

B.A..C. 8. N. S. Mlcrom. Level. l Refr. merid. 

-----1 ---, --- ----

181'4. 
November i 4611 s. 

51 ..... ~~- .~:. 
6 l ' ..... ~ ...... ~ •. 

s I ............. . 
I 

o I ........... .. 

November ll I 4891 N. 

5 I ..... ~~~- .~: 
6 I ·•••••.o•d·••• 

9 I •••••••••f•••• 

R. D. 
19 03. s 
40 O:l. 5 
18 i2. 

:m 4~. 

19 84. 5 

39 85. 

1e 94. 

39' 88. 5 

. 17 66. 

38 74. 

34 18. 

llO 83. 

34 12. 5 

~ 73.5 

33 39. 

llO 08. 

34 07. 

90 7!1. 

!!'I. 6 11. 9 
, .. 0 27.6 

2~, 7 10. 0 
7. ~ 2:1. 7 

211.0 14.0 

13. 8 27. 9 

ll6. l II. 

14. 7 26. 9 
!l.'J. 4 12. 4 

9. 9 2'J.O 

3.1 18.9 
18.8 3. l 

8.0 21.9 

27.9 12.0 

12.0 ~.o 

2'l.o 12. o 
12.0 ll:i. 0 

2.'l. 5 12. 5 

'· 0 ' " ·1 ' 

- 49 43 26. 62 

- ~7 30 33.oo - rn 
21. 40 I 

33. 66 1- 1~ 
21. 65 I 

33. 88 
1
- 12 

118. 1~ ' 

" 

4.57 0.04 I- 0.20 

5.95 1.491-0.201-0.57 

4.05 + 0.11 1- 0.20 ,- 0.31 

M.3l -12 1.9s +o.511-o.201-0.31 

0 ' 
,, 

- 43 4~ 64. 62 o. 74 0. 55 

6~. 76 0. 40 0. 16 

65. ~l I 0. 15 0. OQ 

64.32 , l.04 1.08 

34. 56 12 6, 64 [+ 1. 74 - 0. 20 II_ 0. 31 --~~ 1. 55 2. 40 

I - 43 48 65.36 

_ 303256.17 \ === 

llfl, 45 

- 56 49 so.n 7 40.22 \- 0.04 I_ o.131 .. -· .... - 43 48 63.86 o.o4 1 o.oo 

28 I 56. 78 
51.60 7 41.60 \+ 2.84 - 0,13 + 0.2-l 62.86 0.96 0.9~ 
56. 96 I 
51. 87 1 38. 84 ! o. 00 - 0. 13 .. ... ... 63. ~9 0, 43 o. 18 

5:·~ I - . 
52. 72 7 40. 22 + 0. 3~ - 0. 13 . .. . . .. . 65. 15 1. 33 I. 771 

I -:=-434;-63.82 
. -·---- ·----·------~ .~ ....... ~~-.. ~·----------~ --------.. ---~--~-·---------------~--------

Rem~rk•. 

1Vire Ill observeil at l" 27m 45'. 

1Vire III=- om.009'. 

Wire III. 

Wire III. 

Wire III ob•erved at 1• JOm 30• + rn• ,,,, 
+om.009'. 

N; 
~ 
~ 

~ 
tr:: 
'-r: c 
~ 
l"'3 

0 
l:j 

"" ::0 
trj 

00 

~ 
~ 
~ z 
~ 
t:'::! z 
1::1 
trj 
z 
t-::3 

c 
r:::;: 
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Mean pla.ce1; of stars ol>served for latitude of station. Whangaroa, Ohn.tham I slanil, So11th l'ac~ff,c Ocean. 

No. 
B. A.C. 

8178 

e19~ 

82~0 

E-j.!.j8 

s:JJ" 
835~ 

8:16~ 

8J77 

31 

43 

93 

94 

119 

144 

150 

192 

272 

279 

340 

380 

423 

4j;l 

46G 

489 

521 

B.A.C. 

135 11 42. 90 

132 26 53. 80 

rnY.C oYC c~1>YC 
........ ) ........ , .................... . 

Rad. 2. ! Armairh. 

i I --: ------·---
m h I Mel· I C I M"an 1'. l'.D. 
n as , / '· ape. 1 : , ~ourne.

1 
I 1t57-l. Q. ----:- i--1~ 

54.!>0, :::··- ::·::: \ ~~~~ . -- .. --· l·- -.. -- i . -... -. i - ..... --

·;2:~~ !.::::::. ~~:~~ 
l:l6 11 12. 00 

130 52 ;,], 98 ::::::r :·: :: \:::::: ::·:::,·::::::--
120 11 16. 2:; 

1>10 2~ ~5. 83 

147 3!) 14. 18 

147 31 52. 10 

145 46 rn. 10 

122 08 45. 21 
134 2'i :;s, 94 

20. 86 

132 59 19. 24 i ·-- ... . 
138 54 41. 26 ...... . 

12~ 41 33. :;9 I· ..... . 
138 41 31. 67 

20. 49 

11. ro 
21.60 

47. 68 

·--·····!·--·---
....... !....... .. .... 1 ........ . · --·-···)....... i IO 15 

···::· \::::::: :~::::<:::.::: :::~~::~ 
........ !······· 

I 

....... : 21.42 
I ....... ! ....... 
I 

' --······r·----·· 
--··--···------

! 

58. 44 60. 40 57. 57 ! 57. 58 

····-··-· I 20.00 

...... :::::::i:::::::::.I :::::: 

12\i 09 11. 23 

129 05 5!l. 68 

138 H 5'.J, 18 

165 36 30. 42 

101 56 57. 53 

12<1 02 21. l!I 

H7 36 14. 00 

147 40 44. 22 

1211 ll 46. 04 

14;; 55 27. 23 

121 28 Ofi. 41 

U6 12 11. 01 

131 36 44. 57 

131) 43 45. 30 

127 30 48. 97 

............... .!. ...... 
::::::I :~~-:~~ :::::::::!::~~-:~ 
:::::: 1::::::: :::::::::'j':::::: 
::::::. ::::~~: :::::::.:t::::: 

........ \ ....... . 
4 

........ 1 ••••••• 

....... .!. ...... 

42. 58 

2.1. 92 

.. -~- . --

16. 59 

34.98 

10.04 

u. 10 

40.45 

l . 

:::::: ·:::.:: ::::::::::! ::.::: !"~~:;; uo 33 13.5il ! ........ ·······l··· .. -· 
H6 49 55.60 .............. I··- .. --

I I I 

25. 22 

211. 87 

:~~:~~I 
18. 9:i I 

41. ~4 

11. fiO 

21. f~ 

14.18 

52.10 

16.10 

fv. 48 

42. :\8 

24.57 

41.26 

:i:i. 59 

31.67 

u.:n 
59. :\2 

53.18 

3t. -ze 
58.50 

20.80 

14.110 

44.~ 

69.00 

I !.12 

u.10 
io.9a 
44. 57 

to. 70 

fi'.97 

13.:;;; 

The proper wotiom1 given in the B. A. C. of many of tlie stars observeu are derfred from a 
c.:omparison of their places in Lacaille's Catalogue (reduced to 1750) with their pl:tces in Brisbane's 
Oa.talogue (1825} and Taylor's Catalogue, and are little l'l:'liable. This appears from the wildness of 
several of the results for latitude where the places of the stars ba\·e only tlte H. A. C. authority. 
By omitting the proper motions altogether of such stars, results for latitude are obtained much 
more acoordant with those obtained frow pairs of stars, the places of which are found in the l\1.el
hourae and Washington Catalogues. 

A correction has therefore heen applied to several of the results for latitude based on tbe 
omission of prope.r motion. 

Mean of epochs uf Brisba.ne's and Taywr's Ca,ta-log1res, 1831. 
The same mean epochs when Rnrnke-r·s Cataiugne ltae ~u used. 

I B.A.C, 
No. B . ..l.. C.i p. m. in 

·----'.l~_l'. D. 

81?8 + (). 37 

8220 - 0.!16 

8377 - 0. 5-1 

31 +o.u 
119 + 0.36 
212 ..j_ 0.31 

279 - 0. 44 

2!12 - 0.19 

466 + o. 14 

' i ; ' 
CatalognealNomberof I Amount of I ' 

uaed iu years to . ·p. m. tu be j Corr .. to lat. 

B. A. C. 1875. deduot.id. /-~--

1 

! 
+ 16.28 + 8.14 
- IL 44 - 5. 12 

i - 23. 76 -11. !IS 

111 t ::: l!J.:·m 

- 8.36 

-r- U~ 16 

B. T. 

B. 'f, R. 
1'. T. 

B. T. R. 

B. 
B.T. 

B. 'l', R. 
ll. 'l'. l~. 

B.'l'. 44 

+ 7. 92 

+ 7.4~ 
- Y.f"'1 

- 4. lH 

+ 3.08 
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Results for latitude of transit of Venus. 

8tation WnANGAROA, Chatham Islan-d. 

I Pair. i 
1

1 I 
'1 

1 

Corr. to Corrected I · ·-··-1 Latitude. Ii lat. lat. ! IJ/ i Li'• 

1~~~~1-·-----· 0 ' ,, 1-·-,---
~llll • 819~ -4°3 4~ 10'.'24 I + R'.'14 -43 49 &i.10 I I. 14 : L 30 

82c>() 825E 48 58. 64 I -- 5. 72 04. 36 I 1. 12 1. 25 

8:!52 8377 . 48 50. 32 -11. 88 02. 20 l. 04 : 1. OB 

31 4'.l I 49 06. ss + 4. 75 02. 13 1.11 : 1. 23 

93 94 ' 49 02. 41 .... . .. O'i. 4l o. 83 ' 0. 69 

119 144 49 11.33 + 7.92 03.41 0.17 0.03 

150 192 49 O:l. 78 [. . • .. . .. Oil, 78 0. 46 0. !!l 

:l02 212 49 11. IO + 7. 48 03. 62 0. 38 0. 14 

236 

I
I 272 

• 292 

340 

380 

461 

4e9 

260 

279 

200 

362 

423 

466 

Silt 

49 &2. 94 

48 54. 50 

48 58. 95 

49 04. 19 

49 04. 99 

49 05. 36 

49 03. 82 

- 9.68 

- 4.18 

+ 3.0'l 

02. 94 0. 30 ' 0. 09 

04. 18 0. 94 O. eB 

03, 13 l 0.11 : 0.01 

04.19 Io. 95 o.90 

04. 9911. 75 3. 06 
02. 28 0. 96 . 0. 92 

--~·~, 0.58' 0.34 

Mean ....................... -13 49 03. 24 
1 

J;atitude .................•.................•.............. 430 Ml' 03".24 ± 0".16 

Number of pairs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................ . 
:Xumber of observations ........................................... - ... -
A \·erage number of observations upon a pair .... 

2; 6 2 =83.45 
i· L' 2= 12.13 

e6 = :I: 0".80 probable error of a single observation. 

e1t_t' = ± 0 .51 probable error of declination. 
e = ok 0 .16 probable error of final result. 

=Hi 
=75 
= 5 

The final result for latitude is satisfactory, and far within the limit of accuracy required. The 
probal>le error of a single. observation ( ± O" .8) is about double that I usually get with the Coast 
Survey meridian-telescopes, made by 'Wiirdemanu, which have a focal length of only 26 inches 
and a clear aperture of only li inches, with a power of abont 60. The large probable error 
with the Stackpole transit was probably due to the bad level.,}' 

MAGNETIC ODSERV A.TIONS. 

The following determinations of the maguetic elements were made at a point SW. by S. from 
the camp, about 200 feet from the shore of Whaugaroa Bay and just at the foot of a low hill 
covered with a dense growth of coarse grass aml heath. Jn all this part (western) of Chatham 
Island, the rocks are hasa1ts and micaceous clay-slat('S; this Jatter being largely veined witb 
quartz. There are no rocks in the immediate vicinity of the magnetic station, tbe nearest being 
the micaceous slates which crop out along the shores of the bay. 

Latitude of magnetic station . . . . . . • • . . . . . . . • . . . . . . . • . . • . 430 49' 03" 
Longitude of magnetic station .........•.••........•.... 12i. 13m 21° east of Greenwich. 
The instruments used at Chatham Island have already been mentioned .. They are very similar 

to the instruments that have been used by the Ooast Sarvey for many years. They were new, and 
had ue\'er been tested before being used at Chatham Island. 

The magnets had been badly magnetized, and we had no means of properly correcting this 
fault. . 

Magnetometer No. 5 was furnished with two collimator-magnets, marked T. V. No. 9 and 
T. V. No. IO. They were both about three-quarters of au inch in diameter, No. 9 being one and 
nine-t.eutbs inches and No. 10 one and four-tenths inches long. Both magn~ts have scales divided 
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from 0 to 160. During the observations for aeclination the value of one division of the scale of 
each magnet was determined to be as follows: For No. 9, L division= 2'.374; for No. 10, 1 divis
ion= 2'.728. At the same time, the reading of the axis of magnet No. 9 was found to be 114.63 
divisions. 

Observations to determine the temperature co-efficie11t (q) of ma~net )fo. 9 were made, but 
the changes of temperature were too rapid to give reliable results; q bus been assumed to be 
0.0003. 

Inertia-ring No. 5 belonging to this instrument wal'l weighed and measured at the Coast Survey 
Office April, 187 4, but the temperature was not given. 

Weight of ring No. 5 .....•....................................• 1,351.05 grains. 
Outer diameter . . . . . . . . . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 2.594 inches. 
Inner dia1ueter.. . . . • . . . ..................................... . 2.007 inches. 

O.El98 inches. Tbickness ............. ~ ...................................... . 
The methods of observation and reduction are those uow nsed by the Coast Survey, and are 

given in a paper by Charles A. Schott, assistant in the Coast; Survey, in the report of 1872. 

Magnetic dealination. 

OBSEUVATfONS O~ SU~ FOR AZIMUT!t. 

Observor, A. H. SCOTT. Theodolite attache•l to m:>gnetometer No. 5. 

I 
i · J Azimuth of 1 Circle read-I 

Chron. time ichron. corr'n.i Mean time eun from ~irole read-:., ingorN. nw- i 

I 
ofoltMer. : i ofobser. h iugsoueun.•: "..l-' I 

1 ! nort . 1 flHtau. 

! 1874. : h. m. •· ! m. •· ! h. m. s. ·1 -o--~,-~-1 '-------·;--: 1 

Deceru her 2, P. M. , 4 54 03. 7 i + t 31. 3 · 4 w 3::;. (} I 97 34 39. 1

1 

51 21 27 i H8 56. 06 •

1 

December 3, P. M. 4 44 51. 8 I I- 1 31. I ! 4 46 24. 9 96 08 49 5Z 47 40 56. 29 

DecemlJer 3, P. M. i 4 5:1 41. 81 + 1 31. 1 i 4 55 12. 9 97 :l4 4~ 1 51 2'l 25 57. I:J , 

December3, P. ~{. J 5 0:1 :i,;.2 + l 31. l i 5 05 09.3 i !l9 11 to i 49 46 OF 148 57.18 i 

D&te. 

----: 
Mea.11 ----·- 14!l 56. ~ 

DEC LIN A.TION. 

Observer, A.. H. SCOTI'. lla.gnet No. 0 saspended. Rea.ding of ax.is, 1 t4.63 div. 

--..,-----··---·-· -

Mean BC8lf-1 Redaction to axle. j . Magne1ic 
reRding of Reruling of C•rel& read- decllnation 

E. and W. I circle. I ing of ma.g e""t uf 
elongatien. Uivision8. Arc. meridian. north. 

-D-e-.c-::_::.._r_l_, ___ 8.1-~-60- 31~~3 ll--1-1-3.-6-!
1

- -1-65_1_7_. 0- 16t 03. 4 15 oo: Ii I 
December 2 85. 37 29. 26 00 4 , 165 17 O 164 07. 6 15 10. F: I 
December 3 85. 77 28. 86 1 os: 5 I 165 17: 0 164 08. 5 15 11. 7 i 

~0!!71 

Date. 

I 
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JUagnetio dip. 

The (Up wat! obsen-ed a.t three statinns (l:lee :sketch), A, B. C:, the latt.er heing the tnrn ma~netic statiun. 

-------------~-~------- -- ------. 

I .Nov-timber 2J, 1814.. Ol>tierver, A.H. SCOTT. 

1------!--~~~N~~e_e-d~l~~~A~--l-.~~~~l_-_-~--N~--e_e~d~I-e_-_A~~2-._-__ , 

! . : Time. ~ ti "'Mean I Mt\ftn of I ~Mean 1 Mean ol 
I g : 

1

.E 11 polarity I I polo.rit.Y 
I :g - dip. I dip. 
J OO : S , IN. and S. N. an•\ S. 

: . ~.M. 1-=---1·-0--,-1-0--,-1-0-•--o--,-
l .A JOh 24ml' N 66 24.0 ] .. _,.. ___ .) 66 17.8 .. _ .. ___ _ 

' io 55 s , 65 53. 7 :1 66 os. 9 i, 6" 11. 6 66 J4. 7 

! I P.M. ~ i 
2• oom i s I 65 47. 21-......... 66 02. 1 

3 31 i N 166 18. 5 66 O:l 8 66 15. ~ 66 09. 3 

A . .M. i I 
~'.~~~m j S 165 32.8

1 

....... - .. 

1
66 08.4 

. Oh 20m N 65 50. 6 65 41. 7 I 66 04. 7 66 06. 6 

14 N 

1

65 46.6 .......... 

1

66 09.1 

41 s 65 32. 5 65 39. 5 66 01. ~ 66 05. 5 

~: ! I: ~~:: fi5 ~;:~-i: ~~:; 66 00. 
12 s 65 31.2 ....... _ .. , 6fi 10.9 

5 43 N 66 59. G 65 45. 4 65 55. 3 ! 66 03. 1 

B 

M"au~. ···--- ....... ·-·J 6a 51. 7 _I- ......... 166 00. 5 

*Mean of sixt.mm readings with circle vvest an<l east, faoe west and ea.st .. 
M:eao of the two needles, -656 59'.L (Tlte minus sign indicates the south ond dippiuJ,.'.) 

Horizontal intensity. 
DEFLECTIONS. 

Ol1eerver, A. H. ScoTr. Magnot :!{o. 9 defiectin:r iu 1mt~ prime vertical a.nrl magnet Nu. 10 sutJpenUtt.•. 

DECHMHER 7 1 1 ~1"4 • 

Uaclius.i Angleof 
deflection. r. I Time ~f I Te;'.'p. 

ollser\'ati9D. F h 

~- ___ J_"_· --~---
.. ,,+~)1 .. :w •• ;·I 
1---1------- ! 

A . .lf 
Hh 2'tm.2 

11 38 .5 

P.M. 
0 17 .5 

0 30 .7 

A.M. 
9 52 .6 

10 10 .o 
10 25 .9 
10 41 .9 

68.27 
6f. 00 

65.62 

64.00 

Ft. 
1.5 

2. 0 

1.5 
2. 0 

! = 660,5 Fah. 

u. 

d.! 
29.166 

12.375 

29.155 
12. 3llO 

I 0 ' I 
o. 0035~ I 1 2s. 210 s. 59:r.1s I 
o. 00352 o 34. 034 B. 59772 I 

0.0035l! 

0.003;;2 

1og i = s.5963 •• 

1 20. 160 8. 595111 
0 ~ • 990 3. 59'716 

Observer. EDWIN SMITH. ldagnets a:g above. 

76.12 I. 5 

76. 70 2.2 

7'1. 50 1.5 

Tl.1~ ~-2 

DECl<MHl!H 31, 1874. 

--------------! 
28. 810 0.00384 

9.195 0.0038'1 
28. 8'!5 0. oro84 

9. 2"l5 0. 00384 

1 19. 290 

0 25.310 
1 19. 48(> 

0 !IS. 390 

I 
8. 5!J(rJ7 I 
8. 5932'i 

8.5913'> 

8.59463 

t = 760.87 l<>g ii= 8.59236. 

----·----------~----~---.l............·--~·------·------

• ;,,, 6 r' ta.n. u ( 1-~ ... ) 
t 111Mn of four «•nits. 



 

THE UNITED STATES UOAST SURVEY. 

Horizontal intensity-Con ti11 ued. 
OSCILL A.TIO NS. 

Observer, A. H. S-:..:OTT. Magnet No. 9 snapendtML 

T' = T" ( 1 +y) (l - (t' - t) q) 

K = K 1 ( T 12~~TJ.). K is moment of i11ertia. or ring, 

m H= rr~1! 
From t.en reRnlta for timn of thirty mmillatio!lf1. r _____ l_T_;~eofone \ I i 

I
i I oscillation ! T : ! log T2 

• emp · ( /t) d Date. con'd for I · lo" 1 + - au 

i----- \J rat;",. 
1 

''· ~ f ' log T,2. 

1~74. •. 

Deceml>er 

7

61 10. 11-JllS .l.15 0. 00~19 2. 07808 \ .....•.••. 

K. m. 

0.2056 

0.2055 

Horizontal 
intensit,y. 

H. 

I . ..... ~.~u December 10. 9053 70. 10 0. 00363 2. 07843 I I. 11322 
' 

0. 20"6 ' 5. 209 i 

D606mber 7~ 

1 

(15.2737)* i 6e.90 I o.oo;,;;7 2.373171

1

'. ....... . 

December 10. 8993 '1 69. 10 I 0. 00365 2. 07~08 1.11383 
I Decemoor (15. 2503)* 66. 50 1 o. 00567 2. 37223t 1 ....... . i 
I 

I 
Mea.ne ...••••....•..••. 

1------·-··---· 
....•.••••..••.• ": ..•...••.. : 1.11353 i O.W5fi 

1 5. 208:1 I 

I 
December 29 
Deeember 30 
December 30 

Decern her 30 

December 3() 

December 30 

Observer, EOWIS SMITH. Magnet No. 9 suspended. 
From six results for time of thirty oscillations. 

:~: :~~: ) 72. oo I o. 00425 2. ow151--.-.-.. -.---.-.[-o-. l!04 __ t ____ 5 ___ 2_n I 

(15.3054)· 1 ~~_::I ~:~~~~ ~~~:~ti -~--11~;5 o~~~ 5--~~-1 
10. 9;.ll I 75. 35 0. OOU9 2. 08101 i 1. 11304 ' 0. 2038 5. 209 i 

(~~:::::'· ~~:~~' ~:=~~ ::~:~~'[-~.-;;~;~\.-~~;;· ········~--~~-1 
Means ......... . 

1----:---i . ... ·1 1. 11264 : 0. 2040 ' 5. 2130, 

* ln.ertia ring used. 

Magnetic 1·esults. 

Horizontal intensity (Scott) ....................•......•....................... 
(Smith) ....••....•..•.....•.....•..... _. . . . . . • . .............. . 

Mean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . ........... . 
Final result for dip... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......................... . 
Total intensity ........... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Vertical intensity. • . • . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . ...........•... 

The above are iu absolute measure, and expressed in English units. 

247 

5.208:) 
5.2130 

5.2107 
(i50 59'.l 

12.803 
- 11.695 

Magnetic declination. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 150 09'. 7 
In the report upon these computations by Charles A. Schott, in charge of computing division 

of the Coast Survey, to the assistant in charge of offic~, I find the following: '' Oomparing the 
above results with those olJtained by Capt. Sir James Ross near the island in the Erebus and Terror 
expedition, between May, 1841, and August, 1842 (Lieut. Gen. Sir Edward Sabine's Contributions 
to Terreetrial Magnetism No. XI, Trans. Hoyal Society, Juae, 1868), we may deduce the fullowi11g 
apparent annual change during the i11terval of tllirty-three years: 

"Declination, ~841-'42, latitude= _ 430 37', longitude= 1830 05' east of Greenwich, - 14° 46' 
Annual increase, - 0'.7. 

"Dip, lSU-'42, latitude= { -
430 32' } , longitude= { 

1830 
OB' } east of Greenwich - 64° 48 

- 430 52' 1830 05' 

and - 550 16'. Mean, - 65° 021• Annual increase, 1".7. 
"Intensity, 1841-'42, positions nearly as above. Corrected total intensity, 12.55 aud 12.56. 

Annual increase, .0075. 
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"Respecting the annual variation of these magnetic elements, we possess very little informa
tion; but by comparing the values of 1841-'42 with the charts for 1870 appended to Capt. F. I. 
Evans' Manual for the Deviation of the Compass in lron Ships, London, 1870, we find that the 
east tieclination bas been increased, as well as the south dip and the total intensity; all of which 
is in conformity with our results." 

Before closing this report, I wish to extend my thanks to the commission for the completeness 
with which everything was prodded for our health and comfort. While on the island, we lived iu 
tents, and no serious illness was known to any of the party. Ou the Swatara, the party was 
treated with kindness and courtesy by the captain and officers. · 

Very respectfully, yours, 

Capt. C. P .. PATTERSON, 

EDWIN SMITH, 
Subassistant in tlie United States Coast Survey. 

Superintendent United States Coast Survey, Washington, D. C. 
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APPENDIX No. 15. 

DESCRIPTION OJ<' AN APPARATUS FOR RECORDING THE MEAN OF THE TIMJ<~S (}FA SET OF OBSERV
ATIONS, BY C. S. PEIRCE, ASSISTANT IN THE UNITED STATES COAST SURVEY. 

The object of the coutrivance is to enable an observer, after he bas touched a key at each OIJP 

of several obsen'atiom;, which succeed at a constaut interval of a few seco11ds, immediately to rl'ad 
off on a dial the mean of tlie times of the observations to hundredths or thousandths of a Sl·1m11d, 
thus avoiding the delay, labor, and error involved in reading cllronogmph-shcets. 

Suppose the number of observations in a set is n. Then, if t, is the time of the ith observat:on 
the mean time is-

I,et S, be double the trnmlwr of wl!ole sticmHls in t,, aml lets, be the fraction of a second. Then-

l 1 Sn 2, t, = n2, s, + J:,-;;. 

The problem thus divides itself into two, to determine e:~ch term of the second member of this 
equation. This division of the problem constitutes the first esseutial character of the metho1l he1e 
to be described. 

If the observations occur at irregular and unkuowu intervals, the observer may separately 
note S, for each obsen·atiou, without any particular apparatus, and so calculate the first term. But 
if tlie observations occur at inten·als approximately known, the first term can be determined with 
less trouble. Suppose, for instance, that the observations, like transits of stars, are knowu to 
occur at mtervals nearly symn1etric1tl about the middle one. Then, if there exists any easy means 
of determining tl1e time of tllis one accurately to the one nth part of a second, this will be equal 
to the first term, provided the observations follow one another with 1;ufficie11t reg111l~rit.r. But if n 
be too great for this, or if it be a.11 even number, t,he observer may note, by any simple means, the 
times of the first autl last observations. These times need then only be noted to two ntlls of a 
second, and so for any larger numbers. A transit-observer may conveniently use seven wires, aud 
note the times over the second and sixth wires to a. quarter of a second. 'Vlleu n is gre<Lter~ 
a marking.watch may be conveniently used. In using this instrument, the obsen•ei· need not 1>ePk 
to distinguish the diti'erent obsen•ations of a set, as their order does not affe.et the mean value. 

I have now to describe the means uy which I wouhl determine the value of the second term-

'<' s, ,.,,_ 
n 

Supposing that we have the me.tus of registering the sum of the fractions s,. Then to register, 
nstead, their mean, we may use one of the following methods: First, we may regulate the regis
tering apparatm:i by a "regulateur Vilhtrceau." This ma._y be made t-0 run at any dt-i;irP<l rate 
within certain limits with grea.t ammracy; and it should !Je made to run at 011e nth of the rate 
required for the registry of the sum of' s,. 8ecou<l, we ma.y have a frict.ioual co1rnectio1_i bet~een 
two solids of revolution. Third, we may p0rform the required division by the gra.dua.twu ot the 
dial by ehangiug from one dial-face to another. But the sim1>le di\'ision of 2-'s by 1i is so ver_y 
easily performed that it would hardly be worth while h> make the necessary adjustment of ~he 
appa.ratus to put any of these methods into practice. I will, therefore, proceed at once to describe 
a contrivance for registering I1. 

H. Ex. 81-32 
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We require for this purpose t,hree special pieces of apparatus be:sides the usual break-circuit 
chronometer. The first is a Hipp's chronoscopc. Only, it would generlllly be better to have an 
instrument on a si1Uilar pLin bnt registering hun1ln•11ths instea.d of thousandths of a secorul, and 
running for fini minutes at least. The essence of the instrument iR ft t1·ain of clock-work, rnmiing 
rapidly and regulari.v, and a dial with a h:m1l cnn11e1~t,e1! wit,h wheelR, which are thrown into gear 
witb the train when a certain gitlvauic circuit is ma1le (or broken), and which are thrown out and 
stopped when the dee nit i,; broken (or rna1le). 'l'hL~ secn11tl im;trunrnnt needml is au ob8erving-key, 
made something like a piano-forte key, with a metallic hammer, for making a very !'lhort galvanic 
couueetion. Tbe thinl instrument, is a peculiar relay, constructed as follows: 

0 is a fixed axis, abont which turns a lever, A. B, which is provided with a vertical arm, 0 C. 
Upon this arm, there is a movable counterpoise, D, for raising or lowering the mass. On the arm 
A there is another weight, E, to adjust the ba.lanee of the lever. At the eml B there is a platinum 
point, which dip8 into a mei·curs-cup, the. Ii.eight of wl.Jich is adjustable by a screw. At F and G 
are armatures, arnl below each a small electro-magnet. The lever will turn to a limited extent, and 
is so bal:tuce(l that it will remain with either end dowu when it is thrown from one position to the 
other. 

Fonr batteries are now to be arranged in three connections, as follows:• 
1st, Copper; mercury-cup ; chronoscope; zinc. 
2d, Copper; electro-magnet G; key; zinc. 

3d f C?pper, first battery;} electro-magnetF· f chronometer; zinc, first battery. 
' ( Zrnc, seeond battery ; ' ( eopper, second battery. 

Before the ob1-1en•a.tions begin, the A. em! of tlw t>ela.y will be down, and there will be no cnr
rent through the cbronoscope, and the hands will be still. \Vben the key is tonehed, the eleetro -
magnet G is made effective, the Bend of the lever .goes down, the first eur1·ent is made, and the 
chronoscope-hand moves. This continues until the next chronometer-second, when the circnit 
through the first battery of the third oonnectiou is broken so that the soooud battery is no longer 
neutralized as it should have been at" first; th..., eleetro magnet F is ma.de, the Il end of the relay 
goes down, the circuit through the mercury-cup ii'! broken, and the cbrouoscope stops. By reading 
the dial of the chronoscope before and after the 80t of observations, we have the quantity-

The interference of the observer's signal with the chronometer-second may produce either of 
two effects: it will either add one second to the recorded sum or will cause the omission of one 
observation. Hitber effect is easily detected in the result. 

I have bad constructed a relay 6f the sort described above, only replacing the magnet F by 
an agate which cau be struck by a pend11lum for dett>rmining gra,Tity. 

In the COMt Survey Report for l870, 1)age 212, I have shown th~ ex:istenoo of a correction to 
the times as given by Hipp1s chronoscope, owiug to the inertia and friction of the wheels con
nected with the hands, in consequence of which, as soon as they are gee.red in, the movement 
begins to be retarded and they move slower a111l slower during tbree.foartbs of a second. A.s tbe 

• A still better arrangement would be to ba.ve a ma.ke-eireuit chr9oometer . . 
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instrmnent is regulated by a vibrating- reed striking the teeth of a revolYing wheel, we sllonld 
expect the retardation to vary as the velocity, so that-

D,2 s = a - v D, s 

the integral of which is of the form-

s =At+ B (1 - 6-<'') 

Here t tlenotes the time ands the reading of the cbronoscope. The exist.ence of this correc
tion is also shown by attentively listening to the note of the reed, which is distinctly l.ieanl to be 
lowered when the hands arc geared in. It must be confessed, however, t,Jiat. the measure,d times 
of known intervals are not accounted for by this correction; for example, at Berlin, in 1 H7G, May 
10 and 11, I experimented on the fall of a ball. Tb.e length of the seconds' pendulum at Berlin, 
according to Bessel, as stated by Bruhns, is orn.!)!142318. This i;;; for the level of the sea.; fo1· my 
point it is .99422:i. Tl!e reciµrocal of this, or 1.00581, is the squa.re of the time iu mean seco11il1' of 
the vihration of a 111etre·1lendulurn. The sqmtre root of' this, or l.00290, is the time itself. l\lnlti· 
plying by~~~ we get 1.00565, the time in sidereal secont,Jil. The square of this, or l.Oll:33, is then 

to be multiplied by ~2 or, .10rn21 to get the velocity square in sidereal seconds after a fall of one 

metre. This is .10:!469. If, therefore, the true squares by the chrouoscope of a fall tluough r. 
centimetres be divided by .Ol0246H, we get the square time by the chronoscope clividml by tlw 
sidereal seconds. Now, tlrnn, A being nearly 40.1 millimetres and B being nearly 19.G millimetreFt 
I fonn<l-

I I ' I I I I Height•. I Chronoscope. ! (Citron.)' ~~- - :-o~- s~==-;;-
• A. I . 0919 . 00845 • 01090 1. 004 I 1. CJ:l'J 

A + s oo,,. . t3n . orn:i:; • 01031 1. 012 i 1 006 

A-t 10 cen. .1724 .02!!72 .Ol07G 1.050 ,II, 1:0-;,i,o; 
.A + 15 cen. . 2012 . 04048 • 01010 . 986 . 993 

A+ 20 oen. . 2'249 . 05058 • OI04e 1. -02:i L Oil 

A-t25 cen. ,2471 .00106 .0102!' 1.00:1 I LOOI 
A+ 3P 06u. . 2671 • 07134 • 01097 1. 071 

1

, I. 03:0 

A + 35 cen. . 2869 . 08231 • 00986 . 962 . 981 

A+ 40 cen. .3036 .OY217 .01094 1.008 I 1.034 

A j- 45 cen. . 3211 . 10311 • 01046 1. 021 I. 010 

A+ 50 oen. . 3370 . 11357 

B. . 0637 . 00406 I . 00101 . 9fl6 . 99:! 

. ooso1 I • 0010s i. o ;4 1. 021 

~::6_1_~_:~\-_.~_~_.'.o~·:c~~~~~. --1~~1 
B+ 5m. .0712 

n+1om. i .0784 

-·· B+~~ . 084~ 

I also measured some clock·iutervals, with the following results: 

I Interval in I I I 
I ChTon. I 

Chronfl8Copo. ~ 

! sitl. &;;. I , aid.sec. 
--------

1 .996 • 1196 o. 996 

2 1. 993 .997 0.997 

10 9. 95'6 7.963 0. 9954 

50 49. 7(5 39. 789 0. 9947 

If we take the times of falling through A and B, we have-
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If we co1npare the time of falling .A. + 50 cen. with the record of 1 second, we have 54.01 x 
.00205 = .1083 = (.3291)2 • Hence the difference of time is 0.6709 sidereal second. The difterence 
of the chronoscope results is 0.659, and the ratio is only .982. 

That there really is a retardation is certain both a 1wiori and from the sound; and it is shown 
by the rates from the clock-seconds. But this can hardly account for the discrepancy between the 
measures with the clock and fall-apparatmi, for the last gh'en rate connecting the two is too small. 
I am inclined to think that tbere may be a correction of the fall-experiments, proportional to the 
momentum at impact, and, tlterefore, to the time. Experiments should be made with pendulums 
of different lengths. Tb.e relay aborn described, with the addition of a circuit-reverser, will render 
such experiments easy. 

Iu regard to the accuracy of Hipp's chronoscope, I may mention that the chronoscope-times 
given above for the falls are the means of ten observations eacb. It may, then, be calculated from 
tbe agreement of the resulting ratios iu the last column that the probable error of a single observa
tion but slightly exceeds one thousandth of a second. In using the instrument for the automatic 
record of pendulum-transits, then, it will be quite sufficient to have ten observations in a set. This 
will give the intervals accurately to a thousandth of a second, or as accurately as the met.bod of 
coincidenc&"l. 

Let us now briefly consider the effect of the resistance of the lever shown in the plate upon the 
motion of the })endulum. Owing to the elasticity of tlle material, we may consider the impact to 
bt• instantaueouR and to produee a reduction of the velocity of t!Je pendulum in a fixed ratio. Let 
t be the variable time which is occupied by the pendulum in swinging from the vertical position to 
one haviug an angle, 9 , from the vertical; let v be the angular velocity at that instant; T, the 
period of oscillation; rJ!, the amplitude of oscillation; a, the ratio of the circumference to the diam-

eter, and -
1 

1 
. the ratio of v just before the impact to v J·nst after. Let ~ t and fJ IP denote varia-+ i . 

tions oft and <P prOlluced by the impact. Then we have, from the common theory of the pendulurn-

t = T arc tau 'f Cl_ a v 'l' 

In these equations we are to multiply v by (1 + i) :rnd subtract from the products the above 
unchanged Yalues to outain o t and o <P. Developed by Taylor's theorem, and neglecting all but the 
first two terms, we have- · 

~I/> = - i - I/> cos -- i = --- i 
v2T2 ( C;t)2. rp2-rp2. 
q; e;2 - T q> 

The quantity i is twice the ratio of the virtual mass of the lever to the sum of those of pendu
lum and lever. By the virtual mass, I mean the square of the moment of the momentum divided 

by the moment of inertia. It is safe to say that i does not exceed iioo· And a.s ~can easily be 

reduced to ;
0

, the effect of the resistance cau hardly in ten vibrations be perceptible. However,

its amount may he caleufa.ted by observing rp and a rll. 
It wi1l be observed that the resistance sho.rt.ens the time or oscillation if the impact occurs 

while the pend1dum is moving npward, and lengthens it in the reverse case. Hence, there would 
be no accumulation of the effect in ten transits over what there would be in two, were it not for 
the thickness of the agate. 
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The following results of successive series of 298 swings each, meas1ued with the above
described instrument, by ten transits every five minutes, are a fair specimen of the results 
obtained. 

Heavy end up. 

2m1•. 9463 
299. 9436 
299. 9457 
209. 9427 
299. 9439 

APRIL 8. 

APRIL 7. 

Heavy end down. 

299°. 9215 
299.9176 
299. 9167 
299. 9179 
299. 9176 

Heavy cmd down. 

2\}9•. 9162 
299. 9153 
299. 9147 
299. 0129 
299. 9132 

Heavy end up. 

29\'J•. 9549 
299. 9552 
29U. 95(i4 
299. 9513 
299. 9525 

The weights to be assigned to successive intervals of a set of 5 are 5, 8, 9, 8, 5, and this gives 
for ApriJ 8-

Heavy eud up T2 = 1°.000525 T2
2 = 1.013093 

Heavy end down T = 1 .00fi424 T2 = 1.012889 

T2 (eorr'd for resistance of air, etc.) = .'3!l T12 ~ 17 Tl - 1.012731 

For April 7-
T1 =1.006436 T2 = 1.012913 
T2 = 1.006558 T2

2 = 1.013159 
T2 (corr'd) = 1.012731 

This is expressed in chronograph-seconds. The resultR of the two days are identical to the 
a.st figure. 
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APPENDIX No. 16. 

TERRESTRIAL MAGNETISM. 

INSTRUCTIO~S FOR :MAGNETICAL OBSERVATIONS. RY CHARLES A. SCHOTT, ASSTSTANT IN THE 
UNITED STATES COAST SURVEY. 

[Reprinted with additions from Appendix No. 14, Report of 1872.] 

The measure of the magnetic force at any place on the earth's surface comprises the determi
nation of its direction with reference to tbe planes of the meridian and of tile horizon and of the 
value of the intensity with reference to a fixed standard adopted as the unit of force. 

Observations of this kind are known as absolute measures, and are made with instruments 
specially designed for the purpose. The~· are the only ones here considered Some remarks will 
be made on relative measnres. For differential measures; usually made at permanent or fixed 
obsernttories, and employing instruments altogethn different in principle and constnrntion from 
those mentioned above, the reader may be referred to observ-a,tions made at Girard Collt>ge, Phila
delphia, between 1840 and 1845, by Dr. A. D. Bache,• and at Ke:v West, Fla., between 1860 and 
186li, by Prof. W. P. Trowbridge, assistant in the Coast Survey, and Mr. S. W:-tlker.t 

To the scientist, the measures of the direction and of the intensity are of equal importance; 
in fact, they me closely connected in theory. To the surveyor anti navigator, however, the 
horizontal direction or magnetic declination (variation of compass) is of special interest. Survey
ors are frequently called upon to retrace old magnetic courses, which requires a knowledge of the 
present declination and of the law of secular change.t Navigators are constantly nmler the neces
sity of converting proposed true bearings into corresponding magnetic bearings, or vice versa. ·we 
shall here consider only those instruments and methods of observation designed for use on land, 
and which admit of far greater accuracy than any observations which can be made on board ships. 
Iu the latter case, moreover, the intensity observations' are not absolute, but relative to some shore 
station. 

We shall first exhibit the measure of tht~ two components of the direction, viz, the dooliuation 
(or the direction of a horizontal magnetic needle) aud the inclination or dip (or the direction ot' a 
vertical magnetic needle), and conclnue with the measure of the horizontal aud vertical eompo. 
nents of the total magnetic intensity. 

1. DETERMINATION OF THE MAGNETIC DECLINATION. 

The magnetic declination at any place, being the angle contained between the astronomica1 
and magnetic meridians, requires for its measure two distinct 01>eratious, namely : The determina
tion of the astronomical meridian, whiclt is generally done by means of a theodolite, and the deter
mination of the magnetic meridian (at a given epoch) by means of the declinometer (or unifilar 
magnetometer). The former of these planes is fixed, the latter variable, and the observations may 
have for their object the determination of the declination at various hours of the <lay, or its mean 
value for any one day, month, or year. 

Res1lecting the determination of the astronomical meridian by means of observations of the 
azimuth of the sun or of a star, full information will be found in the paper ou " The Determination 
of' an Astronomical Azimuth," in Coast Survey Report for 1866, Appendix No. 11, pp. 86-99;§ the 

" Redaction and DisenRSion, in XII parts; Coast Survey ReportB of 1859, 1800, 1862, 1863, and 1864. 
t Coast Survey Report of 1&74, Appendix No. 9. DillenBSion by Cha.rltll!I A. Sel1ott. 
t Coast Survey Report of 1874, Appendix No. 8. New diseilssion by Cha.des A. Schott. 
~ Reprinted in 1876 under tbe title " Profeeaional Papers. Determination of Time, Latitude, and Azimuth." 
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example of observations and reduction gi-ven at tbe end of that paper is taken from a n•con1 made 
in connection with magnetic work. It may be stated tllat a determination of the meritlia11 whicu 
is correct withiu 1' fully sutlice8 fo1· magnetic work in general, since it is difficult to dl'terudue tlw 
magm•t-ic meridian within the same limit, on account of its continued fluctuations. "' t' shall 1;up. 
pose that the azimuth of some mark (au:'' com·enieut <lbtant ol~ject) is known, and that we han-' 
merely to find the magnetic azimuth of this mark in order to obtaiu the declination, which is gen 
emlly distinguisht>d hy a + sign if the magnetic meridian is west of the true north meridiau, and 
IJ3· a - sign it' east of it. Tbese signs apply to the northern as well as the southe.rn hemisphere. 

Adjustment of the dedinmneter.-A station uaving bee11 selected, :tpparently free from local 
magnetic attraction, the instrument is mounted with the sides of the box, co11 taining the magnet, 
directed nearly north and south (magnetic), which may lie COll\'e11iently done li.Y means of a pockt>t
compass; the iustrurnent must be leveled and the theodolite or telescope :uljusted.* In tliat form 
of coustruction of the instrume.rrt t whieli bas the magnet-hox mounted ovPr the azirnutlr.eircle, 
the obser\"er may face either the north or 80Utb eml of the magnet; but ill the more compll'te form 
of the magnetometer, with aUached tht>odolite, the obHerver would better fa~'.e the north 1>1Hl of the 
magnet, in order to admit more readily of obsnving the sun for time and azimuth (also for latitnde 
if 1wedecl). The change, if desired, can be made by exchanging the lens and plane-glass of tl1e 
collimator-magnet; but if the !'lame magnet is also used for the intensity-determiwttion, it must not 
be disturbed after the constants have onct: bt"en determined. 

The motion of the maguet is co11trcilled by the obt1erver by means of a small piece of mrignP

tized ste«>l (a small screw-driver, for instance), its magnetism (at its free end) being the same a.;; 

tlmt of the end of the magnet facing the cllserYer, so as to re1wl it when brought near. It 111n;;t 
neither be too strong, nor be brought too close to the magnet, 0U1erwise the position of the ma.g
netic axit1 might be disturbed. The suspeusion-tnhe sliould carry at its top a rack and pinion to 
a.omit of an ea8y vertical movem€ut of the magnet. ·\'\'ith a piece of cloth at the bottom of th1· 
box, the magnet can be let down, and come to rest, by friction, on tlle fibl•rs of the cloth, autl car1 
then be raiseo and quickly steadied by the magnetized screw-driver, all without openiug the box, 
which in windy weather must be avoided. The sides of the box, if of glass sliding in groove"', 
must have pasteboard covers to darken it, and the width of the slit facing the mirror mu;;t bu 
specially regulated for the best definition of tile scale; the suade placed over the oltiect-mul of tlrn 
telescope should nearly touch the box, in order that all stray light may be excluded. The spceial 
adjustments to lie made are Hie following: 

Sns1,e11d the torsion-cylinder, which is of the same weight precisely as the magnet., and take 
out the twist of the suspension-fibers, of wllicll thero should not be more than are absolntely U('t\tkd 

to suppor·t the weight without risk of breaking-say al>out 4 or 6 for the older he1wy nrng1wts, a11d 
1 or 2 for the light ones. With the aid of the rack-motion and the friction ou the cloth, tlie whole 
turns of twist are readily taken out, and then the line of detorsion must be placed iu the magnetic 
meridian, in which position the axis of the torsion-weight must be parallel with the side of the 
box.t In packing, the suspension should be kept free of twist, 1:10 that at any new station 0111,y the 
small changes developed in the twist need attention. The weight slloulll be removed, the magnet 
suspended, and the telescope pointed nearly to the middle of its scale, or to the axis of the rnaguet. 
The axis of the collimator and the line of collimation of the telescope should tllen be, as nearly ns 
possible, in the same straight line. To render the scale distinct, the telescope must 1'e set to 
sidereal focus. The azimuth-circle is then read; the reading, when pointing to the rnark,9 nadng 
previously been recorded. The relative position of the theodolite and maguet is, of course, inrnri
al>1e, both being supported by the same stnno. 

The scale-reading of the magnetic axis of the collimator is determined by readings witli scale 
erect and inverted, as shown in the following example: 

•See annexed paper on "The Adjustment of the Portable Alt-azimuth Instrument." 
t Known as the Theodolite Magnetometer. 
t This proc888 may require repetition until the ob86rver is a.ssured that there is no torsion when the collimator· 

111agnet is suspended. 
§The best position of the mark is in or near the horizon. 
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Observation for axis of magnet A 1• 

I 
Scale-reading. Means of 

I Magnet. Mean. 
1 a.nd a, 

Axis. 
2 and 4, 

Left. Right. &c. 
i i 

--;-1~ 
------

1~. o 12. 00 I d. 
I. 5. 7 7. 5 6. 60 12. 00 9. 30 

E. 10. 9 13. l 12.00 ! 6.55 9.28 

I. 5.6 7. 4 6. 50 ! 12. 05 9. 28 

E. ll. 5 I 12. 7 12.10 6.50 9. 30 

r. 5. 7 I 7. 3 6.50 12. 07 9. 29 ! 
E. 11.3 12. 8 12. 05 i 

--1 

! 
Mean ___ ,. 9. 291 

NoT.1t,.-lt is recommended to make these observations 
about the epoch of the day when the magnet is nearly 
stati<mary, between 7 and 8 a. m., from May to Septem
ber, inclusive; in March, April, and Oc*<Jber about 8 
a~ n1., and in January, Ftibruary, November, and Decem. 
her about 9, also about 1• p. m. in any month and in any 
part of North America. 

•.rhe angular valuf' of a division of the scale is determined by successive pointings on the prin
ci1>al divisions, and noting the corresponding readings of the azimuth-circle, and repeating the 
operation in the reverse order. With that form of the instrument which has the box of the magnet 
connected with the azimuth-circle, -the combination of the results will correct for cl1ange of declina
tion during the measures, but a small correction for torsion may be needed ; for the other form of 
comitruction the magnet may be fastened in its normal position dnring the scale-measures. The 
nsnal value of a scale-division is between 1' and 3', and tenths may be estimated. It is only for 
those instruments which give primarily the amount of deflection, in the intensity-measures, 
expressed in scale-divisions, that an accurate determination of the scale-value is needed. 

Determination of scale-value of magnet 0 16 • 

I --------

i Vaine of eighty 

Theodolite-circle, I di~isions~ 
Seale. 

mean of two readings. 
I 10--90, 

20-100, 
&c. 

d. 0 ' " 
10 159 04 ~ 

20 158 36 30 
30 158 08 15 

40 157 40 3fi 
50 157 12 35 

60 156 4{ 30 
70 156 17 05 
90 155 49 00 0 ' " 
90 155 lll 15 3 4ll 10 

100 154 52 30 44 ·00 
110 154 94 45 43 30 
120 153 5'7 311 43 05 
130 153 28 20 44 15 
uo 153 00 :;o 43 411 

150 152 33 00 44 05 
160 152 04 30 44 30 

Mean ...•..•....... __ 3 43 47 

Hence one division of acalo = !i'.797, 

lfOTB.-If the number of pobitings la odd, instead 
of even, ""above, the mean readlnit 001'1'88p0nding to 
the middle dlvieioo mullt be f...U.d and nbtraoted 
from .....,h separate value. The ditf6n>IMleil "" ob· 
taiuod muat be added, and their emn (inwlp<>eti.Te of 
•igul, when dividod by the COlT811pODding number of 
acale-d!Tieione, will fll:rnlah tho desired value. 

• 
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For au exam11le of tlJe amount of tor>'ion, as rne:wured from fonr t..viflts of Hoc ~·ncli, ,.;ee 
"Obsen-ation8 for Intensity-Oscillations" fmtlier ou. Moistening the fibers with a drop of glyce
rine will greatly re(hWe and eqnalizt> tlw torsioi1. 

It appears from olHH'rYations of tl:e daily tinctnation of th(» 1k<'linati011 that the mean of the 
extreme easterly a!Hl '>'f'stn·ly positiom; in an.\ one da,v ap111oaches rw:n]~- (within half a miuute) to 
the mean position of the 1la;1-, as derive<! fro111 hourly ousen·atiom; continued <lay and night. t:lincti 
corrections to obst>rved declinations to refor thelil to the rnPan of the da_y are generally .-er~· mrnat
isfactor;y, it i1< recomme11<l(•d to 0\11-if'I'\"t• tl1P !ledinatio11 for :llly one day at tLP epochs of the eas1-
ern magnetic elongation aml of tlie we8tem maguetic elougation, and to take the rneau positiou ai:; 
represeuting the decliua-tiou for tJ1at day. Tl1e epochs of ext1·pme positions, as obsen-ed at Phila
delptii:•, vVashiugton, and K•'.Y "~e1<t, appl~, with comparatiYely s1m1ll changes, to neal'l~- all plaees 
within the Uuited States, and Ill<lY be ;;ta tell to lw a8 follow~: l~di·rring to the 110rtll end of the 
magnet, the morning easteru elo11gation occnl'«, ou tlie a\erage, from ::\lay to September, inclui:;in•, 
about 71 a. m.; iu Marcl1, April, and Octolwr, nbout 8 n. m.; in ~o\·em1Jer, about 82 a. m.; and 
in December, .January, a1Hl Fehmary, about U 11. m.; earlkst time i11 August, alJout 7:} a. m.; latest 
in JannaQ·, about !) a. m. These epodiR, howen~r, are subject to great fluctuations and cannot 
be depeudt•cl upm~ in au.Y one ca1<t'· within 011e liour, alHl frequently they cannot be recognized at 
all, either 011 accnn11t of the small nlllge uf the dail;y fiuctuatio11-the amount of which in winter 
is but one-half, uearly, of tlw :imonnt in snm111er-which i:s eaRil,Y disguio;f'fl hy small irregularitiP><, 
or ou account of disturbances, wl1ich reach their maxima in September arnl October, and geuerall,Y 
at'e more predominant in winter than in summer. The afternoon western elougatiou occurs, on t1.ie 
M'erage, about 1! p. m. from l\Ia~· to Non;mber, inclusiw, and about l~ p. m. in the remaining 
mouths; also, earlieBt in September-some minutes before 1 p. m.-aHd larest in Januar~·, about 1£i 
p. m. The afternoon epoch is subject to less flu<"tuation. tlu111 the moruing epoch. 

The observations for dediuation, which consist in noting tltto scale-rea<lings, may be made, 
say, eYer;y ten minutes or quarter of all hour, commencing at a snfficieutly early time in the morning 
to make snre of preceding tbf' eastern Plougation. \Y!Jeu this pba:se is fairly pasRecl, and conse
quently the north end of the maguet lias commeuced its wester!~· motiou, the obsenations may lie 
discontinued, to be resumed agaiu sl.wrtly after noon for the second epoch, aud to include the west· 
ern elongation, as shown in the following example: 

l\IAGii"E'l'lC DECLINATION. 

Station, Washington, D. 0. Date, .Tnne 15, 1871. luRtrument, dcclinometer No. 7. Olrne1Ter, 
C. A. S. Mark reads at 61' 1orn, 24~0 5U'.:.i aud 6:~0 49'.5. Line of dctorsiou, '.!7()0, Magnet A 
suspended, scale erect.-Azimuth-circle set to ~44° ~.-v.o am\ 540 ~1'.5. 

11. Ex. 8l--3:J 

I Scale.-readiug<. I 
Tim<» 1- . ?lean. 

I L~ft. Right. 
_J_ -- ------i -------····-------------

! ', A. M. 

h. m. 
6 30 

4.) 

7 o~ 

I~ 

30 
4:; 

8 00 

r. M. 

h- "'· 
0 15 

30 

45 

1 00 
15 

3'J 

d. d. 

11. 0 1:.?~ 8 

I 
11. 8 12-2 I 

12.0 12. :~ I 

12. ~ 12. 5 i 
12. 4 12.~ 

12. 3 l'l. 5 

12. l 12. 3 

d. d. 

5. 9 6.9 

6. 0 6. 6 
G~ Q 6.5 i 

6.2 ~.3' 
6~ 2 63 

6.3 G. 7 

,1. I 
11. 9U 

12.&0 

H.15 

12. 35 

It 1110\·, i~ l•t1 t-''o!,-\\t·;~d1t .tt fih 1:-11" . 

autl ~w-.1w1~1h·d 111.·,:..:-1H•f. 

12. 45 ) lfux.iiunm. 

12. 4-0 

12. :n SnNpL~lldl\l.\ t1.r . ..;inu-wdgl1t aftl'r 

this uli:-icrn1ti•1t1. 

a. 
G. 40 Bt•f\·rc rommm1<"i11g ;iftenrnon se-. 

ritjlii! tn n1ed t1•r .. ion-vircle.h.J';..'64°; 

6.:!0 
G. 35 

G.~;. 

r.. r .. o 

} ~1inimu1u. 

--------------
11viulit1g ou maJ·k: ~l~'-' !'.>a'.U auil ():P .t~.5. 
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~ ~ 

.Mean reading of' E. and W. elongations .. _ .. 
Axis of' magnet reads ... _ ... _ ... _ .. _ ... 

9 .35, and difference of readings 6.20 
7 .30 

Reduction to axis _____ . _ . _. _ ...... _. _. +2 .05= 
Azimutli-circle reads .. _. _ ..... __ . _. . . . . . ... - ... . 
Jllagnetic meridian reads.... . . . . . . . . . ............. . 

Mark reads ........... - . . . . . . . .............. - ... . 
Mark, west of north ........... _ ................ . 
Astronomical meridian reads_ . . . . . . . _ ............. . 

Magnetic declination ...... _ . . . . . . . . . . ........... . 
Reduction to mean of day._ . . . . . .....•............ 

Resulting magnetic declination, June 15, 1871. ...... . 

51.0 
2440241.8 
244° 29'.8 

242°49'.9 
40 3G'.l ± 0'.1 

247°26'.0 

+2°56'.2 
+ 0'.2 

We have, also, on this day the daily range 15'.1, and the turning hours about 7h 30m a. m., and 
]h 05m p. m. Unless time be wanting it is customary to observe for declination, as abov.-, on th1ee, 
generally consecutive, days. 

The observer's attention should be specially directed to the frequent examination of the line of 
detorsio11, since every change in the temperature or moisture of the air is apt to develop twist, 
which, if not removed, will injure the accuracy of the observations. 

MEMORANDUM ON THE ORDINARY ADJUSTMENTS OF THE THEODOLITE, OR POR'l'ABLE AL'l'

AZIMUTH INS'.l'RUMENT, FOR THE MEASUREMENT OF HORIZONTAL AND VERTICAL ANGLES, 

AND FOR ASTRONOMICAL OBSERVATIONS. 

The variomi operations for placing the parts of a thecdolite in proper coudition for observing 
in order to eliminate, as far as possible, sources of error arising from instrumental defects, may be 
briefly stated as follows: 

To adjust the levels.-After properly setting up the stand, clamping it, and mounting the instru
ment, adjust the most sensitive of the le,·els attached to it by bringing two of the foot-screws of the 
theodolite in line with the direction of the len>l, and, after Jernling, tnrn the azimuth-circle 180°, 
correct any defect, one-half by means of the foot-screws (always working them in opposite direc
tions), the other half by means of the acljusting-screws of' the level; turn the circle back to tirst 
position and repeat the correction as before as often as may be necessary. If, during this opera· 
tion, we turn the circle once or twice at right angles to the former position, and make the bubble 
play in the middle by turning the third foot-screw of' the theodolite, there may be no need of using 
the graduation to effect the adjustment of the level, the turning of 1800 by estimation being suffi
cient to effect the purpose. ~f there is a second level attached to the circle at right angles to the 
former, it may be adjnsted like the first, or, more expeditiously, by p1aciug it in the same direction 
as the first (when in adjustment), and correcting any defect by its correcting·screw. Circular levels 
must be adjusted upon the same principles; they are, however, generally of inferior accuracy. 

To place tlte a.xi.~ of the azim1tth-mrcle vertical.-By means of the adjusted level we place the 
vertical axis in position by leveling the instrument with the two foot-screws parallel with the direc
tion of the leveJ, and then turning the circle ooo, aud bringing the bubble again to the middle by 
turning the third foot-screw. The verticalit.y of the axis is tested by t.he steadiness of the bubble 
in the middle of the tube when the instrnment is slowly revolved in azimuth. 

To adjust the threads <>f the ttlesoope.-Place the threads in the focus of the eye-piece where their 
best definition is obtained, and test the position by pointing to a distant well-defined object to which 
the focus of the object-glass is adjusted for distinct vision; and if by moving the eye sidewise the 
object appears to wove off the thread or pointing in the same direction as ·the eye, the diaphragm 
must be slightly pushed in, and pulled out in the contrary case. If there a.re two threads inter
secting in the middle of the field at right angles, the vertical thread may be set vertical by sighting 
a plumb-line suspended at a proper distance, or the vertical edge of a house may be used instead. 
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The whole diaphragm (after loosening its four screws) is to be turned around the optical axis to 
effect the coincidence. The precediug adjustment must not be disturbed. The horizontal threatl 
may also be tested by pointing to an object, aud then turuing the azimuth-circle, pre\·iously set 
h Jrizontal, when the object shonld remain bisected; it may also lJe effected by pointing on the sea
horizon. 

To adjust the line of collimation of the telescope.-If the horizontal axis of the telescope admits of 
being reversed in its supports, a distant object is pointed to ; and if, after reversal of the axis in it~ 
V's, the pointing remain perfect, the line of collimation is at right angles to the axis; if not, half 
of the difference is to be corrected by the azimuth-screw and half 1Jy the two adjusting-screws of 
the diaphragm (its former adjustsments remaining undisturbed). If the axis does not admit of 
reversal in the V's, it must be reversed by reversal of the circle, using the graduation ; and if the 
second reading, after reversal, should differ from it a little more or less than 180°, the difference 
must be corrected as before, and the process is to be repeated until the readings, direct and reversed, 
differ by 1soo exactly. For greater accuracy, we may use a collimator instead of the distant object. 
In some instruments the telescopes are mounted ou one side instead of in the middle of the azimuth
circle; their collimation may be corrected by two distant marks separated exactly by twice the 
eccentricity of the axis of the telescope from the vertical axis of the theodolite. The process of 
adjustment is then the same as described, only changing the mark wit.h a change of the telescope 
from one side to the other. For oblique intersections of the threads, the point of intersection must 
be brought into the optical axis of the telescope, the adjustment for collimation being the same as 
described. In this case, a collimato1· with a vertical thread is nsecl to advantage. 

, To place the horizontal axis of the telescope in position.-This axis must be at right angles to that 
of the azimuth-circle, and if in position or horizontal the line of collimation, when revoking the tel
escope, must pass through the zenith of the observer. It is effected by placing an adjusted level ou 
the axis and correcting the whole error with the adjusting-screw of the pivot. If the level is :fixed 
or uncorrected, it must be adjusted at the same time with the axis by leveling and then turning the 
azimuth-circle 1soo, and correcting one-half of the defect by the pivot-screw aml the other half by 
the level-screw. The process also requires repetition for its perfection. 

The ia,strument is now ready for the measurement of horizontal angles, either by ''directions" 
or by "angles,'' with or without repetitions, according to the construction of the instrument or the 
requirements of the case. In either method one-half of the measures must of course be made with 
"circle direct," the other half with "circle reversed" by 180°, which process corrects the angles for 
any remaining defect, after adjustment in the verticality of the axis, in the height of the V's, in the 
form of the pivots, and in the collimation. If the telescope is placed eccentricall.r, this reYersal will 
at the same time refer the resulting measures to the axis of the circle, or, what should !Je the same, 
to the vertical of the station. 

In repeating angles it suffices to record the readings of the circle at the commencement and at 
the end of the operation, the telescope being reversed after half the number of repetitions are 
secured. During the reversal of the telescope the circles remain firmly clamped until after the new 
pointing is made. With non-repeaters, or when used as such, the records for telescope "D" and 
for telescope" R" are kept separate. 

The eccentricity of a circle is corrected by taking the mean of the readings of two opposite ver
niers or microscopes, or the mea.n of the readings of any number of verniers or microscopes, prodded 
they are so placed as to divide the whole circumference into equal parts. 

To adjust the level required for 'Vertical mea.mres.-The measures of vertical angles depend, among 
other things, on the accuracy of the adjustment of the level. It is effected by leveling aud reven;ing 
the azimuth-circle 1soo, using one of the level-screws for correction, provided the former adjustment 
of the vertical axis has not been disturbed. This level may either be attached to the azimuth-circle 
ol" to the arms carrying the verniers or microscopes of the altitude-circle; in the former position it 
is of course placed parallel to or in the plane of the altitude-circle. 

The instrument is now in the proper condition for tl1e measure of vertical angles. Generally, 
doub"le zenith-distance8 a.re measured, by means of which the reading of the zenith (or nadir) point 
011 the circle becomes known, and consequently also the reading of the horizon. If there is any 
index-error, it may either be corrected (many in.-\trumeots admit of such a correction) or it may be 
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allowed for as a constant when single altitudes are measured. This index-error is of no consequence 
if donble zenith-distances are taken (involving positions, circle right and circle left). 

Owing to the grea.t dfrersit~' i11 the construction of theodolites, depemling upon the particular 
use and the degree of perfection required of them, rules cannot be given to apply alike to all con
structions; but the preceding notes will suffice in all ordinary cases of the use of the portable 
instrument. To test the graduation, its eccentricity, systematic and irregular eITors; to adjust tlle 
reading-microscopes (for rnn and focus); to test the coincidence of the two horizontal axes, also of 
tile two vertical axeR, in repeating-instruments; to examine the perpentlicularity of tbe planes of 
the circles (graduation) to tlieir respecfrn~ axes; to measure tlie flexure of tho telescope, and other 
circumstances, will require the attention of the observer when engaged in the more refined geodetic 
or astronomical use of the alt-azimnth. 

'l'he principle of repetition applies most advantageously when the optical power of the telescope 
exceeds relatively the accuracy of the graduation; in otl1er words, when the pointing-error is less 
tuau the graduation-error. Jf the optical power is inferior, or not commensnrate with the perfec
tion of the graduation, we may still save time by using this method, the number of readings being 
less; or it may be utilized by gh'ing position to the instrument, to spread the readings over the 
graduation. Although the principle of repetition is an elegant one, in practice it bas been found 
freqnently to introduce a new source of error, namely, a constant or slowly variable error depend
i 11g OD frictio11, the imperfection of the clamping, and general instability of the instrument. Unless 
tbe clamps are perfect, repeating will introduce a constant error, wbicb cannot be eliminated from 
the result by the forward and backward movement of one circle upon the other, and the observer 
should carefully test whethel' <JI" not bis pointing will he preserved when repeatedly clamping and 
unclamping; this especially applies to the clamps upon which tbe movement of the inner circle 
depends (for repeaters). The clamps sbonld never he at the circumference of the circle of' gratlua. 
tiou, but near tlrn axis, unless for inferior instruments. Before observing its general stability, the 
clamping apparatus should be examined as well as the proper amount of friction of the moving 
parts and the balancing of weights. Instruments with light spokes to their azimuth-circles (though 
they may otlierwise be higl1 or thick enough), and haviug a heavy superstructure (vertical circle 
and counterpoise), frequeutly show so much ilexure or spring as to affect injuriously all horizontal 
measures, while full thin plates are not liable to this defect. 

Azimuths iu connection with the magnetic declination, where an accuracy of a fraction of a 
minute suffices, may he obtained with a small alt-azimuth instrument (say of four or five inches 
diameter). Supposing the latitude given, but the time ouly approximately known, the sun's zenitb
distance and azimuth may be observed as follows: reading of mark, three readings of the sun's 
upper and fir.it limb, uoting the cJ1ronorneter-time at contacts; instrnment reversed, three readings 
of the sun's lower and second limb, reading of mark. 

I~et h = altitude, corrected for refraction, parallax (semi diameter and dip, if necessary), and 
p =the sun's or star's polar distance, th!'n-

tan2 .!. A= sin (s - sc) ;;in (s - h) 
2 

cos scos (·' - p) ' 

in which expression s = ~ ('f' + It+ p). If the time should also be desired, it may be compnted by 

t n2 lt- co8si-;in(s-/i) b t lt t 1 .A.s.in(s-h) -a. 2 - . , or y an = co :I • 
sm(s-tp)cos(s-p) 2 cos(s-p) 

r 
If the sun's limb is observed, the correction to the azimuth for reduction to center is ±sin t' 
where r =sun's radius; whether + or - is to be used, will readily be known in each particular 
case. t is the hour-angle. 

If the local time is known, we may observe .Polaris for azimuth and latitude, computing the 
former by the fundamental formula, in which the. azimuth A is counted from the north-

sin t 
tan A= ~ . , 

COl:l 'f tan ' - !!Ill 'I' cos t 
and the latter by-

'I'= li - p cost+ ! sin 1" (p sin t)2 tan h. 
For greater aoouracy, we may observe the star direct and reflected in mercury. 
The following two examples will serve to illustrate the methods: 
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E:x:am1Jlc of record and reduction. 

8TA'I10X 1 \\.,.-ASHI~GTOX, D. C., 1N PAUK EAST OF THE C.U'lTOL. 

Sun near prime 'fcrticaL ..A.ngust 15, abo-ut Sh a. w., 185ti. Ol.Jser\·er, C. A. S. Iutitrurue-11t, five-ilioh magm_•t.h~ theoclolitc. Sidt"real 
ehrm10rnet,e1» 

Ve1·tical circle. 
I 
! ' 
1(:l11·01.1ornetf-'r· __________ _ 

! l!llle. I 
A. ll. .A. u . 

\_ 
I I SET I G'" Hp]H'l' am! fir~t limh. Td<"M'opc D. 

I
I ·~ ~ ~: ··------------------------

25 ili '205 2-.1 56 GO 5tl OU 

5 09 12. 0 

10 3:.!. 0 

11 4'l. 0 

SET IL 

5 l3 22. 0 

14 32. 0 

15 36. 5 

5 17 07. 0 

1~ Hi. 5 

19 lY. 0 

SE1' III. 

52044.0 

~2 01.5 

25 26. 5 

52732.5 

2~ 39. 5 

30 01. 0 i 

~o 30 61 r.: 
'2:.'i 50 4.i 2r•.1 51 .30 61 ~l 30 61 25 00 

2ti 04 :10 20G O:i 15 61 o, 45 Ul 0~1 30 

G's lower and second limb. '1\1lei;cope R. 

20~ 54 15 

2ou 01 15 

20li 18 30 

25 54 1)0 

26 Oti -15 i 
2G le 15 

61 rn 30 

6l Ol 00 

60 50 00 

GI 18 30 

GI O:J 00 

GO 4!l 45 

·-----~---·---------------

I 
206 35 30 1!6 35 30 60 30 45 ' 60 30 15 

2M 47 30 26 4i 30 60 li :JO : (j() Ii 00 I 
--------------------------- -1 

G'e npper ana first limb. Tele~cope D. 

I 2t:6 58 30 26 5~ 00 60 05 J:\ GO 04 31J 

~7 47 30 ~~;-4-~-~~ - 5!' 11 4~ 59 12 ()~ I 
2o 00 00 208 00 30 58 57 45 51' 51' 00 I 

21' 10 15 208 10 30 SB 4; 30 5" 45 1:, i 
-------------------! 

c:_;:a upper aml ti mt limb. Tfo'foAco, e D. 

28 ~5 00 

28 37 45 

29 l'.l 30 

W:3 23 00 

~O:; 3t: t5 

mg u oo 

[~8 29 00 

51:' 14 45 

57 36 00 

5ti 29 30 

58 H 30 
57 :~;j 4.'} 

0'o luwt'l' aud Rec .n!l limh. Telescope R. 

2C9 01 :io 2'.l uo 30 5i 48 OU 57 47 30 

20~ 12 4;; 2~J l2 I;) 57 :u 30 57 :H 15 

209 27 00 2a :.ri 30 ~>7 l!l 15 57 18 ~o 

I 

l 
i 

73° Fabr. 

(liar. '.lO in., 

as:iumed.) 

'750 :Fabr. 

!Jean cbronom
et-er-time. 

i 
Mean reading I 

hurizcrnta.l I 

! Correction for 
Mean r~ading j parallax in 

Yert!cal I aJtitt.de and Correclml ;. 

circlr.. ' circle. I refractiou. 
1~---- , _______________ ------- -

6°1 17 ~~ I Set I ...... . 
Set lL ·-- __ 

Set IIL. ... 

h.m . •. I 
5 07 4d.1 

5 16 2'.!.\! 

52544.1 I 

0 ' ff 

2.'i 56 40 

27 \!3 11 

28 59 30 I 
!)!) 38 00 

575007 t 

-t- l 34 

+ l 27 
...;.__ 1 ill 

~l 18 36 

59 39 27 

51 5l :!8 
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I Set I. Set II. Set TIT. 

---------
! I 0 I If <f> ___ ,, ___________________ ,, 38 53 18 

0 ' '1 

38 S3 18 38 53 18 
30 20 33 32 08 :12 

76 04 37 76 04 44 I;:::::::::::::::::::::::::! ~: ~: :~ 
: ! _________ , ____ , 

I .A(frc>mnorth) ..•..•.••.. -i 95 06 06 

1 Circlt>re...:1• -·---··--··-·-i' 2.5 56 40 I South meridian reads ...•. llO 50 34 

96 32 34 

27 23 17 

110 50 4:i 

1!8 08 54 

28 59 30 
110 50 36 

Hence the north meridian reads, 2900 50' 38". 
We shall also find the chronometer slow of sidereal time mm 05•.l, the re1:mlts by the sets 

agreeing within a fraction of a second. 
Example 2.-Station, Magnetic Observatory, Capitol Hill, Washington, D. C. Polaris near 

lower culmination. May 23, 1873 (observations made during evening twilight). Observer, O. A. S. 
Instrument, 2:ii-inch Casella theodolite No. 3524; sidereal chronomet~r Kessels 1287. Noon-ball 
at United States Naval Observatory dropped on May 17 at 411 55m 32•.5, and on May 24 at 511 23m 
15•.5 chronometer-time. The latitude of the magoeti~ station is 330 53'.1 and the longitude 11".6 
east of the United States Naval Observatory. 

I 

Azimuth-circle. Vertical circle. 

Object. ~ 
Chronometer .. 

time. 

0 I 
A. B. A. B. 

--------

h. m. .. 0 

Mark .... R. ............................ 0 00 180 03 [177 01] [357 02] 

Mark .... L. ·-···--····· .. ---..-- 180 05 0 03 [3 00] (182 57] 

Polaris ... L. Dir. 13 16 46 169 58 349 55 37 36 217 39 

Polaris ... L. Ref. 24 55 169 59 349 58 322 29 142 24 

Polarie . .. R. I mr 13 40 20 350 08 170 00 217 30 37 29 

Polaris ... 

~: /:~~~::::::~~:::~ 
350 06 170 07 142 ll3 322 25 

Mark .•••. 0 02 180 04 

Mark ..... 180 03 0 04 

Star ....,n through thin clouds, occ.asiona.lly interfering with observation&. Atmospheric pressure, 29.85 i11ches; atmospheric tempera· 
t11re, 70° Fahrenheit. 

Computing for circle left and circle right, separately, we find-

I
. h. m. •· h. m. s. I[ a ' ·:

4
1 

Chronometer-time . • • . . . • • • . 13 20 50 13 42 5!> Also d = 88 37 • 

Cbronometer-ool'I'OOtlon ..• - . - 1 13 36 - I 13 36 i p = 1 22 16 

I 
Sidere&I time of observation. 12 07 14 1~ 29 : I 
a Polaris................... 1 11 28 1 11 

'············-············--·! 1<>5546 1117551 
I o , I 

I 
Ala<>hobaerv&d............. 37 35.5 37 3~.s J 

Curret>tlon for refraction... 1. 2 1. 2 ! 
i" --···-··-·····-··-··-·-··· --37 34.3 --37 31.61 

With these data we find-
A = o0 28' 42'' and 00 18' 57" 
Sta.r reads, 169° 57'.5 and 1700 06'.8 
Meridian, 1700 26'.2 and 1700 25'.8 Mean, 

Mark reads, 

Mark E. of N., 
Also, 'I= 330 531.5 and 330 52'.5 
La.titnde7 330 531.0 :I- 0'.4 

1700 26'.0 
1800 03'.2 

90 37'.2 ::!:: ()'.4 
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The following table will be roi:ind usefnl for correcting or reducing an observation of the 
declination taken at any time between 6 a. m. and 6 p. m. to the mean of the day (or to the mean of 
:!4 hourly observations). It is, however, only approximate, since the tabular values are slightly 
variable in the eleven-year or solar-spot cycle; moreover, they arc varying irregularly from day to 
day. For interpolation for any place in the United States we may consider that, roughly speaking, 
the greater the horizontal force the smaller the tabular values, or the range of the daily variation 
is inversely proportional to the horizontal force. \'Ve have the horizontal force H at Toronto 3.50, 
at Philadelphia·4.16, and at Key West 6.74, nearly. No notice is taken of the annual inequality, 
which may amount to about one minute and a half, in maximo. 

Solar diurnal variation of the decl-ination at Toronto, Ca11ada, at Philadelphia, and at Key West, Fla 

A+ sign indicates a deflection of the north end of the magnet t-0 the westward. A- sigD, to the 6&1!tw&rd. 

6 a. m. I 7 &. m. 8 a. m. I 9 a. m. 10 a. m. I 11 a. ru. 

________ 1_T_. -~JK. w.\_~J~ K. w. -~~ I _i::_l~-~1~1-~~-_11'~ w. ~1~ iK. w.!~1~ IL w. 

January .................. -0.7 -~.61+d1 _;,3 \-;.2 ~o _;.7 \-2.1 l-;.11-;o \-d.s _;.4 !-1'.5 :-1'.6 f-;,71-t~.4 :+~.3 _; 4 
February ............... -1.6 -1.2 .-0.1 -2.0 ;-l.9-0.31-2.91-2.51-1.1 1-2.8 1

-2.5 ,-2 0 -1.5-1.S
1
-2.0j+o.51-t-0.2 -1.2 

March ................... -2.3 -1.8 1

1

-0.8-3.51-2.9 -1.9 -4.7 -3.7 :-2.4 \-4 51-3.4 .-2.2 1-2.5 -1.8 1-l 4 j'+o 7 !-t-0.6 -0 I 

.A.pril ................... -3.4 -2.6 -1.5 -4.61-3.5 -2.s -5.o i-4 o \-3.I 1_4.0 l-3.4 -2.2 -1.3 .-1.s :-1.1 +2.o l-+1.1 .,.o.4 

M&y ..................... ,-5. 2 -3. 7 j-2. 0 -6. 0 1-4. 7 -3. 4 -5. 8 -4 7 -3 4 1-4. 2 1-:1. 2 1-2. 1 '-0. 6 1-0 8 1-0 4 -+-3. 1 !+1. 9 +1.1 
June ................ --.- -5.3 -3.9 l-2.2 -6.4 j-5.0 -J_5 ,-6.2 --5.1 l-:i.6 i-4.7 1 -3-~ f-2.4 :-1.7 ~-1.2 l-n.9 j+2.o !+1.7 +o.9 

July .................... -4.51-4.21-2.3 -6.5 ,-5.4 -3.6 -6.3 -5.4 [-3.6 i-4.9 J-4.o --2.5 !-t.8 ;-1.5 !-0.1 [+1.s !+1.s +o9 
.A.ago•t .................. -s.2 -4.7 -2.a 1-o.9 -5.7 -4.5 l-6.9 -5.51-4.4 

1

1

-4.B :-3.7 -2.e :-o.5 '-0.61-0.4 +3.1 '+2.9 +1.0 
September ............... -3.9 l-3.51-t.8 l-5.2 j-L> -3.o f-4.K -4.51-3.6 -3.o \-2.H ;-2.3 '-0.tt l+o.1 1-o.4 l+:i.1 j+J.2 +1.5 
Octob r ................. -1. s 1-1. 3 j-O. 6 1-2. 7 1

1
-1. 7 -t. 91-3. 7 -2. 21-2.3 1-:i.o :-1. 9 i-t. 8 i-1.1 i- o. s 1-o. s 1+1. 1 '+o. e -; o. 7 · I I I I r • 

November ................ -1. 3 -1. 2 I 0. 0 11-1. 8 '

1

-1. 7 -0. ~ 1-2. 9 -1.9 .-1. 4 1-2. 8 ·-1.5 :-1. 7 :-1. 3 1-o. 4 :-L 3 +1.1 +1. t -0. 3 

Dooember ............... -0.61-0.7 j+o.3 -0.9 -1.0 -j-0.2 1-1.s J-1.4 \-o.9 :.-2.0-Lfi1-2.0 ]-1.U :-1.1 :.-221+0.3 :+o.3 -1.4 
I I J ! ' • L ' i ' 1 

Noon. 1 p.m. 

The Toronto l"eSultd a.re derived from observa.tion.s of five years ending June 30, 1E'4~. 

The Philadelphia results are derived from ob8"rvatione of five y<"ars ooding .Tune 3(1, 1845. 
The Key West results are d<'rived from obse..-..ations of six years ending A prll, 1866. 
For reducing obeervatl<lllt! to wean of day (24 boaro) the signs of the tabular quantities mu..t be revtned. 

2. DETERMINATION OF THE MAGNET IO INCLINATION. 

The inclination, or dip, is measured in the vertical plane passing thro11gh the magnetic merid
ian of the place, and is the angle contained between a horizontal direction and the direction of a 
magnetic"needle moving freely about a horizoutal axis directed east and west maguetically. It is 
measured by means of a dip circle, and is considered + when the north end of the needle dips 
below the horizon. Thus in the north magnetic hemisphere the dip will he+ and in the south 
magnetic hemisphere -. 

In a plainly-oonstructed circle, the gl"a.dua.tion, which is directly read off at the ends of the 
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nt>edle is generally uot closer than quarter-degrees or ten minutes, and snl.Jdivisions are to be esti
mated.• In the more elaboratl\ instruments,+ as used at Kew, for instance, tbe needle tloes uot 
swing iu the plane of the graduated eir'clc, and the pointing at end marks on the needle is done by 
the aid of two microscope8, with threads iu tlie focm;;, and the circle is read off to the nearest min
ute or half-minute hy m•\ans of two verniers. ·rhe latter construction is advantageous only with 
we11-balanced nee<lles, uaviug as perfectly cs liuclrical axles as c:rn be made. 

To place the dip-circle in the plane of the magnetic meridian, we haxe two ways, either by the 
aid of an ordinary long compass-needle, which is supported between the agate plates, or by means 
of the dipping-needle, which will point vertically in tbe plane of the magnetic 11rime vertical. Tbe 
former method is more expeditious; the latter c:rn al wa;vs be resorted to, and consists in four 
readiugs of the azimuth-circle of the instrument when placed snccessi.vely in the position: face of 
circle south (maguetic), with face of ueeclle south and face of needle north; next, face of circle 
north, with face of needle north and face of needle south; the mean reading+ 90° and - !JOO will . 
gh:--e tl1e set.ti11g8 of the circle for the measure of the dip. A more precise value will be found if 
tb~ process is repeated, with the polarlty of the needle reverserl. 

In adjnsting the dip-circle preparatory to observing, the following conditions sho·uld be 
attended to, and the obserYations shculd be arranged so as to eliminate any small outstanding 
defects in the perfect condition of the instn;ment; the instrument must remain level when turned 
ahout a vertical axis; the agat1c~ or steel plates supporting the needle should have their' upper snr
faees levd, sbould be of equal height, and a horizontal tangent-plane sboulu pass below the center 
orgratluation of the circle at a tliE>tance equal to the radius of the axle of the needle. The zero 
graduation of the circle should lie in a horizontal pl;rnf\; also the phtne of the suspencled needle 
and that of the circle should be truly vertical; and, fiually, the prolongation of the axle of the 
needle should pa:ss through the ceuter of graduation. For instruments provided with microscopes, 
the following additional conditions should be satisfied: The microscopes must be focused and col· 
limatetl; their threads should be 1soo apart, and if pr0<luced should pass through the cenkr of 
graduation. 

The needles, before magnetization, should balance perfectly, and those intended for the relative 
measure of total intensity, according to Dr. Lloyd's method, should be guarded as mucl1 as possible 
against any change in their magnetism. 

Reversal of poles of dipping-needl.es.-The needles which are exclmiively used for the measure 
of the inclination should have their poles reversed at each place of observation, and the results 
with polarity north and volarity south must be combined to a mean value. If exceptionally the 
polarity should not have been reversed at a station, the difference in resulb3 between polarity north 
and south, as found at stations which have nearly the same dip~ may be applied as a correctiou. 
To reverse the polarity, we may proceed as follows: fasten the needle in the reversing-block, and, 
holding a har-maguet in each band, bring the opposite poles of the two bar-magnets close togeth~r 
at the middle of the needle so as to touch the same on both sides of the axle; the needle is sup
posed to be on a level plane, and the bars are to be inclined outward about 450 to the horizon. 
They are then drawn slowly and steadily over the needlt>, carrying them over its ends, aud, after 
lifting them some inches above the level of the needle, bring them back to the middle position and 
move them again over the surface. This process may be gone through three times, when the upper 
face of the nt>edle is turned down, in which position the magnetization is repeated as before. Oare 
should be taken to have the motion exactly in the direction of -i;be geometrical axis of the needle ; 
the magnetizing-block usually has a ledge, along which the magnet can be drawn, closely touching 
it, which will inRure a movement parallel to the axis of the magnetic needle. If its north end is 
to be changed to a south end, I)lace the north (or marked) end over that en<l (If the needle when 
magnetizing. The polarity as well"'as the face may be designated by means of the number or letter 
usually cut on the end (If the needle. The reversing-bars shonld be carefully handled, and should 
not be allowed to touch each other except at opposite poles, and when placed in the box their 
ends of opposite polarity should be connected by a soft.iron armature. If the reversal of the . 
n1>edle is to be repeated a short time after the operation, the method is only changed by using four 

•See plate No. 29, \llustrating this form of dip-circle. 
t See plate No. 29 bis, illustrating the form of iustrnnieot aa uow ma.de by Casella. 
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instead of three passes over each face of tbe needle; if another reversal is needed shortly after, 
five passes would be required. This is done in order fint to neutralize the existing magnetic 
polarity, and then to give it the opposite polarity desired; if, howen'r, one or more days have 
elapsed between a reversal, enough of magnetism is lost to render any increased m1 m ber of passe:s 
unnecessary. Their imm ber depends primarily on the strengt!J of the ha rs and the re la ti Ye size 
of the bars and needles. Should the bars ha>e too much int(·usity aud the needles be long, an 
irregular distribution of magnetism might bo produced. Should the bars lie of unequal inteusity, 
it is recommended to exchange them in the harnfa, after peifunniug one half of tht• 01wratiu11 of 
reversal, turning them at the same time end for end, and completing 1 lie op1:Tation in the uew 
position. When not in use and when obsening· for dip, the bar-magneto-; should not be kept 11Parer 
to tba.-Observer than about ten meters; I.mt when ohserviug for df'clination they should he kept at 
a greater distance. 

The following example of a record of ordiuarj observations of the dip -will sufficientl:r show 
the general arrangement. The readings in tlrn secoud liue are imlepm1dent of those of the :first, 
and between them the needle has alway8 been lifted off its supports. If tlie position of tl1e nt'C'tlle 
is recorded while slowly oscillatiug, it is customary to record tl1e lt>ft atJd rigl1t extreme excun•ious, 
and, in order to correct for diminution of arc, tLe mt>an of the readiug of the first extreme aud of 
its next return to it should be taken before comltini11g 'With tbt> reading of the opposite extreme. 
In this case, the meau for the first extreme positions ma.v lie taken ment.ally, and the second 
extreme is recorded under it; theu follow two more snch re<!diugR after the needle has been lifted 
off and let down again on tbe agate supports. 

It is recommended to observe the needle while slowly oscillating in preference to no:ing iti-: 
position at rest~ in which case the eq uilibriurn may l>e i11fitH'ucerl IJ_y ally small irregularity in the 
axle at the point of contact, wLich woul(l be passed over by an o>-;cillating motion. Defects in the 
figure of the axle may als-0 be recognized by irregularities in the motion of t!Je needle. 

The introduction of position needles ha\'ing a movable axle, whieh may Le tunietl by means of 
a key to different positions with a view of eliminating small <letect:s iu the figure of the axle, ha::;, 
so far, not proved as satisfactory as was anticipatetl, owiug to tile t1ifticult.\- of JH='rfectly figuring tile 
axle and centering the movable arbor; if suCJ!.1 needles are used their polarity, after the first ::;et of 
observations, must be reversed, and the ouservations be couclude<l before tnruiug to a. uew 
position. 

H. Ex. 81--34 
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Magnetic Dip. 

Station, Washington, D. O. Date, November 10, 1853. Six-inch Barrow Dip-Circle No. 2. Needle 
No. 1. Observer, S. H. l'ime, commenced lOh 15m a. m.; concluded lOh 33m a. m. 

1--------------------------· 
i FOLARl'IY OF MABKED END NORTH. 

1-----C-iI-·cl-e_ea_s_t.-------,-----C-ir-cl_e_w_e_st-.-----I 

i-· ;:~-e:~_--,---F-,..-·e_w_e_st. __ , --F-,..-e-ea_s_t. ____ F_a_c_e_w_es-t-.. ---

L--.-·----!!---~---1---~----1-------1 

I & I R L I R L K & 1' R 
[--1------.--- ___ I __ _ 

01!01 01101 OI 01 01101 

71 24 ·1 71 OB 71 08 : 71 31 71 OS 70 50 70 56 I, 70 42 
~ m oo 1 n oo ~ M ~ 

I ' 

i~;-1~;;;- --;-;-!~;-11--;-;;;- --;-~1--;-~1-;-~ 
I I I ____ , ___ , 

JI 71 15 I 71 19. 5 70 59 I 70 48. 5 

~ ______ 11_1_1_.3-----~-----·-7_o_s3_.1 ______ ,f 
]!,i _____________ 71--;0_5_.5 ____________ ,i~~ ~ POLARITY OF llAl\KED END SOUTH. ::. 

·s Cirole west. Circle east. ,t.l 

11 >•oo- , __ , -·- I F~•- ~ 
! & R L R L R I L I R 

I
I 7~ ;2 7~ ;7 Z 7~ ~ ~ 7~ ;o /~17~ ~s 
__ 1_1 ___ ~--~--04 ___ 4_5 ___ ~1--~~ 
\1111 7117 7105!710417143 1121/7143 7119 

71 14 I 71 '04. 5 I 71 35 : 71 31 

71 09. 2 i 71 33. o 

71 21.1 

Resulting dip .•.•.•...•..••.••...••.• ----·· .••... 710 13'.3. 

NOTE.-Magnetio meridian obtaine<l by horizontal needle, whloh wa.11'removed before commencing dip-observations. 

Specimen of record for finding magnetic meridian. 
Azimuth-circle. 

Circle south, needle south , -.. - ..... _ .. _ ... _ .. __ .. _ .... _ .•.....•.. _ .. _.. 990 02' 
Circle south, needle north .. - .......... _ ......... _........ . . . . . • • . . . • • • . 970 58' 
Circle north, needle south . . . . . . . . . . . . . . _ •. - _ .. _ ................... _ • . • • 2730 52' 
Circle north, needle north ...• , . . . . . .. . . . . . . . . . . . . . . • . • • • • . • • • . . . . . • . . • . 278° 2S1 

Setting : 30 40' and 1880 40' .•...•.•..••. _ . . . . . _ . _ .• _. _ •..... _ . . . • . . • • . . 930 40' 
It is desirable that in the various positions of the circle and needle the extreme readings 

should keep within a range of 10 or 2°; the closer the better the final result. 
For the purpose of testing the regularity of the :figure of the axle of the noodle and the free

dom of the metal of the circle from any magnetism, we may observe dips in various azimuths; if 
o .. = observed dip in magnetic azimuth a, then the true inclination is found by-

tau 8 =tan e. cos a 

The values of a may be successively changed by intervals of about 100. 
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We may also obtain the true inclination, wit110ut the knowledge of tbe magnetic meridian, by 
observing the dip in any two >ertical planes at right angles to each other, and find the inclination 
by the formula-

cot2 O = cot2 o, + cot2 On 

But the best method would seem to be that of .Mayer (proposed in 1814), which is peculiarly 
fitted for eliminating the eftect of an irregularity in the figure of the 1frrnts, since the dip can be 
found on almost any part of the circumference of the axle. This metl1oll cousists in loading the 
needle (near its axis), and tbus changiug· its din'ction. The new· position is conditioned by the 
equilibrium of the magnetic force and that of gra\·ity. The tilt may amount to 900 or more; aud 
should the needle be deflected into the adjacent _quadrant, the algebraic sign of the obl!erved dip 
changes, and must be attended to. For want of a better contriyauce, a drop of sealing-wax may 
be applied to the side of the needle near its axle, arnl observations may be made with the needle 
variously deflected lJy chauging its 11uantity, or by letting it act at a different leverage. The ordi
nary rules for observing dip are adbered to, !Jut special care must be taken that the weight be not 
changed iu position in the :wt of reversiug t!Je polarity. This method of reduction may also be 
followed if ordinary needles differ as much as 30 or 40 in any of their separate results, dne to 
change of face or polarity. 

Leto,, Dm Ou" Om,, be tbe observed dips, say, with face of needle E, face W, and after change 
of polarity, with face \V and face E, respectively, and-

Then-

M = cot 01 + cot e11 

m = cot 01 - cot On 

N = cot Om + cot Oun 

n = cot Om - cot Oun 

cot e = ~l\I~n_+..c__N~n_i 
2(ni + n) 

The record, as given in the following example to this method, shows that the dip was noted 
while the needle was oscillating, and that between the second and third horizontal lines the needle 
was lifted off the agates and let down again. 
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M a,gnetic Dip. 

Station, Washington, D. C. Date, Septembet' 2:J, 1856. Dip-Circle Barrow No. 5. Needle So. 2, 
loaded near axle. Observn, C. A. S. Time, commenced ll1' aom; concluded 111

' 55m. 

L 

s. 

-34 

-35 

-34 

-3.S 

-a.1 

pQI,A_UITY OF ~IARKE.D E~D ~ORTH. 

Circle cast. Cirde west. 

Face east. 

00 -34 50 

25 -35 18 

4S ~-35 on 
JS -3,j 00 

09. ;) -:·tl 04_ 2 

-35 06. 9 

-34 4:J, 5 

Face ea8t. Face west. 
----------- ----------- ----------. 

s. N. s. N. s. N. 

-------------- ' 

2-1 10 21 as -35 30· -34 02 25 12 25 12 I' 

24 4B 24 00 -:14 10 -35 18 24 42 24 10 

I 24 46 21 35 -33 w -33 49 I 25 20 24 32 I 
___:~".._:___:4- 0".__ _-35 ~ - --35 -=:__j _ _:~".__ ___:"._1:2_[ 

24 30. o--~1~~5- _ =~~-4~~---~4 -~~I~ 57. ~~ 54. o 

24 24. 7 

24 55. ti 

-34 43, 5 ~4 55. 6 

o, =-34 5~. 2 flu= 24 40_ 2 

POLAJUTl' OF :MARKED END SOUTH. 

Circle west. Circle east .. 

Face west. }"ace cast. 
--------- - -- -------- ll Face west. 1· Face east. j 

---~----,------------·-.------------ -- ,---· ------------! 
s. K. s. N. I s. I N. ! s. I N, I 

- ___ 1 ____ I- _: 
i r -41 oo -41 5;, 29 ao 29 21 -42 14 I -41 03 29 55 29 o9 I 
j l -12- 10 -40 48 30 30 I 30 23 -41 02 I -4~ OS 29 20 29 41 \ 

'~ -42 10 -40 50 31 35 I 30 29 -42 09 i -42 05 : 29 29 29 18 I 
l -41 00 -41 5l 29 2." l ~9 l!O -41 10 I -41 10 I 29 48 29 35 I 1-----_______ , __________ \ _____ -------· 

-41 35 -41 1 30 00 ! 29 54~ B I -4~ 38. 8 ! -41 36. 5 I 29 38. 0 29 25_ 8 I 
-41 21'. 0 29 57. 4 -41 37. 7 29 31 

-41 37_ 7 2~1 31.9 I 
61JJ'=-41 32. s e1111 =20 4t. 6 I 

Azimuth-oi-rcle. 

Magnetic prime vertical ....•. _ •.......... 
:Magnetic y>rime Yertical ........... . 

-090 001 by north polarity. 
2470 .50' by south polarity. 

J\'Iean ....... _ .... _ . . . . . . . . . . . . . . . . . . . . . . 6SO 213' 

Determined before needle was loaded. 

Computation. 

l\f. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................... . 
tn ............................................................. . 
N....... . . . . . . . . . . . . . . . . . . . . .................................. . 
n .••..............•••...•... 

= + o. 74476 
= -3.60956 
= +o.62167 
= -2. 87855 

• ·.@ ........................................................... =+71019'.l 
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3. ABSOLUTE AND RELATIVE MEASURES OF THE MAGNETIC FORCE. 

It is usual, wl1en accurate results are desired, to measure the lwrizo11tal component of tbe mag
netic force by mea11s of a portable magnetometer, and tlrn dip by means of a dip-circle, and to derive 
the total force by combining these. In high nrngnetic latitude!", wliere the horizontal component is 
feeble in comparison with the Vt>Ttical component, Lloyd's statical nwthod is to be preferred. To 
measure the horizontal force, two distinct operations are requfred, known as "Observations of 
Deflections r. and ''Observations of Oscillations." Their combination will enable us to separate, in 
the observed force, that part which is due to the magnetism of the magnet from that which is due 
to the earth's magnetism. Either of these operations, but especially the latter, will determine rela
tive horizontal _intensity, and, when used in connection with a base-station where the magnetic 
force is known, absolute results will also be obtained. In this case the observer should return to 
the base-station after the completion of his magnetic sur>ey, and again measure the magnetism of 
his magnet, which, in the interval, must be carefully guarded against changes, and the results must 
be corrected, if necessary, for loss of magnetism. 

The magnetomet,er.-There are two forms of unifilar magnetometers in use: those with a com
plete astronomical theodolite, or alt-azimuth, mounted to the magnetic north or south of· the box: 
in which the collimator-magnet is suspended, and on the same stand with it; and those which have 
the box: with suspended magnet mounted centrally o-.;-er, and firmly connected with, an azimuth
circle, the reading-telescope being mounted ecceutrically on supports. The first form (supposed to 
have been devised by Gauss) is the preferable one in field use; it admits of greater expedition, 
allows of great-er ease in observing, and is almost indispensable when the astronomical meridian has 
to be determined. With the magnet to the south of the theodolite, it readily admits of observatious 
of the 1mn, for the determination of time and azimuth (also of latitude, if required) without inter
fering with the magnetic work proper. Deflections are read off on the scale of the collimator· 
magnet, and must be converted into angular measures. The secontl form• (supposed to have been 
given by Dr. Lamont) is capable, perhaps, of greater accuracy, aud is better suited for a fixed 
observatory, especially when declination disturbances also are to be observed, or at stations where 
there is a large daily range in the declination. The angles of deflection are at once read off. In 
order to observe the azimuth-mark, the magnet and box: have temporarily to be removed, which is 
unnecessary in the first form of the instrument. \)\.'hen observing deflections, the bar, and conse
quently the deflecting magnet, remain fixed in the magnetic prime vertical, in the magnetometer, 
with attached theodolite; but in the second form of the instrument the deflecting and deflected 
magnets always remain at right angles to each other.t Improvements have been made at the Coast 
Survey Office in the construction of magnetometers, with a special view of making them more 
portable than the older instruments, which were found unnecessarily large and heavy. In 1871, a 
three-inch Oasella theodolite was utilized for this purpose. The magnet (3 inches long and i inch in 
diameter) and light box, with glass tube, were first attached to the upper frame of the theodolite; 
afterward to its stand, by which greater steadiness was secured. The relati\7e horizontal intensity 
only could be measured by means of oscillations. In October, 1874, a similar instrument was fitted 
up with 2 magnets, inertia-ring, and deflecting bar for absolute measure, the magnets being ouly 
about 1~ and 1~ inches in length. In the present year several instruments were constructed with 
4-incb theodolites and magnets, 1.50 and l.S4 inches in length, respectively; diameter, 0.3 inch. 
One of these instruments is presented in the accompanying plate. The upper part of the theodo
lite can be removed and the magnet-box: placed on its azimuth.circle. The operation for either 
construction of the instrument is t'ltlsentially the same, and the simple modifications necessary in 
using one or the other form in observing and computing will be specially noterl under the appro
priate beads of the work. When observing for time and for duration of oscillations, a. mean-time 
box-chronometer is most convenient for use; the observer will himself !take up the beat (half
second) and estimate fractions of seconds. For a. traveler, who dislikes to be much incumbered, a 
pocket-chronometer is much to be preferred, but the counting of the beats, generally five in two 

•See plates containing representa.tione of magnetometers, No. Z7 of a large-sized and No. 28 of a small-sized in
strument. 

t In thie eaee, the bar and box turning o~ the center of the azimuth-circle, a measnrAble amount. of induced mag-
netillm i$ developed in the deilector who. inclined to the magnetic prime vertical. 
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seconds, requires some previous practice. It is recommended to take up an even beat-say at o, 
10, 20, 30, &c., seconds-and count only the even beats, repeating the letters ab c din the intervals; 
thus, 10 ab c d, 12 a b c d, 14 a, &c. The letters are afterward converted into their equivalents 
of time; thus, 14 a would be 15".2. 

Obseri,ations of defiections.-The instrument being adjusted as for observations of declination, 
attach the deflecting bar, suspend the shorter of' the two magnets generally supplied for each instru
ment; the line of detorsion having been placed in the magnetic meridian, insert the copper damper, 
raise tbe suspended maguet to the horizontal level of the deflecting (or long) magnet, put the 
carrier at the proper distance on the bar, and, after placing the intensity (or long) magnet• cen
trally on it, commence making the observations as indicated in the following scheme: 

HORIZONTAL INTENSITY. DEFLECTIONS. 

FORM 1. 

· :Magnetometer with attached theodoWe. Deflecting magnet in the magnetic prime vertical. 

Station, Hampton. Date, July 11, 1862. Magnet C32 deflecting. Magnet 8 8 suspended. 
Observer, N. N. 

'sj j ~ Time. IT~i;:;:.ra-, ~le- /Alternate

1

1 I I ~ 
O't I <:::: I t readin gs.

1 

mea.na. ill 1 -! 
_;; ~ • I I _, I ,!; 

I "" i z I I A A 

1

1-1---;:-;;:--!li-o i--1--
i w. 10 ~ 18.8 20.2 I 

I ~ I E. 133. s !!(). 30 I 113. 00 
I ~ i W. 33 79. 0 20. 4 133. 55 I , 15 

I 1~1------ 133.6 ! ___ ~ 
I I 10 27. 5 I 78. 9 I I 113.18 ~ 

--1 !. ~-;-1--7~,-~: ~ -ma oJ---::1 ~ 
i I !. 10 29 I 79. 0 l:~ ! 19. 951 . 15 i 

' 1-- ~-;-;1--7;;;- II 113.10 

I Means • • • . 10 27. s / 79. O I 2 " I 113. H 

1~====~======""-=====~============7=========4 
: Tonion- 1· i circle. Scale. Differences. 

!------ I 

I 0 Ii 
II SJ 76. 5 

2. 7 

I
I : :: s.6 

2.!I 
83 76. 5 

I !:Eormea~=v=2.80 
i -------------[ 
! 

1'=7'.96 
5400•+11' 
:>4<JO (ar. co.) 

1+~ 
f 

L<>garithm_e. 

3. 73303 

6. 26161 

0.00064 

U= 

1•= 
1+~ 

f 

U= 

56•,57 

2'.843 

161'.07 

= 20 41'.07 

To.nu ... 
i 

p 
1--;:o 

m 
If . 

Logi.rithms. 

1. 75259 
0.45378 

o. 00064 

2. 20701 

e. 67106 

0. 90:!00 
!l. 119897 

(). 00040 

NoTE.-The order of time indicated above is d.eaigned to oorroot for 
chani;:ee In d<><:lination during th& ob&erva.tiont1 of deftootions. 

*A vertical pla.ne passing through its axis should also pas, through the line of 11uspe.naion of the shomr magnet. 
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HORIZONTAL INTENSITY. DEFLECTIONS. 

FORM 2. 

Theodolite magnewmeter. Deflecting and deflected magnets at right angles to each other. 

Station, Washington, D. C. Date, May 16, 1867. Magnet A deflecting. Magnet H suspended. 
Distance, r=l! feet. Log r=0.06695. Observer, C. A. S. 

I ..; I 1
1 

~ J ~ ! Circle-1-eadings~ i Circle-readings. 

g, ' ~ 1---·----,---, : I i 

~ I ,e jNo. A B I Mean. !No.. A I B ! Mean . 
.-i'1, ~ I ! i ' 1 ) --1--1-·-:·-:---, -1-, -;--

0
--, -;-:-1-,-

1 

E. 1125040.5 40.5! 40.50! : i I 
w. i I I 2 : 237 29. 5 i 29. 0 I 29. 25 

. E. 3 ! 40.5 40.0 40.25 II I I 
l 
l"l I w. ' 4 ' 29. 0 '12!'. 5 I 28. 75 

E. 
1 

5 i 42.o 42.0 1 42.00; I __ 
I Mean .................... J 40.92 ! ..................... [ 29.00 

-- I ;--1 I 1---

1 

w. I I ! I 6 237 32. :; 132. 0 I 32. 25 
E. 7 I 250 32. 0 31. 5 I 3L 75 ' 

~ I w. ! I 8 I 32. 5 I 32. 5 32. 50 

.. i E. 9 I 31. 0 131. 0 31. 00 1· I I 
p- 1 W I JO • 33 0 I 3n 5 'I ~2 "5 I . I \ __ , I . i k ,_"_._·'_ 

i Mean .................... J 31.371 ................... ..\ 32.50 
I ' I I 

0 , 

Magnet E., 2u=13 11. 92 
Magnet W., 2n = 12 58. 87 

Mean=l3 05. 40 

U= 6 32, 70 

I I Logs. 

j 1---
1 :. i ::::~ 
I , I Siu u I 9. 0.5684 

i 1 - ~ I o. 001a6 
h.m. o I r~: 

Time of commencing, 3 29 Temp., 63. 5 Fah. i Induction* i 0. 00009 

Time of ending, 3 45 Temp., _ss_. s_ Fah. j 1---
64. IJS I Hi 8.95811 

The preceding forms are arranged for determining the angle of deflection (u) by wbicb)be 
intensity-magnet, acting at a given distance, r (expressed in feet), deflects the suspended maguet 
from the magnetic meridian, and for determining the ratio of the magnetic force (m) of the deflecting 
magnet to that of' the earth's horizontal component (H). For the case of the deflector remaining in 
the magnetic prime vertical, we have, with sufficient precision-

G = ~ r 3 tan u ( 1 - ~ - ~- • ) 

for the case of the magnets remaining at right angles-

;; =~r3sinu(l-~ -~ ·) 
where the terms~' etc., may be omitted_as too small to aftect sensibly ordinary observations. 

The first form requires the torsion of the suspension to be measured and to be corrected for;; 
in the second form, no twist is developed. The co-efficient P, depending upon the distribution of 
magnetism within the defiecting magnet, must be ascertained experimentally by means of deflec
tions at two or three distanees, and at least twenty-five independent measures should be made for its 
numerical value; it will generally be found to have a negative sign, provided the magnets bave 
their proper proportions of' length, viz : short magnet to long magnet, as 1 to 1.22±. 

"For mothod of determining the effect of induction and example of its application, see Coast Survey Report of 
1869, AppeDdix No. 9. 
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To find P, let A = value of;; for the shorter distance r, and A 1 =value of H for the longer 

distance r 1 1 then-
A-A1 

P=A Al 
r2 - r;_2· 

If for any two consecutive sets of observations the temperature of the intensity-magnet is not 
the same, a correction for difference of temperature has first to be applied• to the observed angle 
of deflection. It may be done by means of the expression-

sin u = sin Uo 
1 - (to - t) q 

where u0 = observed angle of deftection of first set at temperature fo; 
u = corrected angle in order to refer it to the standard temperature t of the second set; 
q = temperature co-efficient, to be determined from a series of observations of deflections, 

at a fixed distance, but at various temperatures. 
The cm-efficient Q, depending on the fourth power of r, may be neglected. The two distances 

rand r1 (to be measured from the middle of the magnets) may be iu the ratio of 1 to ,/?,nearly, 
but not to exceed 1 to v 3; or, for convenience, the second distance may be one-half greater than 
the first, but the shorter distance should not be Jess than about four times the length of the deflect
ing magnet. The correction for induction in Form 2 may be neglected in all cases where extreme 
accuracy is not required. In observing with the magnetometer and attached theodolite, we may 
eave time by noting tLte two extreme scale-readings of an oscillation, instead of waiting for the 
magnet to come to rest; and, in Form 2, we can also reduce the time of observation by setting the 
azimuth-circle beforehand nearly to the reading corresponding to the particular position of the 
magnet, and afterward perfect,ing the pointing on the middle division by the azimuth-screw. The 
scale of the defiecti.11g bart should be examined for graduation and eccentricity error,., and cor
rected for them if necessary. When using a magnetometer with theodolite, the angular value of 
the scale of the deflected magnet must be ascertained with great precision, and, in general, special 
attention is to be paid to the temperature of the intensity-magnet, which must be the same, or be 
reduced to the same, temperature during the observations of deflections and oscillations. These 
two operations should, therefore, al ways immediately follow each other. 

Obser.vations of oscillations.-The instrument being adjusted, and the intensity (long) magnet f 
suspended without twist, with scale horizontal, and the copper damper removed, the observer will 
arrange his scheme for observing tbe duration of a certain number of oscillations, from which the 
time of one oscillation is to be deduced. The~bulb of tbe thermometer to indi<>.ate the temperature 
of the magnet is put inside the box, the stem projecting :outside. The mean-time chronometer,§ 
whose rate mast be known, is placed at a safe distance below the telescope, allowing, however, the 
observer to take up the time without changing his place. 

With the ma.gnet at rest, the vertical thread of the telescope should point nearly to the read
ing on the scale of the magnetic axis, or to the center divisiou. Oare must be taken that the magnet 
have no up and down vibrations ; a horizontal motion is then given to it by means of a small mag
netized piece of steel, sufficient to make it oscillate for about twenty or twenty-five minutes before 
coming to rest. The oscillations are counted as follows: Suppose the center division of the scale 
to pass from apparent right to left, call its first transit over the line of collimation of the telescope 
0

1 
and note the time (the minute having previously been noted, the sooond iis added without taking 

the eye off the telescope); its next transit will be from left to right and is called 1, the next fol
lowing one from right to left is called 2, and so on until the tenth transit is observed, when the time 

•For greater aeeuraey, the values of A and A1 require also to be correeted for effect of induction in that form of 
instruments giving the drflevtio11-angle directly. See" On Induction," Collllt Survey Bepart of 1869, Appendix: No, 9. 

t A wooden bar 'is preferable to one of brall8, 011 account of its grea.ter llghtn- and. lllll8 variability in length 
with change of temperature. 

i Thia magnet generally serves also for obeervationa of declination. 
~If sidereal, we simply consider it as a mean-time chronometer with a large rate, and correct for it accordingly. 
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is again noted, for which purpose the beat of the chronometer bas t-0 be taken up in the usual 
manner. The duration of ten oscillations being thus approximately known, the intervals aud whole 
number of oscillations t-0 be observed can be properly arranged. With the light maguets now in 
use, two fibers, and for those used in connection with three-inch Casella theodolites, e\~eu ~1 siugle 
fiber suffices for the suspension. The !Jest arraugement yet ue\·isetl for ordinarily ouserYing oscil
lations is the following: Begin with apparent motion of the maguet, Ray, from right to left, and 
note the times of, say, three transits; then take an equal number from left to right, to be followed, 
after an interval of a few minutes (of rest to the observer), in order to get the duration for, say, 
one hundred oscillations, by a similar set of' transits from right to left; and conclude finally with 
an equal imrnber of transits from left to right. It will be noticed that for even numbers of oscil
lations the apparent motion is from right to left, for odd numbers the reverse. We thus provide 
experimentally for any effect of a change in the declination during the observations, the final mean 
duration of one oscillation being unaffected by any such change. It is adviHable not to extend the 
entire time consumed in a set of obsen'ations beyoncl a quarter of an hour, and to make the inte1·val 
between any tw-0 consecutive observations (the magnet swinging in the same direction) hetween 
one-third and two-thirds of a minute. '1-'his giYes ample tirne to take up the beat of' the cluonorn
eter, which is clone, say, ten seconds before the expected time of transit, and to await it deliberately. 
The arrangement for a particular case is shown in the form given below; here the three inten·als 
(rough ones only) of 39•, 4B0 , and 3m 12• are known beforehand, and must be mentally aclded to the 
observed time in order to be prepared for the next following transits. "''ith the time of ~"transit 
only roughly known, the observer will not be biased in his estimation of the obser»ed fraction of 
a second. For each particular magnet, depending mainly on its mass an.d magnetic intensity, a 
special scheme must be devised, guided by the principles as explained above; but the same scheme 
may be adhered to for a number of stations, unless the survey extends over a space within the 
limits of which the earth's horizontal force has widely different values. Special attentiou is to ue 
paid to the correct noting of the temperature, and the observations must be accompanied l>y meas
ures of the torsion. The correction for induction may be omitted except when great accuracy is 
demanded; it arises from the fact of the magnet having greater force, by inunction, wheu sus 
pendecl in the magnetic meridian, than in the position at right angles to it (as in ucflections). On 
the subject of induction, see Coast Survey H.eport of 18(j£1, Appendix No. 9. 

II Ex. 81-35 
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IlORIZONT.A.L INTENSITY. OSCILLATIONS. 

Station, Washington, D. C. Date, August 12, 1871. Magnet .. A. suspendetl. Inertia-ring, No. 
- (not used). Chronometer~ Park. & Frod., 1216. Daily rate, -1".75 on mean time. Observer, 
C. A. S. 

' I Jt. 11L. 8. 

0 11 ~ 2J. 0 

JO 

20 

--; 

31 i 
41 i 
51 ! 

29 03. 0 

42. 2 

30 25.1 I 
31 0·1.2 

4:i. 2 I 

i ' 
Temporature. Extreme scale- ! 'l'ime of 100 

t' i readings. oscillations. 

I 

7!J. O .Fali. o. 0 I 

I 

I 
i 

I m. 8. 

l~. 8 I 
I 

I 

-==I 
100 i 
110 I 

l~O i 

34 55. 2 j w. ~ L H Ii 

35 :u. 3 , I 
36 13. 5 I 

I 

i 
!ti. 8 

:.JI.~ 

31. 3 

:11. 3 

:;a.2 I 
141 I 37 35.3 : 

--: 
131 ; 31.1 

31.] 

:n.o 151 I 38 14. 2 i 80. 0 4. 0 I 14. B ! 
---~----i -----1 

_ ~e~n~~~~~_:_·_~ L~_5 ___ ~~~~~~ ..... -·I _ _6_~1.17 
Co-efficient of torsion. Value of one scalc-dh·ision = 2'. 90. 

I Torsion 
circle. 

30-0 

30 

210 

300 

Scale. ! 1\Iean. I Ditter· I v = 2'. 75 
i ! encos. i 

---i:-- 1--1 
i I I 

'" ~ ' 11 2 I 10. 0 I I · I I J.O I 5400'+v' 
7. 5 10. 5 1 !J. o 

1
1 . 

I 1. 9 I 5400 (ar. co.) 
!J. 8 ; 12 0 I 10. y' I 0. 9 

9.2
1

10,,
1 

rn.o
1 

----~--.-!-::l-or mean = v = I 0. g:; 

lt 
1+7 

<Jalc.:ulati01i by-

Lo?;arit-hins. j 

~---1 

I 
3. 73261 

6. 26761 I 
-0.000'.:2-I 

I 

( 
r 

T'=-=T'' 1+j)(t-(t'-t)q) 

Observed time of 100 oscillations 
Time of one oscillation .... _ ... _ . . . _ ............................... . 
Correction for rate , ·-· ................................. _ ....... = -

T' ......... . 

/II. 

391.17 
3.9117 
0.0001 

3. 9116 
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(t'-t)q 

I Logarithms. 
1 

T' I 0. 592.15 

T'' 1-~~no 
1+} I 0.00022 

I 
q I o. 00027 

t'-1 

1-(f'-t)q 1- (t' - t) 'J J µ, 09Y9'1 

Induction I o. ooo·w 1---11 T~ I 1. 1F5fj7 

7f'~ K I t 40002 

1----
m 11 i o. :l14H5 \ 

m ' Y. 5";5W ! 
4. :lGJO = II . [ -· v. n:mw .. , 

·rn I H 8. ~l:l,-,37 j 
m lJ o. 214!J,) l 

m' 1--!I. 1so~-i1, o. 37G-O = m j fl. !'>751G 
1 

+ From ohscn"ntionR of flettection: lJnto, August 12; t = 7W.J. 17 Feti. 

Let H = the horizontal component of the earth's magnetic force; m =the magnetic mome11t 
of the intensity-magnet; K = its moment of inertia (inclusive of stirrup and balancing-ring,t if 
any); T =the time of one osDillation: then, from observations of oscillations, we have the expres-
11ion for the product-

where "' = 3.14159 

The observations of deflections give the ratio ~ and the observations of oscillations the pro

duct ni H; m and H cau therefore be eliminated from the two equations, as shown in the prcced
i ng example. 

To determine K, a truly-turned brass or bronze ring of known dimensions a11d weight (about 
equal to that of the magnet) is placed on the magnet. It is correctly ceutered by means of two 
centering-blocks, and when suspended must remain in a horizontal plane. The number of suspen
sion-fibers must be doubled for the purpose. In this position a set of oscillations is obsen'ed 
similar in arrangement to that already explained; anrl if T1 be the time of one oseillatiou of the 
loaded magnet, and K 1 the moment of inertia of the i·ing, thcn-

K = K1 (1\2~T2) 
A series of not less than tweh-e sets of obsen'ations of oscillations, with the magnet alternately 
nn loaded and loaded, is to be made, eacl1 set duly corrected for torsion, rate of chronometer, and 
difterence of temperature, from which the value of K is deduced. These results are tD be com
bined with a view of eliminating the effect of' changes in H during tl1e ohser"ations; thus the 
mean of sets 1 and 3 is used with set 2, the mean of 3 and 5 with 41 &c., the firi:t and last setR 

being alike either with magnet unloaded or loaded. As the torsion changes with the weight, 
observations for torsion must also be made with the loaded magnet. To find K1 let r and r1 repre
sent the inner and outer radii, expressed in decimals of a foot, and w the weight of the ring iu 
grains, then-

K1 = 2- (r2 + r 1
2

) 1c 

The values of log rr2 K for different temperatures should be tabulated. It suffices to assume tbe 
ordinary co-efficient of expansion for brass (0.000010). 

t'fhis small bala.ueing-ring_ most remain in the same position ns in the observations for intens!t.y; lmt itR use 
should be avoided, if nt all po88ible. 
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The reduction of the time of an oscillation to au infinitesimal arc is generally so small as not 
to affect the magnetic results. If a and a' express the initial and terminal semi-arcs of au oscil
lation (in parts of the radius), then the corrected value for T2 will be-

(
1 - n a/)2T2 

16 

This correction can be avoided by swinging only through small arcs. 
To reduce the measures of deflections and oscillations to the same temperature, let t = the 

temperature of the magnet when deflecting; t 1 =its temperature when oscillating; q = the change 
in magnetic moment of magnet for a cbange in temperature of 10 Fahrenheit, then the co-efficient 
to be applied to T 2 is equal to 1 - (t' - t) q, as shown in the example. The "alue of q is not con
stant, but, for a moderate range of temperature, may be taken as constant; it must be obtaine<l 
experimentally, either from oscillations or from deflections, at various temperatures, hnt tile magnet 
should not be subjected to a greater range of temperature than from about 320 to 1000 Fahrenheit. 
These observations must be comlucted by tlie alternate use of a .iacket of ice and of bot water, or by 
the aid of extreme natural temperatures; ample time must, however, be given to the magnet to 
establish again an equilibrium in its magnetism; all rapid changes from cold to hot (or vfre versa), 
will give decidedly erroneous values for q. 

Supposing not less that three consecutive series of obsenatious of deflections for finding a 
value of q, and the first and third series to be at nearly the same temperature, with their results 
combined to a mean, and the second or intermediate series at a gre,atly different temperature, then 
q ma;y be found, with sufficient precision, by the expression-

a ncot u 
l/= t--to 

where a= the arc value of one division of the scale of the suspended magnet iu terms of the 
radius; n = the difference of scale-readings corresponding to the difference of temperature t - t 0 ; 

and u = angle of deflection at the lower temperature t0• In every case the arrangement nrnst be 
such as to eliminate, as far as possible, any effects of changes in declination and intensity during 
the observations. If other instruments are available, it is best to correct the readings for observed 
changes in declination and intensity. 

Example to observations of ilefiectfons for ·Mlue of q of magnet H. 

\Vashiugton, D. C. Magnetic obsernitors. J. S. H., observer. .A.pril 14, 185G. Magnet 0 17 sus
peuded. Magnet ll deflecting l't a 1listance of 2l inches to the cast of snspcndcll magnet 
Mean declination-reading of the day, 62<1.i, Oue scale-division of 0 17 = 2'.80. 

h. m. 

10 ()'.!a. Ill. 

~ I 
: I 
s I 

I 7 I ! etc. 
-- ------ --·~--- -~--

d. d. 

59. 3 28. 82 

59.U 28. ~ 

GO. 5 21J. 07 

60. 9 29. 1:; 

ti!. 3 28. 7:1 

61. 8 !!ii. 21 

62. 2 Z7. 64 

I 

-g ~11~ f 
t _3 ~ B 
jg o.S I' r.S-r; [i 
~~ ~j ~~ s~ 
g .5 § ~ 0 ~ !: ~ 

·~a] ~~~:3~ ~~ 
~ .s I ~ .... 
~ I g ~ 

:;i: 8 I~ I @ 
d. d --1,'-d.-·--

+3.l -1.~1 27.71 H.O 

2. 5 o. 891 21. 95 m. 3 
l.D 0.67 28.40 73.l 

1. 5 o. 54 I 28. 61 87. 9 

1.1 0.391 28.34 74.3 

-~: __ ~::I~~:~ :~: 
*Brooke's declinometer; 1 «livieion of Reale =1'. ,_ 

Heading of 0 17 before introducing H ..........................•............ 
Reading of 0 17 during deflection . . . . . . . . . . . . . . . . . . . . . . • . • • . . . . . .....•.. 
Heading of 0 17 after removing H .... - ........... - ........•.............. - - . 

d. 
149..4 

28.0 
149.3 

Angle of deflection .... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5° 39'.6 = 121.3 
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The above part,ial results, which form bnt a portion of the observations taken, may be arranged 
as follows: 

I 
i 

: Sot num-1 
J bor- J 

I 

.e--,[-Difierenceti in

"' . t J 1--- --------
.~ ~ I Tempera.- Scale-tlivis 
_ turc. ions. 

"' - - ----- -------

1 and 7... 43~ 41 27~~4 22. 2 · Qd~l 
~ 2 and (L .. I 57. :i 27. 97 ti. :J O. lB 

' a and 5. . . i 73. 7 2~. :r; ~. l , n. z;.i 

L. ....... _!_7.9 ~-~1-- 2"2.3 -- 0.40' 

Mean fi:>. li J 21'. l5 i Sum, fiU. !t 1. 37 
I , ------ -- -

Log a....... . . . . . . . . ............... _ ........ _ .... _ .. _ .... _ _ . _ .... _ .. . 
Uo. log rad. iu minntes . . . . . . . . .. . . . . . . . . . .............................. . 
Log n . ...... _ .. _ . __ .......... _ . . . . . . . . . . . . . . _ ..... __ . __ . _ . __ . _ .... _ 
Log cot 11 . ••••••••••••••• ___ .•• _ •. ___ •••. _ • _ •• _ •• _ • __ .. ___ ••••••• _ • _ ••••. 

Oo. log (t - t(I) . _ ••....•..... __ •.••.. __ ..•... _ . _ •••.... _. _. _. ___ ..••••••.•• 

0.447 
fi. ·iii 1 
0. 1:H 
I. 00-1 

S. 215 

Log q .. .........•....... . . . . . . . ... - .....•....•..... G. 267 
q = 0.000185 

If it is clesirahlc to check tlie. preceding result, we can also ti ml the value of q from three or 
more consecutive series of oscillations (always combined in accordance with the principle o~limi
nating changes in intensity) at different temperatures. Let T and T0 be the observed timeH of one 
oscillation (corrected for rate of chronometer aud effect of dilatation of magnet) at the temperatures 
t and t0 , then-

T~ -Toz 
q = --,-:i----- - -

I 11 (t - t11\ 

If the magnetic moment m of the magnet has been determined at a number of stations, the 
diflercnt values may be reduced to a standard temperature. Let m0 = magnetic moment at the 
standard temperature to; m =the magnetic moment at any other temperature t, tlien-

mo = m [ l + (I - fo) q] 
If the values of mo are armnged ac~ording to time, the gradual loss of magnetism will become 
apparent in a few weeks, unless the magnet be an old one, when _yearly determinations of m indicate 
but a slight loss. A new magnet is not well suited for inteusity-<letermiuations until the lapse of a 
month or two. See Ooast Survey Report of 1857, Appendix No. 32. 

If F = t-0tal magnetic force; H = its horizontal component; V = its vertical component; and 
o = tbc angle of the dip (reckoned from a horizontal line), tlten-

F = H set~ o = V cosec u 
To convert measures of inteusity expressed in British units into their equh·alcmts expressed i11 

the metrfo system, in which the millimeter= 0.00328087 foot and the milligram = 0.013432:l graiu 
are adopted, we multiply lly the factor 0.46108 (log factor = !).60378). Its reciprocal is 2.Hi88 (log 
reciprocal factor= 0.33622), l>y which iuteusity-measnres expressed iu metric units are to be mu!. 
tiplied to give their equivalents, according to the British weights and measures." 

•The units for the measure of the earth's magnetic force are the second of mean tirue, the foot (or, in tlw metric 
system, the millimetre) a,nd the grain (or, in the metric system, the milligram). In statical measure the unit of mag
netic force is the pressure of a unit mass under the intlueuce of a unit force, which would pr<><lnc<\ if the mas' lie free, 
during one second a vclocit.y of one unit, and not a volocity g (which in latitude 45" iii equal to :12.17 foot, or '.lm.HOli), as 
is commonly adopted in workBon dynamics. This adopted unit of measure. considered <lynmnically, implic~ that. tho unit 
of accelerative force will produce the velocity 1 in the time 1. This unit of force is therefore !J times srnallm· than the unit 
of gravitation-force. Thus, supposing the horizontal force of th<> ea.rth'1-1 magnetism to be (i11 HritiMh nnits) 4_3;, at 
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CONCLUDING REMARKs.-The degree of accuracy attainable in the magnetic measures ca.n 
only be estimated, chiefly on account of the almost incessant changes in the action of terrestrial 
magnetism. With well-constructed instruments, such as have been supposed in this article, and 
with fair observations, the resulting declination for any one day may, in our magnetic latitudes, be 
affected with no greater probable uncertainty tbau about ::!:: 1' to :1::3', and correspondingly less if 
the observations extend over more than one day. The dip may be affected with a probable uncer
tainty between ::!:: 1' and ::!:: 5', according to the perfection of the needles and the number of 
observations made; and the horizontal intensity, in general, may become known witbi11 about its 

4 Ao part from any one day's observations. To find the effect on the total force, we have the relation-

d F = d H sec ti + F tan o d o 

To sooure uniformity and completeness of record, the Coast Survey observers are furnished 
with blank forms, Nos. 1 to 5.* 

Washington in 1877, what is moant is that this forco is equal to a prossnro of a mass of 4.35 grains when under the 
iullnenceof an attractive force which would produce during one second a vclooity of one foot. The tiame, if expressed 

in ordinary units of gravitation-force, would bo _4.35, or 0.135 grain of pressnre nuder the earth's attraction. 
32.17 

1 
Tho unit of magnetic force in the metric system is 9tio6 of that of gravity; hence the unit of magnetic force in 

tho British system is to that of the metric system as 9806 : 32.17, or nearly 305 times greater than the latter. To change 
numerical measures of intensity expressed in units of t~ metric system into their equivalents exrresRed in C. G. 8. 
measure (or in units of the centimetre, the gram;ne, and the second), we have only to shift the decimal point one place 
to the left. 

The earth's magnetic energy acts upon a magnet as a couple, the attractive force exerted on one-half of the magnet 
being equal and opposite in direction to the repulsive force on the other half. 

* "or further informa.tion on the subject of this pn.per the reader may consult the following works: 
Magnetical Instructions for the use of portable instruments, etc., etc., by Lieut. C. J. B. Riddell, R. A., P. R. l:l., 

London, 1844; with supplement, London, 1846. 
Handbuch des Erdmagnetismns, Dr. J. Lamont. Berlin, 1849. 
Mannal of Terrestrial Magnetism, by Major-General Sir E. Sabine. Extracted fro;n the Admiralty's Manna! of 

Scientific Enquiry, third edition, H:l59. 
Terrestrial ancl Cosmical Magnetism. The Ada.ms Prize Essay for 1865, by E. Walker, M.A. Cambri<lge (Eng

land), 1866. 
A t,reatise on magnetism, by Sir G. B. Airy. Lomlon, 1870. 
A treatise on magnetism, general and terrestrial, by H. Lloyd, D. D., D. C. L. London, 1874. 
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APPENDIX No. 17. 

METIIOD OF CLOSING A CIRCUIT OF TIHANGULATION UNDER CEHTAIN GJVEN CONDITION!:l, BY 
CHARLES A. SCHOTT, ASSISTANT, AND M. H. DOOLITTLE, UNITED STATES COAST SlJHYEY. 

It has beeu deemed desirable to preface this paper by some general and explanatory remarks 
on the adjustment of triangulations by application of the method of least squares. 

First, with respect to directions or angles measured at any station. Such measures will cxhiliit 
small discrepancies, which are caused by the unavoidable imperfections of measure. They are indi
cated by the want of identity in the value of any angular space resulting from the difference of it;; 
two directions when deduced in more than one way from difierent combinations or series of meas
ures.• If angles are measured directly by means of repe<iting-instruments (now only used in sub
ordinate triangulations), we find discrepancies in the sum of two or more angles given separately 
when compared_ with the whole space measured.+ To this kind of comlitions also !Jelongs tllat of 

•;~or method of treatment and example, see Coast Survey lfoport for 11'E>·1, Appendix No. :~:i, pp. 71to7G, Art. A; 
and for the uctermination of tbe probable error of a resulting dirnetion, Coast Snrvey Report for 1004, Ar•peu<lix No. 14, 
pp. 120 to 124, Art. 3. 

t For treatment and example, see Report for 1854, Appemlix No. 3.1, pp. 76 to 7!J, Art.. 13; and the briefor method 
with tho aid of correlations, in the Report for ltl6tl, Appendix No. 8, pp. 141, 142. 'fhe t>roballlc error of each anf(le is 
deduced in the nsual way; but, as triangulations aro now generally adjusted " by directions,. and uot "by angles," we 
require to know tho probable error aml weight of ea.ch direction. Tho process given in the l~eport for 18G4, l'P· 124, 
125, Art. 4, bas been superseded, since 1868, by the simpler one of trt>A'lting an angle as the rlitfercnce of two directions; 
and since no example ha.s yet been given, the following one will suffice to indicate the process. 

Suppose but t\\'O angles measured, and each individual measure to consist of an equal nnmher of repetitio11s, "'" 
subtract tho mean (or resulting angle from adjustment, IM! the CIM!e may be) from each measure, antl arrange as fol 
lows: 

STATION, H!JHDEN. 

Abstract of remaining erro1·8. Et·rm·s and tlu;i,r squarcs. 
[N. B.-To avoid the negative sign, we subtract from 60".] 

I I l'ine Jiit. Deakyne. I Buck. I Moan. 

--- ---', ___ I __ _ 

(I 

0 

u 

(J 

() 

0 

0 
(> 

0 

! ' 
5!1. l.! I···--·-·-
!W. (I I ........ --·' 5H. ~ 

56. 0 i ......... 1 58. 0 

5~:: L::::::::·, s~:~ 
J9. 4 

59. 7 

0. 7 

0. ~ 

I. 2 

5H. 4 

5H. 7 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

1 .......... : 

I ........ . 
I 
1······ 
1·-.. ·-·--
j -• -......... . 

\···-···· 
1. ·---·· 

·--~~ ~- ··1· 
.3. 5 
0. fi 

1.3 

0.6 
5'!.2 

58.0 

o. 3 

58.2 
56. 7 

0. ~ 

u.~ 

.;,H. 7 

59. ti 

59. t' 

0. 3 

l. 2 

0. 4 

0. r. 
mt7 

0. 4 

I. 7 

0. 3 

0.6 

o. :i 
5Y.1 

59. 0 

0.1 

59. l 

58. 3 

!l. 4 
0. cj 

/ Pine Mt. i Deakyne. ! Enck. 

I 
'°' 1 '°'' __ '°'_I~_'"'_!~ 

i ! 

I 0. 4 ; o. 2 o. 4 ! 0. 2 i .. _... . _ ••.• i 
0.2 ~ 0.0 o 0 0.(1 

1 

_____ _ 

i. 0 ~ 4. 0 2. lJ t. (J 1 • - •••• 

0 l' 0.0 U.2 ll {J 1 ...... ------: 

1.2"' 1.4 1.2 L4 !······ ·····-: 
o.a o. 1, o.;i o. 1 !·-···· ...... : 
0. 2 IJ. 0 0. I 0. 0 ; . .. • . . .. ... - , 

0.2 0.-0 O.:J i O. I · .•••.• j ••• 
0.3 O. l 0.4 I O.!! \_ •••.. ! 
1. 2 1. 4 I. 3 1. 0 ' ...... j ..•. 

::~: ~:: ~:~ ~; :::::::1':::::: 
0. 1 < 0. 0 0. 2 o. ti .• - •...••• - • i 

••.••• 
1 
...... 1 u. 4 o.~ u. :) o.~ 1 

....... ' ..••.. t.7 2.n i.s / :i.2 

~ I 0. ;j 0. J 1 (I, J ( 0. l , 

:::~::1::::::1 O.f>; 0.4: O. 7 f U.5 

............ ' 0. 3 o. 1 0. :J II u. I 

.••••••••••• 1 u.n o.~ o.~1 o.t< 

.•••••.••• -- 1. O f l. (l L 0 ! L 0 

·:::::/::::::1 ~-~I!~-~ ~::r ~::, 
···-··1·-.... 11. 7 ,;,9 1.6: ~.(;' 
··-··1·····1 0.4 O.>! Oli O.~! --· __ -----! (I 4 {Ji~ I 0 -1 I (J,;.,: 

~~ -=I-;;,-: -.-. --/J;D J-. -1----;;1" 
--~~-----------·---·- ------
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closing the horizon, or the requirement that the whole measured angular space around the station 
equal 36o:i. Existing conditions of this kind, either among directions or angles at a station, may 
be termed" local comlitions ;" and the equations established for dispersing the errors ma,y be 
termed "local equations/' 

A second source of discrepancies is found iu the fact that certain geometrical conditions existing 
in the fignre of the triangulation remain unsatistied. Thus, the sum of the ang"ies in each triangle 
must equal two right angles plus the spherical excess. Also, all directions intended to radiate from 
or to converge to certain stations must really do so. The former conditions give rise to what h:we 
been called angle equations; tlle latter, to side equations. If both kinds of conditions are satisfied 
we shall find the same length and direction for any side, no matter through what seri~s of triangles 
it may be computed. These equations are, in a measure, exchangeable; thus, in the adjustment 
of a quadrilateral, for which fom· conditions are necessary, we may employ in the process three 
angle and one side equation, or two angle and two side equations, or one angle and three side 
equations; but all four equations cannot Le of the same kind. Tllese geornetrical conditions may 
be called "internal conditions" of a trhmgnlation.* 

Theoretically, the local and internal conditio11s should be satisfied together; lmt practicaily 
the number of equations is, in nearly all cases, so gi·eat that they must be solved separately. The 
internal conditions, especially, rise rapid.I;)· to an unmanageable number, when primary series or 
chains of tria11gulation ha>e an extent of several hundred miles. 

A third kind of errors, to which the title of this article specially refers, involVes those external 
conditions which, for instance, req nirc a secondary triangulation to jit exactly in the space left for 
it by a primary triangulation, or those conditions for any tria,ngulation forming a circuit and re
turning into itself, which are needed for idenUty of posU·ion of the starting and terminating Hues. 
These conditions have been termed "extemal conditions;" au<l these demand now our special 
attuntion. Thuy exist in all cases when a triangulation forms a circuit or returns into itself, and 

Tho 1uolmblo orror of a direction is foun<l by-

' = I - -0.4M }; "'" -
\. (a -1) diagonal co·eflicient~ 

Pine Mt. 
1

1
1
Dcakyuo. j Duvk:.. i 

' I ------- - --·--- -- --------- r---, 

~i~~~~·;;;,.;~~~~~~~·::.·:::::::::.::.::::j ~-!• ~; 0 !1.7 

.'l or number of oba<'rvatioua or series - .

1

1-1: 2fi 12 
0.455 ::;; l'I' . • . • • . . . . . . . . . . • . . • • . .. . 3. :l!I ~- 111 4. U 

(8~ 1) dia~onal co--etlicient... .. ...... OL :~ / 6t'i 

I •l ... .... .. ...... ...... .. .. . . . ... 0.l.l:J!}5 0 025'J ! O. ll61l8 

! ~-_:_~=~~~_-_:_-_:_::~:.:_--=-..=·I ~()". ~~- ±0".161 ±0~~ : 
In thi" caioe, t.l1c above rctiultts may be verified a,; follow8: Probable error of firi;t m1yk (l'im; Mt., Dca.k~·ne) . J i1:4r>iJx :J'j.H - ±ll" >10. 1 f' ti d I (l)' k B k) . ~ 0.455 x ai::!.2 ±0"" "' db .••. 1 _ _ -- -- _____ -- - ..... ,... , an< o 1e Rf"con ang <~ ca yne, 110 1 =-;;;: = '°'); ns 1<>un l~ 11.Ue 

14 x 1:l . . 12 x 11 ' -

ordinary nxpr088i1m-

J~·~:~1i' 
Hence, probablc error of tJ.JC tirnt direction (Pine Mt.) ::l::O~ o-.= ±C".20; and of tlie third direction (Buck) 

v~ 

~~~ = ± 0'' .26; and with considcrntion of the 1mm of the weights derivoo for tbe middle or common direction, the 

probable error of Deakyne= i/~:T~ • V' :::·ti/ = ±0".16 as above. 

Jfovhlg foun<l r,, the determination of weights fo1· ca.ch of the directions of the sides of a triangle is o:.rrietl ont 
ao showu iu tho Uep01t for ll:i&t, p. 12'J, Art. !.!. 

•]<'or m0thotl alll.l example, sec Coa.it Survey lwport for li:S54, .fi.ppenclix No. 33, PI" 79 to 86, Art. C; alao,Re1wrt 
tur ld64, Appeudix Nu. 14, l'l'· 12V and foll., Art. 11. 
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incloses au area bounded by a spherical polygon; also in cases where a giverr triangulation joins 
two others, relatitely .fi:x:ed; also, when a given tri~ngulation is required to terminate on a giYeu 
line or at a girnn station, fixed (say astronomically) in position. 

In general, a point on the earth's surface, iu order to be fixed, requires the knO\dedge of two 
co-ordinates. Hence a gh·en line, to lie determined in length and position, will require four data. 
In any single circuit, the number of "external conditions" therefore cannot exceed four. To fix: 
our ideas, we may refer to the case of triangulation presented in the surTey which, starting from 
Cape Henlopen, proceeds up the Dela.ware Bay to near the head of Chesapeake Bay, arnl thence 
down its whole extent to Cape Charles, from which a tertiary triangulation skirts the sea-coast, and 
finally re.enters at Cape Henlopen.• The distance through the axis of the principal triangulation 
from Cape Henlopen to tl1e head of Chesapeake Bay and down to Cape Uhal'les is 283 statute 
miles, and the distauce between the capes connected by subordinate triangulation is l'.!7 statute 
miles. Tue whole circuit, therefore, extends o\·er 410 miles. Iu this case, the errors must be di,;· 
persecl over the subordinate work only, the principal triangulation being relath·ely perfeet. The 
geodetic position of the line Cape Charles to l'Jast Smith is fixed by the principal triaugulatioD, and 
after eomputing successively the latitudes and longitudes of the trigonometrical points along tll,j 
sea-coast, tbe geodetic position of tile line Cape Ilenlopen to Lewes Entrance is reached, and the 
condition to be satisfied is to make the position of this line i1le11tical with that, assigned to it in the 
principal triangulation of Delaware Bay. 

The four co11ditionR to lm :satisfied for clo:sing a circuit may l.Je rE1presented h,Y the follo\\·iug 
equations: (1) The length e11natio11, which sec1ireH the reproduction of the original len.qth of the 
jnnction line, after c0tnputi11g through the circuit; (~)the aztrnutb equation, which secures the 
identity in direction of the line; (3) the latitude equation aud (4) the lougituue equation, whid1 
secure the identity in geographical position of one terminal point of the junction line, and eonst·
quently, by preYious conditions, also of the oqier terminal point, and hence of the whole line. 

The equations (1) aud (2) have been frequently employed, especially (.1), whicl1 enters whAnHer 
two or more base-lines have to be brought into accord, and is referred to in the Heport for 1854 (p. 

*81 ).t Equation (2J, which comes into use when azimuths are to be adjusted, is folly explained and 
illustrated by an example in the 1-teport for 1868, Appendix .N'o. 8, pp. HO to 14:3. lu all cases 
where e:xtrenie accuracy is uot 11eeded, and after equations (1) a.nd ('.?) llave bean satisfied, together 
with all the "internal" conditions of a re-entering triangulation, it is quite sufficieut, espeeiall,,· 
when the outstanding differences in latitude and longitude or constant,s of' equations (3) and (4) are 
small, to make simply a proportional distribution of these respective discrepanci{1s; tliat, in latitude 
a&cordiug to the longitudes of the intervening points, and that in lougitudeaccor<ling to the latitudes 
of the intervening points, or it ma~· lie done as in the case referred to in the li.eport for 1868. \\'hen 
such an approximate process is not admissible, the four external equations must be treated together 
with the internal equations. 

Let 
se=the' latitude of a starting point; 
.i.=the longitude of the same; 
ll'n and ;.,.=corresponding quantities for a terminal point. 

Then, in accordance with our usual formulm for the computation of the geodetic latitudes a.11<1 

longitudes (Report for 1860, Appendix No. 36), after omitting terms iuYoh·ing tlie square and higher 
powers of the distance k, 

J <p=<p,.-<p=-k B cos a 

.J l=.l.n -l=k A,. sec rn sin u. 

where B=p-1 (arc 111)- 1 and A,. =~-1 (arc l")-1, both talmlar qnantitie:s. 
Conforming to the notationf in nse in the survey, the establishment of t,he latitude and lon~i-

---- ~---------·~---------·----------·----------------~-- ----- ---· - --
• See, for iustauce, Sketch !lfo. 4 in Coast Survey Report for ltl70, where, however, the tria.ngtilation of Delaware 

Bay is not shown, for which she report for 1851 may be consulted. 
tSee, also, Puil!aant's Geodesy, 3d edition, Vol. I, Art 207. Paris, 1842. 
t.A.u a.ogle 1.2.3 is designated by the dift"erenoe of its two azimuthal directioas-J+~. A correctfon to the auglc 

is dcsigna.ted by the difference of the corrections to its directions, or by-(~)+ (~),the brackets iudicaLiug a correc

tion. The length of a side, 4 to li, is indicated by two poi"uts placed betwceu the numbers, thus 4 .. 5; aud a correction 
to as lenglh by ( 4 •. 5). 

- H. Ex. 81-36 
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tude equations, as developed* by Mr .. M. H. Doolittlt>, together with his methods of facilitating 
the joint solution of all the equations, is as follows: 

"The latitudes and longitudes of the points l, 2, and 8 
6 are supposed to be estalJlished; and those of the inter

nwdiate points to require adjustment, the computed posi
tion of 8 differing from the established position. 

"The corrections in latitude and longitude required to 
be made to the computed position of the terminal l'ltation 
may lie regarded as functions of appropriate corrections 

8 to the logarithms of the lengths and to the azimuths of 
the portions of a broken line connecting the terminal 

.z point '"ith the initial basP. These corrections to the log

Fig . .z. 

arithms of lengths and to the azimuths are functions of 
corrections to olJserved directions. 

"For distinction, let corrections reqnirecl as functions 
of corrections to logarithms of lengths be denoted by .J; 
and tbose required as f,rnctious of corr!'ctions to azi-
muths lJy .J'. · 

"Suppose that errors r<>qni ri11g corrections=- (;)+(~)am! -(~)are m.ade in observing 

thP m1gh•s '.!. :L 1 ~111d 3 .1. ~ respecti n•]y, 1\ l1Nt'hY the ratio of lengths ~-:_· 3 is vitiated. All distances 
. ' l. .::l 

and ditfore11ce11 of latitude a111l longitude dt>pending· thneupon are also thereby vitiated in direct 
proportion to their magnitudes. .Accordingly, c>mploying J (1<"&-¥2) and .J Ua- 12) to denote cor
rections n•qnircd 011 account of tLis Yitiation, we han~ 

and 

"It will be sufficien tls precise to take 'fB - rz and }R _ l.2 in minutes in tlie left hand memlJers of 
these equations. J_.et accents he attached to these and similar quantities to show whether they are 
taken in minutes or seconds. Then, since 

we shall ba·rn 
<) '3 

60(q8 - r2)' A log j' · ·-;, 
.J ( <t3 - 'f• )" = ·--------------.. ~ 

' 0.1:H3 
( i) 

60 ( ' · )1 L1 I 2 • • .3 '·s - 1.2 og I:::! 

0.4343 
.J (A.s - i.~)" (:!) 

''Denoting by Dif. log sin the tabular difference of log siu for 1", we baYe-

J log i-~~ = Dif. log siu 3 . 1. 2 [ - ({) J - Dif. log sin 2. 3 . 1 [ - (~)+(;) J 
a11d this yalue of J log i:: ~being substituted in (1) and (2), we haYe expressions foreorreetions in 

latitnde and longitude in terms of corrections to directions. 
"If a length equation following the same broken line has already been formed, the process may 

be abridged. Equations (1) and (2) readily reduce to 

724 A (ra - '{2)" =(rps -'{z)' X 100000 J log i:: ~ (3) 

72-i J (i.a - ).2) 11 =(is - J..2)' X 100000 .d log H. (4) 

•Jn October, 1874.. 
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aud if, in forming the leugth t:>quatiou, all terms ha\·e been multipl<'d, ai> usual, \Jy 1000001 the 
. :! .. ~j 

proper express10ns for 100000 J log 1-~~i may he olJtained b.r simply pr(•fixing to eacll of th(• cor-

rection-symlJohi (f), (~)and(~) the same co-efikient aud algebraic sign tllat it bas iu the 

leugtb equation. 
" In like manner 

• :1 •• ;'"i 
724 .J ( l'"a - 'f:.Y' = ('fa - \' 5)' x 100000 .J log., -- ;; 

. - •. v 

3 .. ;-) 
724 .J (1. 3 - 1.5 )" = (i 8 - i. 3 )' X 100000 .J log~ :. ;i 

Jlog~~~=Dif. logsin3.2.4[-G)+(~)J-Dif. log siu3.4.2[-(~)+(DJ 

+ Uif. log sin 3 . .t.5[ -(~)+(~) ]- Dif. log sin 4. 5. 3 [-(ii)+(~) J 
aud the proper co efficients and algebraic signs can be taken from the length equation. 

"All the azimuths betweert 2 and 8 are vitiated equally by an error in obscn-ing the angle 
1. 2. 3; and the effect on the computetl position of 8 is the same as thong·L 8 lmd been obsen·ed 
directly from 2 with equal error. Suppose, theu, tbat these two poiuts are joiuecl hy a straigut 

line (or great circle arc). Denote its length l>y 2 .. 8 and its azimuth by~· Then, omitting small 

terms, we have 

"Differentiating, 

8 crs - 'f~ = - B, 2 •. 8 cos 2 

. - • ') 8 ' 8 
1 8 - 1., = + _,, u sec er" ~ • • s111 :! 

d (is - Ai}= + ~>\1: sec '!B 2 .. 8 cos~ a~ 

(5) 

(Ii) 

"Passing to finite differences with a unit of 111
, ancl substituting the eorrectiou + (~) for J ~' 

I ) B " 8 . 8 . l{/ (3) .d (Si's - '{2 = + 2 ., • • SID 2 Slll 2 · · . ('i) 

J C) 8 • "(;:) LJ (J.8 - 12) = + A 0 sec 'fs .., .. ~ cos 2 sm 1 '.! . (8) 

"Combioiog t7) with (6) and (8) with (5), and taking the factors 'fs - 'hand i.a - ;., in minute8, 

)' B2 . 111 (. , )' ( 3) .11 (\l's - <f: 1 = + 60 -----cos p8 Slll "s - 1., '> As ,~ 
. • ' • (9) 

- As . 11 '(3) 
,jl (ila - il2) 11 = - 60 n-; BeC 'f'B 8111 1 (S's - S"z) 2 . • • • (10) 
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"In like manner 

LI' (v8-r3)"= +60 ~~cos 'Ps sin 1" Us-l.5)'[ -G)+(;D J 
<) 1 (! 3-J5)"= -60 t: SeC \OB Sin 1" (\fe-<f:;)'[-n) +cg)] 

'' Iu order to obtain general formulm, let n represent the computed position and n' the correct 
position of the terminal station; and let c, d, e represent successively every ca~e of ~h1·ee conseenth·e 
stations 011 the line 1 .. 2 . . . . . n. Also, let 

B - .1 3 3 A,. . 1" + 43430 A- cos \l"n Sill l"= a 1 anu - 4 4 0 "TI sec <fn srn = a2. 
n 

''\Ye shall tbeu lrn"l"e 

(11) 

(12) 

(13) 

(14) 

(15) 

. (16) 

•iOr, 

0= + 724 ( <fn -<pn,y' + .! [(:r,, -<prJ )' X 100000 J log~ .. ~·~]+ I: { 01 {Jn =la)' [ - ( ~) + ( ~) J ~ . ( 17) 

0=+ 724. ( A.n-1,., )"+I: [(i.,. -A-ri)' X 100000 J log:.'.',~]+ ;:; { 0 2('fn -<pd)'[ -( ;)+ ( ~) J} . (18) 

"In these equations, 'fn -q:,,, and 1.n-1.,,1 are taken in seconds, and 'Pn -<fd andJ.n-).d in minutes 
or seconds, as the accents indicate. 

"The values of a1 and a2 are as follows: 

''These formnlre are perfectly general, and apply to any broker: line connecting a terminal 
point with an initial base. The more direct line I ..• 2 •.. 4 .•• 5 ... 8 might be chosen with 
the ad\'antage of diminution in the number of stations; but on account of the increased length 

of expressions for J log ~:: :, &-0., it is somewhat more convenient to employ the same line which is 

most conveniently employed in forming the length equation. 
"NoTE.-ln the azimuth equat.iont when the longitude error is known the azimuth error sbouhl 

be increased by + sin rt (l.n -l.,.,). 
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lLLUSTR..A.TION. 

"In the snr•e.y on Long Island from Uuland-Taslrna to .'.\fcSparmn-East Hock (l~uited States 

~ 
fll 

~ 
Coast Survey Report, 1868, p. 140, plate 6), the broken line may be taken as conncctiug Ruland 
with McSparran. Observe that Ruland, though at the beginning of the line, is denoted by 2, the 
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more appropriate number 1 haying ueen ginm to Tashua. The length anc.l azimuth equations head 
p. 143 of the Report for lSGS. The latitude and longitude equations are formed as follows: 

I 
; d <J:i,t }..,,[ i !1p.,. -tpJ 

,'-··---·· ·--·-····- -····--- ___ J __ _ 
-/.,/)' 

, I 

o ' I 
l.Tasbna ...•........ ' 4115.6] 7314.7 +u1 -107. 6 

:1. Friar'8 Bead ______ : 40 ~~. 2 72 43_ 4 ~ + 31. 5 

4. ~u~ar Loaf- _______ ' 4l 22.J: 72 43.fi \ -;- 07.2 

.1. Shelter IRlaml. __ . ,' 41 04. G 72 21. 31 + 25. 1 

7. Nickerso1L..... .. . 41 2:1. fl 72 19 3 + 05. 8 

e. Montauk......... 41 03.0 71 M

0

D I + 25.8 
10. Lantern Hill...... 4127.6, 71 56:3 + 0-2. l 
11. Block Island .•.... , 41 10.5 71.35.2 + 19.2 

-~~ 

- 76.3 I 
- 76.5 

- 52.2 
- 26. 0 

- 29. 2 

- OB. I 

724 ( }.,.-}.n, )=+'.!i".iil'.:l 

d 100000 A log : .- :·:~ --m+m 
--- --------- ---.--- --- -- -----------

· 1 · 1 g ! (3) 
1 + o. o:i ( ~ )-o.10C )+0.10( 3) .. ·-·-·-----·-·-··· ............. ··---- --·---·-····; + 1 

3 - o. rn(t )+o.1r,(t)+o.060 )-o.oo( !) --···-·--··············· -···----·-····' - (J)+(D, 
4 - o. os C! )+o os( D-:..o. oocg )-o.oo( n ............ ---··· ·----· ---···- -· --- ; -U) +CD . 
" ... o. 26 CD:-0.20( D-o.02U )-0.10( D+o.12(i )-t-0.0"( ~ )-0.08( n------

1

1 - en+ CD 
7 -o.01(;,)-0.01(Dru22(D-o.22(Z) ---··-···--···········--·-··--·····-· - , + 7) ( 5) (8' ' 

8 -o.13(1n-o.13(i )+o.02( 1~)-0.02( 1~) ·-···--·······-····----·-···-······-·- -(D+(1s°), 
(10)· c11· .'r) (10) I (~)'(11)' 10: -o.os 8 7 0.08 8 J+o.o,( 11 -0.01 11 ---···--····---·---·-···---··········I - 10 ·r w. 

11., -o.12(m+o.12m)+-0.04(in+o.04GD-o.osG!)+-o.01rn2~~~1~~~-·-·· .... · i ____ -_c_m+ Gt) · 

: 
I d i 721 a. ( r/Jn - (J)(1 ) 1 724 A' (</>•-</>cl )1 

·-1----·· --·--·-------·- -· .--· ---···--··· --- ------- ···----··--~-·-

l II +o.4 ( D-1.4 n) +u CD···------·-··-·-·-·- ... ···--·---------·-· ·-·· ······ 
3, -5.0 c n +5.0 U) +1.9 ( D-1.9 (!) ----·--···········---··-----···· ...... . 
4 / -o. 6 ( ~ ) +o. 6 ( 5 ) +o. 6 ( ~ ) -o. 6 ( ~) • - . . . • . • • . . • • . ••.• - •. - - •.••••••.• - .. - . 

5 j-6. 5 (~)-HJ. 5 ( ~ )-o. 5 ( ~) -2. s ( ~) +J. o ( ~) +2. o ( ~) -:i. o ( ~) ....... . 
7 i -0. 1 ( ~) +o. 1 ( g ) +1. 3 ( ~) -1. 3 ( ~) . - .... - .. - -- - - . - -- ........ - - - ..... - .. - - . 

8 I ·-3.4 en +3. 4 ( n +o- 5 (1~)-r.5 (1~) ·----- ---· ...... ·-. ·-· -·-------- ·- ..... . 
. 10 i-0. 2 C1n +0.2en1--0.1 cM-0.1 cm-·---- ...... ··---··--··--·-···-··· _____ _ 
. u 1-:i. 3GD +;l.3GD-t0-sm)+o.sGn-1.s(i~) +i.a cm-I.a cm·····--· 

-11.2 c D 
+i:i.~CD-12.2(0 

+12.2( n-1:i.2(D 
+ 8.7 CD- s.7 n) 
+ 8.4cn- 8.4cn 1 

+ uG)- 4.3 (1:) I 

+ 4. 1 (i~J- •. 1(U) 
+ 1.acm- 1.aon 
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d 

u CD' 10.s(D-1oe(D ·---·······-···-·· -··········-·······-······-·· ! 

:i ~12.2(i)-122(D-4"(D-'-4"(D··· _ ·-·· ....................... . - ' 8 CD-'· -( ; J 
2. o ( D -~. o ( ~ ) 

- 7.0(~ )-7.l•( ~.) 

4 '6.1 en- G.t(D- •u(~)~ tLeU,) ·-··-······· ··-··----·-·-···········-
-'H 1 I") 111(;') 11(· 7 \. "4(:>\ o-(4) -·~·. ·(·n·) ' . \4_ . 4 -.. fl):;). \tl ;- l.-),1i, '1"\i) 4.J, 7 ·-----

, o5 (?,)- o.5(~)-114(D-'-IL4(;) ............... . 

F -i- 3.5 en- 3.5(D- 0.5(i8o)· 0.JG,) ................. ······· ...... , 
'10 : '2.3 en 2.:1(1J) 2.0({1) ~.o(i?) ·----···--·· ··-···-··---·--· -· .... . 
.11 -+· l.O G~)- 1.oG~.)- u.:1(:~;)- 0.3(g)+ Oti(iD- (Ilic~)- O.li(:~) 

Equation T~TTJI. (sc.) 

0.1 ( ~1) --0. I rn) 
; ;; .j U~) - :. I ( u ) 

o=+J.mis+ o..J(~)+rn.s(1)+ 1.1(~)-ri.o(i )-1'.l.:!(.~ )+i.u(l)-L0(:i) 

-12.S (; ) + O.<{ g ) + O.G ( r) + 8.1 ( ; )- G .. j ( ~ )- iJ.7 ( ~ )-0.t) ( ~ ) 
' . ' ,' ' , 

:!.5(~)+ 3.o(~)+rnA(~)-:?.o(~)- s.s( ~ )+ 0.1(~)+1.::;(~) 

+ 3.o(~)- 3.4Ct>- .:;.o(~)+5.:!( 1~ 1 )- 0J1(Zt})- 4.;:;(18°j+o.:?(~{) 

+ 0.1 ct1)+ l.:!G~)- :?.:3(i~)-'.l.4(i~)+ o.s(i~)+ o.sc:i~)-i..-;Gr) 

+ 1.,(11)+ l"(rn)· l"(Tl') ,.., _14 . ._) 14. - .. , 11, . 

Equation _·LY1'IIT. (i .. ) 

o=+27.31:?- 3.2 ( ~ )+ rn.r. ( 1 )-10.s ( ~ )+ 12.2 ( ~ )-rn.1 ( { )- 2.r. (, 1 )+ 4.•>( ~ 

2.1(~)- G.1(3)- G.s(g)+1::>.s(~)+1.u(~)-rn.1(~)+ 1.1(/;) 

+ ;;.,t ( g )- G.5 ( t )- 2. 7 ( ~ ) + 4.3 ( ~ )- G.iJ ( ; )- o.;; ( ~ )- 11.-1 ( ~ ) 

/ ') ' -(JO) - ( 8 )' ( 8 ' - , j ' 10 . 11 +1s.G( 8, + .L.> .7. - 1.1.1 7 - 0.-1 10)+ o.,>(10)- 4.V(s )- :!.:>( 8 ) 

- 2.0(1~)+ 7.4G~)+ i.oGe)- i.1G~)- o.3(i~)- o.3(g)+ o.G(f!) 

- O.<(i!)+ 0.6(i~)- 5.4(if). 
"'Vhile the preceding formulre are theoretically corr<>ct and comple-te, th Pre are s,nikmatic 

autogouisms which rwcessarily render the equations difficult of solution. For e-xam1•k, tlw :-;ide 
co efficient between the length equation and the longitude equation is equal to 

:!: ()-,. - i..,)' (length eq. co ef.)2 +::: { a2 (~ .. - rh)' [ -(~)+(~1) J } (lengtli C(J. ('O-ef.); 

and unless the stations are nearly e<ptally distributed on both si<!cs of tlie. meridian or station n, 
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(1.,.-i.,1)' will have predominantly the sa,me algebraic sign; and the first term of the allo\'e expres
sion will be \""ery large. The secoud term is as likely to increase it as to diminish it. Iu any case, 
the ~ide co-efficients of the length equation with the latitude and longitude equativns cannot both 
bf' small. 

"Tbe following artifices obviate this and some similar diftlcnlties. 
"Let the line 1 .. 2 .. 3 ..... n include both points of the terminal as well as of U1e i11itial base. 

'l'he lcugth equation will then be of the form 

rl.. e 
0=J k+~ 100000 J log-. ··d; 

(; .. 
and the azimuth erpiation following the same line will be of tlm form 

. (1 ~) 

• • • ('.!O) 

'' Detenniue a point h of approximate meau iatitude and longitude iu reg~tnl to all the stat iunR 
except 1 aud n. ( lt ueed uot be 011 any line of tlie Rtuvey.) JUultiply (l!l) by ( c;,. -rp1.)', and ('.?O) by 
a 1 (1.,.-i-•)'; and add the products, giving 

0=(1",,-st1.)' J 7r+a1 (1.,,-1.hy Ju 

+ .!' [ (r .. -,,-,,)'x 100000 J log~~~-;] +~· { a1 (i,,-i 1,)' [ -(~)+(~)] } . 

•'Also multiply (H)) by (i.,,+1.,,)', and (20) by a2 (r,,-9,)'; and add the products, giYing 

0=(1,,,-i./, )'J k + ll2 (<r 11 -<p11)'Ja 

. . (21) 

+~f(i.n-l.,,)'xlOOOOOJ log 1~(jJ+~· {a2(1Cn-'fJ,J'[-(~)+(~)]}· ..... (22) 

'' Subtractiqg \21) from (li), and (22) from (18)-

0=•24(,,-,.- ,,-,.)"-(S?n-<;h)'J k- a1(i.n-h)'J11 

+ ~1 (\Oh- 'fu )IX 100000 LI log t~'.~~J + .!' { a1(1.,,- i.u)' [-( ~ )+( ~)] } ...... (2:3) 

0 =7:1.+ (i.n- }.,,•) 11 -(!.,. - i.h )'LI k-a2 ( 'fn - 'f'h ) 1 J a 

+ 2'[ (i- 11 -Jd )' x 100000 .1log ~;.'._.;]+ ~ { a2(¥'h-Y-a )' [-(~ )-( ~) J } ...... (24) 

"Tliese t>quations are to be suhstituted for (17) and (18). 
"There is a systematic antagonism between the angle equations :uul the azirnnth 1>•1uation as 

commonly established, which uecomes very troublesome wheu length, latitude, and longitude are 
also to be adjusted. 

6 Iu a chain of quadrilaterals, like the accompanying figm·e, if 
-.0----,.10 four azimuth equations be formed with routes as follows: 

1..3 .. 5 .. 7 .. !J 
2 .. 4 .• 6 •• 8 •. 10 

9 1..4.-5.-8 .. 9 
Fi..!J. 3. :i .. 3 .. 6 .. 7 .. 10 

the sum of these four equations will form au equation by which the azimuth will be adjmited with-
011t changing the sum of the three angles in auy triangle. The side co-efficients will each = 0. 

't 6 8 In a string of triangles like this, if three azimuth equa-

10?.. 0ZS'o tioa• be fo'med with the followiug route" 

- ~ 1 .. 3 .. 5 .. 7.,!) 
2 3 7 9 2 •• 4 .. 6 •• 8 •• 10 

5 2 •• 3 •• 4 .. 5 •• G .• 7 .. 8 .• 9 
.Eig. ~. 

the sum of the third+ twiee the first+ twice the second will adjust _the azimuth without affecting 
the angle adjustment of auy triangle except the first and last of the series. 
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"It is a g·eneral principle that the comlJiuation of route;,; s!Jo~ inclose each triangle, as a rin'r 
forks all(l inelosrs an island. Pursni11g t!Ji.:; simile, imagine a triang:c cneom-

/) \\0. arrow,.,, re1watPd wlie11 tltP s;tme route p:1sses alcrng two sides of the triaug-lc. J 
'!.. pabsed by two '·channels;'" <lf'note tlie 1rn111bcr of routes in each cha1111el by 

c;..{11' '\\ If the number of arrows in one chauuel is ('IJ!Ial to that of tlto;;;p iu tlw otl!er, 

Fi,:t· 5. 

tlie sit1e co-ctlicicnt = 0. If they an• JJ(,.trls cri ual, it is :;nm 11. 
"Tlrn diagonal co-eflicicut tlerin>d from the azimuth eqnntiou in<·reases rap

idly '.Tith the number of routes; and if _it shonhl uot be prncticalJle li)· this 
method to extinguish the sitle co-etlir•icnts in a complicated figtire, tlH"Y may 
still be re11dt:red comparatiYely i11sig·ll i ti(~a11 t. 

"Hy the followiug general method, any side co·cfiicit•.nts H1ay lJe e:xti11guislled: 
"Suppose giveu the four conditional equation;;-

1. 0 = ao + a1 1:i + a2 l:'z + 0:1 1':1, &c. 

:!. U = Vo + Vi 1'1 + b2 r2 + 11:1 l':i, &c. 
J. 0 = C" + Ci 1'1 + ('2 1'2 + C:i I'::, &c. 
±. 0 = 1In + di r, + d2 r2 + d;J l':i, &c. 

"From thes(", three other equations are to be obtained aml substituted fur equations 2, :1, aud 4. 
Distingui~hiug tho subRtitutcs and their eo-efticients by accents, let 

Eq. !2 1 = Eq. 2 + It E(j. 1 
E11. 31 = E(J. 3 + r E11. 1+1c B11. 2 
Eq. 41 = Eq. ± + .i· E11. l +JI Eq. 2 + ~· Eq. :-l 

aucl the values of 11, l', 1c, x, y, and~ are to be so determined as to re11der [a llj, [a c;'J, [b' c'j, [u d1J, 
fb' d 1J, and [ ll rl' J, each = 0. · 

"We shall then ha\·e 

(
1 = [a i 1 J = [a ( b + a u)] = [a b J + u [a a J 

() = l (/ (;I J = r (( ( C + (/ ll + fJ 1f)] = [a C] + {; l (/ (/] + 11" f 11 f, J 
0 = [O' C1

] = [ (b + a U) ( C + ll l' + b u·)] = ( b ( C + a 1' + b lC) j + !l [ ll { C + (( I' + b 11') ! 

"The last term = 0 by the last preceding e11uation. Hence 

0 = [l./ c' J = [b (c + n r + Inc) J = [ b c] + 1· jab]+ u· f b b.J 

'' I 11 like manuer 

0=la d'J=ladJ+•:r[aa]+yfabJ+z[ac] 
0 = [ll d 1J = [b dj + x· fa bj + y [b bJ +:. [b cj 
0 = [c' d'J = [c d] +:!'fa c] + y [b cj + z [c cJ 

'' Si nee ;1:, y, aud;:; are independeut of u, r, :rnd w, the original e11nation,; :2 arnl ::, "itl1 ! ab j. ! a cj, 
and [b c]. rna;Y be retained, if more eonve11ieut, still reducing [a <l'J, [b' d'J, au(l [('' d'j to 0. 
, "For the irnrpose of illustrntion, it will be best to consider the discrepaueks of tlH' Loug bhnd 
survt>y, as the.y existed lJt;fore tlle acljustmeut of nzimu1L and lengtl1; aud E<i~t H<.•ek "·ill 1101\· be 
regarded as the terminal statiou n. 

"Tlte error iu azimuth from J.:ast Hock to J\lcSparrau was + :!".9:!7. '1'11e nror i11 lougitndt, at 
Rast Hock was + 01'.049. lleuce, .:J a= + 2".9:.!7 + U11.()49 sin ~ = + 2".!)59. 

''The followiug se\·cn azimuth routes ha Ye been selected; 

H. Ex. 81--37 

1 .. 4 .. 6 .. 7 .. 10 .. la .. H 
:.L.3 .. 5 .. s .. n .. rn 
2 •. 3 .. 5 .. 8 .. 11 .. li> 
1 •. 3 .. 6 .. 5 . . 1 .. 10 .. 11 .. 13 .. 1G ' . 1± 
1 .. 3 .. 6 .. 7 •. 8 .. 12 .. 11 .. 14 
1...4 .. 5 .. 9 .. 10 .. 11 .. 14 
1 .. 4 .. 5 . . 8 •. 10 .. l:l .. H 
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GiYiug the azimuth equatiou: 

'' Tuis give:s a diagonal co·dlicieut = 164; while ten of the seventeen necessary 8itle co-efficients 
with angle er1uations = 0; arnl the other seYen = eitller + 2 or - 2. 

"For all,iustmeut of latitude auu longitude we find 'f'ii = + 41° 15' and!.,,=+ 720 Hi'; and c011-

struct the following tables: 

d. <!>J 

1. Taslum . . . .. . . .. . . 4l 15. G 

:1. !<'rim" s Head . • • • • . 40 58. 2 
4. Su~[Lr J,oaf. __ .... _ 4l fr.J. 5 

5. Shdt<'r fala111l..... 41 04, 6 

7. Nickcrsun ..•...•.. 4l 23.!) 

8. :\!ontank .......•.. : 41 o:J.9 
10. Lantern Hill...... 4127.6 

' 11. I\lock falarnl ...... 41 10. 5 

! 14. :\kSparran .... -- .. I 4L. ~9. 7 

- - -~·--- ·----- ------- ·------
1 i 

Ad \'<bh -1/>1!)' 
i --·---

0 , 
I 73 14. 7 -- 0.6 

72 43. 4 I +16.8 I 72 43. 6 I - 7. 5 

72 ~l.:.1 I +io.1 
12 rn. 3 I - 8. !I 

71 54. 0 ! +i1.1 
71 56. 3 

i 
-12.G 

71 35. 2 ! + 4.:; 
71 27. 1 I -H.7 

-59. 7 

-28.4 
~2S.6 

- 6.3 ! 
- 4.3 

+21.0 

11s. 7 

-\-39.8 
+47.9 : _____ , ____ , 

cp •• = q 15 = 410 :.!7'.0. rp,.- S"h=+ 12'.0. 111 =+ O.lU. 
An= 1- 15 =71011'.3. i,.- l.1i=-G;~'.7. a2=-0.28 . 
.J a=+ 211 .!J::m. J T.- = -0.40. 'i'n-<fn• =-0".0.3!). i"-i.,.. =+ V'.049. 
724 (SC,, - S"n·)" -( 'f'n - <flt}' .J k-a1 ().,. - J.1i)' J a=+ 6.7:Z2. 
724 (l.n - 1.n·) 11 - (?.,, - i.,, )' .J T.--a2 ( •Pn -<?h )' Ll a=+ l!J.!J38. 

d ! 
! 

r1 •• e 
I 000(10 ..). log 0:-:-d -(~) +-(~) 

-------! 
1 \+o.o30)-o.10(1)·G.10(D····'--··--···-········----········--··---···-·-·-i +(i) I 
31-o.1e(t)+o.16(i)+o.or(D-o.or.(!) ---·····--···---·······----······ .. ···! -0)+(:) i 
4 -o.os0)-H1.os(3)+0.m(D-u.()~O) ...................................... ! -(D+CD I 
5 _ 0.26(~)+0.20( ~)-0.02( ~)-0.10(~)+0.12(~)+0.os( ~)-0.oti(~) ...... 1 -(~)+ (~) ! 

7 -o.01(;)+0.ot(g)+o.:.!'20)-o.2'2(D ·-·-··--·········--······----······-·/ -(D+CD / 
s -o.13(11)+o.1:1(;)+0.oo(i0)-o.Cl'.?( 1~) ---·--·-- ····---··--·--··-··········· - CD+ (1:) I 

10 - o.os (1~)+o.os(1s1 )+o.o•(i81) o.o7G.D ....................... ······-··--·-··) - Cio) + (g) I 
11 _ 0.12 GD+o.12rn)+o.04G~)+o.o•GD-o. oeGD+o.01G!)-o.01W)----- - cm+ GD 
u _ o.:n GD-1--0· 31GD+o.15GD ............................................. ··--\ - cm 

-----.--~----------------· --- -- --~ -- -· --------~----------- --------~-----~-
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1: -o.o (D+o1(D-o.1(D ............. ············-···-··-·············-·' 
a• -2.• (t) +2.·•cn·+1.o(D-1.o(D-·--······- -·- --··- . - -···---·. 
1 i o.r. C~!-0. G ( ~) -0. 7 n) +o. 7 ( ~) -·-····-·· ·······:·········· ·····•··· 1 

-2.1(~J+2.7(n-o.2(D-1.o(~J 1u(n+o.2(~)-o.<o(~J .... : 
·-) ·g) c·· c·, 1: +0.1 (~ -o.t(ci -2.0 ~)+:Lo ~)-------------------- __ -----··--------

8 • -1. 4 en +1.1 (D +o 2 et0)-o.2 (~)-·······-····-·-···- .................. . 

w +1.0 (1~0)-1.0(1})-o.11 GD 1 o ~c:n ............................. --··-··· 
11 I -0. 5 rn;)+o. Ci W) +o. 2 rn) -0 2 G:D-o 4 C:D . 0. :1 c: i )-o. :1 Ci~) ·-
14 • " 5 {cm -::i. 4 cm-~-." cm-·---- -·········--· ---·-· ··-··· ··-······-- ·····-
------------------- ------

. d t·\·, -- Ad)' ;.: 100('00 6 }(1g r'. _· · ~, 
',.(! 

-------------·------ -----------

' --c·i· (I) .,,) 1 : -- i. ~ ~ ) ~- u. n 3 -fi. o ( 3 , -..... - -- . -----------------· ---------· · · --
3 + 4. " c n- u( D -1., ( n + 1. , c ) . _. . . . . . . . . . . _ . _ ... _ ... _ ... __ ... 
4; +2.3 (~) 2.3n)--~-"C)+2.6(;l .... __ ........................... . 

;, : + 1. G ( ~ )- u( n -i Q.1 n ) -J 0. u u J -11 S u. J -0. '> ( n . 0 ;, ( ~ ) •..• 

7 i + o.o c D- o o( n-o.9 U) . o.~ ( ~) ·-·---· __________ --· .......... . 

s / - 2.• (1,o)1 2 <CD. o.4ai)-o.4~ 1~1 ··-···---·-·--·--- ·--·- ........... . 

10: - J.5 (~0 )+ t.s(1f1
) tl.3 (i~)-u c:n ...................... ···--··-- ---·-· 

1 cl•l) c•1· c!O' . _ ·11) ... ·t•) . . i\1\ _, ·1:i-. 11 i - 4· 8 10. 1- 4.e 10) +l.G 13) ·, Lt>(u -3.-(1:• ;.~\1-1) ·--· 0 (14)······ 
f - • -

I, '1· 1- - ( 14) l" 7(.1") - 0 (ll) i <:a, - I. 1 ll. + 1 ' 11 -j-- '·"" 15 -····· •····. ··•·············• .. •·•••••• ····•••••• 

' ! 

-~.:, (i) 
-i I.:;\\) -U ( ~) 

~H(~)-4.U(~) 

-•i.t1(D-1.o(!,) 
-l 0. 7 ( ~ ) -0. 7 ( ~) 

-:l.4 < D +3.4 C~') 
:1.o(;-0) ,3.orn) 
. ( 111, • .-14, I 

-- c. 4 _ 11 ) + 1'· 4 \ 11) I 

- 7. ti Ci!) 

+o.:i(t) 

-H.7(~ )-i.• (;) 
- c. l ( n +2.1 ( n 

~- ~ {.() v• ( ~) 

-~- ,, , n ~ .-, ( n 
~ ;J, 1 ( ; ) -· :1_ I ( ~') 

:1. :-. C 1~l·) -l :i. :-, <!A) 
-•U(:n--J:l(:J) 

-~.1(g) 

------------ -------------------·------- ---- ------ ---- ···--------

Equation X.YITT. (r.'! 

0 = + U1'.722 - 0.0 ( ~) + 4.fl ( ! ) - 0.1 ( ~) - 2.7 ( i ) - G . .S ( ~ ) + 5.ll ( ~) 

1 0 ( 
1 ) ., ,.. ( 4 ") () ,. ( ;"i ') () - (/ :~) 1 - ( 4 ') 0 -( () ) - . 4 - ·:>-_" ~ 3 .· - .u ;) . - -' . 5 + .I , .'i .. - ~.i 4 

- 1.D ( ~ ) - 0.2 ( ~ ) - 1.0 ( ~ ) + 1.2 ( ~ J + i.:; ( ~ ') - 0.8 ( ~ ) 

( 7' 8) " (5' '7\ '10' -(8) - 0.9 5 ) - 0.1 (;; - __ o 8 ) - Ll (_ 8 ) - 1A ( 7 ) + 0.1 7 

00(8) ()9(7) 4'(10) 10('11) ""('8) ~.-(10\ - ~.,, 10 - ·- 10 + ·'* - 8 - . 8 - "·'' 11 - ().() 11) 

-c13)· -ell) 0c10·) 9 -11) <14) - --11·-- 0.u 10 + 3.a 10 + 0 . ..-.. 13 + 0 . .-. (1:i - O.t _13 - ,.3 (14) 

.. 

291 
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Eq1tafion XXYIII. (}..) 

0 = + 1!)11.938 - 1.S ( ~) + 10.7 ( ~) - G.O (?:) + 4.5 ( i) - 4.3 ( f) - 3.8 ( ! ) 
+ 1.7 ( ~) - 2.4 ( j) - 2.3 ( :~) - 2.G ( ~) + 5.5 ( ~) + 1.6 ( ~) 

+ 0.;i ( ~) + 0.1 ( ~) + U.G ( g) - U.8 ( ~) - 3.0 ( ~) + 0.5 ( ~) 

- 2.!J c z) - o.o < ~) - o.9 c ~) + 4.0 c ~) -2.7 Ci)) + 5.2 c ~) 
" cs· (7' '10' - "ll' '"'(8' '10) - ,,,1 10) - 0.4 10) - 4.G ( 8) +I.<> ( 8) +I,., u) + U.O (11 

- J.S (i~) + 8.3 (i~) + 1.6G~)+1.(j (g) - 3.2 Gj) -1.3 Ci~) 

"'s (13'). 19 0 cir) 17,... (15)' ,... 9 (11)' - "". \_ H - . 11 + '' 11 + '-~ )5 

"The following ma:y sen·e for au illustration or the general method of extinguishing side co-effi
cients : 

Eq.1. 0=0-(~) + G)-(~) + (~) 

IGq. 2. 0 = 0 - (~) + (~) - (~) + (!) - (i) + (~) 

,, },et Eq. :XXVIIl' = Eq. XX VIII + .l' Eq. 1 + y Eq. 2. 

"The i;;itle co-efficient between Eq. 1 and Eq. XXVIII = + 19.2; and that between Eq. 2 and. 
Eq. XXVIII = - Hi.4. Tlte diagonal co-efficient from Eq. 1 =La a] = + 4; that from Eq. 2 
= [b b] = + G; all(} th~ir ;:;ide co-etncient = f ab]= - 2. Hence, in order to extinguish tl1eir side 
eo-efficieuts with Eq. XXVIII, we have 

0 = + 19.2 + 4 x - 2 y 
0 = - 16.4 - 2 x + 6 y 

"Solving tliese equations, we obtain x = - 4.1; y = + 1.4. Hence tlie equations 

o = + 4.1(~)-4.1 (~) + 4.1 (~) - 4.1 CD 
() = - 1.~ (~) + 1.4 (j) -1.4 (~) + 1.4 (!)-1.4(i)+1.4 (~) 

are to be added to Eq. XXVIII." 
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APPENDIX Ko. 18. 
OBSERVATIONS ON CERTAIN HARBOR AND RIYET~ IMPRO\-EMENTS COLLECTED ON A VOYAGE YIW:\1 

IIONG-KO"NG, YlA SEEZ, TO KEW YORK, BY GEORGE DAYIUSON, ASSISTANT 1.:\ THE CNITED STATES 
COAST SURVEY. 

:N"OTE. 

The following papeL' re;rnlted iucideutally from the assigumeut of Prof. George DaYidson, assist
ant in the United States Coast Sun·ey, as chief astronomer of the part.r sent by our Goyernmeut 
to obserrn the transit of Venus in December, 1874, at a station in Japan. 

V\'ith the sanction of the Secretary of the Treasnry and by his own consent, :i\[r. Da,·idson, in 
returning home, i1assed along the coasts of Asia and Europe, and examined iucidentally the chi!:'f' 
public works on the routr, such more particularl.1 a:; bad been devised for promoting the interests 
of agriculture, or to further the purposes of commerce a!ld navigation. His observations on some 
of the great structures for land reclamation a!l(.1 fer irrigation ha,,-e lJeen printed by order of the 
United States Scnatt>. The notes on harbor allll rin•r imp1·0,-ement which here follow were 
reconlec1 during the SfUne iwriml, in conformity with the following items in tlle instructions which 
issued from the Coast Survey Office, addressed to l'rofcssor Davidson, iu JnlJ, 1874-: 

''..c\..s the construction of lJrcakwatcrs on the westrrn coast of the United States is of growing 
importance while commerce i11crPases, yon will examine such works of that class as you can cou
veniently visit on your jonme;r, and obtain such personal information and uewl:y-publii<hed facts as 
may have beari11g in the descriptions for prnspectin• works of the kind. 

''Examine the hydraulic conditions of the Sue;r, Canal, especially at the Mediterranean end; 
note what changes, if any, haYe taken place, aud the causes of change: also collect information in 
regarcl to littoral tlrift along the coast, and i11qnire particularly in reference to the progress of 
material accumulating on the west side of the great pier of Port Said.'' 

In the Uuitet1 States practical interest, especial!.'· in wl1at relates to facilities for commerce in 
transit from place to place and concerning the impron~rneut and preservation of harbors and ri\·ers, 
cannot lessen. The review on that subject, which follows, is tlwrefore teuclered in the belief that 
it is well to hiwe the means for comparing our own couditiou ou similar 1ine15 of al1nu1cement with 
the expedients fouud necessary, aud which have been brought iuto requisition, in older nationalitief'. 

C. P. P ATTERSO:N, 
Superintendent United States Coast Sui-roy. 

On certain J1arbor and rit'er improroncnts in China, Em;pt, lfoly, Holland, and Great Britain. 

The drawbacks are such in foreign ports that travelers journe_ying aronntl the world will liar<lly 
timJ, aftel' leaving the United Statei<, a harbor where the ocl•an-steamshi11 cau at mice go clirPctly 
to a wharf or leave !>ne, to di8emba.rk or embark passengers. 

Leaving San Francisco from the wharf the steamship, after tra\·ersiug the Pacific Oc1•au, is 
compelled to anchor off Yokohama, in tlie Bay of Yeddo; again, off Kobi, in the luland Sea; and 
off Nagasaki, in the bay of the same name. Bnt the Amel'ican and some of tlie. coasting steamers 
proceed directly to the wharf at Shanghai. r.eadng there, hmn"YCI', hy the Eugli15h or Freuch 
mail-steamers, passe11gers must find the vessel in the stream; they anchor in the Bay of Hong-Kong; 
go to the wha.rf at Singapore, and anchor at Penang, Point du Galle, off the surf-landing at :\Iadras 
or any other coast port, and anchor in the Hoogly at Calcutta. 

Againr at Bombay, at Suez, and even in the canal at Port Said, they do not go to the quay. 
The steamer anchors in th_e bay at Alexandria; so, also, iu the Bay of Naples and at Trieste; and 
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by small l>0ats only <lo pal'sengers enter tlrn ports tl1ence cai,;twartl to Constantinople. Even in 
leaving England or Irelauu the steamer must be boartle<l in the stream at Lh·erpool, or in the Cove 
of Cork at Queenstown, no matter bow boisterous the weather. .A.t New York, Pltiladelphia, or 
other American ports the steamer lands its passengers at the wltarf under coYer. And yet in many 
other respeets the harbor impro-•cmcnts in most of tbc European ports are far superior to those in 
America. At Yokohama ti.Jere arcJrnt limited improvemeuts along the water-front, yet a11 of them 
have been built by the foreign commnuity. Yessels lie in the ba.'·, and all passengers and freight 
are landed and embarked by means of small boats arn1 ligl1ters. In t;yphoons, vessels are torn from 
their anchorages and much damage is llone. 

~-agasald.-T'be harbor of Nagasaki h; very fine, and capable of sheltering a moderately large 
fleet, except when tniboons blow from tbe southward. In .• January, 1875, the city bad not recov
ered from the destructiYe effects of the typhoon of August, 187±. Vessels lie in the bay, and pas
sengers and freight are landed and cmbarkcu by means of sampans and lighters. There is an 
excellent bund or quay 011 the east or city side, and several luitoba.~ for landing and customs inspec
tion. The principal and most <·ommodious one is well np the !'astern side of the ba.r, above the 
foreign settlement. 

Shanghai.-Tlie. ri n'r is not Yery wide and the currents are mo9.erntely strong. There are 
11uays along tlte left bank below the principal part of tlle foreign settlement, and quay-landings 
for the rh-er-steamers bigllcr up toward tlte native town. Shanghai lias rhade considerable prog
ress in the last twent)- years, and the improvements along the riYer are creditable under the 
adyerse circumstan~·es which attend any progressive moYements in that country. 

Ho11g-Jl..m1g.-Yt•ssehi. anchor in the roads, and passengersaml freight are landed and embarked 
bs boats and lighters- Quay accommodatio11s for landi11g, &r·., and for smaller vessels, and tLe 
steamers for :l\Iacao, Cantou, &c. 

Cantvn.-Up the Pearl Hiver there are 110 improveme11ts; the oltl forts remain as l1ismantled 
by the British men-of.war, ancl steitmships of light rlraugbt go as high as Canton and anchor or 
moor in the stream abreu;;t the upper part or the city. 

Singapore has tirnher quays, where steamships land and embark passengers and freight. 
Pena-11g.-Vessel,; lie at anchor off the town. One_modern quay for boats and lighters. 
Culeutta.-I:npron•ments in the river are such tl1at \·essels do not now anchor in Diamond Har-

bor, but proceed dit·ect to Caleutta. Toward that cit_v the ba11ks of the riYer are protected where 
de5tructh·e actiou by tl!e currents takes place. All vessels are moored in <loulJle or triple lines along 
tbc left bau k, and lauding :rnd em barlrntion are effected by lighters. A great d~sideratnm llas been a 
bridge across t11e river aboYe the city. The principal difficulty seems to be the want. of gootl founda
tion,as tbe depth of diluvial deposit is Yery great. They have now a very large ponton-bridgc for all 
ordi11ar~' traffie, but foars are expressed for its safety if any of tbc shipping should break away 
from its moOI'ings dming cyclones and be driven upon the bri1lge. Neyertbeless, it appears quite 
feasible to protect it from snch danger by powerful booms. The improvements in the drainage of 
Calcutta and its water-supply have been quite eflecti\·e; and the deatll-rale is now almost as low 
as in the most favored European cities. 

Bombay.-Yessel:; anchor in the bay, a11<l are loaded aml unloaded hy a class of large boats. 
iwculiar to this region. The quays are of stone and very substantially_ built, but -vessels do not 
come up to them. Tliere are sl:weral large dry-docks, in which everything is cont1tructed in the 
most substantial and enduring manner. 

Suez mid the Suez Canal.-The want of a good chart for courses through the l{ed Sea is a dmw
ha.ck to its secure navigation. The town of Suez,_. on the southern edge of the desert, which 
stretches thence to the Mediterranean Sea, is so low as to be not distinguishable until nearly up 
witb it. MonutAltaka, however, on the west, is easily recognizable, having au elevation of2,2{)0 feet. 
It is a good landfall, and visible from the canal when well north of Kantara. Some of the harbor 
improvements of Suez can be seen from the usual anchorage. .A long jetty of pierre perdtte has 
been projected from the eastern shore just south of the entrance to the canal and crossing its pro
longation. From the large and readily-distinguished de(losit of sand on its southern face, it would 
11ppear as if there was a preponderance of fitooral drift along that shore from the southward, and 
therefore its temlency is detrimental to the entrance of the canal. 
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Suez Canal.- \Ye entered tbe canal at nearly low water, in a Yessel of 1,'.'.G7 tons lmrden, '.'.7G 
feet in lengtli, of 38 feet beam, and drawing 18~ feet forward and 19~ feet aft. Four men",\Yere at 
the wheel. The time of tide was nearly <lead 101Y watf'r, aml had falle11 a ppart·utly tilrt·f~ feet, hnt 
the current was still running strongly ebb. At tliis stage, tlte watL·r wa8 oft' tl1e hroa<l lo"· slopt• 
of the upper section of the caual, and we could see uot ouly the 11arrow1H'ss of the cha1111t·l of 
lleep water, llut tl1e condition and slope of the section beneath the w::ter for tc•u 01· tw ... Jn~ feet· 
The course of the canal appeared more irrt>gular tllau tllat laid down on the el1art iu 11a11t1, aucl from 
some cause or other the vessel';i UO\I' took tlrn bank eight times witbin an hour an<l a half, aJJ\l we 
ad\·anced ouly a mile and a half in that time. Toward Suez, on tlie lPlt, and to thi> uorlli of it, thC' 
low tide bad exposed the broad tlatR with narrow lines of watel' tl1rough tl1em. Tlw C'x;1osed bau!rn 
sbowed thin strata of fi11e sam1 and clay alternatiug, bnt the cln;r predominatiug" so tbat tlw walls 
of the canal bdow low-water mark were without apparent slope. \Ybere tllerc is i:;nn\l predomi
nating on the surface of tbe upper flat section it appears to h:ne bee11 blown i11. The i:;tratitication 
of tl1e sand and clay aftords capital natural material for preserving the integrity of the iuJ~:rior s('c
tious. \\'here the action of the adnrncing wm·cs, formed by ti.le progressi\'c <lisplaeemeut of tlie 
Yessel, had fair opportunity to exhibit their destructi\·e effects, Hie sand liad mostly been washed 
away aud the clay remained as a soft, stkky mud 011 tlie l011g Rlopes of the npper sectiou. Tl!e 
channel near Suez aml at the tnrus is too uarrow, unless Yer>- skillful pilots aml reu<lily-mai;;igP(l 
\'essels are used. Of course, tbe difficulty of steering is increased toward low water. 

Fol' ten miles of the first eighteen, fro111 the entrance to the southern lJOint of the J,ittlP l:asin, 
t1ie cutting abm'e the surface of the water a\'eraged but a few foet, and tl1e smface sa11d appears 
to be >ery little moyed by the winds, and eYPn !lieu to mo\·e parallPI with tl1e liHe of tliP canal. 
Certainly it is not a hundre•1tb of the UJO\'ement of tlie sand on the pPuiusul:i of California or ai: 
any otlier point on the California or Oregon coasts. 

Ju the uext twenty.three or twenty.four miles the liue passes through rite small and L1rge 
lrnsins called tl1e Bittl'r Lake. For nine mi!Ps through the Grand Basin, bet\Yeeu the two 
irou light-houses, there was needed no exca\'atiou, as the level of' the bottom of the basin was 
below the bottom of the canal. It is assertt'd that since the admission and flow ot' water i11to nud 
from the basin, the <lepth has increased on tlie line of the steamers, the bottom of salt lrn»iug heeu 
carried away in sol11tio11. 'l'hc light-houses are uot used, ~is ships are not permitted to 11ai:;s 
through the cairn! at JJight. Aloug the stN1llle1·'s counie tbrougb the lake arP i11expe11sin'. iron 
angled tripods with iron disks at right angles on top, ancliored autl fnrnislwd with elaborate la<l
ders to the top. Thence to the sixty-secontl mile the canal is through a mo<krate cuttit1g, tlw 
llighest spoil-bank l>eing aboU:t fifteen to twenty feet aliove tlie surface of tlie c1rnaJ. Them are n 
few lmshes upon the immediate banks of the canal, and occasionally some on the east side upon tlle 
spoil· bank. Ou tLe west slope, there is some slight saucJ.driftiug. (Sl:e illnstratiou So. ;w, sketch 1.) 

. The distaiice through Lake Timsah is three miles, in a curve running well to tbe we~t1n1nl. 
Vessels do not stop at Ismailia; which lies on the northwest bank, upon gronrnl abonr thirty feet 
above the Jake. It is a pleasantly laid out town, witJ1 fine dwellings, large offices of the company, 
and. a good liotel. The gardens are bright with tropical plants and tref's, lint tllf·y are wlttllly 
dcpenuent upon tlie Nile water, which is brought b.Y the I<'resll.water Canal from Cairo. ,Just north 
of Lake Timsah, some bad turns in the canal are not fairl.~- exliibited 11po11 tlw map. 

Then followed tlie deepest cutting secH on 1lle whole canal; onl.r, liowen·r, for a liliorl di:s· 
tance of the six miles through fast land. Here* the cnttiug appears to he ahont thittj·-Jivl' to 
forty feet deep, with spoil-1.Jauks of fifteen feet above tlH·rn. (See illustration ~o. :rn, skf'telt ~.) 

The line of the old surface is well marked, so tbat no difficulty would Le found in gettiug it:s 
exact height and breadth. The slope of tbe section of the spoil· banks is too gn•at, being abont 
one to one. Un tbe west side there is evident!~· sand.drift from aboYe, and the stain; 011 th1.• \n'st, 
i,;ide, near the deepest cutting, are covered in places. .Along tile edge of the caual, buslie;s, n't'il:s, 
&c., are sparsely growing in single line. Tl.u~sc will prevent the washing aw11y of tlie bauk to 
some small extent, but cannot kce1l back the sand falling from ab(J\'('. Tht> remP<l,r ~houl1l be 
applied above if at all practicable. 

"Judged to be tho 3!1th geographical mile-post from Purt Said. 
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Even in this cut the signs are well marked of the fine clay anu sand stratification ; and the 
narrowness and slope of the surface section int1ieate that the least possible aggregate of material 
was removed. 

With this high cut and apparently contracted section it is fortunate that the prevailing wind is 
nearly parallel with the line of the canal, which, howen"r, has a direction, at this reach, of about ten 
<legrees east of north, so that the west side is the one lialJle to encroachments from driving san<l. 
But the adjacent desert is not wholly sand; in many places the surface appeared to be of heavier 
material that hail been left during centuries in which the Jighter material had been blown away. 
There were foca]ities of sand.)' surface, and of course tllere is mncl1 sand to he blown from the spoil
banks thcmse1 \'es. 

- Lake Ballah is reached at about the seventieth mile from Suez, aml thence the canal passes 
through the shallow lake and in its course for ele\'en miles it is cut through several low points and 
islets. Thence by a very low cut of two miles to Kantara, on the line of the old caravan-route 
from Cairo to Syria. Herc the spoil-bauks arc already hard, and the sand so indurated in layers 
with the clay that pieces of it cannot readily be broken Ly the hand. It appeared to have chemical 
constituents, which, when acted upon ur the air, were favorable to the solidification of the mass. 
At the water-line this was not the case, but abo\·e it there was little loose sand to he drifted. 

Prom Kantara to Port Said the 11il'ltance is ~8 miles, or a total of 111 miles from Port Suez. 
In this last reach the canal was excaYated beneath the surface of the water, lmt there is now no 
water visible on the east side of the canal, and the fast laud stretches several hundred yards 
towanl the westward; about halfway to Port Said this strip is three-quarters ofa mile wide. .Aud 
toward Kantara a mile or two of low, fiat, rich aUuvfal soil borders the cana1 and needs only the 
water of irrigation to make it yield good crops. Along the last stretch of twenty.five miles tlie 
land slopes away so gradual!.)' from a ]ow, narrow spoil-bank, that the question naturall,Y suggests 
itself, where the excaYated material has been placed. 

Throughout this line tbe canal, as a rule, has apparently its full section, and the channel is 
marked on each side by a series of lmoys, wbich haYe chains leading to the shore, so that their 
position can be chiu1ged. It is said that ab-0ut the seventh or eighth mile from Said there is fre
quently a difficulty experienced in the channel shoaling, and the po1mlar opinion is, that it arises 
from the bottom of the canal pressing in; but elsewhere reference will be made to another probable 
cause. 'l'bere are one or two points of contraction of the canal section, notably between posts 
tllirty-three and thirty.four, but the banks are bard indurated clay and steep to below water. At 
se\'eml points the spoil·l>ank is i1111urated and the sand is crawling in from the westward over it .. 
In some places there are a few hushes, but evidently no persistent effort is made to cultivate them. 

At the different stations, where the canal is widened so that vessels may pass, the piles at the 
landings a.re eaten by small worms upon the outside. No action of the teredo was observed, but 
destrnction by the worm is great, as some of the new piers have the piles covere(l with zinc. 

JJestructfre action by 11essels passfog through the canal.-All of ohe day was spent, and part of 
another, in passing through, at a rate of fi rn and a half statute miles per hour. Apparently, a cur
rent was against the course of the vessel thrtughont, hut was very slight toward Port Said. On 
this long line of low bauks and full width of section, the action of the waves of displacement caused 
by steamers was marked and destructi\-e. Parties "'ere at work in laying low, dry, vertical :walls. 
1Vith large vessels, and especially of greater draught, the action must be mnch greater. 

The small blocks of soft stone were brought down the canal by ~ile boats. This was about 
all tile repairs going on throughout the length of the canal. Two or three small dredges were at 
work, and one at Port Said; and one of the Jargest class was being put in working order just south 
of the port. . 

The extreme width of the canal at the surface of the water may be taken at 130 feet; it con· 
tracts to a width of 77 feet at 5 feet below the surface, so that its cross-section would represent 
about 1, 750 feet. But this is not the cross.section in the heavier cuts, where the surface breadth is 
smaller. 

The vessel in her progress continuously displaces a body of water, in the aggregate equal to 
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her own displacemeut; uut t!Ie primary action of this displacing is forward of tl1e midishi p section 
of the -vessel, wl1ich acts as a piston in forciug a part of the water ahead. The ril'e ot thh; part of 
the displacell water is not readily detected from tile vessel, uuless well-marked ob,iects are 011 tlie 
line of water; at a point abaft the mius!Iip-section, about two-thirds the length of the n•ssel from 
the bow, there is a distinctly-marked rush of water aft on both sides the sliip, from th·e bigl1er 
level in front to tue lower level aft, to supply in part the volume of displacement. Tue c1iflererl<'e 
of level is ,-ery marked, and is of course more wuere the canal is contracted. From this higl1Pr 
level the water rushes strong!,) down and along the sideR of the lmnks until it is met b,1: a waYe 
advancing asteru the vessel, a,IJ(l following her to suppl,\ in part the -volume of <lis1ilacemL'llt. 
This wa1·e rose from two to three or eYen four feet high from the lowest part of t.he trougli, allll, 
curling aud breaking a8 it strm~k th1~ ba11 k, it 1lid far more clam age than the preYious receding wan-. 
Aloug the canal between Ka11tara and Port Sa.i1l, wliere the section exhibits a broad band of :o;hoal 
\Yater un1ler either bank, the 1le;;tn1ctiYe action of thi;; \Ya\~e was uotetl. Tltere was a RerieR of the 
descending aud retreating and five of tlte ascending aml returning w:l\'e;;, uot reckoning the tirst 
w:we in front of tue -vessel. From the fir4 (or second, if we include the wave preceding thP 
vessel) to the last waYe the distance was about two hundred feet, or O\'er two-thirds the ;:liip's 
lengtu. There is uo difficult.) whatever iu deciding 'wl.Jich wave is the most destrncth"e; where 
the bank was sand, there would be a heavy wasbiug away along the whole bank, except where the 
small \'ertical stone wall bad been built; but even this was in many places wasued down, doubt
less by being undermine<l, and wherever the bank was fairl.Y prot<'cted by rushes or bs bushes, 
tlie destructive effect was very small. 

lu returning from Port Said to Isma'ilia in a small Rteamer sixty fePt in lengtl1, t-iimilar 
effects were produceu whenever she ran close under eitlier bank; but when she was in mi1l-cha1111el 
there was little or no damage <1one to the hanks. 

The <lestrnctive effect of the water tlistnrhed b;r the screw may he regarded as noUdng; com
pared with tbat of the wan•s of displacement. These observations are noted in 80lllt' tlPtail, 
because they exhibit a constant aml uestrncth-e agt>ucy at work far greater than tJip drifting of tbe 
sand uy the wind, aml in every case aiding it. Tt1ey may he in.-estigated by decrenfiing the ><ph·d 
of the steamers, which are now permitted to rnn ten kilometers (tin\ and a half statute mile.s) jl\'r 
hour, whatever their size. Either a much smaller speed should be established or the "l'"l'll nia1h• 
to depend upon the displacement; in which case the larger vessel would go tlirongh at a low1·r 
speed than the smalk\r vessel, and _yet produce as injurious effects upon the banks. 

Current through the canal; saltness of the ica.ter; tideN.-The rise and fall of the tide at Suez 
is about three feet, and at Port Said about ouc foot, the latter dependi11g in large mea,;me 
upon the wind. And when the north wiu<l blows Yery strongly down the Gulf of Suez and 
Red Sea continuously for a week, as it did upon our trip, the water is driven ont quite :4eHsi
b1y. Fortunately, tlie basin of the Bitter Lake is a great reservoir to equalize tlle effocts of the 
conflicting tides and currents. N everthelcss, there appeared to be a general movement to tbe soutl1-
ward, and as we approached the north end this was verified hy the presence of tlie decayed veg·e
tahle matter from the Nile along the banks of the canal. 

The littoral current along the shores of the Delta, or at least from t11e Darnietta moutb across 
the mouth of the canal, toward the Gulf of Pelusa, is four kilometers per hour. The engineer of 
the company at Port Said gave reiterated assurances that such was the result of Jhrir' obscrvatiom1. 
This current carries with it vast quantities of deca:ying vegetable matter from the Nile, and wlwn 
the dredge was at work near Port Said, the excaYatcu material contained abundance of large and 
small roots, branches, leaves, &c., and the odor was quite offensive. Along tlie canal-banks the 
line of the lighter decaying vegetable matter is well marked. On the return to Ismallia, aml at 
every station, th€ same material was noticed for many miles \fithin the canal. 

At Port Said and off that mot1th the presence of tl1e fresh water from the Nile is ver.r readily 
detected hytbe salinometer. The engineer of one of the Austrian Lloyds states that l1is numerous 
determinations of the quantity of salt in solution gave the following results with great uniformity: 
In the Red Sea, eight -OUll'}0S of salt to the gallog of water; in the Suez Canal, eight and a half 
ounces; and at the Port Said mouth of the canal, seven and a half ounces. The increased salinity 

II. Ex. 81--38 
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of the canal is readi.iy accounte(l for by the excessive evaporation going on, and by excess of salt 
from the bottom of the Bitter Lake, &c. 

Brealorater at Port 811id; <fred!Jing.-The western mole or break water at Port Said indi
cates that no Yiolent storms ocenr in that locality. A few hours~ action of the Pacific coa1't 
i-;well would spread that ureakwater ornr the Lottorn of the sea. This west mole is a long line of 
beton blocks dropped at random, so as to form a pier with a cross-section, liaYini! tile side slopes 
of 4iJCl, with the top fise meters in llreadth and two meters aboYe the sea. About one-third the 
way ont upon the pier the water was washing through the wicle interstices in many places, from 
the westward. Many blocks are broken across and irregularly; all arc more or less worn, say two 
and a 11alf inches de!'p, an<l exhibit sand and shells in tlie material as if from the beach. The wash 
of the sand through the whle interstices of the mole is so great tlmt a drP,dger i11 con:;;tantly at work 
remoYing it. From the inuer end of the pier the formation of the saud-heacb, now aLout three 
feet above the water, bas progressed outward six hundred yards, and is constantly working to 
seaward. 

Prom the regnlar observations of the company, it appears that tlie westcm point of this form
ation is at the hcach; three miles from the pier, and the e~'e plainly traCP8 the line of disturhe'l 
water, with it8 load of Nile matter in suspensiou, from a point apparentl.r l1alf a mile off the beach 
in tlmt direction tu tl1e extremity of the pie1·. The law of deposit seems regular, and already the 
pier bas been prolonged, anu will be farther carried seaward as the necessity arises. 

The sand of this new beach, when dry, is drifted by the northwesterly winds into the canal, 
because there is no elevated line of hnlk-liead or fence continued landward oil the line of the pier. 
This drift has formed so large a deposit within the canal that the mass above the water is gathered 
in heaps and sold as ha.lla1't to the outgoing coal-ships. 

Although there was uo dredger at woTk at the mouth of the canal, tl1e engiueer stated that tlie 
littoral drift carried the Nile matter across the extremit_y of the pier and formed a bar, which is 
removed by dredging to thirty feet of water. 

The material dredg<'d from the canal is carried six miles eastward of the month and dropped 
into the sea. The machine obs!'rrn<l at work takPs np 1,4:30 cubic yardA per day, and each steam
scow ca.rrieR away 150 tons. Tiu~ dredger at work was bringing up only two-thirds of the buckets 
full of material. The east em pier is 11ot. parallel with the western, nor is it so long. It appears even 
of less dimensions than the other, and there is no intention to increase its length or size. So far 
as can be judged from the present effects of the littoml drift, and from the prevailing moderate 
northwest winds, there is no absolute necessity for this eastern mole. 

Beton blocks,; manitfacture; clwraeter; size; eost.-Tbe engineer of Port Said attended at a 
Yisit to the Beton \\' orkR, which are on the east side of the canal, nearly opposite Port Said. The 
sand and cement are incorporated iu a seri<'s of large iron arastras, each with four iron wheels for 
thoroughly mixing the material. rower is transmitted by slrnfting from steam-engines under a 
large shed. 'Vhen the sand and et•urnnt arc sufficiently incorporated, two closed rectangular 
openings in the bottom of each arastra are opened, and the contents are dropped into a wooden 
box about four feet square by two fret deep, placed on a truck, which is moved about twenty or 
thirty feet to a position wlH're its contentR are de})osited iu the mould. This mould is on wheels, and 
mo\·es by rail parallel with the 8t•ries of arastras, so that it may be moved under each of the boxes 
and recei\·e their conte11ts, until the n•quired amount is in the monld. Tlie blocks, when a little worn, 
~how lines separating the layers, and these appear to be about ten inches thick. The beton blocks 
contain 3:>3 cnhic feet and weigh 20 tons. Tlwy are a little more than 10 by 6~ feet in length and 
breadth, and 5 feet thick. Tbe material "sets" at once, and then the blocks are parked ready for 
use. When they are needed a Jarg~iron bridge on two 11ets of rails is run over the block, which 
is hoisted in 11lings by 11ydranlic power on the bridge, and then moved to another rail at right 
angles, on which runs a heavy truck. When this truck is loaded it is moved to the shipping-point, 
where similar hydraulic power on a second iron bridge lifts it and deposits it on the vessel. At 
first, these blocks were made out of beach-sand, &c., but they were found to disintegrate badly, and 
now the company obtains the sand from Kantara, because it contains so great a percentage of silica, 
and no salt. As elsewhere mentioned, the sand excavated from the ~anal at Kautara bad become 
hardened in the spoil-bimks by simple exposure. 
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These beton blocks cost 340 francs each ($03. i5) when laid on the mole. T:"p to :\Jay 12, 18i5, 
the company had made 13,0UO, and had a stoek remaiuing on hand. The total cost of the tlrn pieris 
at this rate would tlierefore l>e $8281750. 

The light-house, near tlle inner eud of the weste1 n mole, a graceful octHgonal i:.tructure about 
one hundred feet Ligh, is built of beton of the 11at11ral colur, and is surmounted b;y au electric light, 
on a range for entering the canal between two moored lights in the canal. Tile light-l1011se l111ild. 
ings are surrounded by a M.ton wall. 

CONCLrSIONS. 

Estimate of cost. 

~.\s a grt>at artery of commerce, the canal is a isucce!:-s. The largest class of steamships and 
men-of-war pass through it; ou an aYerage, seyen vessels are i11 tran.~itu_at one time. It has given 
rise to new forms of vessels resembling enormous caual Loats, aml known to the profeission as 
"canallers." Financially, no opinion is here iutended upon tbe subject, hut so far as could be 
learned, the tonnage transit duties average $37.3,000 per month. As an engineering work, and 
putting aside unlrnown qnestions of diplomacy aud fi1iance, there haYe been 110 extraordiuary diffi
culties to overeome. The question of ronte was ·within >ery narrow limit:;;, aud the surn·ss HPcPs_ 

sary for deterrntning tlic most feasible line could nut admit of doubt in the location. Tue southern 
part, from the Bitter Lake to Snez, follows the liue of earntl of the l'haraobs, and does not diverge 
much from it to Lake 'l'irnsah. The northeru terminus may or may not be in exactly the best loca
tion. The direction of the littoral drift wonld greatly affect that question. 

Tbe material through which the canal has lwen carried is of a yer,y favorable character, for 
facility of removal, formation of spoil-banks, and the presernttion of the section. 

Alcxandria.-The new breakwater protects the harbor from all wiutls from the northward 
and eastward. It i;i constructed of" 11ierre perdue" apparently without, with a sufficient section to 
withstand such seas as arise here. Dut the efficiency of the whole harbor is reduced by the old mole 
which runs out northward from the southern shore of the harbor, aud giYes an area mnch too 
limited for the present demandl!I. This mole stretches so far tuwanl the north shore of the lrnrbor 
as to crnmp the passage between them for long Yessels. Tue new mole, if projected farther to the 
northward, would have given a Ja1·ger area for t!Je harllo1". If heitvy seas should eYer attack the 
mole, it is, perhaps, too high to withstand them. The bottom was of )-ielding material, as miµ:ht 
readily be supposed. 

Naples; Ge11oa.-Nothing need he saill of the former, with its small mole. At Genoa, the 
new great breakwater affords a good anchorage for a large bo<l:r of shipping i11 deep watPr; hut 
tbe vessels principally crowd inside the inuer or old mole, and are moored in tiers very close 
together. Passengers and freight are landed and disembarked by small boats and lig'11ters. I.arg·c 
vessels also li~ moored un<ler the shore heuce to the light-house, whieh is situated at the inner eu<l 
of the outer breakwater. The breakwater is finislied with mai-lom·_y on the top alld inside, aml when 
visited there was a very strong breeze aml rnoderatul,r larg·ti swell rolliug in: which threw its spray 
over the breakwater. From the light-hom;;e a view was obtained of the new aud old "breakwaters, 
and of the coast line to the east and westward. The uew mole might luM·e been located farther 
out, with its western end anchored upou tlie extremity of the promontory upon whieb the liglit
house is built. The light-house is a plain substantial structure of stone upon a roek, alld perhaps 
not less than three hundred feet above the sea. The light is of the first order of Fresnel. 

8U'inemutide; breakwaters; improi'enients in cham1el.-Stettin lies on tlJe Oder, thirty miles 
south of Swinemunde, with which it bas water communication for yes:;;cls drawing sixteen feet. 
The line of steamers that had been rnnuing fo1· a short period thence to ~ew 1 urk was with
drawn on account of a lack of patronage. The Oder at Stettin is quite nanow; nevertlie
less, it admits of a large Baltic trade. Tbe stream in many of its cJ;aractl'riistics be;1rs a strong 
resemblance to the larger bayous of Texas, especially toward its month, which opens not <iirectly 
upon the Baltic, but into the Stettiner Haff, a fresh·water souutl about seventy-five miles in cir
cumference, and bearing much the same rehttiou to the coast-line as Pamplico and Alllemarle 
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Souuds bear to the coast of North Carolina. This body of water is divided into the Grasses Haff 
ou the east and the Kleiues Haff on the west; and the water of the Oeler and of other streams 
tiu<ls three passages l1e11ce to the Baltic, hy tlie Dienow at tile eastern extremit,y, the Swine in the 
middle, and the Pune Oil the west; the :som1d months of the extrPme passages are thirty miles 
apart, and their courses are long, lmt the course of the Swine is only auout tweh·e miles. 

Swinemunde lies direetl,\' upon the Baltic, Oil the left bank of the Swine, and is a modern 
sea-port, where lleaYy and deeply laden \essels for Stettin receive and discharge their cargoes. 
For the desirecl examinations, kind and prompt assistance was re11dered by Mr. Pante!, tbe Unitetl 
States consular agent. 

The irnproYement in tlle depth of the narrow entra:uce, ll:->' artificial means, is very note
worthy. Fonnerly, the entrance to the chanuel was protected lly short moles coustructed of 
blocks of stone thrown upon a base-work of fascines. These were destroyed b.r the gales of every 
heavy winter. The uepth of water on the bar was tlien (1828) six feet, and there is no rise and 
fall of title except what may be occasioned by the prevalence of stroug wind8, which, in northeast 
storms, bank the water m·er the streets of i::lwinemuude. But there is a constant current out 
from the Stettiner Sound, whicll is mainl;v supplied with fresh water from the river8 Otler, lhna, 
and ITckcr; but the current here is not strong on account of the other outlets already mentioned. 
The narrowest part of the artificial passage is 3JO yards, bnt this does not rt'pre:,;ent the chanucl
way, which is not quite llalf that \Yidth between the 24-foot curves. As nearl_y one-half of' tlrn 
western side of the pa:ssage has less than six feet of' water, it is iutentled to construct a new bul
wark ovtr the shoal line, and Urns coutract anu doubtless improve the artiticial channel. Within 
the '..l'1-foot lines, two ocean-steamers can pass each otlier 'll'ithout difficulty. The artificial channel 
is fonued of two nearly pamllel moles of unequal length, l'Unniug out, not in a straight line, but 
curving well to the westward. 111 fact, the outer or eastern mole, and the shore-line inside, is 
115 degrees of a circle having only 2,000 ;yards radius; and for two miles the deep water scours 
dirtwtly under its wall. Tht. mouth of the channel is thus caused to open to the northwest by 
11ortli (true), and Yessels running for refuge, in northeast 8torrns, must run under all sail for the 
extremity of the pier, rouud it within a ship's leugtll, and haul up sharp on a soutlleast by south 
course, or go upon tlw western point of sands and be lo;;:t. Last winter there were four vessels 
lost by not conforming to these requirements; one losing all hands, because neither the tug nor 
life-boat coulll reach her. .From the East :Fort on the right bank the distance to the light-llomm 
on the extremity of the east pier is 2,600 ;yardR, of which the onter two-thirds is the recent stone 
pier extending from the present beacb -line. The extremity of tlrn we8tern pier (built in the same 
11Hu111er, hnt without parapet) is 60tl yards inside the eastern pier, bnt the line of shoal water 
extends on the line of its prolongation far heyoud the extremity of the eastern pier. 

The section of the easfrrn or priucipal pier is fairly illustrated by the accompanying sketch 
(illnstratiou No. 30, sketch 3). It has to withstand the heavy northeast gales, is (1uite small, and very 
low; but the blocks of stone arc laid securel,Y iu cemeut. The swell broke completely over it in win
ter, and it was decided to huild the the and a half foot parapet all along the pier, on the seaward face. 
Notwithstanding the masonry of this wall was very good, its section proved too sµiall, for the gales 
of 1874-'75 carried 250 feet of' it bodily into the channel. The piers have been prolonged several 
times as tbe <leposits haYe taken place off the ueacli, which was formerly inside the prei;ent brick 
forts. Tbe beach has, therefore, made not less than 11050 ~'ards to seaward; and the indications 
from the soundiugs are that it is merely a question of time wben additional length shall be given 
to the piers. A study of this case indicates that tbe prolongation of tbe west pier is not neces
sary, but that the prolongation of the east pier may be necessary, and slioul<l be carried out in a 
straight line, or rather in a curve of gradually-increasing radius. 'Vhat littoral drift there is seems 
to prevail from the eastward, and the deposit on the prolongation of the west pier is partly from 
the sound and partly from the littorat drift. But the increased depth of water in tile channel is 
not wholly due to tile piers, but in part to the constant use of a small dredger. The cost of main· 
te1mnce of the piers aud of the dredger is quite moderate, and the results are the fill}St favorable 
as yet seen npo.u a coa.st subject to very heavy gales. 
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Copenhagcn.-Tbere are no recent harbor improvements here, and nothing rrqniri111r specinl 
notice. 

Kiel; German noi,al docl;-yord on the Bal!ic.-Misistolie, the great Germau unval doek-yanl 
of the Baltic. It is at the southwestern extremity of Kieler Hu~-, oppo:-dtc tltc town of Kiel, :111d 
lletween the villages \Yilhelmiuenbobc aud Ellerueck. The approaches alo11g- each Hl.!01(, or the hay 
show rolling land of slight elevation, cultinitcd and dotted with honscsa11d village,,;. Thl' t1efen,.;e;o 
are good and have been much eularged and streugtl1e11ell. 

The exteut of the dock-yard is a\Jout 1,llio ;yardt:1 frontage hy G60 :yards in c1t"pth, giYing an 
area of about 160 acres. The greater part of this area was not <:>uly solid ground, but tlie hill:; to 
t!Je eastward have been cnt down 95 feet to bri11g them to the level of the work;;;. Then' are 10 lie 
two large basins for construction, repairs, mid outfittillg. 'rhP outer one is 315 yanls by 24'.!, witl1 au 
entrance 133 yards wide am] 210 _yardt:1 long.it This dock is to he co1111ectecl with the inuer Olll', or 
lmilding-lmsin of 240 Janls sqnare, b . .Y means of a J.lassage :!:i ~-a.rds witle aml ii~ .nuds long. At 
t!Je farther side of this basin are four large grayiug-doeks, the largl':,;t of wliklt is !WO yards lo11g. 

Then come tbe exteush•e establisbwents 11ecessary for a first-clas,; dock-yanl, lmt of whkh 
hardly a commencement has beeu made. The graYing-docks htffe inYertt>d arch bottoms and sol ill 
brick walls between each other. The foundation for the walls is good gran.>l, and requires 110 

piling, although sheet-piling was being driven for tile sitles of the cro,,;s-walls Getween the two lari;l~ 
IJasius. These walls are 15 feet thick. Ornr the gravel is laid beton to g·in• a le\'el continuous 
surface for the wall, which is coped with stone. The IJricks used arc slig-htlT larger th au Arnt'rit:an 
bricks; yellow, very h1tnl, well burned, and, when strnek, emit a metallic riug·. T!Jey are brought 
twenty-five miles by water. 

Hamburg; docks.-N o notcwortily impron·meuts. 011e 01· t\\'o :;mall dre(lgers were noticed iu 
the river between Hamburg and Blankeuese. 'l'lw right bank of the river i:; a bluff alrnut sixty 
feet iu elevation; the left bank low, and tlte eonntry between the north atHl south brnud1es of tl1e 
Elbe is flat, low, swampy, a.ud cut up lly many broad slouglts. \Vhen there is any teudeney to cut 
away the right bank, frequent narrow~ low lines or stakes aud stoHes aw carried ont at right augles 
to the beach for twenty to t.hirty-Jh-e ~yards, and they appear to he snfticieut. 'L'he ,-es:·wls alo11g
tue rnaiu qnay of Hamburg are arranged in tit•r:s of two and three det•p, with passages for lmrgt•i< 
to load and unload. These barges receh-e aud discharge freight at craBes alm1g the qtrnJ·-Jrout, or 
at the warehouses ou the numerous cauals ruuning through the city. Iu the latter case, t!Je1e is 
no pavemeut bordering the canal. 'L'be "Sandthorl1afen" had onl.r la'rge stl'auwr.s, priucipalls 
English, loaded with coal. There is a great line of brick shed$ with iron roof" down each whart; 
with the fronts toward the water open; but; 011 the onter or street side the.'· :trn elotit•d \rith grt>at 
doors. Between (Jach line of sheds anu the dock there are lai<l two lines of rails; the outer quite 
broad for carrying movable steam-cranes, the inuer one, of tlJC ordinary IJreadth, for cm·;,;; but 
apparently none are used, as the freight is discharged by the cranes directly irito the shed, and 
ti.Jenee it is l:lbipped into the OOr8 OU the outside of the shed, where there are four line:,; of track 
between it and the street, which is railed off by an iron-wire feuce. 

Bremerhafen; old and new doch.-'rhere ueing nothing of iuterest at Hn·rnPn, t!Je mute was 
continued to Bremerllafen, to exami11e the great ducks alreat1y built and those i11 progT1•,.;.s. 

There are two docks at Gestemunde openiug into the small stream GPst1', where it dehotH:!JPs 
into the Weser with a rapid current on the eulJ-tide. Below the Geste are tlte t1rn linisLPd docks 
of Bremerhafen, and the third one under construction. These are all ou hwd suhjPct to on•rtlow 
at high water, but diked in with the material excavated. The soil hi a stiff l1lue clay sixty feet 
thick over sand aad gravel. Piles are driven sixty feet, or until they penetrate two feet iuto the 
gravel, when they can be driven no farther. Over the piliug is laid a grillag-e, and npon that the 
walls of brick are laid in cement. The bricks are red and go01l, but not equal to tho:;e at Kiel. 
The walls are coped with stone. The depth of water over the sills of the docks is tweuty-sHeu feet; 
and there are two sets of gates a.teach entrance; the outer one is the higher, to kc<:•p out tlood-waters. 
The docks of Bremerl1afen open up stream, but those of Gestemuude open into the Ge.ste. This 
arrangement of the lower docks is made because the vessels enter at three-quarters tloo<l, and the 

•Th- numbers are taken by scale :from a plan of the docks. 
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pilots can therefore better handle the vessel against the current. But this form is particularly 
farnrable for the deposit of silt, especially as the river brings down a very large amount of material 
in suspen8ion. The deposit in the entrance is two inches each ti_de, or four inches daily; of course, 
there is not so much inside tlie gates, as they are only open one and a half hours before high water 
and for a short time after. This deposit is removed every eight days, when it bas reached a depth 
of two to three feet, by scouring. '\Vb en the water on the outside is six feet below the surface of 
the water iu the docks, the inuer gates are opened, and the scour cleans the entrance, which is a 
smooth flooring of ma:,;ourr laid over grillage and piling. . 

In wiuter, the ice forms to an aggregate thickness of six feet, and is kept brokeu in the docks 
by small steamers plyiug constantly. '\Vhen it bticomes too hea\'Y it is carried o'ut in the same 
manner as for scouring tile entrance. }fr. lhlder, the United States consular agent, states that the 
river-ice has not damaged tlie pier-heads (of timber) at the entrance to the docks, but what seems 
to be a local e1ld,v is noticeable in that vicinity, that sweeps the ice away from the diking and the 
piers; otherwise, th(';y woul\1 offer a cousta.nt obstruction to it. This, however, instead of an eddy, 
may be the outpouring el>b-waters of the Geste, opening at right angles to the river just above tlw 
first or upper dock, which tlirows the ice off the immediate shore-line. The 'Neser does not become 
frozen fast in winter at Dremerlrnfen, but ahout two miles above Gestemunde it does, and thenee 
there is sleighing on the ri-,er to Bremen. Rremerhafen is a great entreprJt for petroleum, and vast 
shed:s are stored with it beyond tlie tliird or lower <lock. In the second dock, sixteen of the large 
steamers of the Brnmeu Line were laid up on account of depression in commerce. 

Willtelmshafen; German naval dock-yard.-This is the new German na.val dock-yanl upon the 
.North Sea. It is 11citlrnr so extensi>e nor so important as that at Kiel. The site is on the 
reclaimed land near the Yillage of HeppenR, on the west point at the narrowest part of the ,Tade 
Bay. The iuuer harbor is 400 yards by 240, and has three dr,y-docks and two slips for the con
struction aud repair of iron-clads. '!'his harbor is 700 yards from the extreme point of entrance; 
and the canal and recei\'ing-barbor are executed in heavy granite masonry. Iu the eutrance-har
bor was lyiug a dredger, evidently needed to keep the required depth in the approaches. Addi
tional reclamation 1s being made to giYe more dockaglj on the southwest side of the entrance. 
The soil is a stiff black clay, and is used for forming the dikes without the use of fascinage or 
other helps. The railroad connects vVilbelmshafen, which is quite a pleasant place, with Olden
burg; am1 a large caual is being opened close under tbe embankment. 

Tlte Amsterdam Canal; enlargement; protection of banksj North Sea Harbor; 1fretlgingj ln·eak-
1catcrs.-1'here are already two or more printed descriptions of the details of this work, so that 
reference here need be made only to some of the cl¥tnges deemed necessary, and to the points 
that more especially attract attention. The canal west of Velsen and the North Sea Harbor 
were visited with Mr. Dutton, the executive engineer for the contractors Of the party were also 
Messrs. Waldrop, lfose, and Siemens. l<'rom .i\ir. Dirks, the chief engineer, copies were received 
of all the specifications of tbe work, and the maps exhibiting the lauds reclaimed, &c. 

The sand-dunes, bordering the coast-line for an average breadt.h of two miles, are about fm'ty
fh·e feet above the sea; and from Velsen westwal'd the heaviest and only cutting of importance 
has been effected. These dunes are not naturally covered with vegetation. Tlie cut through 
these dunes was finished 203 feet wide at the surface of the water; but as new projects for a great 
central railroad-station were commenced at Amsterdam, and the city needed material for filling, it 
granted a subsid~ of' $!.l,400,000 to the Canal Oompany for sand, upon the condition tllat the surface 
width of the canal should be increased to 230 feet; the depth to be 27 feet for a bottom width of 115 
feet, giving a slope of one to one for the sides. This widening is now in progress along the south 
side of the canal. 

To prote{lt the banks against the destructive effect of the wave of displacement of the 
steamers, they will be pitched below and above the snrface of the water with blocks of one, two, 
or three cubic feet dimensions, of hard limestone, or of basalt from the Rhine. They will not be 
smooth laid; tbe illea is that rough pitching will break the wave and retard it; but unl~ss the 
stone is deep, the sand will pl'Obably be washtid from between a.nd from below the stones, as may 
be seen at some parts of the newly..;made wall on the Suez Canal. At present, the protection is a 
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.wooden bulk-head, which is about two feet above the surface of the water. Engfocer 'Yaldrop 
says the best defense is a ree<l, that is indigenous. Near Amsterdam it Vias obserYed that a fringe, 
four feet wide, of this reed, 1iYe feet high, completely smoothed the top of the principal adrnncing 
wave, which had been combing and tearing along that part of the bank of one of the canals pro
tected by stone. Among the reeds the wave was as high as along tLe sloping stone wall, but it 
bad little or no bank-destroying power. The med was then (August 27) nearly in RCe(l, and looked 
like a carcx. It is not, however, propagated for this work liy seed, but transplanted, and in a 
sandy soil, on the edge of the canal, is put 18 inches deep, in a muddy soil about 10 inches. It 
would be evf'n better than the tule of California, because it grO\YS much like a tall, coan•P grass 
or millet, with a stalk half au inch in diameter, and witl1 many leaYes. Alon~ the cmial, 
tlirougli tlic dunm;, these reeds are planted inside the present wooden bulk-head. The dune,; for a 
good distance on each side of the canal, and the slopes of the canal, are plaute<l with a coarst' 
grass, 2~ feet ltigli, which grows well, and,.. cffectnally protccti-; tlrn sand from driftirig. 1t will 
grow from the seed, but in that case tho sand may be dri~·en awa~-, and lean~ the seed exposc>{l. 
The transplanting costs one cent per square yard, and the growth is thick from fallen !'eed. 
Ji'rom this thick matting, the plants nre taken for tran.~planting. 1t seeds at the end of Angn.o.;t. 
The slopes of the canal-banks aboYe the water are one to one and a balf, and tbis grass !Jolcls 
them perfectly. It would be a capital coYeriug for the sauu-dunes of Califoniia and Oregou. It 
is locally known as t!Je trelm. 

The dredger, costing from $1fi,OOO to $17,000, pfaces in the scows an rn-erage of behrreu 700 
rmd 800 tons of material dail,v; but 1,500 Lave been removed in one day. Each scow carries from 
100 to 110 tons, aud is to\·rnd seaward to 1.-; fathoms of water and <lischargetl. Tl1e m('ans of' 
closing t.!Je six shutters of each scow, so that each shall lrnn:1 the same strain to keep it closell, i1> 
f]Uite simple and ingeniom1, and Yery effective. Iuside t!Je canal the 8mall dredgl•rs, of the or!li
nary scoop form, were removing 011ly 400 tons (l;\ily; but the. dredgers are quitP small. Tlw 
sand is raised to the top of t,he south bauk, and carried hellce hy tram-way to Amsterdam. 

Tim deptb of water now (August 27, 1875) in the canal is reported at 16 fert, and the com. 
pan~- a.re under contract to ha Ye that depth through the harbor and the canal by April, 1S7fi: to 
be increased to 27 feet (8 meters) throughout by 18i7. 

Tltc entrance looks and sluioes.-The two locks and the sluices near the seaward t>utrancP 
to tbe canal are simple, 1iue-looking })ieces of' brick-work, without the least iu<lication of cracking 
or settling. The lougest lock will recei\'e lL ,.e8Sl'l of the largest class. It has three gates (for 
protection) built of iron, witb air-chambers, and is balanced so as just to be bnoyaut. Thl' 1irst 
gate, toward the sea, is the strongest aud highest, as a guard against st-Ot·m .fiotlds, and 'yeigfo;; 
57 tons. The middle one is lower, and weighs 45 tons. .The Inner is the lnwest, :rnd wcigfoo; 
33 tons. The brick walls separating the locks decrease in height with t!Je gates. These ]lien,; 
are built upon a grillage, resting ·on pile.s, and no difficulty was experienced with the side 
piers; but some trouble was encountered with the central one, where a stream of 10 inchl'" 1iad 
to be led off until the work was nearly done, when it was closed up without difikulty. The bottom 
of the lock-chambers and the aprons, and the bottom of the side channels, C(msist of foscinage, 
broken bricks, and basalt.rock pitching. 

Tlic beton blocks.-It is claimed that the beton works are the most extensi.-e )n the world. 
The concrete is composed of sand, shingle, and cement, in proportions specifieil in tLe contracts. 
Tl1e sand here does not make good bet.on, so it is brought a distance of 100 miles. The blocks 
range from 4 to 10 tons, with size,s 3! feet thick, 4 feet wide, and from !J to 13 feet in leugth. .At 
the contractor's office it was intimated that they hall been fonnd too small, c>speciall_y aloug the 
exposed faCBs of the piers, where the he.ivy waYes tended to lift them up. 1t was in contempla
tion to increase t:he size of some of them to 20 tons. '"'hen brought from \'elscn, they arc tirRt 
stored on the north side of the canal near the shore. Suhseqnentl,r, they are carried by rail acrrnss 
a wooden trestle-work to the inner end of the south pier, where they lie until neeiled. Thence 
tliey are moved on a tram.way laid on a pier, in pairs, and stored near the outer end until needed, 
when they are lifted by the crane and placed in situ. • 

North Sea har-l>or breakwaters; design; method of buildillg.-While landing on tho inner side 
of the south breakwat~r ~r pier, a swell was running square on the line of the pier, from the 



 

304 REPORT OF THE SUPERINTENDENT OF 

effects of the last gale. TLe work is out to 4,723 feet (1,440 meters), and the foreman stated 
that he was working in 3G feC"t of water (11 meters); alt.hough the piers are intended to go out 
to only 27 feet (8 meters). The experience gained in the construction of these piers is valu
able. Tbe original design appe.ars to have het>n somewhat similar, if not identical, with that of 
the Admiralty pier at Dover. This consists, at the inshore end, of a solid sea-wall (having a hearting 
of concrete) with a slight lrntj:er on each side, but changing to nearly -vertical sides as it progresses 
outward, and almmlouing the hearting of concrete. This (the Dover) pier rests upon the hard, 
chalky bottom which is not torn away by storms; but the case is wholly different at the North 
Sea Harbor, where the bottom is coarse sand liable to shift, and -very quickly carried away when 
any large body i,; placed npon it, around wbich irregular currents are generated. Therefore, when 
this Dover plan was mlopte(l here, the saud was washed away from the base of the breakwater, 
which hr its weight ag·;iin pressed out the sand beneath it; and this was in turn wa11hed away, so 
tl1at the pier settled and ga\·e way. Y\,'ithout abandoning this method, the lowest layer of bcton 
hlocks was allowed to settle until it was emuedtled ·in the sand; it settled irregularly, but was 
leYeled off near the low-water line to sen·e as a foundation for the upper courses. This was 
necessaril_y slow and expeusi \·e, and it is doubtful whether it was not, in great measure, liaule to 
subsequent nnderwashiug in great stonns. Tht>11 two outer an<l boundary lines of concrete blocks 
were laid with the iutnspace filled with basalt blocks; a pierre perJne as a foundation. But it is 
eYident that the procmis of uuderminiug the margiual blocks is identical with that attacking thP. 
pier itself, aud then the loose basaltic foundation must ;deld. 

After ahando11ing- this, a base has been formed us throwing in basaltic aud limestone rocks 
upon the sand to the depth of one meter, for a breadth of :~.'3 feet on each side of the base of the 
breakwater; beyou(l that, they take tlrn natural slope. These rocks are approximately leveled by 
a <liver, wbo then spreacfa a layer of spall (of pieces 13 by 2 inches, or thereabouts) so as to fill the 
interstices of the larger blocks. The leveling of this riprap is done by means of au iron bar swung 
horizontally from the eud of the crane lJy a double chain. The b.:tou block is then lowered to its 
position over this leveletl pnrt, and trial rnalle of it.s horizontality by means of an irou disk, 15 
inches in diameter, snspeudetl by a chain from the crane. This disk is moYcd O\'cr different parts 
of the block nutil the n~quired accuracy is attained. The work is quite tedious, because the seeing 
is always difficult on :iccount of the discolored water. 

After the lower hlocks are laid, basaltic blocks similar to those of tl1e foundation are laid 
along each side of the breakwat<>r to the top of the first course. It is found that there iA a heavy: 
scour at the eud of the ln'Pakwater as it is being carried out, so that the foundation-bed of riprap 
is really placed on a depression of 3 or 4 feet, if not more, thereby giving some advantage to the 
found a ti on. 

Some of tlle ablt>st Dtltcb engineers express grave doubts about the foundation of the break
waters, and insist that it shouhl have been made of fascinage. The beton blocks are carried up to 
tlrn low.,water line without cement; and it is found that the blocks are, at that height, generally 
leYel, as required hy specification. For the joints at the low-water line a quick-setting hydraulic 
cement is used; aboYe th<lt., Portlaml cement. Iu examining the wlwle length of the pier, the sur
face was found to he irregular and apparently sunk in places, and cracked across quite frequently. 
In fact the first crack across was within 20 or 30 yards of the pier end, and was continued below 
the watcr-liue. The general appearance of the pier is unfavorably light and not of superior 
material; 2~-inch iron rods had been laid in grooves of the upper end outer course of blocks 
about:!~ feet from the seaward edge, and then covered with concrete; but frequently the concrete 
was gone, and the rods exposed and badly oxidized. The damage, or danger of dislocation or 
fracture of the outPr blocks, increases toward the slwre end, and cross iron tie-rods, round and square, 
have been introd11ced to meet emergencies caused by fracture. The introduction of this cramping 
is a new article in specification No. 5 .<J, being the seventh modification of the original plan, August 
6, 1873. 

The surface blocks a.re ba(lly weathered. About half the way out to the breakwater a con
tinuous concrete parapet witll has been built along the south edge of the south pier. It is about 5t 
feet high and 6 feet wide; but the material is already badly worn, and in places is broken through. 
No examination was made at the north pier, but specification No. 5 g says that both breakwater& 
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shall be similar in construction. It will be recollected that an attempt was made to construct this 
north pier by commencing seaward and working toward the beach, and that the plan failed on 
account of the scouring away of the bottom from around and under the pier, and between it and the 
shore. This scouring process was so destructive that it endangered and finally carried away the 
Rcaffolding for the rails, by washing away the sand from around the screw-piles. The breakwaters 
are each to be 5,058 feet in length, and at the extremities the breadth of the top of the north pier 
will be 272 feet (8.35 meters), and that of the south pier 261 feet (8.05 meters). 

The dredging of the North Sea Harbor, formed b~- these two breakwaters, will he completed 
by the first of April, 1876, to give tbe following bottcm widt!Js and depths along the center line of 
tbe harbor: 

At the entrance, 28~ yards wide; 2C\1 feet water at low tide : 
At 550 yards inside the entrance, 909 yards wide; 24! feei water at hw tide : 
At 1,090 yards inside tlie entrance, 305 _yards wide; 20:! feet water at low tide: 
At 1,210 sards inside the entrance, 82 yards wide; 23 feet water at low tide : 

and thence the same depth through the canal to .A.msterdarn. 
As alrearty mentioned, it was originally intend;)d to carry ont tlie breakw<\ter as a solid wall, 

l>ut in addition to all the modifications which ham been Sj_)eciticd, it has been fouml necessary to 
protect it by a line of heton blocks thrown ill a pierre perilnc along the south or seaward face of the 
south pier to the level of the water, in order to break the force of the southwest swell upon the 
wall, and probably to proteci the base. But it seem8 not altogether irnprouable that in very ,·io
leut gales the southwest seas may dri,'e these loose blocks against tlie wall and parapet to ftheir 
lllJUry. Specification No. 39, of April 25, 1875, pre>icribes t!Jat these" wave-breakers'' shall be car
ried for certain named distances along the sea-face of each pier, and around the pier-heads to the 
inner facing. The cross-section of this loose material is fourteen feet on top, at ten feet above low 
water, with the outer slope of one to one; and the material comprises 162,000 c11bic yards of con
crete and basalt blocks, the latter beie.g in comparatively small mas;ies, aud some of the former 
condemned material. 

The tides rise 4 feet, and it is said that by a peculiarity of the tides meeting here, littoral drift 
is prevented; but in the green water a well-marked line of current rips was noticed, which indicated 
a current then setting to the northward, while the discolored water wa.s only hctlf a mile out from 
the south pier, b11t spread out much farther to the north ward of the harbor. That mas have been 
on account of the previous day's strong son th westerly wi11d, which raised sufficient swell to prevent 
the laying of a,ny blocks. 

Dam at Scllellingwonde ; the ea.~tern e.rtremity of tlte Amsterdam Gar1al; <lifficnlties of con
struction; how overcome.-A description of the work of Urn Amsterdam Canal and the North Sea 
breakwaters would be incomplete without reference to the dam across the Ij (or Y) at Schelling
wonde, near Amsterdam, although it comes partl.r within the subject of land-reclamation. 

When the Great North Sea Canal .(the Amsterdam Canal) was originally proposed there was a 
multitude of objections to it, among which was the liability of the canal to fiuctuatiom; of water
level from storm-changes in the level of the Zu,rder Zee. Then also it was demanded that tlie 
adjacent waters of the "\Vijkermeer and the Ij, which are t!Je south westerly termination or arm of tht> 
Zuyder Zee, should be drained iu order to make the undertaking commercially (financially) sue 
cessful. But after some years of waiting and discussion this project was considered essentially a 
part of the scheme. To overcome the first objection it was decided to dam the Jj just east of Am
sterdam, and between Schellingwonde on the north side, and Paardenhoek, near Leelmrg, on the 
son th. The hostility to this essential feature of the great idea was ernuttrnlly overcome, and this 
remarkable dam was constructed under unusual difficulties. 

The dam or embankment is 1,482 yards in length, and is built upon fascinage iu depths from 
5 to 215 feet, upon a bottom of soft mud about 40 feet deep, resting upon santl. The usual rise and 
fall of the tide is 14 inches, but storm-tides reach 10 to 15 feet, at which times the current 
through this channel-way is two and a half miles per hour. The breadth of the base of the dam is 
140 feet, except the closing part which is about 150. Tile assumed settlement of the center line of 
the d.a.m was 13 to 14 feet, and the line of the crown is 15 feet above ordinary low water. 

H. Ex:. 81--39 
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The first operation in building the dam was to co\"er the entire site with a strong fascine-mat
tress, worked in pieces of 200 feet in length, 30 inches thick, and overlapping each othP.r about 3 
feet. Then upon each edge of this floor-mattress, long narrow mattresses, at first 25 feet broad, 
are laid at low water, each superior mattress being narrower, and receding from the lower edges 
of the one below, so as to gi\"e a sharp slope on both sides of these parallel lines of marginal mat
tresses. These are brought up to high water. Between these rows of fascine.work the space is 
filled with sand and clay, rPsting upon the floor-mattress. As the work sinks in the soft mud, the 
marginal fascinage is added and the sand and clay filled in. Above the high-water line, the 
proper cross-section is given to the work both with fascines and filling. The details of the manu
facturing of these mattresses and other fascinage are not necessary.to The substratum of mat
tresses, wlien loaded, sinks in soft; mud with moderate regularity and gradually, unless .the mat
tress is weak, and becomes ruptured lengthwise, as happened in the Schellingwonde dam. In th is 
case, the mattress split longitudinally, and the halves separated. The only remedy was to fill the 
cavity with clay and sand until the settling ceased. It was originally intended to use a double
fioor mattress, but tlte plan was abandoned, lest water should penetrate the dam through such 
a thickness of fascinagt-. Iu sandy soil there is little or no danger of this, as in a few days the 
sand finds its way in the interstices of the fascinage and makes a solid mass of the whole. But it 
would appear reasonable to suppose that when the floor-mattress was laid in this case, a thin 
layer of sand might have worked sufficiently through it, and then a second mattress over this 
might ham been similarly treated; or they might have been separated by several feet of sand 
and clay, and thus have given a Rtro11g fascinage flooring that would necessarily have sunk, but 
woult.1 not have b€eu rupture1l. There is one great advaut:ige in the nse of fascines in such an 
umlertakiug, and that is in closing t.lie >Yater-way. In the Schellingwontle dam the opening was 
328 feet, and this wa;; closed o\·er the whole width simultaneously; but of course the sma11 rise and 
fall of tide aud weak current were favorable circumstances. The principal difficulty in the con
struction of this 'lam was in building the foundations for the sluices and locks near the north side, 
now called the ''Orange sluices." 'J'be north wing at the dam stretches three hundred and twenty. 
eight yar<ls from tl1e Schelliugwonde sitle; and tlien the abutments for both sides of the sluices, 
the drainage·sluices for the pumps, the three locks for 11avigatiou, and the outlet-sluice occupy 
136 yards. For the coi1struction of these sluices and abutments an immense coffer-dam, 175 yards 
in diameter, was ma<1e of two concentric rows of heavy sheet-piling, each pile being from 75 to 80 
feet in length. lt was misnccessfo1; various failures were overcome, and it required three years 
before the work was completed. The ma8onr.y works rest upon grillage laid upon a forest of 9,000 
piles, averaging 75 feet in length, and which have heen driven into the sand. Memoranda con
ct>rning the pumps, &c., will bt' found under the head of land-reclamation. 

Chabourg; commercial a11d naral ilock~; l>rcakwater.-This artificial haruor was visited under 
letter from "le Ministre Secretaire de la 1\Iariue et des Colonies." The entrance-dock and the com
mercial dock at tl1e mouth of the small stream on the east front of the towu showed good masonry, 
in large Llocks of granite, with 110 signs of settling or breaking joints. The docks are badly silted. 
The large naval docks, workshoµs, magazines, and arscuals are well constructed. The docks were, 
in part, cut out of the rock, and have bern walled with granite. A1>art from this fine naval dock· 
yard, which has an extreme length of ~,000 yards and an average breadth of 850, tbe principal object 
is the great breakwater, which stretches across the roads about 2,000 yards north of the dock-yard, 
but 3,300 yards north of the piers at the entrance to the commercial dock. This breakwater is 
laid in water from 33 to 46 feet in depth, with a good passage at either extremity. The western 
passage is 2,500 yards in width, and tbe eastern passage is 1,050. The ]engtb of the brea.kwat;er 
is 4~120 ;yards, or two and one-third miles. It prot;ects the anchorage from all winds coming from 
the northwest to the northeast~ and a large fleet may lie un<ler it in safety. The construction was 
commenced abont 1784, by placing large wooden caissons, filled with rocks, on the line of the break
water. This was found to be unsatisfactory, too expensive, and too slow; and after four or ftve 
years the system of a breakwater made of riprap, or "en pierres perdues," was ~opted. This 
appeared to have been successful, especially when coped with a thin line of masonry; but in Feb
ruary, 1808, during a heavy tempest, one part of the breakwater, upon which was the "Batterie 

• See Watson "On the use of fa.seines in the public works of Holland." 
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Napoleon," was torn away, and over two hundred S()ldiers were drowue1l. The strength of the 
work was subsequently increased until the breakwater had a base about 300 feet in bread!11; a11d 
in 1838 it was decided to build a wall of masonry along its crest. \Yhetlter thhi was absolutely 
necessary as a protection against storms or to sustain the water-batteries that exteml its whole 
length, is not certain on casual observation. The work was finished in 185:~, an1l t.lie total cost of 
the breakwater proper, excluding the four casemat ti forts, is reportecl at nearl,\· $17 ,ooo,ono. This 
is one and a half times greater, per linear yard, thau the Holybeacl breakwater; two and a half 
times greater than that at Portland; but onc-quarter less than that at .Alderney. It is 011!;1· one· 
sixth less, per linear yard, than the Admiralty pier at Do\"er. 'I he breatltlt of the llase of the ltreak
water is about tbe same as that at Portland and Holyhea1l, :rntl it prohal•ly '"ould ha\"e suffered 
less than it hai; done from the destn1cl he ac1 ion uf the Reas h:ul it been coustrncted in deeper 
water; but as the whole idea of Napoleon was solely to vrotect a naYal a11d not a commercial 
port, it is more than likely that the position was made sub:<crdeut to tlrn protection afforded by 
tlle adjacent forts on the east and "·est of the passages aud on the snrroumling heights. The four 
forts on the breakwater itself mount 174 guns, aud the intermediate water-batteries add 9G more. 

Brest; naml and cmnmerciaf docks.-The nantl docks and c1epots of Brest on eacll side of the 
Penfeld ha•e an average width of llO yards. The. rise of tlle hanks is f]llitc sharp and ahout 100 to 
150 feet aboye the water. Both sides of tue stn•am, which i8 really a Yery narrow arm of the sea 
are occupied on the banks and lleights with arsenals, work1-1hop:>, tlock;;, s\Jip-lrnildi11~ slips, depots, 
llospitals, casernes, &c., of the secontl Ila val dock- yard of Fra11ce. 

Tbe high iron liriclge-the Pout Imperiale-o\~er tlte Pe11feld, is thP first special object to 
attract attentioll. It is composed of two flying wings, each pi \'otetl upon a to l\"('l' or pillar of masonry 
about SO feet above the water. The distance between supports is about 4 L! feet, aud the a.pproaches 
to carry the counterba!ancing weight each about lOOreet. The breadth is:!::> feet. It is a ligllt, 
graceful structure, easily moved by three men at each wiug, all(l although the vibration of a few 
persons passing it is felt, the weight is 750 tons, antl its strength has heea amply tested ; neverthe
less, in the form of the angle-iron of the lower chord, there appears an erroneous application of ma
terial. The iron-work oftlte bridge cost $282,000, and the masoury, buildings remo,-ed, approaches, 
&c., cost nearly an equal amount. Another object of intere8t was the economy-crane, for lowering 
the heaviest machinery and masses direct1y into the vessel from the workshops 011 the heights 
above (he right bank. A viaduct has been carried owr a single arch of 100 feet span to the pillar 
containing the machinery for modag the crane. The largest dry-<lock is situated one and a half 
miles inside the entrance to the Penfold, on the right bank. It is 715 feet in length and 80 feet in 
width, divided into two parts by a middle gate so as to be used as two do;.;ks, if necessar.r. All 
the gates are of iron, and are so constructed as to be floated and mo>e<l about in a Yertical position. 
The condition of the masonry of the quays along both banks of this naval port indicates that the 
foundations are not good; and at two of the ship-building slips the foundations hatl, at one time, 
actually slippe1l away in part; but by going to the " I.led-rock" for foundation 110 difficulty is 
experienced. 

But the most instructive work visited was for the improYement of the commercial harbor and 
docks just eastward of the Penfold, and founded in 18::>8. The road of Brest not being capacious, 
jt has been deemed necessary to build a breakwater in front of tlle new commercial quays and 
docks. But this protection is crowded so close upon the quays, that at the western head there is a 
passage.way of only ninety yards between it and one of the quays. The passage at the western 
head is bot a little wider, and the dockage for vessels is very limited in extent. 

The bottom of the road or bay under the shore-line is mud of several meters in depth, as 
marked on the accompanying rough sketch (illustration No. 30, sketch 4 A.) In constructing the 
front -wall of the quay, a considerable depth of this mud was dredged away, but a depth of 10 feet 
was left above the hanl bottom. Upon the inner line of this dredged section a base of riprap was 
_laid, having a breadth of 33 feet and a height of 12 feet. Upon this was then built the masonry 
wall, as shown in the same sketch, which exhibits a cross-section of the work. Earth was then filled 
in behind this retaining-wall to the required level. The mu<l nuder tbe earth, yielding to the super
inefimbent mass, was forced against and ullder the retaining-wall and carried the wall forward with it. 
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At one place, part of the wan V1as 325 feet from its position. The progress of this movement was regu-
1arly observed and measurements were taken to exhibit the canting of the wall and its actual change 
of place. 

To remedy this mistake, the mud was dredged to the solid bottom of the bay, and a riprap laid 
having a breadth of base 131 feet (illustration No. 30, sketch 4 B) and a greater depth than the first 
one. The retaining-wall was then built upon the outer edge of the upper part as before. 

To the end of 1873, the total cost of improvements bad been $3,072,000 (16,383,000 francs). 
According to the plans, the present works exhibit 3,380 yards of dock and quay frontage, and at 
the foregoing rate of expenditure will certainly reach $1,000 per yard of frontage before the work 
is closed. lt is the most expensive piece of work examined in Europe; but it has already been 
proposed to enlarge the scheme, and to continue the docks and quays to the eastward, without a 
prolongation of the breakwater. Along the quays railroad-tracks are to be laid, and turn-tables at 
every change of direction, and large store-'honses are to occupy the quays. 

'.l'lie Admiralty pier, Dover; a breakwa.ter of masonry; how constructed; illustrations; oost.
A t DoYer, Mr. Druce, the resident engineer of the Admiralty pier, exhibited sections of the 
pier as modified during the last twenty-five years. The pier, as it now projects from the 
western part of the old contracted barlwr-pier, is but one part of a ;ret undetermined project 
to build a great artificial harbor. In ordinary south westerly winds, small steamers find protection 
on its northeasterly side; but in heavy 11ortbeasters they must seek shelter under the southwest
erly side. The main idea in building this breakwater is that it shall be of solid masonry, and 
present a nearly vertical wall to the action of the waves. It is constructed in the very best man
ner, and at the close of e:lch season's work the unfinished extremity of the pier is left without 
special protection until the next spring. The first section of the work has au outer shell (A) of grau_
ite (illustration No. 30, Sketch 5), of which shell the blocks below low water were not cemented; next 
inside this is a line of rubble (B), and within that a hearting of concrete (C), all carried down tothe 
hard chalk. The plastic chalk overlying the bard, although so tough as to make its removal compar
atively expensive, was cleared away. The batter of the walls was l foot in 4, and has been gradually 
changed until it is now 1 foot in 12, with more satisfactory results in regard to the action of the 
water; practically, the walls may be considered -vertical. The form of construction of the three parts, 
A, B, and C, was modified as the Ilier advanced; and the rubble (B) was replaced by solid 
masonry, and the inner faces toward the hearting were made vertical. As the work advanced, the 
hearting was abaudoned, and the whole pier is being carried out with solid blocks of sa·ndstone, 
but faced with granite. The wor!r was advanced during winter below the low waters, so as to 
be beneath the reach of the heavy wave-action. During summer, the upper part is carried forward; 
but at present the work is suspended. 

Divers in armor are only employed incidentally on aecount of the turbid waters and the strong 
current from the northeastward, especially during hea\'Y weather. All the blocks are set, and 
nearly all the work is done by the aid of the diving-lJells, which are of such size as is found by 
experience to be the most advantageous, and the blocks are of such size that they cau be readily 
managed from the diving-bell. Bven iu heavy weather the work can be carried on in this way at 
the greater depths by ftrst rapidly lowering the diving-bell with the men and the blocks through 
the troubled water, and then lowering more slowly toward the bottom. I11stead of large blocks 
the engineers especially favor smaller aml more readily handled blocks below the water-level. 
They can be better set and cemented. The cement is one part Portland to three of lime, and is 
very hard. The scaffolding from which the bells and blocks are lowered has been gradually 
increased as the pier advanced so as to be above the reach of the waves; since the abandonment 
of the work, the scaffolding has been removed. 

The extremity of the pier is now 700 yards out, and just includes the enlargement on the 
inner face for an iron turref-fort with two heavy guns. It is iu 45 feet water at low tide, and there 
is not a. sign to indicate settling or rupture. The top breadth is 45 feet, and the top of the parapet 
is 40 feet above the level of low water, the tides rising 19 feet. The parapet, which was to be 

-solid masonry, has been modified so as to admit traffic in <iombination. with the two railroad 
termini upon the pier; it now has the general aeetion indicated in illnstra.tion N0. 30, sketch 
fi. The uppet' footway of stone flooring upon iron plates is supported on one side by the wall, 
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and on the other by a line of iron pillars; and the space l>eueath is open for traftic. There is an 
iron railing on the inner side of the parapet footwalk, and also upon the edge of the pier. This 
open spaee was to have been solid, but the engineer thinks the modification qnite strong enough. 
The parapet is finely dressed granite from Cornwall, tllis extra fiuisll being added by order of the 
Admiralty. It is estimated that tile ordinary smooth work on the inuer edge and the top of the 
blocks adds only 2 per cent. to the cost of ordinar.Y work; but the additional expense upon the 
parapet must be mucit greater. The roadway is in Belgian blocks of about 3 inches by 12 on the sur
face; tltey are well laid, and the interstices small. The be.ton works arc at the inner edge of the pier. 

Uost.-The work is unquestionably good, but the cost is very great. Exclusive of $120,73ti 
paid for work on the fort, the 700 yards already completed to Mi feet at low water has cost $3,36I,4:l3, 
or $4,802 per linear yard." 

According to a scheme presented to Parliament, in the session of. 187 4, for the completion of 
tlrn whole Dover harbor-works, piers of a total length of 2,311 yards additional am required. 
Should they cost at the sarne rate as that alreatly built, the whole work would demand an expendi
ture of $14,500,000. 

Although the wa\es aud heavy driYing spray frequently cover the parapet in southwesterly 
winds, it is never exposed to such seas as are experienced on the Northern Pacific coast in winter, 
or even to the heavy groundswell of northwesters. 

Portland breakwater j riprap ; description; WustmtionR of aoss-section ; co.l't.-This work differs 
totally in character from that at Dover. Tllis is a great dike of pierre perdue (riprap) dumped upon 
a given line until raised above the le>el of tlle sea, anll ha,·ing its cross-section shaped by the 
action of the waves. Tlae first impres8ion reuei\'ed is that the seas which fall upon this breakwater 
are uot such as fall 011 the Northern Pacific coast in winter, or eYen like seas raided by our strong 
northwest winds; because the comparath·ely small blocks would be toru away and driven or 
rolled over into the harbor, and the very pillitr-scaffoldiug, which remains just above the stones 
along tlie water-edge, would be broken off, notwithstanding their shortness; and yet it is said at 
Portland that a very heavy swell does break upon and over, and at times lifts the !.>locks. On the 
seaward face, exposed to the southeast or line of greatest exposun'l, the finer material of the break
water is driven out; but on tl.ie inner slope this is packed in with the larger. The irregular mas8es 
of rock appear to average barely lz cubic yards. As taken from the quarry, they range in weight 
from one ton to five tons. 

The breakwater stretches from the northeast part of the Great Heall of PorUaml toward tlle east
uortheast into 10 fathoms of water, and then stretches to the north in about the sa1ue de1ith. The 
total length of the outer breakwater is 6,500 feet, and of the inner 1,900 feet, with a 9z-fatlwm p:is
Sllge 400 feet in width between them and just inside of the curve. It is a succes8ful work. The 
original project contemplated the building of a line of masoury and parapet 011 the inner edge of 
the breakwater, from low water to near!;y 30 feet above high water. Bnt there is only a line of this 
parapet-wall on the inner breakwater, and it is not intended to add anything to the onter length. 
Upon the inner side of the wall of the inner breakwater there is it coaling-station for men-of war, 
but it is not now used. So far as the lines of scaffolding remain in the line of the breakwater, aud 
as the cross-sections show, there has been very little change in the pier; but additions were 
made to the sea-fa<ie as the whole cross-section fell into shape. A good proof of stitbility is seen in 
the small amount of yearly expenses, the pa.r of men, repairs, and maintenance being only $'..l,425. 
The annual appropriation for "storm-repairs" is only $900. .At Plymouth breakwater the auuual 
repairs cost from $25,000 to $30,000; and they are much more at Alderney. 

Along the inner side of the breakwater a tram-way is to be laid abo,·e !ugh water to perm it a 
movable crane to readily traverse its length and replace blocks that may be drirnu inward by the 
storms. The heaviest effects of the gales are upon the bend of the outer length of the break water, 
but no special widening bas been found necessary. The walls and the rnasoury foundation of the 
fort have been badly cracked, but the plans show that this heavy mass of masonry, 100 feet iu 
diameter, was built upon the riprap deposits made between April, 180:3, arrJ June, 18ti3. The rip
rap is 20 feet thick under the masonry at low water. 

Cost of breakwater.-The breakwater was 'l'"irtually completed a~~~-t IS65,_a~<l_'1_1_J___t~ 1869 ~s 
• Dof/flr pier.-Return to an ord&r of tile f{onse of Commons du.ted l!:hl April, 11'75, for copy uf •J nu.rterly reporL, &c. 
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eost had .been $4,478,000, or $1,742 per linear yard. This is a little more than one-third that of 
Dover pier and two-thirds that of the Holyhead breakwater. Ilut it should be borne in mind that 
the stone was qnarried in the hill directly over the works; that the loaded damp-cars were carried 
down by gravity, and the empty ones drawn up by those descending, and that a large amount of 
convict-labor was utilized, as it is there to-day. Two cross-sections are here given of the break
water (illu11tration No. 30, sketches 7 & 8), exhibiting the satisfactory manner in which it has main
tained its form. That numbered one hundred is taken near the bend where the heaviest seas break 
upon an cl over it; that numbered two hundred and sixty is very 11ear the fort. At both points, 
the depth of water outside the breakwater is 10 fathoms at low tide. These may be advantage
ously compared with the cross-section of the Hol_yhead breakwater. The noteworthy, almost 
identical, form indicates that the same general laws have been at work shaping the masses, not
withstanding the latter has·slightly the larger cross section and the wall of masonry. From these 
aud other examples it maj· be possible to deduce the law of cross-section for riprap breakwaters, and 
the most favorable depth of water for building, under varying conditions. 

Refuge.-While examining this structure, a count showed thirty-three large vessels at anchor 
from the bad weather outside; on t~e day before, there had been about one hundred and fifty craft 
of all sizes. 

Holyhead breaku:ater; riprap and icall of masonry; description; cost; illustration.-Tbis great 
breakwater is similar to that at Portland, except that it carries a wall and parapet of masonry its 
entire length upon the harbor side. .From a full description of the work by Mr. Harrison Hayter, 
for the institution of civil engineers of London, only the main features of the work and a tracing of the 
cross-seetion will here be gh·en, as kindly furnish eel by that gentleman (see illustration No. 30, sketch 
9). The break water bas a total length of 7 ,860 feet, and em braces a sheltered romlstead of 400 acres, 
besides the in11er or" New Harbor" of 267 acres. The original conception of the work was due to 
Rendel, and al thong b em bracing only the 267 acres just mentioned, was con side red a very bold and 
even wild undertaking. Yet this was found inadequate for the necessities as a harbor of refuge 
for which it soon became invaluable. The original breakwater stretched 5,360 feet into 8 fathoms 
of water; the recently finished prolongation ~f 2,500 feet runs into 9 fathoms of water. Ver~- for
tunately for such a great undertaki11g the stone used in the construction of the work was obtaiued 
as at Portland, from an adjoining hill, and was readily conveyed to the line of the work. The 
material is a quartz-rock. The operations in quarrying, among the 1argest aml most interesting 
that bad been umlertaken, 11eed not be detailed here. The stone was dmnped into the sea from 250 
iron tipping-cars, running over a temporary wooden scaffolding. The inclination giveu to the fore
shore was 1 iu 7, and this was supposed to continue 10 feet below the low-water level, after which 
the material would assume a slope of 1 in 2 for the next 15 feet. of depth; and then 1 in lJ! to the 
bottom. On the harbor side, the slope was 1 to 1. At the lower-water line the breakwater was to 
have a breadth of no less than 250 feet; aml in 50 feet of water the breadth of the base was 400 
feet, or 80 feet more than that of Portland in 60 feet of water. These conditions have become 
somewhat modified, and the existing foreshore slope between high and low water is 1in12. The 
breakwater contains 7,000,000 tons of rubble-stone, and after it had become consolidated the super
structure was erected. The main object of this wall is to shelter the inner harbor more effectually, 
and to pre\"'ent the loose rocks from washing into the harbor. Of coarse, the seas cannot be so great 
here as at Alderney, where rooks of 10 tons are lifted over the 40 feet wall and deposited inside. Th*' 
wali bas been designed so that jetties may be thrown out therefrom in order to afford convenient wharf
age space if this is ever needed. It is a solid central wall of masonry built or quartz-Atones, many of 
them of very large size, some weighing upward of 15 tons, and the work is set in Has lime mortar. 
Tile foundations are laid at the level oflow waMr, for which purpose the rubble had to be excavated ; 
and it was built as near the inner ooge of the breakwater as practicable in order to alluw as long a 
foreshore as po1<sible. This solid barrier is carried to a height of 39 feet above low wa.tet; npon 
this is a handsome promen!l.de, protected on the seaward side by a massive parapet. At a lower 
Jernl, 27 feet above low wat-0r, there is on the harbor side of the main wall a terrace or quay 40 
feet broad, formed by an inner wall built a.t a di.sta.uee from the maitt wall, and the interspaoo is 
filled with suitable material. 

The bead of the breakwater is a massive stru.ctnre 100 feet Jong arid 00 feet. ~. ~Ii i,; 
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founded upon the rublile at a level varying from 20 feet to 28 feet below water, and is built of 
ashlar masonry. The blocks composing it are of limestone, and were laid by divers with helmets. 
Upon this bead is placed a red revoking dioptric light of the tllird order. An average of 3,uOO 
vessels yearly seek this harbor for refuge against storms. l<'ew harbors possess greater facilities 
for entering and lea>ing; and the holding-ground is good. 

The cost of this north breakwater and the works connected therewith, including land, has 
l>een $6,~32,250, or $2,608 per linear yard, being nearly $1 per ton of rock i11 the rip rap. There 
are no extensive repairs required, and there has been very slight wear up to date. TlJere is a 
slight littoral movement to the northeastward along the line of the extension. 

The present Holyhead and Dublin packet-ser>ice leaves the pier at the old harbor, where 
there is only 14 feet of water, but the western part of the inner or" new harbor n has 30 foet at 
low tide. 

The geueml cross sedion of the breakwater is very nearly identical with that of Portland; 
lmt there are certainly heavier and more violent seas at Holyhea<l, as indicated by the necessity 
for the masonry wall and br the flattening of the foreslJOre, from which part of the material has 
been driven to the wall, and part washed dowu into deeper water. 

Alderney brealw:atcr.-Iu regard to this breakwater the general opinion of engineers is that 
the whole riprap has settled or sunk irregularly, so that the superstructure which was built upon 
it bas been broken. This result lrns been partly aided or llastened by the peculiar shape of the 
cmss·sectiou, but the lower courses of masonry in the wall were laid without cement. Drawings 
of tue cro8s and longitndiual sections (illustration No. 30, sketches 10 and 11) exhibit the peculiar 
form of the bottom upon which it was laid, and 'the exceptional form and relative smallness of the 
cross-section. 

Even when the wall was under construction, "subsidence was the inevitable result of setting 
e>en a single course on the top of ~his great embankment. The walls l>y their weight compressed 
like a sponge the mass of loose stones below them."* Bnt the form of this wall is singularlydefect
ive; ''the part of the superstructure above low water is_ solid; tlie part below low water consists only 
of two side-wans, the sea-face of which batters at a very considerable angle." "Between these walls 
is loose rubble not consolidated i:iven by the action of the waves." "There is, therefore, a solid 
wall standing upon two props, as' it were; and these props rest on a spougy mass."* Not only 
did the settlement of the ripra.p tend to split this wall vertically in its length as well as crossways, 
but, as if to accelerate the destruction, it appears that the large stones intended to form a cover
ing to the dike of stone upon which the wall is laid, as well as to other additions to the dike, were 
thrown from the top of the wall into the sea, and in falling struck the proje~ting courses of the 
wall, cemented and uneemented, and loosened them. It only required the destructive action of 
the sea to hasten the dislocation of the whole wall. 

The manner in which the great dike of rubble-stone W'ls laid was wholly different from that 
at Portland and Holyhead. Here the stone was of all sizes, from four tons to less than an ounce; 
IJrought in "hopper barges" from the quarries on the island, and dropped ou the line of the break
water. From reliable data, the resident engineer calculates that the interstices in the great mass 
are equal to one-third of the whole volume. From the manner in which it was dropped 1 tbis 
material took the natural slope from a surface breadth of 15G feet, at a depth of 12 feet below tlie 
low tides. At this beiglit it remained until it was snpposed to be consolidated by the sea. This 
height for the rnbble embankment was decided upon from observing that the heaviest seas rarely 
disturbed the surface of the rubble. Upon this surface the masonry was laid and built as 
described, and the effoct of ihe superstructure has oeen to sink an average of 4 feet into the loose 
mass beneath it; and the irregular subsidence bas brokoo the wall in every direction: 

At the same time it must not be overlooked that the position and locality of the breakwater 
are particularly and peculiarly expm~ed. The whole ground-swell of· the Atlantic breaks fairly 
and squarely upon it with great fury, and for months at a time it bas been impossible to carry 
on any work. For fonr hours nea.1· high tide the greatest weight of the green se:ts comes over it, 
bat the damag.e to tbe wall does not then take place, as they pass clean iuto the harbor with a. 

" :Report from tbe 11elect oomwitte11 of IJle Homrn of Lords 011 the harbor aud defenses of Alderney, &c.; session 
1872; Blue-boo1r1 56. "' 
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leap. For four hours toward the last of the low tide the heaviest blows are given to the wall; the 
waves throw sl1eets of water a mile in length and 300 feet high as they strike the wall. And such 
is the power of the down-falling mass of water that the rails laid upon the wall, with only one inch 
Pxposed, are torn away. I.arge blocks are "drawn out" of the seaward face of the wall, and the 
heaviest stones are swept bodily o>er the parapet into the harbor. 

The action of the sea upon the rubble embankment, when it was carried 600 ,yards in ad\·ance 
of the wall, was wholly difforent. 'Yhen the ground-swell (even without wind) was heavy1 the 
rollers began to comb in 50 feet of water on the west slope of the breakwater, and they broke in 
30 feet from end to end. But the breakers on top of the embankment, when its level was 12 feet 
below the surface, were overhanging walls of green water from 12 to 15 feet in Height, and they 
died out gradually from 100 to 150 yards to the eastward o.f the termination of the wan. 

Various projects have been proposed to remedy the inherent defects of construction, but none bas 
b11en decided upon. Tlrn principal remedy is doubtless more material to the foreshore, up to the 
height of the top of the wall, until it acquires the natural slope under such circumstances: the 
removal of the parapet and additional material to the inside. The {irincipal stress for this failure 
has been laid upon the settling of the rubble embankment aml the weak section and construction 
of the wall and parapet; yet the longitudinal section must not be overlooked, showing the irregular 
slope of the bottom, and the extraordinary depth of 13'.! feet at low water (and 150 feet at high 
water), to which it has been carried with such a minimum of poor material. In the Holyhead and 
Portland breakwaters, the depth may be said to be nearly uniform; here the grade is larger, and 
there are irregularities of bottom. In the latter cases, the wa\'e-acbon must be more uniform in 
character; iu the former, the reverse will be the case. The present breakwater appears to be one 
of six schemes proposed, the fifth and sixth carrying the work to great depths; but progress was 
arrested, and only such additional work done as to preserve what had been built. In order to 
provide greater strength at the extremity of the pier, the masonry for 60 feet in length bas been 
founded 30 feet below the low-water line. It is faced under water with granite headers round the 
extremity and on the harbor side, with backers of I'ortland cement blocks, built solid across, 
between the sea and the harbor walls. The total length of the breakwater is 4,827 feet, and, so 
far as could be learned, it had cost not less than $8,500,000, or $5,480 per linear yard. 

CONCLl:SIONS. 

The practical question that naturally suggests itself after an examination of the foregoing 
harbor works, and looking at them with special reference to the construction of harbors on the 
Pacific Coast, is: What is the best and most readily-applied form ot breakwater for the smallest 
amount of money 'I Those who know tlie Pacific coast can readily understand that a perfectly 
safe breakwater of any form that would satisfy the conditions required for a breakwater in the Bay 
of Sau Peclro would not fulfill the conditions demanded at Crescent City or Port Orford. 

At the first-mentioned ro:1dstead, the only disturbing gales are from the southeast during the 
rainy season; and very moderately-sized vessels with good ground-tackle can ride them out with 
safety. In that latitude the gales are not severe, nor are they of' ,·ery long duration. 

A.t San Pedro, or at almost any point south of San Francisco, the form of breakwater at 
Portland would suffice, and it could be readily constructed. But -at Port Orford, where very 
heavy December storms prevail from the southeast of one and two weeks' duration, the· proper 
form would he that of the Portland breakwater, developed to a much greater section and of larger 
materials; or tllat of Holyhead, also of larger section and with its expensive superstructure of 
masonry. And in case a wall were necessary, no vertical face whatever should be exposed to the 
sea-front if the wall is Ii.able to rupture. 

Without considering the matter of cost, if the foundations were perfectly reliable, in almost 
every case the nearly vertical solid masonry wall, as at Dover, would give the greatest degree of 
safety for the least amount of material. Bllt when questions of expense and of facility and rapid
ity of execution are involved, the riprap forms have great claims to be oonsidered. For instance, 
there is hardly a southerly·exposed anchorage on the Pacific coast of the United States that is 
not commanded by high, rocky heads, from which material can be readily and cheaply obtained, 
and transported by gravity to the works. There is a comparative scarcity of granit.e and lime· 
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stone at tllese same localities for building- walls, if these are necessars, yet other hard Mones are 
in abundance for the main hnlk of the emuankmeut. And it shonld not lrn overlooke1l tlrnt the 
peculiar c1ualities of the rock, including- the forms it t;d~es in quarrying·, lrnn\ an impn!'ta11t bear
ing upon tbe wear and tear of the foreshore, and especially tlw liability of the blot;k8 to be rea<hly 
torn away. 

The foundation for solitl wa1ls must he perfect, otherwi,.;e they shoulll ne,·er be use1l in g-reat 
works. The piers of t11e North Sea harhor of Amsterdam demonstrate the weaknes,;; of tlie solid 
Yt>rtical pier when the foundation is uureliablt>: the pier at DoH~r :show1; its full ad nrn t age,; \\hen 
over a satisfactory bottom. 

The North Sea lmrhor piers have become merel~- a rPtaining--wall for the ripra(> of coucrpte 
blocks upon the seaward face; and should their integrity be further injured, they will become, in 
time, part and parcel of tlJe rubble-work it,,.;elf. If the predictions of compett•nt engineers be 
weighed, the wall upon the Alderney breakwater, unless protected and consULIJtly repaired, will, 
in time, also be so broken and dislocated as to become part of the picrre perdue formation. 

Theitem of expense is vital upon such an extcnsi\-e seaboard as that of the United ::Hates, 
and especially upon the exposed coast of the Pacific; so that althongll theoretical demonstrations 
might point to the nearly vertit0al solid pier as the best, yet if two safe bre;tkwaters of riprap, or 
riprap properly coped, can he built for tlrn cost of only one like the Don~r pier, there ca11 bt» no 
hesitation wbiob form to adopt. 

It should not be fiwgotten that the piers mentioned and partially described, ha\·e, in ernry 
case I.Jut, that of Clieruourg, one end anchored to the shore. This does not include Brest, because 
it partakes more of the character of au inside.harbor work. Although that is a great ad\·:rntage 
in the execution of the work, it cannot always be adopted along the Pacific coast, because tlrn 
littoral drift carries its load of sau<l im-ariabl.r to the northwarll, as has been pointed out in a 
discussion of the law go,·erning the formation of the bars aud channels of the harbors aud rivers 
on tbe Pacific, from latitude 24 to latitude 49. 

Tbe depth of water in which breakwaters should be built is a very imporlaut question in 
regard to their stability, and in the wear and tear. For instance, a breakwater in 5~ fatlwms, 011 

tbc bar of Sau Franeisco, or on•tba.t of the Colnmbia River, would bt> almost impracticaule. It 
could hardly be made of sufficient strength. In 7 fathoms of water it would be on the liue of the 
heaviest breakers on the coast, altllongh very heavy northwesterly and southwesterly grnurHl· 
swells have been known to break in 9 fathoms. L1>0king also to the future, wheu onr commerce 
will have larg-ely deYeloped, the safest and most ad vantageons depth in which to found a ureak· 
water of the first class, is probably not less than 1() fathoms at low tide. 

Fascino.ge for breakwater foundations.-Tlle fascinagc-work of the Dutcll eng-incers ha<; IH'CCS· 

sarily played an important part in all their works of' reclamatiou, and has been introduced i11 tiJe 
foundations for moles, &c.; but it must be recollected that it has uot been adoptetl from dwicH, 
but from necessity. The Netherlands is a vast al!m-ial lleposit, in many places below tlw le\·el of 
tile Rea. Stone for works of construction cannot be had except at immense e:-qwn,;e and time; and 
timber is not found in sufficient; quantity 01· size to be emplo;\·ed so hHi!lhl,1 all in the United 
States. Basalt is IJrought from the Rhine, granite from Norway, limestone from HPlg-ium, and 
timber from the shores of the Baltic. Thus ti.re engineers h:we been co111pdlecl to u"e fa.;ci1mge, 
and with gre11t success, too, iu many of their undertakings; but it is yet an open question how it 
will last in extensfre works of engineering, such as that carried on at the mouth of the ~ehetn· to 
connect Rotterdam with the sea by a channel capable of allmitti11g the largest ocpa.H-Ycssels. 
·where they become tlloroughly silted up with sand they may not be liable to destruetiou by 
animal life, but they are liable to decay. And we han>. .i:et to leitru the effoct" that may be wrought 
on them by great storms with heavy ground-swell, and b,Y strong currents. 

As foundations of great works projected into the sea upon the Pacific coast, little or no faith 
would be accorded to fascinage, except as partially preventing scouri11g during the laying of 
foundations under peculiar circumstances. No wall could be built upon it without cPrtai11ty of 
fracture. For river corrections ot all classes, and for reclamatiou iu quit>t waters, it \Yonltl lw, 110 

doubt, >ery efficient, if not subject to decay. 
Tlte d-0cka of the maritime cities of Europe are a feature of which we have 110 example in tilt' 

H. Ex. 81-40 
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United States; but they are there necessitated by the limited harbor area and by the excessive 
rise and fall of the tides. J'lie structures seem built for a thousand years, and the cost of their 
repairs is surprisingly low. In 1865 it was stated by the chief engineer of the Liverpool docks, 
that with a yearly expendirnre of $3,600,000 for new works, the annual outlay for repairs upon 
all the existing docks was less than $5,000. 

Bach and every proposed change or addition to a harbor or water-course undergoes the sever
est scrutiny of a go\·ermnent commission before it is sanctioned by .Parliament; and whatever is 
in the least detrimeutal to tbe integrity of the harbor or stream is rejected. 

Rii•er improvements.-Opportunity did not offer for examining the great improvements at the 
mouth of the Danube or of the Rhone. In the former, the system of prolonging the natural banks 
by artificial means is reported successful; at the Rhone, similar means were unsuccessful, and the 
system of side canals has been substituted. 

'l'he two rivers arc esPentially different in their constitution. The Danube is not a river that 
forms deltas rapidly; with its course of 1,700 miles, and a drainage area of 300,000 square miles, 
it has formed a delta of only 1,000 square miles, and it discharges into a tideless sea. Moreover, 
the works of the Sulina are chosen upon that ramification where there is but one mouth, through 
which only one-fourteenth of the Danube waters pass; so that even if the materials in suspension 
were brnughl. down this branch, very little would be deposited in the month Compared with 
large delta-forming ri,·ers, the material in suspension is very limited in quantity, and the bars 
appear to be the combined effects of the littoral drift and the river detritus, as in most of the 
harbors of CJalifornia. Part of this bar material is brought from the Georges branch across 
the Sulina mouth by the drift from the southward. 

On the contrary, the Rhone is emphatically a delta-forming river like the Nile, tl!e Ganges, 
&c., as demonstrated by the rapid progress which the bar made seaward when the moles were 
projected beyond its mouth. On this account, the prolongation of the natural banks by artificial 
means was abandoned, aud the side canals adopted with success. 

Throughout the countries visited, evidence was everywhere present of the systematic endeavor 
to preserve the riYer-courses within their legitimate bounds. On the Po, on the Ticino, Sesia, and 
other torrential streams of Italy, and even among the mountain-streams, provision has been made 
to prevent the wearing away of alluvial banks, and as fa.r as practicable the overflowing of arable 
lands. So through Austria and the German Empire. Even where the Danube is little more than 
a creek, its banks are in many places revetted with stone; and in some cases the bottom is paved 
roughly with stone to prevent erosion where the fall is considerable. From IAnz to Vienna the 
banks are well protected wherever there is danger of abrasion. At Vienna, a few months after 
the official opening of the improved channel, the engineer-in-chief was preparing a full set of plans 
and models to illustrate the improvements and works, for the Austrian section of the Centennial 
Exhibition at Philadelphia. 

On the Elbe, the Moldan, and the Rhine, on the Oeler and the Weser, tile integrity of the 
banks and the preservation of the channels are paramount objects of solicitude to the government 
and to the people. The improvements (corrections) have evidently been made at comparatively 
small expense, and yet with such good judgment and foresight as to lead to the happiest results. 

The improvement&_ of the Seine at Paris and of the Thames at London, more especially the 
embankment upon the latter, are not only works of utility, but are also public ornaments. Through
out all no timber iR used where permanency is demanded. 
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APPENDIX No. 19. 

FORltIULLE AND FACTORS l'OR THE COMPUTATION OF GEODETIC LATITUDES, LONGITt:DES, AXD 
AZIMUTHS. 

·when we know the geographical co-ordinates of latitude and longitude of a point on tlrn 
earth's surface, an<l the distance and azimuth to another point, we may treat the problem of com
puting the latitude and longitude of the second point and the reverse azimuth in two different 
ways. 

We may either solve the spheroidal triangle formed lJy tue two points aud the pole as a whole, 
arriviug at trigonometrical functions of the sought co-latitude, azimuth, and differeuce of llmgi
tude; or we may seek expressions for the differences of the sought from the given data. 

The former or direct method has the incon venieoce of requiring the m>e of teu places of deci
mals in the computation, in order to give the positions with a degree of exactness corresponding 
to that of the known distance between the two points, while the second leads to very c011ve11ient 
expressions, on account of the smallness of the differential arcs in most cases of triaugulation. 

When, however, the arc between the two points reaches seYeral degrees in length, the direct 
method must be resorted to. This solution has been ver,y completely 'and elegantly performed by 
BESSEL, and is given in Astronom. Nachrichten, No. SG, 1826. 

Adopting tbe second method, we follow in the main PUISSANT ( Traitc de Geodcsie),* in the 
development of the difference of latitude of two points on the spheroid in terms of the distance, 
azimuth, and latitude of the given point. It will be convenient first to recall tbe expressious of 
several lines of an ellipse in terms invulYing the latitude, L, which is the angle that the normal to 
any point on the ellipse makes with the major axis. 

Designating the major or l"quatorial semi-axis by a, the minor or polar semi-axis lJy b, then 
the ellipticity or ratio of their difference to the former is-

a-b •=-a 

The eccentricity e is expressed hy

a2 - bz 
e2 = ----az-

being shown in the figure by cf, the dist11nce from the 
centre to the focus; 

Thenormal-
n l = a (! --:- ez) 

(1 - e2 srn2 L)t 

The normal nm produeed to the minor axis-

N - __ ..!!_ __ _ 
- (1 - ti' sin2 L)~ 

The abscissa-
c d = no = N cos L 

this is the radius of a parallel on the spheroid; 
The tangent n t ending at the minor axis = N cot L 
The ordinate-

a (1 - e3) sin L 
nd-------- (1 - e2 siu2 L)i 

• Traite de Ge04i6eie. Pa.r L. Puissant. Third edition. Tom. I, Cbp. XV. Paris, 1842. 

Tig.1. 
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Tho reduced or geocentric latitude being A, we have-

The radius vector-

b 
tan J. = - tan L a 

f' = a (1 - ff siu2 J.)t 

The radius of curvature, 1· p, r' p', r" p", at any point on the ellipse, is-

R _ a (1 - e2) 
- (1 - e2 sin2 L)~ 

The terminal points,;; p' ,p',p", q, form an evolute; at the equator, where 

a2 
the centre of curvature is in the focus; at the pole, where sin L = 1, R = -b 

b2 
sin L = 0 H, = and a 

The radius of cnrvatnre, H, and the normal, N, are the principal functions used. in geodesy. It 
will be observed that radii of curvature for uifferent latitudes do not intersect uule;;s produced, 
and that when they lie in uiff,~rent meridian planes on ihe spheroid they will not interRect at all. 

A, B, in Fig. 2, are two points on a spheroid of revolution, having the latitudes L, L', and joined 
by the geodetic line .AB = s, making the angles with the meridian, PA B = 180° - Z, PB A = 
Z' - 1800. The azimuths, Z, arc reckoned from south around by west in consequence of the lati
tmles being reckoned from the equator toward the poles, by settled custom, without which the 
meridional co-ordinate of a point would be more properly measured from the pole, and the azimuth 
of a line reckoned from the north. The angle APB, between the two meridiomtl planes passing 
through A and B, is the difference of their longitudes, :\I, M', which heiug reckoned positive to the 
westward, we ha,·e l\[' - :\[ = 1ZJ\I. Furthermore, An, Bn', Ar, Br', indicate the normals N, N', 
and the radii of curvature in the meridian, H, H', at the points ~1 and B. 

This being premised, and the latitude L of the point A 
Ji.'irf', 2 

~ being given, as well as the length K of the geodesic line AB, 
and its azimuth Z, we propose to find the latitude L' of the 
point B, the angle dl\1, and the reverse azimuth Z', by solv
ing the geodetic triangle AB P. Writing A., A.', for the co-lati
tudes, .; for 1800 - z, ands for the arc AB, referred to radius 
= 1, we have, in a spherical triangle, for J.' the following equa
tion : 

cos A.' = cos .i. cos s + sin .i. sin s cos .; 

Observing now thats is always a small arc, rarely exceed· 
ing 1°, and generally less tLian 30', we can develop the incre· 
ment of ;, with reference to that of sin a rapidly converging 
series, and will have, by Taylor's theorem-

, dJ. l<P.i.2 ld3A.3 () 
;. =J·+as 8 + ~ds28 + 6if838 + ... a 

In order to determine the differential coefficients, we con· 
22 sider a differential spherical triangle having the sides ..i, d s, 

and .I.+ dJ., in~which-

cos (J. + d A.) =cos .l coR d s +sin;, sin d s cos; 

and, by the known processes of the differential calculus, we find-

dJ. 
d
- =cos; s 

d3. 
d~ = - sin2 ~cos e (1 + 3 cot2 A.) 



 

THE UNITED STATES COAST SURVEY. 317 

Introducing these values in (a), we obtain-

., l ~ 1 2 • 2 ~ t l 1 3 • 2 /: /: ] 3 2 ) 
I. - ,, = 8 cos :; + 2 8 Slll :; co ,, - 6 8 SIU ~ cos ' ( . + cot ;, + ... 

and substituting L, L', and Z into this expression, we have, for the difference of latitude-

L - L' = s cos Z + ~ s2 sin2 Z tan L - ~ s3 sin2 Z cos Z (1 + 3 tan2 L) + ... (b) 

It will be readily seen that the first term expresses the distance on the meridian PB from B 
top, the foot of the perpendicular from A ; the second term, the distance very nearly from p to the 
parallel passing through A; white the third term is a further approximation, and so on. 

Referring now our case to an imaginary sphere, having the radius equal N, or its centre at the 
point where the normal An intersects tile polar diameter of the spliernid, we have-

substituting which we have-

,_K 
s -- N 

L _ L' _ K cos Z + 1 _!_2_!i~_z tan L _ .~ K 3 sin2 Z cos Z (l 3 t 2 L) 
- N 2 N2 6 1'P + an + · · · (c) 

This difference of latitude is, however, referred to a sphere whose radius is N, and requires still to 
be transformed by referring it to one whose radius is the radius of curvature in the meridian for 
the middle latitude, Rm. Since we do not at first know the middle latitude, it is more couYenient 
to refer to the radius of curvature R of the starting-point, the latitude of which is known, and then 
seek the small correction 1lue to tl,le ratio of R to Rm 

Multiplying, then, equation (c) by~' and dividing, moreover, by arc 1", in order to express d L 

in seconds of arc, we get-

The computation of this series is facilitated by tables giving the logarithms of the fo1lowing 
factors to the argument of L, '\"iz : 

1 
B-----·· -R arc l" 

C = tan L 
2 N It arc 1" 

moreover, substituting in the third term the value of the first term, designated by h, we can 
write it-

1 K 2 sinz Z 
6 h N 2 (1 + 3 tan2 L) 

and tabulate another factor-

E 
_ 1 + 3 tan2 L 
- 6 bj2 

when our formula for computation becomes-

- lJ L = K cos Z , B + K 2 sin2 Z. C - h, K2 sin2 Z . E + ...... . (c) 
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R-R 
In order, finally, to obtain the true d L referred to Rm, we must increase i) L by R m a J_, 

Now-

J e2 (sin2 L - sin2 L 111 ) 

= a (l - e2) (1 - t? sin2 L)~ ( l - & siu2 Lm)~ 

by developing and neglecting terms involving higher powers of e2; but-

sin2 L-sin2 Lrn =sin(L-Lm) sin (L + Lm) = oL sin L cos L very nearly, 
because-

~ sin 2 L = sin L cos L 
hence we write-

R - Rm_ a (1 - e2) % i2 o L sin L cos L (1 - i2 sin2 Lm)~ ! e2 a L sin L cos L 
l{m - (1 - e2 siu2 L)~ (1 - e2 :sin2 Lm)i X a (l - e2 ) = (1 - t? siu2 L)~ 

making-
D = J e2 sin_!-' _cos r_, 

(1 - & isin2 L)' 

we get, for the desired corrective term,-

and we finally have, for the true difference of latitude 

- d L = K cos Z. B + K 2 sin2 Z. C + iJ L2 D - lb K 2 sin2 Z , E 

Ill 

(1) 

which formula, although of a somewhat complicated derivation, is very simple and convenient iu 
practical computation, with the aid of the tabulated factors, B, O, D, E. (1) The term (a L)2 D is 
here interposed between the second and third terms of the series proper, because the latter is fre
quently not required, being insensible when the distance K is less than about 10 miles, or log K in 
metres less than 4.23 The term (a L}2 D should be used whenever log h exceeds 2.31, and h2 may 
be used for(<~ L)2 in all cases where log K does not exceed 4.93 

The term depending on the fourth differential co-efficient, neglected in equation (a), never 
exceeds 0".001 for s = 1°, or K = 100,000 metres, and may therefore l:>e safely neglected in practice. 

For secondary triangulation, and when the sides do not exceed about 12 miles, or 20,000 metres, 
the formula (1) may be advantageously reduced to the following: 

- d L = K cos Z . B + K2 sin2 Z . C + h2 D (2) 

In order next to deduce the angle A PB between the meridional planes passing through A and 
B and intersecting in the polar axiEI, or the difference d M of the longitudes M and M' of the points 
A and B, counted from east to west, we avail ourselves of the latitude L' of B, which has become 
known by the previous calculation, and have simply, using the same notation as before--

sin A : sin~= sins: sin d M 

Referring s to a sphere the radius of which is the normal B n' = N', we have s =~'and assum

ing for the present the small arcs s and d M proportional to their sines, we obtain-

dM- K sin Z 
- N' cos L' arc 1" (3) 

---
(1) This term was devised by the writer of this article in 1846, while arra.nging the formnlm for use in the Coast 

Survey, and patting them into the form above given, in which they have been employed ever sinee.-J. E. H. 
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dividing by arc 1" in order to obtain dM, expressed in seconds of arc. The table gives the loga

rithm of the factor A = "" _ _!__111 , wbich must be taken out for L'. 
-'-' arc 

In order to correct for the assumption that the small arcs s and d M are proportional to their 
sines, we use a table gi\'ing the differences of the logarithms of the arcs and sines. This table is 
given on page 365; in using it, take out the differences for tbP arguments log K a1Hl log d .'.\[, 
the first with a negative, the second with a positive sign, and add their algel>raic sum to log cl .'.\I. 

\Ve obtain, finally, the reverse azimuth Z' IJ,v considering tltat iu the spherical triangle A.PB 
(fig. 2) we have the following relation : 

but-

1 ~ ~, 1 d 1,,.cos~(J.+J.1) :ldl\lsin2(L+L') cot 2 (.::-+:;)=tau 2 .i.r..1.--i--(.-1--.-) =tan z " -----y-(L1 --1-cos 2 I. - I. COS 2 - 1) 

~ = 1800- z 
therefore-

cot 2 (1800 - Z + ~') = - tan it W - Z) 
or-

· r sin z (L + L') 
- tan .z (d Z) =tan 2- (d M) cos 2 (V _ -L) 

Assuming the tangents of n d Z aud it d l\f proportional to their arcs, and writing .I. for the middle 
latitude, we have-

- d Z = d l\f Rill ). 
cus :! dL (4) 

and-
Z' = Z + 180° + d Z 

Whea the difference of longitude is ver_y large, it may l>e necessary to correct for the error in 
the assumption that tan ~ d Z : tan~ <l M = d Z : d l\f. By an obvions transformation, we ft nd the 
correctiou to be+ -[-2 d )\f3 sin Jc COIS2 Jc sin2 l", for which we write+ d l\P F, where Fis to be taken from 
a special table, given on page 3GO. This term is only 0".01 when log d l\f = 3.36 and need never 
be used for secondary triangulation. A cou venient taule for finding cos .Z ll L is given on page 365. 

The tables are based upon the supposition that the earth is a spheroid of revolution, having 
its equatorial semi-diameter-

its polar semi-diameter

and, consequently-

a = 6 377 397.2 metres 

b = 6 356 079.0 metres 

a : b = 299.153 : 298.153 

as derived by BESSEL, in Astronom. Kachrichten, Nos. 333 and 438, 1834, from the arcs measured up 
to that 1 ;me. All geodetic computations hitherto made in the Coast Survey have been based upon 
those elements. Very considerable additious have, however, since been made to our knowledge of 
the figure and magnitude of the earth. Their latest combination is that made by Col. A. R. Clarke, 
R. E., of the British Ordnance Survey, and' published in "Comparisons of Standards of Length, 
made at the Ordnance Office, Southampton, 1866." He fiuds-

consequently-

a = 6 378 206.4 metres 

b = 6 356 583.8 metres 

a : b = 294.fl8 : 29~.98 

He also finds, by elaborate comparh1ons, tbat-

1 metre = 39.370432 inches 

which may well be taken as the most accurate value now known. 
The tables of the factors A, B, C, D, E, may be readily conformed to the Clarke spheroid b~· 

applying the corrections given on pp. 366 and 367; and ditferenc~s of latitude and lougitude may 
at once be transformed to the same by the nse of tlie subsequent table. 

The following examples will further illtistrate the use of the formulre and tables. 
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L. M. Z.-FORM FOR PRGIIARY TRIANGULATION. 

(j 

Z i Mount Blue to Mount Pleasant .................. ···--· .................... _ ... -·--.... 26 19 

35 L : Mount Pleasant and Ragged .. _ ..•.. _ ........... _ ..•....... _ ....... _ .......... ___ ...... -85 

-----

I ~~ ! Mooo< Bio' <o Rogg"d __ ___ _ ~ ~-:_~ -
300 

+ 

180 

44 
50 

I 
01.34 i 
04.21 i 

I 

I 
i I Z' 

1 

Ragged to Mount Blue ....... _. __ . __ ..... _ ... __ .. _ .. _ .. __ ...... _ .. __ . _ ...... _ ........ . 121 34 05.55 i ,---- ----- ------ ---, 
I 1--T---: [-,, ---,---

! 1, / 44 43 I 40.12r 1 

I d L i- 30 56.166 1" 

I I , 
i i------ --1---i 

L' ! 44 12 I 43.955 I 

Mount Blue. 

no740.6 metres (68.8 miles, nearly). 

Ragged. 

------ ----i-----
K 

cos z 
B 

k 

I st term_ - . _ - _ .. 

2d term . - •• - •.. 

5.0443070 

9. 7084622 

8.5105331 

3.2633023 

_ i +1833:~90 
·I 22.760 

I 
+1856.350 

I 
K2 

Sin2 Z 
I 

I 
i 

c 

I 
I 

I 
I 

3cl term. 

I -4th term. 
: 
I 

10.08861 

I 9.86854 (tl P) 6.5373 

2:3872 1.40002 D I 
I -----

1.357r7 
! 

8.9245 

I 
+ 0.084 
- 0.268 I 

M 
d~I 

' ;~ 20 I J.·~21 I 
!- I II 28.343 I 

w !~i-=~- I 43.5;1 

----~---------

h 

i 
3.2633 I 

x2 sin' z 9.9571 I 

E 

I 
6.2070 I 

I 
I 9.4274 
I I 

dM" i ro.897" 
F I 7.84o 

I I 

I 
-

I 

8.737n I 

I I - 0.184 I I ------ I 
13d and 4th terms 

I 
I -dL +1856.166 

440 28' .o K 

sin Z 
A' 

cos L' } 
ar. co. 

dM 

Arg. 

5.0443070 K - 218 

9.9342721n dM + 314 

8.5090758 

0.1446250 

3.6322895" corr. + 96 

-4288".343 

dM 3.632289n 
sin A. 9.845430 

cosi<lL} I I 0.000004 
ar. co. I 

I 
I 

I 
--- ----

3.477723,. 

I 
" 

-dZ -3004.16 

2d term. I - 0.05 I I 
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L. M. Z.-FORM FOR SECONDARY TRIANGCLATIO~. 

c 

Z Tomales Bay to Sonoma--·····-·····--···········-··-·---········---········---·-····· 244 08 

14 

27.3 
L Sonoma and Bodega ___ ..... __ -· ... _ ........ - -· .... --· ...•.................... ---· .... -83 36.S 

Z Tamales Bay to Bodega ............. ____ . _. - .. - - . - ... _. _________ ... : 160 
53 

dZ 2 02.0 

180 180 
zr Bodega to Tamales Bay ......... -·- -- ................................................. i 340 5 I 

L 

dL 

L' 

i 
I I 

IO i 5z.5z4 ': 
7 : zS.257 

I 

--- -- - - -~--~---------~--~ ---

0 f " K 
A=38 14 37 cos z 

B 

1st term ------1 
fl 

-448.3o8 h 

2d & 3d term. ·1 + 0.051 

-dL I -448.257 K 
I sin Z 

Ar 

cos L' 

~ Ar. comp. 

I d \f 
I 

H. Ex. 81-41 
I 

Tamales Bay. 

14626.8 metres. 

i \., ' l 

M '1 I 22 I 55 l 48.38o ' 
di\!+ ! 3 ! 17.040: 

I • , 

Bodega. -------------- M~_l IZZ _i-59 ; ~5-420: 
------- ------ -----------

4.1651480 i K' 8.33030 

9.97540I4n i sin2 Z 9.02979 h• 5 3031 
I ' 

8.5110266 c 1.30044 D 2-3i43 
! 

--------
i 

I I I 
2.651576ou I ' 8.66o53 7.6774 

I 0.046 
I 

0.005 

I I ' -------- --
I 

i 

I 
4.1651480 I 

9.5148949 
I 

8.5092241 
i dl\1 2.29456 

I 
I I 
i I o.rn52885 
I 

sin A 9. 79169 
I 

I ! 

2.2945555 I 2.o8625 
I 

i " 
! 

" 
+197.040 -dZ +122.0 i 

i 
\ ! 
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THE INVERSE PROBLEM.-There are cases when it is required to compute the distance and 
azimuth between two points that are gi\·en by tlleir latitudes and longitudes. Thi8 problem is of 
comparatively rare occurrence, and it has not been fouml necessary to construct special formulre 
and blank forms for it since it can readily be solved by using those provided for the case hereto
fore treated. This is done by dividing d l\1 = K sin Z . A' by the first term for d L, h = K cos Z - B, 

when we get, tau Z = d ~-!,which would gh·e us the azimuth at once if we knew h, d l\1 being 

given. vVe therefore seek to compute the smaller terms for the difference of latitude, in order to 
obtain h by 8ubtracting them from the known d L. The only addition to the usual form is the 
term, log tan Z =log (K sin Z) - log (K cos Z). K will best be taken from the term h when sin Z 
is greater than cos Z, and from the term d M when the reverse is the case. vVhen the distance K 
is large, as in primary triangulation, it wm be necessary to introduce the correction for d :M due 
to difference of ratio betwee11 siue and arc, using the form for primary L. M. Z. inYersely, as indi
cated above. 

L. M. Z.-FORM FOR UIVERSE SOLUTION. 

/
·--:- - ---- ------------~-------~~--------~---! 0 1-~-------

L == :~a - --: : : : : : : : : :: : : : : : : : : : : : :: : : : : : : : : : _· ---... : : : : :: :: : : : : : : : : ! : : : ::·!: :::::1. _____ .. 
___ i __ I 

z 
dZ 

Tornale, llay to Bodega. ___ ... ___ .. __ . ___________ . _ .. _. ___ . ___________ ... __ . _____ .... _ i 160 53 50.5 I 

180° 

------- -- --- ----- --- -- -------1=-:~.~1 
180 : I I 

Z' 
I I I I 

Bocleg,1 to Tamales Ba>--·············-------·········---··-············-----·-·······1340 I 51 , 48.5 

------ ---------

i -· 
L I 38 JO 52.524 

I 
dL i+ 7 28.257 

L' 
I 

38 18 20.781 I 

I 

c 

I.= JI< 14 37 

1st term ... - -- .. -448.308 
2d and 3d terms. + 0.051 

-dL -448.257 

K 

cos z 
B 

" 

dM 

Tomales Bay. 

Bodega. 

K" I 
sin2 Z f 7.36oo8 

8.5110266 c 1.30044 

8.66o52 

0.0458 

---------

dM 

sin~-

2.08625 

II 

-dZ + 122.0 

M 

d ~1 

0 

12 2 

{ 

55 

3 

,, 
48.380 

17.040 
__ , __ 

M' 22 59 05.420 

' 

·---· ---- ·----------·-

J) 

--
z 
z 

K sin 

K cos 

tan Z 

z 

sin Z 

K 

I 

i 
I 
I 
i 

5.3031 

2.3743 

7.6774 
0.0048 

3.68oo.µ9 

4.1405494. 

9.5394935. 

16oO 53' 50".5 

9.5148949 

+1651..SO 

--------
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LATITUDE 23° 
·---· -- . -- -

log A logB log C: log D log E 
Lat. 

diff. 1 11 =-o.05 diff. 111 =-o.15 diff. I"=+o.58 diff. 111 =+0.04 diff. l"=+o.04 

c ' 
23 00 8.50956o3 8,5120259 i.03398 2.2426 5· i998 

I 00 50 433 29 3.8000 
2 8.5095597 40 468 31 03 
3 94 31 503 34 05 
4 9I 22 538 36 08 
5 88 lJ 573 39 Io 
6 85 04 608 41 l' ,) 

7 82 8.5120195 643 43 15 8 78 86 677 40 IS 
9 75 77 712 48 :20 

IO 8.5095572 8.5120I67 1.03747 2.2451 5.8023 
II 69 58 782 53 25 I2 66 49 8I7 50 27 
IJ 63 40 851 58 30 
14 6o JI 886 60 32 
IS 57 22 921 63 35 16 54 12 956 65 37 r7 51 03 C)<)O 68 40 rs 48 8,5120094 1.04025 70 42 
19 45 85 o6o 72 45 
20 8.5095542 8.5120076 1.04094 2.2475 5.8047 21 39 66 129 77 50 
22 36 57 16~ 80 52 
23 33 48 19 82 55 
24 29 39 232 84 ~7 

25 26 29 267 87 60 
26 23 20 302 89 62 
27 20 II 336 91 65 
28 17 02 371 94 67 
29 14 8.5119993 405 g6 70 

30 8.50955u 8.5 n998_, 1.04440 2.2499 5.8072 
31 08 74 474 2.2501 75 
32 05 65 508 0" 77 ·' 33 02 55 543 06 So 
34 8.5095499 46 5i7 08 82 
35 g6 37 611 IO 85 
36 92 28 646 13 87 
37 ~ 18 680 15 90 
38 og 714 17 92 
39 83 00 749 20 95 

40 8.50954&> 8.5119890 1.04783 2.2522 ~.fo97 
41 77 81 817 24 5.8100 
42 74 72 851 27 02 
43 71 62 885 29 05 
44 68 53 919 31 07 
45 64 44 954 34 IO 

46 61 34 988 36 12 
47 58 25 1.05022 38 15 
48 55 16 056 41 17 
49 52 o6 090 43 20 

50 8.5095449 8.5119797 r.05124 2.2545 5.8r22 
51 46 88 I58 48 25 
52 43 78 192 50 27 
53 40 6g 226 52 30 
54 36 6o 26o 55 32 

55 33 50 294 57 35 
56 30 41 328 59 37 

~~ 27 31 362 61 40 
24 22 396 64 42 

59 21 13 430 66 45 

6o 8.5095418 8.5119703 1.05464 2.2568 5.8148 
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LATITUDE 240 

log A logB log C logD logE -1 
L at. 

diff. 1°=-0.05 diff. 1"=-0.16 diff. l"=+o.56 diff. l''=+o.04 diff. 1°=+0.04 

0 ' 
24 00 8.5095418 8.5n9703 I.05464 2.2568 5.8148 

I 15 8.5n9694 498 71 50 
2 II 84 532 73 53 
3 08 75 565 75 ~~ 4 05 65 599 77 

~ 
02 56 633 80 60 

8.5095399 47 667 82 63 
7 96 37 700 84 65 
8 92 28 734 87 68 
9 89 I8 768 89 70 

IO 8.5095386 8.51!<)6og I.o58oz 2.2591 5.8173 
II 83 8.5119599 835 93 75 
12 So 90 869 96 78 
I3 77 80 903 98 81 
I4 74 7I 936 2.26uo 83 
15 70 61 970 02 86 
16 67 52 1.n6oo3 05 88 
17 64 43 o37 07 91 
18 6I 33 071 09 93 
19 58 24 Io4 II 96 

20 8.5095355 8.5n95I4 r.o6I38 2.2614 5.8198 
21 51 05 17I 16 5.8201 
22 48 8.5119495 205 18 03 
23 45 85 238 20 o6 
24 42 76 272 23 09 
25 39 66 305 25 II 
26 36 57 339 27 14 
27 32 47 372 29 16 
28 29 38 405 31 19 
29 26 28 439 33 21 

30 8.5095323 8.5u94I9 1.06472 2.2636 5.8224 
31 20 09 506 38 27 
32 16 00 539 40 29 
33 13 8.5n9390 572 42 32 
34 10 So 605 44 34 
35 07 71 639 47 37 
36 04 61 672 49 39 
37 OQ 52 7C>~ SI 42 
38 8.5095297 42 73 53 44 
39 94 33 772 55 47 

40 8.5095291 8.5n9323 1.o68o~ 2.2658 5.8250 
41 88 13 83 60 52 
42 84 04 871 62 55 
43 81 8.5u9294 904 64 ~ 44 78 84 937 66 

45 75 75 970 68 63 
46 72 65 1.07004 71 65 
47 68 56 037 73 68 
48 65 46 070 75 70 
49 62 36 103 77 73 

50 8.5095259 8.5n9227 1.07136 2.2679 5.82~~ 
51 56 17 !fig 81 
52 52 07 202 84 81 
53 49 8.5119198 23~ 86 83 
54 46 88 26 88 86 

~~ 43 78 301 go 88 
39 6g 334 92 91 

57 36 59 366 
~ 94 

58 33 49 399 96 
59 30 40 432 99 99 

6o 8.5095227 8.5119130 1.07465 2.2701 5.8301 



 

THE UNITED STATES COAST SURVEY. 325 

LATITUDE !!:to 

I log A. logB log C logD logE 
Lat. I 

I diff. 1 11=~ 0.06 diff. 1"=-0.16 diff. l"=+o.54 diff. 111=-t 0.03 diff. 11,,=-t-0.04 

-~ i 
0 , 

I 25 00 8.5095227 8.5II9130 I.07465 2.2701 5.8301 
I 23 20 498 03 04 
2 20 IO 531 05 07 
3 IJ 01 564 07 09 
4 14 8.5119091 596 09 12 

5 10 Sr 629 II 14 
6 o7 72 662 13 17 
7 04 62 695 16 20 
8 OJ 52 728 18 22 
9 8.5095197 42 760 20 25 

10 8.5095194 8.5119033 1.07793 2.2722 5.8327 
II 91 23 826 24 30 
12 li8 13 858 26 33 
IJ 84 03 891 28 35 
14 Sr 8.5118994 924 30 38 
15 78 84 956 32 40 
16 75 74 989 34 43 
17 71 64 l.08021 37 46 
18 68 55 054 39 48 
19 65 45 087 41 51 

20 8.5095162 8.5118935 1.08119 2.2743 5.83_;4 
21 58 25 152 45 56 
22 55 15 184 47 59 
23 52 05 217 49 61 
24 48 8.5118896 249 51 64 

25 45 86 282 53 67 
26 42 76 314 55 69 
27 39 66 346 57 72 
28 35 56 379 59 75 
29 32 47 411 6r 77 

30 8.5095129 8.5u8837 l.08444 2.2763 5.8380 
31 26 27 476 66 82 
32 22 17 508 68 85 
33 19 07 541 70 88 
34 16 8.5n8797 573 72 90 

35 12 87 605 74 93 
36 09 78 638 76 96 
37 o6 68 670 78 98 
38 03 58 702 So 5.8401 
39 8.5095099 48 734 82 04 

40 8.5095096 8.5118738 l.08767 2.2784 5.8406 
41 93 28 799 86 09 
42 89 18 831 88 II 

43 86 o8 863 90 14 
44 83 8.5118698 895 92 17 

45 79 89 928 94 19 
46 76 79 96o 96 22 
47 73 6g 992 98 25 
48 70 59 1.09024 2.2800 27 
49 66 49 056 02 30 

50 8.5095o63 8.5n8639 1.09o88 2.28o4 5.8433 
51 6o 29 120 o6 35 
52 56 19 152 08 38 
53 53 og 184 JO 41 
54 50 8.5118599 217 12 43 

55 46 89 249 14 46 
56 43 79 281 16 49 
57 40 6g 312 18 51 
58 36 59 344 20 ~ 

59 33 49 376 22 Si 

6o 8.5095030 8.5u8539 i.094o8 2.2824 5.8459 



 

326 REPORT OF TH,E SUPERINTENDENT OF 

LATITUDE 260 

log A logR log C logD JogE 
Lat. 

cliff. 1"=-0.06 diff. I"=-0.17 diff. 1"=+0.53 diff. 1"=+0.03 diff. 1"=+0.04 . 

I 
0 J 

26 00 8.5095030 8.5118539 1.09408 2.2824 5.8459 
I 26 29 44° 26 6z 
2 23 19 472 28 65 
3 20 09 504 30 67 
4 16 8.5118499 536 32 70 

5 13 89 568 34 73 
6 IO 79 600 36 75 
7 06 69 631 38 78 
8 03 59 663 40 81 
9 i 8.5095000 49 695 42 83 

I 

IO 8.5094996 8.5n8439 1.09727 2.2844 5.8486 
II 93 29 759 46 89 
12 90 19 790 48 91 
13 86 09 822 50 94 
14 83 8.5118399 854 52 97 
15 80 89 886 54 99 
16 76 79 917 55 5.8502 
17 73 69 949 57 05 
18 70 59 981 59 07 
19 66 49 I.10012 6i 10 

20 8.5094963 8.5118339 1.10044 2.2863 5.8513 
21 60 29 076 65 15 
22 56 19 IO] 67 18 
23 53 09 139 69 21 
24 49 8.5u8299 170 71 24 
25 46 88 202 73 26 
26 43 78 234 75 29 
27 39 68 265 77 32 
28 36 58 297 79 34 
29 33 48 328 81 37 

30 8.5094929 8.5u8238 1.10360 2.2883 j.8540 

I 
31 26 28 391 84 42 
32 22 18 423 86 45 
33 19 08 4~4 88 48 
34 16 8.5118197 4 6 90 50 

35 12 87 51~ 92 53 
36 09 77 54 94 56 
37 o6 67 580 96 59 
38 02 57 611 98 61 
39 8.5094899 47 643 2.2900 64 

40 8.5094895 8.5II8137 I.1o674 2.2902 5.8567 
41 ~~ 

26 705 03 69 
42 16 737 05 72 
43 85 o6 768 07 75 
44 82 8.5118og6 799 O<) 77 
45 78 86 831 II So 
46 75 76 862 13 8· 
47 72 65 8g3 15 ~ 
48 68 55 924 17 88 
49 65 45 956 t8 91 

50 8.5094862 8.5118035 1.10987 2.2920 5.8594 
51 58 25 1.11018 22 96 
52 55 14 049 24 99 
53 51 04 081 26 5.86o2 
54 48 8.5117994 112 28 05 

55 45 ll4 143 30 07 
56 41 74 174 32 IO 

~~ 
38 63 205 33 13 
34 53 236 35 16 

59 31 43 268 37 18 

6o 8.5094827 8.5n7933 1.11299 2.2939 5.8621 



 

THE UNITED STATES COA.ST SURYI~Y. 327 

LATITUDE 27° 

log A logB logC logD log E 
Lat. 

di ff. I"= -0.06 <liff. 1"=-0.17 diff. r"=+o.51 diff. 1''=+0.03 diff. I"=+o.05 

v , 
27 00 8.5094827 8.5117933 1.11299 2.2939 5.8621 

I 24 22 33° 41 24 
2 21 12 361 43 26 
3 17 02 392 44 29 
4 14 8.5117892 423 46 32 

5 IO Sr 454 48 35 
6 07 71 485 50 37 
7 04 61 516 52 40 
8 00 50 547 54 43 
9 8.5094797 40 578 55 46 

IO 8.509479_> 8.5117830 I. I 16o9 2.2957 5.8648 
II C)O 20 640 59 51 
12 i>6 09 671 61 54 
r3 83 8.5u7799 702 63 57 
14 79 89 733 65 59 
15 76 78 764 66 62 
16 73 68 794 68 65 
17 69 58 825 70 68 
18 66 47 856 j2 70 
19 62 37 887 74 73 

20 8.5094759 8.5117727 1. u'918 2.2975 5.8676 
21 55 16 949 77 78 
22 52 06 979 79 81 
23 48 8.5117696 I. 12010 81 84 
24 45 85 041 83 87 
25 42 75 072 84 90 
26 38 65 !OJ 86 92 
27 35 54 133 88 95 
28 31 44 164 90 98 
29 28 34 195 92 5.8701 

30 8.5094724 8.5117623 I .12226 2.2993 5.8703 
31 21 13 256 95 06 
32 17 02 287 97 09 
33 14 8.5117592 318 99 12 
34 IO 82 348 2.3000 14 

35 07 71 379 02 17 
36 03 61 410 04 20 
37 00 50 440 06 23 
38 8.5094697' 40 471 07 25 
39 93 30 501 09 28 

40 8.5094690 8.5u7519 I. 12532 2.3011 5.8731 
41 86 09 563 13 34 
42 83 8.5117498 593 15 36 
43 79 88 624 16 39 
44 76 ;8 654 18 42 

45 72 67 685 20 !~ 46 69 57 715 21 

:~ 65 46 746 23 50 
62 36 776 25 53 

49 58 25 807 27 56 

50 8.5094655 8.5117415 !. 1283 7 2.3028 5.8759 
51 51 04 868 30 61 
52 48 8.5u7394 898 32 64 
53 44 83 928 34 67 
54 41 73 959 35 70 

55 37 63 989 37 73 
56 34 52 1.13020 39 ~~ 57 30 42 ~ 41 
58 27 31 42 81 

59 23 21 III 44 84 

6o 8 5094620 8.tiII7310 1.13141 2.3046 5.8787 



 

328 REPORT OF THE SUPERINTENDENT OF 

LATITUDE 9~0 

log A log B loge logD logE 
Lat. 

cliff. r"=-0.06 diff. 111=-o.18 d'.ff. 1 11=+0.50 diff. 1"=+0.03 diff. I"=+o.05 

I 0 I 1-
28 00 8.5094620 8.5117310 I. lJ 141 2.3046 5.8787 

l 

I 
16 00 I 71 47 89 

2 13 8.5II7289 202 49 92 
3 09 79 232 51 95 
4 

I 
06 68 262 53 98 

g 02 58 293 54 5.88oo 
8.5094599 47 32 3 56 03 

7 95 36 353 58 o6 
8 92 26 383 59 09 
9 88 IS 414 61 12 

JO S.5094585 8.5117205 1.13444 2.3063 5.8814 
II 81 8.5u7194 474 64 17 
12 78 84 504 66 20 
13 74 73 535 68 23 
14 71 63 565 70 26 

15 67 52 595 71 28 
16 64 42 625 73 31 
17 

I 
60 31 655 75 34 

18 57 20 685 76 37 
19 53 IO 715 78 40 

20 8.5094550 8.5n7099 1.13746 2.308o 5.8843 
21 46 89 776 81 45 
22 43 78 So6 83 48 
23 39 67 836 85 51 
24 36 57 866 86 54 
25 32 46 896 88 57 
26 28 36 926 90 59 
27 25 25 956 91 62 
28 21 14 986 93 65 
29 18 04 I. 14016 95 68 

30 8.5094514 8.5116993 1.14046 2.3096 5.8871 
31 II 83 076 98 74 
32 07 72 100 2.3100 76 
33 04 G1 136 OI 79 
34 00 51 166 03 82 

35 8.5094497 40 196 04 ~~ 36 93 29 226 06 
37 90 19 2~6 o8 go 
38 86 o8 2 5 09 93 
39 82 8.5u6897 315 II 96 

40 8.5094479 8.5u6887 1.14345 2.3113 5.8899 
41 75 76 375 14 5.8902 
42 72 65 405 16 05 
43 68 55 435 17 07 
44 65 44 465 19 10 

45 61 33 494 21 13 
46 57 23 524 22 16 
47 54 12 5~4 24 19 
48 50 01 5 4 26 22 
49 47 8.5u6791 614 27 24 

50 8.5094443 8.5n678o 1.14643 2.3129 5.8g27 
51 40 69 673 30 30 
52 36 l§ 703 32 33 
53 33 733 34 36 
54 29 37 762 35 39 
55 25 26 792 37 42 
56 22 16 822 38 44 
57 18 05 851 ¥> 47 
58 15 8.5116694 881 42 50 
59 JI 83 911 43 53 

6o 8.5094407 8.5u6673 1.14940 2.3145 5.8g56 



 

THE UNITED STATES UOAST SURV}}Y. 329 

LATITUDE 290 

log A. logB log<: logD logE 
Utt. 

diff. 1"=-o.o6 diff. 1"=-0.18 diff. 1"=+0.49 diff. l"=+o.03 diff. 1'·=+0.05 
-----

0 I 

29 00 8.5094407 8.5u6673 I. 14940 2.3I45 5.8956 
I 04 62 970 4& 59 
2 00 51 1.15000 48 61 
3 8 5094397 40 029 50 64 
4 93 30 059 51 67 

~ 
go 19 089 53 70 
86 08 118 54 73 

7 82 8.5u6597 148 5& 76 
8 79 87 lj7 57 79 
9 75 76 207 59 81 

IO 8 5094372 8.5u6565 I 15236 2.3I6I 5.ll984 
II &8 54 266 62 87 
I2 64 44 295 64 90 
13 61 33 325 65 93 
14 57 22 354 67 96 
15 54 II 384 68 99 
I6 50 00 413 70 5.9002 
17 46 8.5u64go 443 72 04 
18 43 79 472 73 07 
19 39 68 502 75 IO 

20 8.5094336 8.5u6457 1.15531 2.3I76 5.9013 
21 32 46 561 78 16 
22 28 35 590 79 19 
23 25 25 620 81 22 
24 21 14 649 82 25 
25 18 03 678 84 27 
26 14 8.5II6392 708 85 30 
27 IO !>1 737 87 33 
28 07 70 766 89 36 
29 03 6o 796 go 39 

30 8.5094299 8.5n6349 1.I5825 2.3192 5.9042 
31 96 38 8~4 93 !~ 32 92 z7 8 4 95 
33 89 I6 913 96 50 
34 85 05 942 g8 53 

35 81 8.5n6294 972 99 56 
36 78 83 I. 16oo1 2.320. 59 
37 74 73 030 02 62 
38 7o 62 059 04 65 
39 67 51 089 05 68 

40 8.5094263 8.5n6240 1.16118 2.3207 5.9071 
41 6o 29 147 08 74 
42 56 18 176 IO 76 
43 52 07 2o6 II 79 
44 49 8.5u61g6 235 13 82 

45 45 85 264 14 M 46 41 74 293 16 

:~ 38 64 322 17 91 
34 53 351 19 94 

49 30 42 381 20 97 

50 8.5094227 8.5u6131 l.1~10 2.3222 5.9100 
SI 23 20 439 23 03 
52 20 og 468 25 05 
53 I6 8.5u6og8 497 26 o8 

54 I2 87 526 28 II 

55 og 76 5~5 29 14 
56 05 65 5 4 31 I7 
57 01 54 613 32 20 
58 8.5094198 43 642 34 23 
59 94 32 671 35 26 

6o 8.5094190 8.5u6o21 I. 16700 2.3237 5.9I29 

H. Ex. 81--42 



 

320 HEPOltT OF THE SUPERINTENDUJNT OF 

LATITUDE 30° 

log A logB logC logD logE 
Lat. 

diff. I"=-0.06 diff. I"=-o.I8 diff. I"=+o.48 diff. 1'1=+0.02 diff. I"=+o.05 

0 I 

30 00 8.5094I<)O 8.51I6o21 1.16700 2.3237 5.9I29 
l 87 IO 729 38 32 
2 83 8.5 II5999 758 40 34 
3 79 lS8 787 41 37 
4 76 77 816 42 40 
5 72 66 845 44 1g 6 68 55 874 45 
7 65 44 903 47 49 
8 61 33 932 48 52 
9 57 22 961 50 55 

IO 8.5094I54 8.51159I1 I. 16990 2.3251 5.9I58 
II 50 00 I.I 7019 53 6I 
12 46 8.5115889 048 54 64 
13 43 78 077 56 67 
14 39 67 I06 57 69 
15 35 56 135 58 72 
16 32 45 I64 6o 75 
17 28 34 192 61 l~ 18 24 23 221 63 
19 2I I2 250 64 84 

20 8.5094u7 8.51158o1 l. 1727s 2.3266 5.9187 
2I 

I 
I3 8.5115790 30 67 90 

22 IO 79 337 68 93 
23 o6 68 365 70 96 
24 02 57 394 71 99 
25 8.5094098 46 423 73 5.9202 
26 95 35 452 ~i ~~ 27 9I 24 481 
28 87 13 509 77 IO 
29 84 02 538 78 13 

30 8.5094080 8.5n569o 1.17567 2.328o 5.9216 
31 76 79 596 81 19 
32 73 68 624 83 22 
33 69 57 6~3 84 ~~ 34 65 46 6 2 85 
35 62 35 710 87 31 
36 58 24 739 88 34 
37 54 13 768 90 37 
38 50 02 l97 91 40 
39 47 8.511559I 25 92 43 I 
40 8.5094043 8.5n5579 1.178§4 2.3294 5.9246 
41 39 68 8 3 95 49 
42 36 57 9II ~ 52 
4-3 32 46 940 

~~ 44 28 35 ¢8 99 
45 24 24 997 2.330I 61 
46 21 13 • I.I8o26 02 64 
47 17 02 o54 04 66 
48 13 8.5115490 o83 ~ 69 
49 IO 79 Ill 7z 

50 8.5094oo6 8.5115468 1.18140 2.3308 5.9275 
5I 02 57 169 O<) 78 
52 8.5093999 "'46 197 IO 81 
53 95 35 226 12 84 
54 91 23 254 13 87 

SS 87 12 283 14 90 
56 84 01 311 16 93 
57 ·So 8.5u5390 340 17 96 
58 76 79 J6& 19 99 
59 72 68 397 20 5.9302 

6o 8.5093969 8.5115356 1.18425 2.332I 5.9305 



 

THE UNITim STATES COAST SURVEY. 331 

LATITUDE 31° 

log A IogB loge logD log E 
Lat. 

diff. I"=-O.o6 rliff. I"=-0.19 diff. l"=+o.47 dilT. 1" =+0.02 diff. i"=+o.05 

~ 
D ' 

31 00 8.5093969 8.5u5356 I.18425 2.3321 5.9305 
l 65 45 454 23 08 
2 61 34 482 24 II 

3 58 23 510 25 14 
4 54 12 539 27 17 
5 50 00 567 28 20 
6 46 8.5115289 596 29 23 
7 43 78 624 31 26 
8 39 67 652 32 29 
9 35 56 681 33 32 

IO 8.5093931 8.5115244 1.18709 2.3335 5.9335 
II 28 33 738 36 38 
12 24 22 766 37 41 
13 20 II 794 39 44 
14 16 8.5115199 823 40 47 
15 13 88 851 41 50 
16 09 77 879 43 53 
17 05 66 9o8 44 56 
18 Ol 54 936 4c; 59 
19 8.5093898 43 964 47 62 

20 8.5093894 8.5n5132 1.18993 2.3348 5.9365 
21 90 21 I.19021 49 68 
22 86 09 049 51 71 
23 83 8.5u5098 077 52 74 
24 79 87 106 53 76 
25 75 76 134 55 79 
26 71 64 162 56 82 
27 68 53 190 57 85 
28 64 42 219 58 88 
29 6o 31 247 6o 91 

30 8.5093856 8.5115019 1.19275 2.3361 5.9394 
31 53 o8 3°3 62 97 
32 49 S.5II4997 331 64 59400 
33 45 85 36o 65 ~~ 34 41 74 388 66 

35 37 63 416 68 O<) 
36 34 51 444 6g 12 
37 30 40 472 70 15 
38 26 29 501 71 18 
39 22 17 529 73 21 

40 8.5093819 8.51149o6 1.19557 2.3374 5.9424 
41 15 8 5u4895 585 75 27 
42 II 83 613 77 'I _, 
43 07 j2 641 78 34 
44 04 bl 66<) 79 37 
45 00 49 6g7 So 40 
46 8.5093795 38 725 82 43 
47 92 27 753 83 4t• 
48 88 15 181 84 49 
49 85 04 809 85 52 

50 8.5093781 8.5114793 I. 19838 2.3387 5.94_<;5 
51 77 81 866 88 58 
52 73 70 894 89 61 

53 6g 59 922 90 6.t 

54 66 47 950 92 67 

55 62 36 978 93 70 
56 58 25 1.zooo6 94 73 
57 54 13 034 95 76 
58 51 02 o62 • 9i 79 
59 47 8.5I146go 090 98 82 

6o 8.5093743 8.5114679 J.20JI8 2.3399 5.9485 



 

332 UEPORT OF '.rHE SUPERINTENDENT OF 

LATITUDE 32° 

log A. IogB logC logD logE 
Lat. 

cliff. l"=-0.06 diff. 1"=-0.19 diff. 111= +0.46 di ff. I 11.=-t- 0.02 diff. l"=+o.05 
-----

0 

32 00 8.5093743 8.5u4679 l.20ll8 2.3399 5·94~~ l 39 68 145 2.3400 
2 35 56 173 02 91 
3 32 45 201 03 94 
4 28 33 229 04 97 

~ 24 22 257 05 5.9500 
20 II 285 07 03 

7 16 8.5u4599 313 08 o6 
8 13 88 341 09 og 
9 09 76 369 IO 12 

IO 8.5093705 8.5u4565 1.20397 2.3412 5.95:~ 
1I 01 54 425 lJ 
12 8.5093697 .p 452 14 21 
13 93 31 48o 15 24 
14 90 19 508 16 27 
15 86 08 536 18 30 
16 82 8.5114496 564 19 33 
17 78 85 592 20 36 
18 74 74 620 21 39 
19 7l 62 647 23 .µ 

20 8.5093667 8.5114451 1.2o675 2.3424 5.9545 
21 63 39 7o3 25 49 
22 59 28 731 26 sz 
23 55 16 759 27 ~~ 24 51 05 786 29 
25 48 8.5114393 814 30 61 
26 44 82 842 JI 64 
27 40 70 870 32 67 
2& 36 59 &97 33 70 
29 32 47 925 35 73 

30 8.5093629 8.5114336 1.20953 2.3436 5.9576 
31 25 24 981 37 79 
32 21 13 1.21008 38 82 
33 17 01 036 39 ~~ 34 13 8.5n4290 o64 40 

35 ~ 78 091 42 91 
36 67 Ilg 43 94 
37 02 55 147 44 97 
38 8.50935g8 44 174 45 5.96oo 
39 94 32 202 46 04 

40 8.5093590 8.5n4221 1.21230 2.3448 5.9007 
41 86 09 2 57 49 ID 

42 83 8.5n4198 285 so 13 
43 79 86 312 51 16 
44 75 75 340 52 19 

45 71 63 368 53 22 
46 67 52 395 54 ~~ 47 63 40 423 56 
48 59 29 451 57 31 
49 56 17 478 58 34 

50 8.5093552 8.5u41o6 1.215o6 2.3459 5.g637 
51 48 8.5II4og4 533 6o 40 
52 44 83 561 61 43 
53 40 71 588 63 46 
54 36 59 616 64 50 

~~ 33 48 644 ~ 53 
29 36 671 56 

57 25 25 6gg 67 A~ 58 21 13 726 68 
59 17 02 754 6g 65 

6o 8.5093513 8.5113990 1.21781 2.3471 5.g668 



 

THE UNITED STATES COAST SURVEY. 333 

LATITUDE 330 

log A. logB logC logD log E 
Lat. 

diff. 1"=-0.06 diff. I"=-0.19 diff. l"=+o.45 cliff. I"=+0.02 diff. I"=+o.05 
-~-~---~ 

0 , 

33 00 8.5093513 8.5113990 I.21781 2.3471 5.9668 
I 09 78 809 72 71 
2 o6 67 836 73 74 
3 02 55 864 74 77 
4 8.5093498 44 891 75 80 

5 94 32 919 76 83 
6 90 20 946 77 87 
7 86 09 973 ~; 90 
8 82 8.51138c)7 I.22001 93 
9 79 86 028 81 g6 

IO 8 (;093475 8.5113874 1.22056 2.3482 5.9699 
II 71 62 083 83 5.9702 
12 67 51 III 84 05 
13 63 39 138 85 08 
14 59 28 165 86 II 
15 55 16 193 87 14 
16 51 04 22u 89 17 
17 47 8.51137gt 248 go 21 
18 44 275 91 24 
19 40 6g 3°3 92 27 

20 8.5093436 8.5113758 1.22330 2.3493 5.9730 
21 32 46 357 94 33 
22 28 35 385 95 36 
23 24 23 412 96 39 
24 20 II 439 97 42 
25 16 00 467 98 !~ 26 13 8.!)113688 494 2.3500 
27 09 76 521 OI 52 
28 05 65 549 02 H 29 01 53 576 03 

30 8.5093397 8.5II3641 1.226o3 2.3504 5.9761 
31 93 30 630 05 64 
32 89 18 6~8 o6 67 
33 85 o6 6 5 07 70 
34 81 8.5113595 712 o8 73 
35 78 83 739 og 76 
36 74 71 767 IO 8o 
37 70 6o 794 11 83 
38 66 48 821 13 86 
39 62 36 848 14 8<) 

40 8.5093358 8 .. 5113525 1.22876 2.3515 5·9792 
41 54 13 903 16 95 
42 50 OI 930 17 98 
43 46 8.5II348g 957 IS 5.9801 
44 42 78 984 19 05 

45 39 66 1.23012 20 08 
46 35 54 039 2I II 

47 3r 43 o66 22 14 
48 27 31 093 23 17 
49 23 19 120 24 20 

50 8.5093319 8.5113407 1.23148 2.3525 5.9823 
51 15 8.5IT33g6 I 75 26 26 
52 II 84 202 27 30 
53 07 72 229 28 33 
54 03 6o 256 29 36 

55 00 49 283 30 39 
50 8.5og32g6 37 310 3z 42 
57 92 25 337 33 45 
58 88 14 305 34 48 
59 84 02 392 35 51 

6o 8.509328o 8.5113290 1.23419 2.3536 5.9855 



 

334 nEPOR1' OF THE SUPERINTENDE~T 01" 

LATITUDE 340 

log A logB log() logD logE 

Lat. 

diff. 1 11=-0.07 dilf. 1''=-0.20 di ff. 1"=+045 diff. r"=+o.02 diff. 1"=+0.05 
- -- -· 

(] I 

34 00 8.5093280 8.5113290 1.23419 2.3536 5.9855 
r 76 78 446 ~~ 58 
2 72 67 473 6r 
3 68 55 500 39 64 
4 64 43 527 40 67 

5 6o 31 554 41 70 
6 I 56 19 581 42 73 
7 I 53 08 608 43 77 
8 I 49 8.5113196 6,5 44 8o 
9 45 84 662 45 83 

IO 8.5093241 8.5II3Ii2 1.23689 2.3546 5.9886 
II 37 61 716 47 89 
12 33 49 743 48 92 
13 29 37 770 49 95 
14 25 25 797 50 99 
15 21 13 824 51 5.9902 
16 17 02 851 52 05 
17 13 8.5u3090 878 53 08 
18 09 78 905 54 II 

19 05 66 932 55 14 

20 8.5093201 8.5 u3055 1.23i~ 2.3556 5.9918 
21 8.5093198 43 57 21 
22 94 31 r.24013 58 24 
23 90 19 040 ~ 27 
24 86 07 067 30 

25 82 8.5112995 o94 61 33 
26 78 84 121 62 36 
27 74 ']2 148 63 40 
28 70 6o 175 64 43 

I 29 66 48 202 65 46 

30 

I 
8.5093162 8.5u2936 1.24229 2.3566 5.9949 

31 58 24 256 67 52 
32 54 13 283 68 55 
33 50 OI 309 69 59 
34 46 8.5112889 336 70 62 

35 42 77 363 71 ~~ 36 38 65 39° 72 
37 34 53 417 73 71 
38 30 42 444 74 ~~ 39 27 30 471 75 

40 8.5093123 8.5112818 1.244g8 2.3576 5.9981 
41 r9 o6 524 77 84 
42 15 8.5112794 551 78 87 

I 
43 II 82 578 ,s 90 
44 07 70 6o5 79 94 

45 03 58 632 80 97 
46 8.5093099 47 659 81 6.0000 
47 95 35 685 82 ~g 48 91 23 712 83 
49 87 11 739 B4 09 

50 8.5093o83 8.5u2699 r.24766 2.3585 5.oo:i 
51 79 87 793 86 
52 75 75 819 ~l 19 
53 71 63 846 22 
54 67 52 873 8g 25 

55 63 40 9o::i go 29 
56 59 28 926 91 32 

~~ 55 16 
~~ 92 ~~ 51 04 93 

59 47 8.5112592 1.25007 94 41 

6o 8.5093043 8.511258o 1.25033 2.3595 6.0045 



 

THE UNITED STATES COAST SURVEY. 335 

LATITUDE 3~0 

log A logB log() log D log E 

Lat. 

diff. 1"=-0.07 diff. l"=-0.20 diff. l"=+o.44 diff. 1" =+0.01 diff. l"=+o.05 
-------

0 ' 
35 00 8.5093043 8. 5112580 1.25033 2.3595 6.0045 

I 39 68 060 ¢ 48 
2 35 56 o87 96 51 
3 31 44 113 97 54 
4 27 32 140 98 57 
5 23 :ZI 167 99 61 
6 19 09 194 2.36oo 64 
7 15 8.5112497 220 OI 67 
8 12 85 247 02 70 
9 08 73 274 03 73 

IO 8.5093004 8.5112461 1.25300 2.3604 6.oo~ 
II 00 49 327 05 
12 8 5092996 37 354 o6 83 
13 92 25 380 Oj 86 
14 88 13 407 07 89 

15 84 01 434 08 93 
16 8o 8.5112389 4bo O<) 96 
17 76 77 487 10 99 
18 72 65 514 II 6.0102 
19 68 53 54° 12 05 

20 8.5092964 8.5112341 1.25567 2.3613 6.0109 
21 6o 29 593 14 12 
22 56 17 620 15 15 
23 52 06 647 16 18 
24 48 8.5112294 673 16 21 

25 44 82 700 17 25 
26 40 70 726 18 28 
27 36 58 753 19 31 
28 32 46 m 20 34 
29 28 34 21 38 

30 8.5092924 8.5u2222 1.25833 2.3622 6.0141 
31 20 IO 859 23 44 
32 16 8.51121~ 886 24 47 
33 12 86 912 24 50 
34 08 74 939 2:; 54 

35 04 62 965 26 57 
36 00 50 992 27 60 
37 8.5092896 38 1.26o18 28 63 
38 92 26 045 29 67 
39 88 14 072 30 70 

40 8.5092884 8.5112102 1.26og8 2.3631 6.0173 
41 8o 8.5112090 125 31 76 
42 76 78 151 32 79 
43 72 66 177 33 83 
44 68 54 204 34 86 

45 64 42 230 3:; 89 
46 6o 30 257 36 92 
47 56 18 283 37 96 
48 sz 06 310 37 99 
49 48 8.5111994 3~6 38 6.0202 

50 8.509z844 8.5111981 1.26363 2.3639 6.0205 
51 40 69 389 40 09 
52 36 57 416 41 12 
53 32 45 44:z 42 1' 
54 28 33 469 42 18 

55 24 21 495 43 22 

56 20 09 521 44 25 
57 16 8.5111897 548 45 zS 
58 12 85 574 46 .v 
59 08 73 601 47 35 

6o 8.5092804 8.5111861 1.26627 2.3648 6.0238 



 

33G REPORT OF THE SUPERUTTENDENT OF 

LATITUDE 360 
-----~~~ --

log A logB log C logD log E 
Lat. 

cliff. 1"=-0.07 ditf. 1"=-0.20 cliff. 1"=+0.44 diff. 1"=+0.or ditf. 1"=+0.05 

0 I 

36 00 8.50928o4 8.5111861 1.26627 2.3648 6.0238 
I 00 49 654 48 41 
2 8.5092796 37 680 49 44 
3 92 :5 7o6 50 48 
4 88 13 733 51 51 

~ 83 01 759 52 54 
79 8.51u789 785 52 57 

7 75 77 812 53 61 
s 71 65 838 54 64 
9 67 52 865 55 67 

IO 8.5092763 8.5111740 1.26891 23656 6.0270 
II 59 28 917 57 74 
12 55 16 944 57 77 
13 51 04 970 58 80 
14 47 8.5111692 996 59 83 

15 43 8o 1.27023 6o 87 
16 39 68 049 6i 90 
17 35 56 075 61 93 
18 31 44 102 62 96 
19 27 32 128 63 6.0300 

20 8.5092723 8.5111619 1.27154 2.3664 6.0303 
21 19 07 181 65 o6 
22 15 8.5II 1595 207 65 09 
23 II 83 233 66 13 
24 07 71 259 67 16 

25 03 59 286 68 19 
26 8.5092699 47 312 69 23 
27 95 35 338 69 26 
28 91 23 365 70 29 
29 87 IO 391 71 32 

30 8.5092683 8.5111498 1.27417 2.3672 6.0336 
31 79 86 443 73 39 
32 75 74 470 73 42 
33 71 62 496 74 45 
34 66 50 522 75 49 

35 62 38 548 76 52 
36 58 26 575 76 55 
37 54 13 6o1 77 59 
38 50 01 627 78 62 
39 46 8.5111389 653 79 65 

40 8.5092642 8.5II 1377 1.2768o 2.368o 6.0368 
41 38 65 7o6 Bo 72 
42 34 53 732 81 7~ 
43 30 41 758 82 
44 26 28 784 83 ~2 
45 22 16 810 83 85 
46 18 04 837 84 88 
47 14 8.5111z92 863 85 92 
48 10 8o 88<) 86 ~~ 49 o6 68 915 86 

50 8.50926o2 8.5111z55 1.27941 2.3687 6.0401 
51 8.5092598 43 968 88 ~ 52 94 31 994 89 
53 90 19 r.28o20 89 II 

54 86 07 046 90 15 

55 81 8.5n 1195 072 91 18 
56 77 82 098 92 21 
57 73 70 124 92 ;~ 58 69 58 150 93 
59 65 46 177 94 31 

6o 8.5092561 8.5111134 I 28203 2.3695 6.0434 



 

THE UNITED STATES COAST SURVEY. 337 

LATITUDE 370 

log A. logB log C: log D logE I 
Lat. I 

diff. 1"=-0.07 diff. I"=-0.20 diff. I"=+o.43 cliff. l"=+0.01 diff. I"=+o.06 I 

·- I 0 f 

37 00 8.5092561 8.5111134 1.28203 2.36g5 6.0434 
I 57 21 229 95 38 
2 53 09 255 96 41 
3 49 8.51I1097 281 97 44 
4 45 85 307 97 48 

5 41 73 333 98 51 
6 37 60 3~9 99 54 
7 33 48 3 6 2.3700 58 
8 29 36 412 00 61 
9 25 24 438 01 64 

10 8.5092520 8,5111012 1.28464 2.3702 6.0467 
II 16 8.5110999 490 03 71 
12 12 !S7 516 03 74 
13 08 75 542 04 77 
14 04 63 568 05 81 

15 00 51 594 05 84 
16 8.5092496 38 620 06 87 
17 92 26 646 07 91 
18 88 14 672 o8 94 
19 84 02 6g8 08 97 

20 8.509248o 8.5no89Q 1.28724 2.3709 6.0501 
21 76 77 750 IO 04 
22 72 65 776 10 07 
23 68 53 Soz II II 

24 63 41 828 12 14 
25 59 28 855 12 17 
26 55 16 8!S1 13 21 
27 51 04 9°7 14 24 
28 47 8.5uo792 933 15 27 
29 43 79 959 15 31 

30 8.5092439 8.5110767 1.28985 2.3716 6.0534 
31 35 55 1.29011 17 37 
32 31 43 036 17 41 
33 27 JO o6z 18 44 
34 23 18 o88 19 47 

35 19 o6 114 19 SI 
36 14 8.5mi694 140 20 54 
37 IO 81 166 21 57 
38 o6 69 192 21 61 
39 oz 57 218 22 64 

40 8.50923g8 ~.5110045 1.29244 2.3723 6.0567 
41 94 32 270 23 71 
42 9<> 20 296 24 74 
43 86 08 322 25 77 
44 82 8.5no595 348 25 bl 

!& 78 83 374 26 84 
74 71 400 27 87 

1~ 
6g 59 426 27 91 
65 46 452 28 94 

49 61 34 478 29 97 

50 8.5092357 8.51105:u 1.29504 2.3729 6.o6o1 
51 53 IO 530 30 04 
52 49 8.5110497 555 31 07 
53 45 85 581 31 II 

54 41 73 6o7 32 14 

55 37 6o 633 33 18 
56 33 48 ~~ 33 21 

57 29 36 34 24 
58 24 23 711 35 28 
59 20 II 737 35 31 

6o !:!.5092316 8.5uo399 i.29763 2.3736 6.o634 

H. Ex. 81-43 



 

338 REPORT OF THE SUPERINTENDENT OF 

LATITUDE 380 

log A. logB logC logD logE 

Lat. 

diff. 111=-o.07 diff. 1"=-0.21 dift'. l"=+o.43 diff. 1"=+0.01 difl'. 111=+o.o6 

0 , 
38 00 8.5092316 8.5110399 1.2976~ 2.3736 6.o634 

I 12 87 ~~4 37 38 
2 08 74 37 41 
3 04 62 8to 38 44 
4 00 50 8 6 38 48 

5 8.5092296 37 892 39 51 
6 92 25 918 40 54 
7 87 13 944 40 58 
8 83 00 969 41 61 
9 79 8.5110288 995 42 65 

10 8.5092275 8.5110276 I.300ZI 2.3742 6.o668 
II 71 63 04-7 43 71 
12 67 51 073 44 75 
13 63 39 099 44 78 
14 59 26 12'4- 45 81 
15 55 14 150 45 85 
16 50 02 176 46 88 
17 46 8.5110189 202 47 92 
18 42 77 2z8 47 95 
19 38 65 253 48 98 

20 8.5092z34 8.5no152 l.30279 2.3748 6.0702 
21 30 40 3°5 49 ~~ 22 26 28 331 50 
23 22 15 3F 50 12 
24 18 03 3 2 51 15 
25 13 8.5110091 408 52 19 
26 09 78 434 52 22 
27 05 66 46o 53 25 
28 OJ 54 486 53 29 
29 8.5092197 41 511 54 32 

30 8.5092193 8.5noo29 1.3os37 2.37s5 6.0736 
31 89 17 563 55 39 
32 85 04 . 589 56 42 
33 81 8.51099~ 614 56 46 
34 76 6<1-0 57 49 
35 72 67 666 57 52 
36 68 55 692 58 56 
37 64 42 717 59 59 
38 6o 30 74-3 59 63 
39 56 18 769 6o 66 

40 8.5092152 8.5109905 1.30795 2.3700 6.0769 
41 48 8.5109893 8zo 61 73 
42 43 81 8~ 62 ~ 43 39 68 872 62 
44 35 56 898 63 83 
45 31 43 9z3 63 86 
46 27 31 94-9 64 90 
47 23 19 975 64 93 
48 19 o6 1.31000 65 97 
49 15 8.5109794 026 66 6.o8oo 

so 8.5092110 8.5109782 1.31052 2.3766 6o8o3 
SI o6 69 077 67 07 
52 02 57 103 67 IO 

53 8.5092CJ98 44 u9 68 14 
54 94 32 155 68 17 
SS 90 20 18o 69 21 
S6 86 07 zo6 69 24 

~~ 
82 8.51o¢95 232 70 27 
77 82 2'7 71 31 

59 73 70 2~3 71 34 

6o 8.50!)2069 8.5109')58 1.31309 2.3772 6.o838 



 

THE UNITED STATES COAST SURVEY. 339 

LATITUDE 390 

log A logB log~ logD log E 

Lat. 

cliff. 111 =-0.07 cliff. 111=-0.21 diff. 1
11 =+0.43 diff. l'' =+0.01 d.iff. lu=+o.o6 

c ( 
--1 

39 00 8.5092o69 8.5109658 l.31309 2.3j72 6.0838 I l 65 45 334 2 4r 
2 61 33 36o 3 44 
3 57 20 386 3 48 
4 53 08 41I 4 5' 

5 48 8.5109596 437 4 55 
6 44 83 463 5 58 
7 40 71 488 5 62 
8 36 58 514 6 ~~ 9 32 46 539 7 

JO 8.5092028 8.5109533 1.31565 2.377~ 6.o872 
II 24 21 591 75 
12 19 og 616 8 79 
13 15 8.5109496 642 9 82 
J4 II 84 668 9 86 

15 07 71 6g3 2.3780 89 
16 03 59 719 0 92 
17 8.5091999 46 744 96 
18 95 34 770 99 
19 90 22 796 2 6.0903 

20 8.5091986 8.5109409 1.31821 2.3782 6.0906 
21 82 8.5109397 847 3 JO 
22 78 84 872 3 13 
23 74 72 8g8 4 16 
24 70 59 924 4 20 

25 66 47 949 5 23 
26 61 35 975 ~ 27 
27 57 22 1.32000 30 
28 53 IO o::o 6 34 
29 49 8.5109297 051 7 37 

30 8.5091945 8.5109285 1.32077 2.3787 6.0941 
31 41 72 IO~ 8 44 
32 37 6o 12 8 47 
33 32 47 154 9 51 
34 28 35 179 9 54 

35 24 22 205 2.3790 58 
36 20 JO 230 0 61 
37 16 8 5109198 ~~ 

I ~ 38 12 85 I 

39 07 73 307 2 72 

40 8.5091903 8.510916o 1.32331 2.3792 6.0975 
41 8.5091899 48 ~~4 3 78 
42 95 35 3 82 

43 ~~ 23 409 4 85 
44 10 435 4 89 

45 ~~ 8.5Jogog8 46o 5 92 
46 85 486 5 96 
47 74 73 512 6 99 
48 70 6o 537 6 6.1003 

49 66 48 563 7 o6 

50 8.5091862 8 5J09036 r.32588 2.3797 6.1010 

51 58 23 614 s 13 
52 53 Jl 6·9 8 17 

53 49 8.51CJ8998 d 9 20 
5 

54 45 86 6go 9 24 

55 41 73 716 2.3800 27 
56 37 61 741 0 30 

57 ~~ "8 767 34 
58 36 792 37 

59 24 23 818 41 

6o 8.5091820 8.51o8g1 r 1.32843 2.38o2 6.1044 



 

340 REPORT 01" THE SUPERINTENDENT OF 

LATITUDE 40° 

log A logB IogC logD logE 
Lat. 

diff. l"=-0.07 ditf. 1'1=-0.21 diff. 11'=+0.42 diff. 111=+0.01 diff. 1"=+0.o6 
------- ---------

0 

40 00 8.5091&m 8.5108911 1.32843 2.38o2 6.1044 
I 16 8.5108898 86<) 2 48 
2 12 86 894 3 51 
3 08 73 920 3 ~~ 4 03 01 945 4 

~ 8.5091799 48 970 4 62 
95 36 996 5 65 

i 91 23 1.33021 5 69 
87 II 047 6 72 

9 83 8.51o8798 072 6 76 

IO 8.5091778 8.51o8786 1.33098 238o6 6.I0/9 
II 74 73 123 7 83 
12 70 61 149 7 86 
13 66 48 174 8 90 
14 62 36 200 s 93 
15 58 23 225 9 97 
16 53 II 251 9 6.1100 
17 49 8.51o8698 276 9 04 
18 45 86 301 2.3810 07 
19 41 73 327 0 II 

20 8.5091737 8.51o8661 1.33352 2.3811 6.III4 
&I 33 48 378 I 18 
22 28 36 403 2 21 
23 24 23 429 2 25 
24 20 II 454 2 28 

25 16 8.51o85g8 48o 3 32 
26 12 85 505 3 35 
27 o8 u 53° 4 39 
28 03 5~6 4 42 
29 8.50916<,g 48 5 I 5 46 

30 8.50916<)5 8.51o8535 1.336o7 2.3815 6.1149 
31 91 23 632 ~ 53 
32 87 IO 657 ~ 33 ~~ 8.51o8498 ~~ 6 
34 85 7 63 

35 74 u 734 7 67 
36 70 ~i! I 70 
37 66 48 74 
38 62 35 810 8 77 
39 57 23 835 9 81 

40 8.5091653 8.51o8410 1.33861 2.3819 6.1184 
41 49 8.51o83g8 886 9 88 
42 45 85 911 2.3820 91 
43 41 72 937 0 

~ 44 37 60 962 

!~ 32 47 987 6.1202 
28 35 1.3401~ 05 

47 24 22 03 2 09 
48 20 10 o64 2 12 
49 16 8.5108297 o89 3 16 

50 8.5091611 8.51o8285 1.34114 2.3823 6.1219 
51 07 72 140 3 !l 52 03 6o 165 4 
53 8.5091599 47 190 4 30 
54 95 34 216 4 33 

~~ 
91 22 241 5 37 
86 09 267 s 40 

~~ 
82 8.51o8197 292 6 44 
78 64 317 6 47 

59 74 72 343 6 51 

6o 8.5091570 8.51o8159 I 34368 2.3827 6.1255 



 

THE UNITED STATES COAST SURVEY. 341 

LATITUDE 410 

log A. logB loge log D log E 
Lat. 

diff. 1"=-0.07 diff. l "=---0.21 diff. l"=+o.42 diff. 1"=+0.01 diff. l"=+o.o6 

0 I 

41 00 8.5091570 8.5108159 1.34368 2.3827 6.1255 
I 65 46 393 7 58 
2 61 34 419 ~ 62 
3 57 21 444 65 
4 53 09 469 8 69 

5 49 8.51o8o96 495 8 7z 
6 44 84 520 9 76 
7 40 71 545 9 79 
8 36 59 571 2.3830 83 
9 32 46 596 0 86 

10 8.5091528 8.51o8o33 1.34621 2.3830 6.1290 
II 24 21 647 l 93 
12 19 08 672 l 97 
13 15 8.5107996 697 l 6.1301 
14 II 83 723 2 04 

15 07 71 748 2 08 
16 

8.50914~~ 58 773 2 II 
17 45 799 3 15 
18 94 33 824 3 18 
19 90 20 850 3 22 

20 8.509 148& 8.5107908 1.34875 2.3834 6.1325 
21 82 8.5107895 900 4 29 
22 77 83 925 4 32 
23 73 70 950 5 36 
24 6g 57 976 5 40 

25 65 45 1.35001 5 43 
26 61 32 026 6 47 
27 56 20 052 6 50 
28 52 07 077 6 54 
29 48 8.5107794 102 7 57 

30 8.5091444 8.5107782 i.35127 2.3837 6 1361 
31 40 6g 15~ 7 65 
32 35 57 17 8 68 
33 31 44 203 8 72 
34 27 31 229 8 75 

35 23 19 254 9 79 
36 19 o6 279 9 82 
37 14 8.5107694 304 9 86 
38 IO 81 330 2.3840 89 
39 o6 1)8 355 0 93 

40 8.5091402 8.5107656 1.3538o 2.3840 6.1397 
41 8.5091398 43 4o6 0 6.1400 
42 93 31 431 04 
43 89 18 456 07 
44 85 05 481 II 

45 81 8.5107593 507 2 14 
46 77 &i 532 2 18 

:i 72 68 Sf 2 22 
68 55 5 2 3 25 

49 64 42 6o8 3 29 

50 8.5091300 8.510753° 1.35633 2.3843 6.1432 
51 56 17 ~~ 3 36 
52 51 05 4 40 
53 47 8.5107492 709 4 43 
54 43 79 734 4 47 

55 39 67 759 5 50 
56 35 54 784 5 54 

~l 30 42 Sm 5 58 
z6 29 ~ 5 61 

59 Z2 16 6 65 

6o 8.5091318 8.5107404 1.35885 2.3846 6.1468. 

-------· -·------- ------ -



 

342 REPORT OF THE SUPERINTENDENT OF 

LATITUDE -t~c 

log A logB logC logD logE 

Lat. 

diff. I"=-0.07 diff. I"=-0.21 diff. 1"=+0.42 diff. I"=+o.oo cliff. 1"=+0.o6 

0 I 

42 00 8.5091318 8.5107404 1.35885 2.3846 6.1468 
I 14 8.5I0739r 911 6 72 
2 09 78 936 7 75 
3 05 66 961 7 79 
4 01 53 986 7 83 

5 8.5091297 41 1.36o12 7 86 
6 M 28 037 8 90 
7 15 o62 8 93 
8 84 03 o87 8 97 
9 80 8.5rn7290 113 8 6.1500 

IO 8.509r276 8.5107277 1.36138 2.3849 6.1504 
JI 72 6• 163 9 o8 

.) 

12 67 52 188 9 II 

13 63 40 213 2.3850 15 
14 59 27 239 0 19 

15 55 14 264 0 22 
16 50 02 28g 0 26 
17 46 8.5rn7189 314 29 
18 42 76 330 33 
19 38 64 365 37 

20 8.5091234 8.5107151 x.36390 2.3851 6.1540 
21 29 39 415 2 44 
22 25 26 440 2 48 
23 21 13 466 2 51 
24 17 01 491 2 55 

25 ~~ 8.5107o88 516 3 58 
26 75 541 3 62 
27 04 63 566 3 66 
28 00 50 59I 3 6g 
29 8.5091196 38 617 3 73 

30 8.5091192 8.5107025 1.36642 2.3854 6.1576 
31 87 12 667 4 8o 
32 83 8.5I07000 6g2 4 84 
33 79 8.51o6g87 717 4 87 
34 75 74 743 5 91 

35 70 62 768 5 95 
36 66 49 79~ s 98 
37 62 36 Sr 5 6.16o2 
38 58 24 843 6 05 
39 54 II 869 6 09 

40 8.5091149 8.51o6898 1.36894 2.3856 6.16;8 
41 45 86 919 6 
4Z 41 73 944 6 20 
43 37 61 969 7 24 
44 33 48 994 7 27 

45 28 35 1.37020 7 31 
46 24 23 045 7 ~~ 47 20 IO 070 7 
48 16 8.51o6797 095 8 42 
49 II 85 IZO 8 46 

50 8.5091107 8.51o6772 1.37146 2.3858 6.1649 
51 03 59 171 8 sg 
52 8.5091099 47 1g6 8 ~ 53 95 34 221 9 
54 go 21 246 9 64 

~~ 
86 09 271 9 67 
82 8.51~ 297 9 71 

~~ 78 322 9 ;i '73 71 347 2.386o 
59 6g 58 372 0 82 

6o 8.5og1o65 8.5106645 1.37397 2.386o 6.1686 

-~------------~~-----



 

THE UNITED 8TATES COAST SURVEY. 343 

LATITUDE 430 

log& logB log (J log D logE 

Lat. 

diff. i"=-0.07 diff. r"=-0.21 diff. 1"=+0.42 diff. 1"=+0.00 diff. 1"=+0.06 

a ( 

43 00 8.5091o65 8.51o6645 1.37397 2.386o 6.1686 
l 61 33 422 0 89 
2 57 20 447 0 93 
3 52 07 473 I 97 
4 48 8.51o6595 498 I 6.1700 I 
5 44 82 523 I 04 
6 40 69 548 I 08 
7 36 57 573 I Il 
8 31 44 598 2 15 
9 27 32 624 2 19 

IO 8.5091023 8.5106519 1.37649 2.3862 6.1722 
II 19 o6 674 2 26 
12 14 8.5106494 699 2 30 
13 ID 81 724 2 33 
14 06 68 749 3 37 
15 02 56 774 3 41 
16 8.5()()0998 43 800 3 44 
17 93 30 825 3 48 
18 89 18 850 3 52 
19 85 05 875 3 55 

20 8.5090981 8.51o6392 1.37900 2.3864 6.1759 
21 76 80 925 4 63 
22 72 67 950 4 66 
23 68 54 976 4 70 
24 64 42 1.38oo1 4 74 
25 6o 29 026 4 77 
26 55 16 051 4 81 
27 51 04 076 s 85 
28 47 8.5106291 IOI 5 88 
29 43 78 126 5 92 

30 8.5090938 8.51o6266 1.38152 2.3865 6.1796 
31 34 53 177 5 99 
32 30 40 202 5 6.18o3 
33 26 28 227 5 07 
34 22 15 252 6 10 

35 17 02 277 6 14 
36 13 8.5100189 302 6 18 
37 09 77 32 7 6 22 

38 05 64 353 6 25 
39 00 51 378 6 29 

40 8.5090896 8.51o6139 1.38403 2.3866 6.1833 
41 92 26 428 7 36 
42 88 13 45~ 7 40 
43 83 01 47 7 44 
44 79 8.5w6o88 503 7 47 

45 75 75 528 7 51 
46 71 63 554 7 55 

!h 67 50 f 9 7 58 
62 37 04 7 62 

49 58 25 629 8 66 

so 8.5Q90854 8.51o6012 1.38654 2.3868 6.1870 
51 so 8.5105999 679 8 73 
52 45 87 7°4 8 77 
53 41 74 729 8 81 
54 37 61 754 8 84 

55 33 49 78o 8 88 
56 29 36 805 8 92 

57 24 23 830 8 9(, 

58 20 II 8g5 9 9') 
59 •6 8.5105898 8 0 9 6.1903 

6o 8.5Q9081z 8.5105885 1.389o5 2.386g 6.1907 



 

344 REPORT OF THE SUPERINTENDENT OF 

LATITUDE 44P 

log A logB log c logD logE 
Lat. 

diIT. 1"=-0.07 diIT. 1"=-0.21 diff. 1"=+0.42 dift'. 1"=+0.00 diff. 1"=+0.o6 

0 I 

44 00 8.5090812 8.5105885 1.389o5 2.3869 6.1907 
I 07 73 93° 9 IO 
2 03 6o 955 9 14 
3 8.5090799 4-7 98o 9 18 
4 95 35 1.39006 9 22 

5 90 22 031 9 25 . 6 86 09 Qt 9 29 
7 82 8.5105796 0 I 9 ~& 8 78 84 lo6 2.3870 
9 74 71 131 0 40 

10 8.5ogo76g 8.5105758 1.391g6 2.3870 6.1944 
II 65 4-6 l I 0 48 
12 61 33 2o6 0 51 
13 57 20 232 0 55 
14 52 08 257 0 59 
15 4-8 8.5105695 282 0 ~ 16 4-4 82 307 0 
17 4-0 70 332 0 70 
18 36 57 357 0 74 
19 31 44. 382 0 78 

20 8.5ogo727 8.5105632 1.39407 2.3871 6.1981 
21 23 19 432 I 85 
22 19 o6 4g8 I 8g 
23 14 8.5105594 I 92 
24 10 81 ~o§ I g6 

25 06 68 533 I 6.2000 
26 02 55 5~8 I 04 
27 8.5090698 43 &,§ I 07 
28 93 30 I II 
29 89 17 633 I 15 

30 8.5090685 8.5105505 1.396~8 2.3871 6.2019 
31 81 8.5105492 6 3 I 22 
32 76 79 709. I 26 
33 72 67 734 I 30 
34 68 54 759 l 34 
35 - 64 41 784 I 37 
36 59 29 8og I 41 
37 55 16 834 I 45 
38 SI 03 859 2 49 
39 47 8.5w5391 884 2 52 

40 s.50C)061s 8.5w5378 1.39909 2.3872 6.2056 
41 65 934 2 60 
42 34 52 g6o 2 64 
43 30 40 985 2 68 
44 26 27 1-40010 2 71 
45 21 14 o35 ~ 15 
46 17 02 o6o 2 

~ 47 13 8.5105289 o85 2 
48 09 76 IIO 2 86 
49 04 64 135 2 90 

50 8.5o<)06oo 8.5105251 1.4016o 2.3872 6.a<>c)4 
51 8.5ogo5g6 38 185 2 g8 
52 92 26 210 2 6.2101 
53 88 13 2t 2 05 
54 83 00 2 l 2 og 

55 79 8.5105187 286 2 13 
56 75 75 3n 2 17 

~~ 71 62 
3t 2 20 

66 49 3 1 2 24 
59 62 37 386 2 28 

6o 8.50C)0558 8.5105124 l.40411 2.3872 6.2132 



 

THE UNITED STATES COAST SURVEY. ::345 

LATITUDE -".l:io 

log.& logB logC logD log E 

I Lat. 
cliff. 1"=-0.07 di!f. 111=-0.21 cliff. Iu=+o.42 cliff. l"=±o.oo diff. I"=+o.o6 I 

l 

0 I 

45 00 8.5090558 8.5105124 1.40.p1 2.3872 6.2132 
I 54 Ir 436 2 35 
z 49 8.5ro5099 461 z 39 
3 45 86 486 z 43 
4 41 73 512 z 47 I 
5 37 61 537 2 51 i 

6 33 48 562 z 54 
7 28 35 587 z 58 i 
8 24 23 612 z 62 I 

9 20 10 637 z 66 I 

IO 8.5090516 8.51049Sl l.4o662 2.3872 6.2170 
II II 687 z 73 
lZ 07 72 71z z 77 
13 03 59 738 z 81 
14 8.5090499 46 763 2 85 

15 94 34 788 2 89 
16 90 21 813 2 92 
17 86 08 838 2 96 
18 82 8.5104896 863 2 6.2200 
19 78 83 888 2 04 

20 8.5090473 8.5104870 1.4091~ 2.3872 6.2208 
21 69 58 93 2 II I 22 65 45 963 z 15 
23 61 32 98<) 2 19 
24 56 19 141014 2 23 

I 25 52 07 039 2 27 

I 26 48 8.5104794 o64 z 30 

I 27 44 81 o89 2 34 
28 39 69 114 2 38 
29 35 56 139 2 42 

30 8.5090431 8.5104743 1.41164 2.387z 6.2246 

31 27 JI 18g 2 49 
32 ;~ 18 214 2 53 
33 05 240 2 57 
34 14 8.5104693 265 2 61 

35 IO 8o 290 2 65 I 
36 o6 67 315 2 69 

I 37 OI 55 34° 2 72 
38 8.5090397 42 365 2 76 

39 93 29 390 2 80 r 
I 

40 8.5090389 8.5104616 1.41415 2.3872 6.2284 

41 85 04 440 I 88 

42 80 8.5104591 465 I 91 

43 76 79 491 I 95 
44 72 66 516 I 99 

45 68 53 541 I 6.2303 

46 63 40 566 I 6.2307 

47 59 28 591 I II 

48 55 15 616 l 14 

49 51 02 641 I 18 

50 8.5090346 8.5104490 1.41666 2.3871 6.2322 

51 42 77 t91 I 26 

52 38 64 717 I 30 

53 34 52 742 I 34 

54 30 39 767 I 37 

~~ 25 26 792 I 41 
21 14 817 I 45 

57 17 01 842 I 49 

58 13 8.5104388 867 0 53 

59 o8 75 8g2 0 57 

6o 8.5090304 8.5104363 1.41917 2.3870 6.2361 

I 
H. Ex. 81-· -44 



 

346 REPORT OF THE SUPERINTENDENT OF 

LATITUDE 460 

log A logB log() logD logE 

Lat. 
diff. 1"=-0.07 dilf. 1"=-0.21 diff. 1"=+0.42 cliff. 111=-0.00 diff. 1"=+0.06 

0 I 

46 00 8.5090304 8.5w4363 1.41917 2.3870 6.2361 
I 00 50 94~ 0 64 
2 8.5090296 37 96 0 68 
3 91 25 993 0 72 
4 87 12 1.42018 0 76 

l 83 8.5104299 1.42043 0 So 
79 87 o68 0 84 

7 75 74 093 0 88 
8 70 61 u8 0 91 
9 66 49 143 0 95 

IO 8.5090262 8.5104236 1.42169 2 386g 6.2399 
II 58 23 194 9 6.2403 
12 53 II 219 9 07 
13 49 8.5w41.,S 244 9 II 
14 45 85 269 9 15 

15 41 73 294 9 18 
16 

! 37 6o 3I9 9 22 
17 32 47 344 9 26 
18 28 35 370 9 30 
19 24 22 395 9 34 

20 8.5090220 8.5104109 1.42420 2.3868 6.2438 
21 15 8.5m4096 445 8 42 
22 II 84 470 8 46 
23 07 71 495 8 49 
24 03 58 520 8 53 
25 8.5090198 46 545 8 57 
26 94 33 571 8 61 
27 90 20 596 8 65 
28 86 08 621 8 69 
29 82 8.5103995 646 8 73 

30 8.5090177 8.5!03982 1.42671 2.3867 6.2477 
31 73 70 696 7 So 
32 69 57 721 7 84 
33 65 44 746 7 88 
34 60 32 772 7 92 

35 56 19 797 7 96 
36 52 o6 822 7 6.2500 

~l 48 !l.5103894 847 6 04 
44 81 872 6 o8 

39 39 68 897 6 12 

40 8. 5090135 8.5103856 1.42922 2.3866 6.251; 
41 31 43 948 6 19 
42 27 30 ~~ 

6 23 
43 22 18 6 ~7 
44 18 05 J.43G23 6 31 

45 14 8.5103792 048 5 35 
46 IO 8o :;u 5 39 
47 o6 67 5 43 
48 01 54 124 5 47 
49 8.5090097 42 149 5 51 

50 8.5090093 8.5103729 1.43174 2.3865 6.2554 
51 89 16 199 5 58 
52 84 04 224 4 62 

53 8o 8.5103691 249 4 66 
54 76 78 274 4 70 

~~ 72 66 300 4 7g 68 53 325 4 iz 57 63 40 350 4 
58 59 28 375 3 86 
5g 55 15 400 3 90 

6o 8.50<)0051 8.51036o2 1.43425 2.3863 6.2594 



 

THE UNITED 8TATE8 COAST SURVEY. 347 

LATITUDE 470 

ILlC log A. logB logC log D log E 

diff. 111=-o.07 diff. I"=-0.21 diff. l"=+o.42 diff. l"=--O.QO diff. l"=+o.07 I 

I 
0 I 

47 00 8.5090051 8.51036o2 1°43425 2.3863 6.2594 
I 46 8.5103590 451 3 97 
2 42 77 476 3 6.2601 
3 38 64 501 3 05 
4 34 52 526 2 09 

5 30 39 551 2 13 
6 25 26 576 2 17 
7 21 14 6o2 2 21 
8 17 01 627 z 25 
9 lJ 8.5103488 652 2 29 

10 S5ogooo8 S.5103476 143677 2.3861 6.2633 
II 04 63 702 I 37 
12 00 50 727 41 
13 8.5o8g996 38 753 45 
14 92 25 7i8 49 

15 87 12 803 0 53 
16 83 00 828 0 56 
17 79 8.5103387 85~ 0 60 
18 75 74 87 0 64 
19 71 62 904 0 68 

20 8.5o8gg66 8.5103349 1.43929 2.386o 6.2672 
21 62 37 954 2.3859 76 
22 58 24 979 9 80 
23 54 II 144004 9 84 
24 49 8.5103299 030 9 88 

25 45 86 055 9 92 
26 41 73 o8o 8 96 
27 37 61 105 8 6.2700 
28 

l~ 48 130 8 04 
29 35 155 8 08 

30 8.5o8gg24 8.5103223 1.44181 2.3858 6.2712 
31 20 10 2o6 7 16 
32 16 8.5103197 231 7 20 
33 II 85 2~6 7 24 
34 07 72 281 7 28 

35 03 59 307 6 31 
36 8.508g899 47 332 b 35 
37 95 34 ~~~ 

6 39 
38 90 22 6 43 
39 86 og 407 6 47 

40 8.5o8g882 8.5103og6 1·4443~ 2.3855 6.2751 
41 78 84 458 5 55 
42 74 71 ~~ 5 59 
43 69 58 5 60 

·' 
44 65 46 534 4 67 

45 61 33 559 4 71 
46 57 20 584 4 75 
47 53 08 6og 4 79 
48 48 8.5102995 634 4 83 
49 44 83 66o 3 87 

50 8.5o89840 8.5102970 1.44685 2.3853 6.2791 
51 36 57 710 3 95 
52 31 45 735 3 99 
53 27 32 76I z 6.28o3 

54 23 19 786 2 07 

55 19 07 8II 2 II 

56 15 8.5102894 836 2 15 

~~ 
10 82 861 19 
o6 6g 887 23 

59 02 56 912 27 

6o 8.5089798 8.5102844 1.44937 2.3851 6.2831 



 

348 REPORT OF THE SUPERINTENDENT OF 

LATITUDE 480 

1 

I 
log A. logB log C: logD logE 

Lat. 

cliff. 1"=-0.07 cliff. 1"=-0.21 cliff. l"=+o.42 diff. 1 11=-0.()() diff. l"=+o.07 

0 I 

48 00 S.5oS9798 S.5102844 1.44937 2.3851 6.2831 
I 94 31 962 0 35 
2 89 18 988 0 39 
3 85 o6 1.45013 0 43 
4 81 8.5102793 038 0 47 
5 77 81 o63 2.3849 51 
6 73 68 089 9 55 
7 68 55 114 9 59 
8 64 43 139 9 63 
9 60 30 164 8 67 

10 8.5089756 8.5102717 1.45190 2.3848 6.2871 
II 52 05 215 8 75 
12 47 8.5102692 240 7 79 
13 43 l:!o 265 7 83 
14 39 67 291 7 87 
15 35 54 316 7 91 
16 30 42 341 6 95 
17 26 29 366 6 99 
18 22 17 392 6 6.2903 
19 18 04 417 6 07 

20 8.5089714 8.5102591 1.45442 2.3845 6.2911 
21 09 79 467 5 15 
2Z 05 66 493 5 19 
23 or 53 518 4 23 
24 8.5089697 41 543 4 27 

25 ~~ 28 569 4 31 
26 16 594 4 35 
27 84 03 619 3 39 
28 So 8.5102490 644 3 43 
29 76 78 670 3 47 

30 8.5089672 8.5102465 1.45695 2.3842 6.2951 
31 67 53 720 2 55 
32 63 40 746 2 59 
33 59 27 7il 1 63 
34 55 15 7¢ 1 67 

35 51 02 82r I 71 
36 46 8.5102390 847 I 75 
37 42 77 872 o ~j 38 38 64 897 0 
39 34 52 923 0 87 

40 8.5o8¢30 8.5102339 1.45948 2.3839 6.2992 
41 25 27 973 9 96 
42 21 14 999 9 6.3000 
43 17 02 1.40024 8 04 
44 13 8.5102289 049 8 o8 

45 09 76 075 8 J;Z 

46 04 64 JOO 7 16 
47 00 51 125 7 20 
48 8.5o89596 39 150 7 ~$ 49 92 26 176 6 

50 8.5089588 S.5102213 1.46201 2.3836 6.3032 
51 84 01 226 6 36 
52 79 8.5102188 252 s 40 
53 75 76 277 5 ~ 54 71 63 302 5 

~~ 
67 51 328 4 52 

~~ 38 353 4 56 

~~ 25 378 4 6o 
54 13 404 3 65 

59 50 00 429 3 6g 

60 8.5o8g546 8.5!02088 1.46454 2.3833 6.3073 



 

THE UNITED STATES COAST SURVEY. 349 

LATITUDE 49° 

log A logB logC logD logE 
Lat. 

<liff. l" = -0.07 cliff. 1 11
::::::: -u.21 diff. 1"=+0.42 cliff. 1''=-0.00 diff. 1"=+0.07 

·o I 

49 00 8.508<)546 8.5102o88 1.46454 2.3833 6.30/3 
l 42 75 480 2 77 
2 37 62 505 2 81 
3 33 50 531 2 85 
4 29 37 556 89 

5 25 25 581 93 
6 21 12 6o7 97 
7 16 00 632 0 6.3101 
8 12 8.5101987 6F 0 05 
9 08 75 6 3 0 O<) 

JO 8.5o89504 8.51org62 l.467o8 2.3829 6.3113 
JI 00 49 i33 9 17 
12 8.5089496 37 759 9 22 
13 91 24 784 8 26 
14 87 12 810 8 30 
15 83 8.51018g9 835 8 34 
16 79 87 86o 7 38 
17 75 74 886 7 42 
18 70 61 9Ir 6 46 
19 66 49 936 6 50 

20 8.5CJ89462 8.510l836 l.46g62 2.3826 6.3154 
21 58 24 987 5 58 
22 54 II 1.4701~ 5 62 
23 49 8.5101799 03 4 67 
24 45 86 o63 4 71 

25 41 74 08<) 4 75 
26 37 61 Il4 3 79 
27 33 49 140 3 83 
28 29 36 165 3 87 
29 24 23 190 2 91 

30 8.5o89420 8.51017JI I 47216 2.3822 6.3195 
31 16 8.51016g8 24l 2 99 
32 12 86 267 6.32~~ 
33 o8 73 292 
34 03 61 318 0 12 

35 8.5o89399 48 343 0 16 
36 95 36 363 0 20 

~~ s~ 23 394 2.3819 24 
II 419 9 28 

39 83 8.5101598 445 8 32 

40 8.5o8g378 8.5101586 1.47470 2.3818 6.3236 
41 74 73 496 7 41 
42 70 61 521 7 45 
43 66 48 546 7 49 
44 62 35 572 6 53 

45 58 23 597 6 57 
46 53 10 62] 5 hi 

47 49 8.51or4g8 648 5 65 
48 45 85 674 5 69 

49 41 73 6g9 4 74 

50 8.5o89337 8.510146<> 1.47725 2.3814 6.3278 
51 ~~ 48 750 3 82 
52 35 ~~ 3 86 

53 24 23 2 go 

54 20 10 827 2 94 

~~ 
16 8.5101398 852 2 98 
12 85 877 6.3303 

~~ 07 '73 ~~ 
07 

OJ 6o 0 II 

59 8.5o8<)299 48 954 0 l5 

6o 8.5o89295 8.5w1335 1.47979 2.38o<) 6.3319 



 

350 HEPORT OP THE SUPERINTENI>ENT OF 

LATITUDE :JOo 

log A. logB log C logD logE 
Lat. 

cliff. 111=-o.07 diff. 1"=-0.21 diff. 1"=+0.43 diff. I"=-O.Ol diff. I"=+o.07 
-----~ 

'-' I 

50 00 8.5o89295 8.5101335 1.47979 2.3llog 6.3319 
[ 91 23 1.48005 9 23 
2 87 IO 030 9 27 
3 82 8.5I01298 056 8 32 
4 78 85 081 8 36 

~ 74 73 107 7 40 
70 6o 132 7 44 

7 66 48 1~8 6 48 
8 61 35 I 3 6 52 
9 57 23 209 5 56 

10 8.508g253 8.5101210 1.48234 2.38o5 6.3361 
II 49 8.510ug8 260 5 65 
12 45 85 286 4 69 
13 40 73 3II 4 73 
14 36 6o 337 3 77 
15 32 48 362 3 81 
16 28 35 388 2 86 
17 24 23 413 2 90 
18 19 IO 439 I 94 
19 15 8.5I01og8 464 I 98 

20 8.508g211 8.5101o85 1.48490 2.38o1 6.3402 
21 07 73 515 0 07 
22 03 6o 541 0 II 
23 8.5089199 48 566 2.3799 15 
24 95 35 592 9 19 

25 90 23 618 8 23 
26 86 II 643 8 27 
27 82 8.5100998 669 7 32 
28 78 85 694 7 36 
29 74 73 720 6 40 

30 8.5o89170 8.51oog6o 1.48745 2.37g6 6.3444 
31 65 48 771 5 48 
32 61 35 797 5 53 
33 57 23 822 4 57 
34 53 IO 848 4 61 

35 49 8.51008g8 873 3 65 
36 45 85 8g9 3 69 

~~ 
40 

~ 924 2 73 
36 95° 2 ~~ 39 32 48 976 I 

40 8.5o8g128 8.51oo835 I.49001 2 ·3791 6.3486 
41 24 23 027 0 go 
42 20 IO 052 0 94 
43 15 8.5100798 078 z.378g 99 
44 II 85 104 9 6.3503 

45 07 73 129 8 07 
46 03 61 

!~ 8 II 

47 8.5o8gog9 48 7 16 
48 95 36 2o6 7 20 

49 go 23 232 6 24 

50 8.5o8go86 8.51oci7II 1.49257 2.3786 6.3528 
51 82 8.51~ 283 5 32 
52 78 309 5 37 
53 74 74 334 4 41 
54 70 61 . 36o 4 45 

55 66 49 386 3 49 
56 62 37 411 3 54 
57 58 24 437 2 58 
58 53 12 46~ 2 62 
59 49 8.5100599 48 I 66 

6o 8.5o8go45 8.5100587 1.49514 2.3781 6.3570 



 

THE UNITED STATES COAST SURVEY. 351 

LATITUDE 310 

log A. IogB logC IogD logE 

I Lat. 

diff. 1"=-0.07 cliff. l"=-0.21 diff. 1"=+0.43 diff. 1 11=~.0I diff. I"=+o.07 I 

I 
~-·· 

I 0 I 

SI 00 8.5o89045 8.5100587 1.49514 2.3781 6.3570 
I 41 75 540 o 75 

I 2 37 62 565 0 79 
3 32 50 591 2.3779 83 
4 28 37 617 9 87 I 
5 24 25 642 8 92 I 
6 20 13 668 8 96 r 

7 16 00 694 7 6.36oo i 

8 12 8.5100488 719 7 04 I 
9 08 75 745 6 09 I 

10 8.5o89oo3 8.5100463 1.49771 2.3775 6.3613 I 
II 8.5088999 51 796 5 17 I 

12 95 38 822 4 21 I 
13 91 26 848 4 26 I 
14 87 13 873 3 30 I 
15 83 01 899 3 34 
16 79 8.5100389 925 2 38 
17 75 76 951 2 43 
18 70 64 976 I 47 
19 66 51 1.50002 0 51 

20 8.5o88g62 8.5100339 1.50028 2.3770 6.3655 

I 21 58 27 053 2.3769 6o 
22 54 14 079 9 64 
23 50 02 105 8 68 

24 46 8.5100289 131 8 72 

25 42 77 1~6 7 77 
26 38 65 I 2 7 81 

27 34 52 208 6 85 
28 29 40 234 5 8g 

29 25 27 259 5 94 

30 8.5o88921 8.5100215 1.50285 2.3764 6.3698 

31 17 03 311 4 6.3702 

32 13 8.5roo190 337 3 07 

33 09 78 36~ 3 II 

34 05 66 38 2 15 

35 OI 53 414 I 19 

36 8.5088897 41 440 I 24 

37 ~~ 
29 466 0 28 

38 16 491 0 32 

39 84 04 517 2.3759 37 

40 8.508888o 8.5100091 1.50543 2.3759 6.3741 

41 76 79 569 8 45 

42 72 67 595 7 49 

43 68 54 621 7 54 

44 63 42 646 6 58 

45 59 29 672 6 62 

46 55 16 6g8 5 67 

:~ 51 04 724 4 71 

47 8.5099991 750 4 75 

49 43 79 775 3 79 

50 8.5o888J8 8.5099¢7 1.5o801 2.3753 6.3784 

51 34 55 827 2 88 

52 30 42 853 I 92 

53 26 30 879 I 97 

54 22 I"'/ 905 0 6.3801 

~~ 
18 05 93 1 0 05 

14 8.5099893 956 2.3749 JO 

~~ 
10 81 982 8 14 

05 69 1.51oo8 8 18 

59 01 56 034 7 23 

6o 8.5o88197 8.5099844 1.51o6o 2.3747 6.3827 



 

352 U.EPORT OF THE SUPERINTENDENT OF 

LATITUDE :i20 

log A logB logC logD logE 

Lat. 

cliff. 1"=-0.07 diff. 111=-0.20 diff. 1"=+043 diff. 111=--0.01 diff'. I"=+o.07 

0 ' 
52 00 8.5088797 8.5099844 1.51o6o 2.3747 6.3827 

l 93 32 086 6 31 
2 89 19 IIZ 5 36 
3 85 07 138 5 40 
4 81 8.5099795 163 4 44 

5 77 82 189 3 48 
6 73 70 215 3 53 
7 6g 58 241 2 57 
8 65 46 267 2 61 
9 61 33 293 I 66 

10 8.5088756 8.5099721 1.51319 2.3740 6.3870 
II 52 09 345 0 74 
12 48 8.5099696 371 2.373~ 79 
13 44 ~4 397 ~ 14 40 72 423 8 
15 36 6o 448 7 92 
16 32 47 474 6 96 
17 28 35 500 6 6.3901 
18 24 23 526 5 05 
19 20 IQ 552 4 og 

20 8.5o88715 8.5099598 1.51578 2.3734 6.3914 
21 II 86 6o4 3 18 
22 07 73 630 3 22 
23 03 61 656 2 27 
24 8.5088699 49 682 I 31 
25 95 37 708 I 35 
26 91 25 734 0 40 
27 87 12 76o 2.3729 44 
28 83 00 786 9 48 
29 79 8.5099487 812 8 53 

30 8.5088674 8.5099475 1.518i8 2.3727 6.3957 
31 70 63 8 4 7 62 
32 66 50 890 6 66 
33 62 38 916 5 70 
34 58 26 942 5 75 
35 54 14 g68 4 79 
36 50 02 994 3 ~~ 37 46 8.5099389 1.52020 3 
38 42 77 046 2 92 
39 38 64 072 I 97 

40 8.5o88633 8.5099352 1.520<)8 2.3721 6.4001 
41 29 40 124 0 05 
42 25 28 150 2.3719 JO 

43 21 15 176 8 14 
44 17 03 202 8 18 

45 13 8.5099291 228 7 23 
46 og 79 254 6 27 
47 05 67 28o 6 32 
48 01 54 3°7 5 J6 
49 8.5o88597 42 333 4 40 

50 ,8.5<>88593 8.5099230 1.52359 2.3714 64045 
51 8g 18 385 3 49 
52 85 o6 411 2 54 
53 81 8.5099193 437 2 58 
54 77 81 463 l 62 

55 72 69 489 0 67 
56 68 57 515 2.3709 71 

~~ 
64 45 541 9 ~ 6o 32 567 8 

59 56 20 593 7 ~ 

60 8.5o88552 8.50991o8 1.5262o 2.3707 6-4089 



 

THE UNITED STATES COAST SURVEY. 353 

LATITUDE 330 

log A IogB log<: logD log E 

Lat. 

diff. 111 =-o.07 diff. r"=-0.20 diff. 111 = +0.44 diff. l .. =-0.01 diff. I"=+o.08 

0 I 

53 00 8.5o88552 8.50991o8 i.52620 2.3707 6.4089 
I 48 8.5099096 646 6 93 
2 44 !l4 672 5 98 
3 40 71 6<)8 4 6.4102 
4 36 59 724 4 07 

5 32 47 750 3 II 

6 28 35 776 2 15 
7 24 23 803 2 20 
8 19 IO 829 I 24 
9 15 8.5098998 855 0 29 

IO 8.50885u 8.5og8986 1.52881 2.3699 6.4133 
II 07 73 907 9 37 
12 03 61 933 8 42 
13 8.5088499 49 96o 7 46 
14 95 37 986 6 51 

15 91 25 1.53012 6 55 
16 87 13 038 5 60 
17 83 01 o64 4 64 
18 79 ~>.5098889 1191 4 68 
19 75 77 117 3 73 

20 8.5o88470 8.5098864 1.53143 2.36g2 6.4177 
21 66 52 169 I 82 
22 62 .;o 195 I 86 . 23 58 28 222 0 91 
24 54 16 248 2.368g 95 
25 50 04 274 8 6.4200 
26 46 8.5098791 300 8 04 
27 42 79 327 7 08 
28 38 67 353 6 13 
29 34 55 379 5 17 

30 8.5088430 8.5098743 1.534o5 2.3685 6.4222 
31 26 30 432 4 26 
32 22 18 458 3 "! _, 
33 18 06 484 2 35 
34 14 8.50986g4 510 I 40 

35 IO 82 537 : 44 
36 o6 70 563 c 49 
37 02 58 589 2.3679 53 
38 8.5088398 46 616 8 58 
39 94 34 642 8 62 

40 8.5o88390 8.5og8621 1.53668 2.3677 6-4267 
41 86 09 694 6 71 
42 82 8.5098507 721 5 76 
43 78 85 747 5 So 

44 74 73 773 4 85 

45 70 61 8<XJ 3 89 
46 66 49 826 2 93 

~ 
61 37 852 I 98 
57 25 879 l 6-4302 

49 53 13 905 0 07 

50 8.5088349 8.5og8500 1.53931 2.366g 6 .. 1311 
51 45 8.5098488 958 8 16 
52 41 76 984 7 20 

53 37 64 1.54011 7 25 
54 33 52 037 6 29 

55 29 40 o63 5 34 
56 25 28 ago 4 38 
57 21 r6 n6 3 43 
58 r7 04 r42 3 47 
59 13 8.5og8392 16g 2 52 

6o 8.5o88309 8.5098379 1.54195 2.3661 6.4356 

H. Ex. 81--45 



 

354 REPORT OF THE SUPERINTENDENT OF 

LATITUDE :549 

log A. logB log<: logD logE 
Lat. 

diff. r"=-0.07 diff. 111=-0.20 diff. 1"=+0.44 diff. I"=-0.0I diff. 1"=+0.08 

0 ' 
54 00 8.5o88309 S.5098379 1.54195 2.3661 "6.4356 

l 05 67 222 0 61 
2 OJ 55 248 2.3659 65 
3 8.5088297 43 275 9 70 
4 93 31 301 8 75 

5 89 19 327 7 79 
6 85 07 354 6 ~ 7 81 8.50982~~ 38o 5 
8 77 407 4 93 
9 73 71 433 4 97 

10 8.5088269 8.5098258 1.5446o 2.3653 6.4402 
II 65 46 486 2 o6 
12 61 34 5 13 I II 

13 57 22 539 0 15 
14 53 IO 565 2.3649 20 

15 49 8.5og8198 592 9 24 
16 45 86 618 8 29 
17 41 74 645 7 33 
18 37 62 671 6 38 
19 33 50 6g8 5 43 

20 8.5088229 8.5og8138 1.54724 2.3644 6.4447 
21 25 26 751 4 52 
22 21 14 777 3 56 
23 17 02 8o4 2 61 
24 13 8.5098ogo 831 I 65 
25 og 78 857 0 70 
26 05 66 884 2.3639 74 
27 01 53 910 8 79 
28 8.5o88197 41 937 8 83 
29 93 29 963 7 88 

30 8.5o8818g 8.5098o17 1.54990 2.3636 6.4493 
31 85 05 1.55016 5 97 
32 81 8.5097993 043 4 6.4502 
33 77 81 070 3 o6 
34 73 6g 096 3 II 

35 6g 57 123 2 IS 
36 65 45 149 I 20 
37 61 33 176 0 25 
38 57 21 202 2.362~ 29 
39 53 09 229 34 

40 8.5088149 8.50978g7 1.552~6 2.3627 6.4538 
41 45 85 2 2 6 43 
42 41 73 309 6 47 
43 37 61 336 5 52 
44 33 49 362 4 57 
45 I 

29 37 38g 3 61 
46 

! 
26 25 415 2 66 

47 22 13 442 I 70 
48 18 ox 469 0 ~ 49 14 8.5097789 495 2.3619 

50 8. 5o88110 8.5097777 1.55522 2.3619 6.4584 
51 o6 65 549 8 8g 
52 02 53 575 7 ~ 53 8.5o88og8 41 6o2 6 
54 94 29 629 5 6.4003 

~~ 90 18 6t 4 07 
86 o6 6 2 3 12 

~ 
82 8.5097694 709 2 16 
78 82 7J6 I 21 

59 74 70 762 0 26 

6o 8.5o88o70 8.5097658 1.5578g 2.3610 6.4630 



 

THE UNITED 8TA'fES COAST SURVEY. 355 

LATITUDE :iiJO 

·---
log A. logB logC log D log E 

Lat. 

dill 111=-o.07 diff. 1"=-0.20 diff. 1"=+0.45 diff, I"=---0.02 diff. I"=+o.08 

0 ' 
55 00 8.5088070 8.5097658 1.55789 2.3610 64630 

l 66 46 816 2.36<>9 35 
2 62 34 843 8 39 
3 58 22 869 7 44 
4 54 II 896 6 49 
5 50 8.5097599 923 5 50 
6 46 87 950 4 ss 
7 42 75 976 3 62 
8 38 63 1.56oo3 2 67 
9 34 51 030 I 72 

IO 8.5o88o30 8.5097539 1.50057 2.36oo 6.4676 
II 26 27 083 2.3599 81 
12 22 15 IIo 8 86 
13 18 04 137 8 90 
14 14 8.5097492 164 7 95 
15 10 So 191 6 6.4700 
16 o6 68 218 5 04 
17 02 56 244 4 09 
18 8.5087998 44 271 3 13 
19 94 32 298 2 18 

20 8.5o87990 8.5097420 1.56325 2.3591 6.4723 
21 86 08 352 0 27 
22 82 8.509739'i 379 2.3589 32 
23 78 85 405 8 37 
24 74 73 432 7 41 

25 70 61 !S6 6 46 
26 67 49 5 51 
27 63 37 513 4 55 
28 59 25 540 3 60 
29 55 13 567 3 65 

30 8.5o8795 I 8.5097301 l.56594 2.3582 6.4769 
31 47 8.5097290 620 I 74 
32 43 78 647 0 79 
33 39 66 674 2.357~ 83 
34 35 54 701 88 

~~ 31 42 728 7 93 
28 30 755 6 97 

37 24 18 782 5 6.48o2 
38 20 o6 8o9 4 07 
39 16 8.5097194 836 3 I I 

40 8.5087912 8.5097182 1.56863 2.3572 6.4816 
41 o8 71 890 I 2! 
42 04 59 917 0 26 
43 00 47 944 2.3569 30 
44 8.5o87896 35 971 8 35 

45 92 23 998 7 40 
46 88 II 1.57025 6 44 :i 84 8.5097099 052 5 49 

8o 87 079 4 54 
49 76 75 lo6 3 58 

50 8.5o87872 8.5097u14 1.57133 2.3562 6.4863 
51 68 52 16o I 68 
52 64 41 187 0 73 
53 6o 29 214 2.3559 77 
54 56 17 241 8 82 

SS 52 05 268 7 87 
56 49 8.5096993 295 6 91 

~§ 45 81 322 5 96 
41 6g 349 4 6.4901 

59 37 58 376 3 o6 

6o 8.5o87833 8.5096946 1.57403 2.3552 6.4910 

-



 

356 REPORT OF THE SUPERINTENDENT OF 

LATITUDE :i6o 

log A. logB logC logD log E 

Lat. 

dilf. I"=-0.07 cliff. 1"=-0.19 di ff. 1"=+045 ditf. 1"=-0.02 diff. 111=+0.08 

0 , 
56 00 8.5087833 8.5096946 1.57403 2.3552 6.4910 

I 29 34 431 I 15 
2 25 22 458 0 20 
3 21 II 485 2.3549 24 
4 17 8.5096899 512 8 29 

5 13 87 539 7 34 
6 09 75 566 6 39 
7 05 63 593 5 43 
8 01 52 620 4 48 
9 8.5o877g8 40 648 3 53 

10 8.5087794 8.5og6828 1.57675 2.3542 6.4958 
II 90 16 702 I 62 
12 8G 05 729 0 67 
13 82 8.5090793 ~~ 2.3539 72 
14 78 81 8 77 

15 74 70 Su 7 81 
16 70 58 838 6 86 
17 66 46 865 5 91 
18 62 34 892 4 96 
19 58 23 919 2 6.5000 

20 8.5087754 8.5096711 1.57947 2.3531 6.5005 
21 50 00 974 0 IO 
22 46 8.5096688 1.58oo1 2.352~ 15 
23 43 76 028 19 
24 39 64 056 7 24 

25 35 53 083 6 29 
26 31 41 IIO 5 34 
27 27 29 137 4 39 
28 23 IlS 165 3 43 
29 19 06 192 2 48 

30 8.5o87715 8.5096594 1.58219 2.3521 6.5053 
31 II 83 247 0 58 
32 07 71 274 2.3519 62 
33 03 59 301 8 67 
34 00 48 329 7 72 

35 8.50876g6 36 356 6 77 
36 92 24 383 5 82 
37 88 12 411 3 86 
38 84 OI 438 2 91 
39 8o 8.5096489 465 I g6 

40 8.5o87676 8.5og6477 1.58493 z.35ro 6.5101 
41 73 66 520 2.35, o6 
42 69 54 547 ro 
43 65 42 575 7 15 
44 61 31 6o2 6 20 

45 57 19 630 5 25 
46 53 07 657 4 30 
47 49 8.5096395 684 3 35 
48 45 83 712 2 39 
49 41 72 739 I 44 

50 8.5o87637 8.5096300 1.58766 2.34, 6.5149 
51 34 49 794 54 
52 JO 37 821 7 59 
53 26 26 849 6 63 
54 22 14 876 5 68 

~& 
18 02 904 4 73 
14 8.5096291 931 3 78 

~~ 
10 79 ~ 

2 ~ o6 67 I 

59 02 56 1.59014 z.348g 92 

6o 8.5o875g8 8.5og6244 1.59041 2.3488 6.5197 



 

THE UNITED STATES COAST SURVEY. 3&7 

LATITUDE ~70 

-----

log A logB loge log D log E 

Lat. 

diff. l 11 =-o.o6 diff. 111 =-0.19 diff. I /1 = +0.46 diff. l"=--0.02 diff. 1"=+0.08 

-----

0 I 

57 00 8.5o87598 8.5096244 I.59041 2.3488 6.5197 
l 95 33 o69 7 6.5202 
2 91 21 096 6 07 
3 87 09 124 5 12 
4 83 8.5096198 151 4 17 

5 79 86 179 3 21 
6 75 75 206 2 26 
7 71 63 234 I 31 
8 68 51 261 2.3479 36 
9 64 40 289 8 41 

10 8.5o8756o 8.5096128 1.59317 2.3477 6.5246 
II 56 17 344 6 51 
12 52 05 372 5 55 
13 48 8.50¢o93 399 4 (Jo 

14 44 82 427 3 65 

15 40 70 4~5 70 
16 37 59 482 0 75 
17 33 47 510 2.346g So 
18 29 35 537 8 85 
19 25 24 565 7 90 

20 8.5087521 8.50¢m2 1.59593 2.3466 6.5294 
21 18 Cl 620 5 99 
22 14 8.5095989 648 3 6.5304 
23 10 77 676 2 O<) 
24 o6 66 7o3 14 

25 02 54 731 0 19 
26 8.5087498 43 759 2.3459 24 
27 95 31 786 8 29 
28 91 20 814 6 34 
29 87 08 842 5 39 

30 8.5087483 8.5095897 1.59870 2.3454 6.5343 
31 79 85 897 3 48 
32 75 74 925 2 53 
33 71 62 953 I 58 
34 67 51 981 2.3449 63 

35 63 39 1.60008 8 68 
36 60 28 036 ~ 73 
37 56 17 o64 6 78 
38 52 05 092 5 83 
39 48 8.5095794 I19 4 88 

40 8.5o87444 8.5095782 1.6o147 2.3442 6.5393 
41 41 71 175 I 97 
42 37 59 203 0 6.5402 
43 33 48 231 2.3439 07 
44 29 36 259 8 12 

45 25 25 286 6 17 
46 21 13 314 5 22 

47 18 02 342 4 27 
48 14 8.5095690 370 3 32 
49 JO 79 398 2 37 

50 8.5o874o6 8.5095667 1.6o426 2.3430 6.5442 
51 02 56 453 2.3429 47 
52 8.5o87398 44 431 8 52 
53 95 33 509 7 57 
54 91 21 537 6 (12 

55 87 IO 565 4 67 
56 83 8.5095599 593 3 72 

57 79 87 621 2 77 
58 75 76 649 82 

59 72 64 677 0 87 

6o 8.5o87368 8.5095553 1.6o705 2.3418 6.5491 



 

358 REPORT OF THE SUPERINTENDENT OF 

LATITUDE 3so 

log A. log B log C:: logD logE 

Lat. 

cliff. l"=-o.o6 cliff. l"=-0.19 cliff. 1''=+•l.47 diff. 1"=-0.02 di!f. l"=+o.08 
!_ 

I 
c I 

58 00 8.5o87368 8.5095553 1.6o705 2.3418 6.5491 
I 64 42 733 7 96 
2 6o 30 761 6 ' 6.5501 
3 57 19 789 5 06 
4 53 07 817 3 II 

~ 49 8.5095496 845 2 16 
45 85 873 I 21 

7 41 73 901 0 26 
8 38 62 929 2.3409 31 
9 34 50 957 7 36 

IO 8.5087330 8.5095439 1.6og85 2.34o6 6.5541 
II 26 28 1.61013 5 46 
12 22 16 041 4 51 
13 19 05 o69 2 56 
14 15 8.5095393 097 I 61 

15 II 82 125 0 66 
16 07 71 153 2.3399 71 
17 03 59 181 7 76 
18 ()() 48 2og 6 81 
19 8.5o872¢ 36 237 5 86 

20 8.5o87292 8.5095325 1.61265 2.3394 6.5591 
21 88 14 294 2 96 
22 84 02 ;322 I 6.56o1 
23 81 8.5095291 350 0 o6 
24 77 80 378 2.3389 II 

25 73 68 4o6 7 16 
26 6g 57 434 6 21 
27 65 46 463 5 26 
28 62 35 491 3 31 
29 58 23 519 2 37 

30 8.5o87254 8.5095212 1.61547 2.3381 6.5642 
31 50 or 575 0 47 
32 47 8.50951~~ 004 2.3378 52 
33 43 632 7 57 
34 39 67 66o 6 62 

35 35 56 688 4 67 
36 32 44 717 3 72 
37 28 33 745 2 77 
38 . 24 22 773 I 82 
39 20 10 Sor 2.336g 87 

40 8.5o87217 8.5095099 1.61830 2.3368 6.56g2 
41 13 88 ~ 7 97 
42 09 76 5 6.5702 
43 o6 65 915 4 07 
44 02 54 943 3 12 

45 8.5o871g8 43 971 2 17 
46 94 31 1.62000 0 22 

47 90 20 028 2.3359 27 
48 87 09 ~~ 8 32 
49 83 8,.5094997 6 37 

50 8.5o87179 8.5094986 1.62113 2.3355 6.57~ 
51 75 75 141 4 
52 72 64 170 2 ~~ 53 68 52 1<)8 I 

54 64 41 227 0 63 

55 00 30 ~ii 2.3.}48 68 
56 57 19 7 73 
57 53 o8 312 6 78 
58 49 8.51J94896 340 4 ~ 59 46 85 36g 3 

6o 8.5o87142 8.5094874 1.62397 2.3342 6.5793 



 

THE UNITED STATES COAST SURVRY. 359 

LATITUDE 390 

log A. logB log C: IogD logE I 
Lat. 

I 

diff. 1"=-o.o6 diff. 1"=-0.19 diff. l"=+o.48 diff. l"=-0.02 diff. 1"=+0.09 

: 

0 ' 
59 00 8.5o87142 8.5094874 1.62397 2.3342 6.5793 

I 38 63 426 0 99 ! 2 35 52 454 2.3339 6.5804 
3 31 40 483 8 09 

I 4 27 29 511 6 14 I 
5 23 18 540 5 19 ! 
6 20 07 568 4 24 I 
7 16 &.5094796 597 2 29 
8 12 84 625 l 34 
9 09 73 654 0 40 

10 8.5o87105 8.5094762 1.62682 2.3328 6.5845 
11 01 51 711 7 50 
12 8.5o87097 40 740 6 55 
13 94 28 768 4 6o 
14 90 17 797 3 65 

15 86 o6 825 2 70 
16 82 8.5094,l 8~4 0 75 
17 78 8 3 2.3319 81 
18 75 72 9ll 7 86 
19 71 61 940 6 91 

20 8.5o87o67 8.5094650 r.62968 2.3315 6.5896 
21 63 39 997 3 6.5901 
22 6o 28 l.63026 2 06 
23 56 17 054 l l I 

24 52 o6 083 2.3309 17 

25 48 8.5094594 !12 8 22 
26 45 83 It 6 27 
27 41 72 l 9 5 32 
28 37 61 198 4 37 
29 34 50 227 2 42 

30 8.5o87030 8.5094539 l.632gs 2.3301 6.5948 
31 26 28 2 4 0 ~~ 32 23 17 313 2.3298 
33 19 o6 342 7 6• .> 
34 15 8.5094495 370 5 68 

~i II 84 399 4 74 
08 72 428 3 79 

~~ 04 61 4F I 84 
00 50 4 6 0 . 89 

39 8.5~7 39 514 2.3;z88 94 

40 8.5~3 8.5094428 1.63543 2.3287 6.5999 
41 89 17 572 6 6.6oo5 
42 86 o6 6o1 4 10 
43 82 8.5094395 630 3 15 
44 78 84 659 l 20 

45 75 73 688 0 25 
46 71 61 716 2.3278 31 

~ 67 50 745 7 36 
63 39 774 6 41 

49 6o 28 8o3 4 46 

50 8.5o81i956 8.5094317 1.63832 2.3273 6.6o51 
51 52 o6 861 I 57 
52 49 8.5094295 890 0 62 
53 45 84 919 2.3268 67 
54 41 73 948 7 72 

SS 38 62 977 6 78 
56 I 34 51 1.64oo6 4 ~~ 
~~ I 30 40 035 3 

27 29 o64 I 93 
59 23 18 093 0 98 

6o 8.5o&i919 8. 50<J4.20 7 1.64122 2.3258 6.6104 



 

360 REPORT OF THE SUPERINTENDENT OF 

LATITUDE ooo 

I log A IogB loge logD logE 

Lat. 

diff. 1"=-o.o6 diff. I"=-0.18 diff. 111=+049 diff. :"=-0.02 diff. I 11=+o.og 

0 ' 
6o 00 8.5086919 8.5094207 1.64122 2.3258 6.6104 

I 16 8.50~14196 151 7 09 
2 12 85 180 6 14 
3 09 74 209 4 19 
4 05 63 238 3 25 

5 OI 52 267 I 30 
6 8.5086898 41 296 0 35 
7 94 30 325 2.3248 41 
8 90 Jg 354 7 46 
9 87 08 383 5 51 

IO 8.5o86883 8.5094og7 1.64413 2.3244 6.6156 
II 79 86 442 2 62 
12 76 75 471 I 67 
13 72 64 500 2.3239 72 
14 68 53 529 8 77 
15 64 42 5~8 6 83 
16 61 31 5 g 5 88 
17 57 20 617 3 93 
18 53 09 646 2 99 
19 50 8.5093998 675 I 6.6204 

20 8.5o86846 8.50931)87 1.64704 2.3229 6.6209 
21 43 76 734 8 14 
22 40 65 763 6 20 
23 36 54 792 5 25 
24 32 43 821 3 30 
2· 28 33 851 2 36 ) 

26 25 22 880 0 41 
27 21 lI 909 2.3219 46 
28 17 00 939 7 52 
29 14 8.5093889 968 6 57 

30 8.5086810 8.5093878 1.64997 2.3214 6.6262 
31 o6 67 1.65027 3 68 
32 03 56 o~6 I 7~ 
33 8.5o86799 45 0 5 0 

~ 34 96 34 115 2.3208 

35 92 24 144 6 8g 
36 88 13 173 5 94 
37 85 02 203 3 6.6300 
38 81 8.5093791 232 2 05 
39 77 80 262 0 10 

40 8.so&6774 8.5093769 r.65291 2.3199 6.6316 
41 70 58 320 7 21 
42 67 47 35° 6 26 
43 63 37 379 4 32 
44 6o 26 409 3 37 

45 56 15 438 I 42 
46 52 04 468 0 48 
47 49 8.50936g3 497 2.3188 5~ 48 45 83 527 7 ~ 49 42 72 556 5 

50 8.5o86738 8.5093661 1.65586 2.3184 6.6369 
51 34 50 615 2 

~ 52 31 39 645 0 
53 27 29 675 2.3179 85 
54 24 18 704 7 91 

~~ 
20 07 734 6 g6 
16 8.5og35g6 763 4 6.6401 

n 13 85 793 3 07 
09 75 823 I 12 

59 o6 64 852 0 18 

6o 8.5o86702 8.5093553 1.65882 2.3168 6.6423 



 

THE UNITED STATES COAST SURVEY. 361 

LATITUDE 61° 

log A. logB logC logD log E 
Lat. 

diff. 1"=-o.o6 diff. l"=-0.18 diff. l'"=+o.50 diff. 1 11 :=:-o.03 diff. l"=+o.09 

0 / 

61 00 8.5o86702 8.5093553 1.65882 2.3168 6.6423 
8.5086698 42 912 6 28 

2 95 31 941 5 34 
3 91 21 971 3 39 
4 88 IO 1.66ooo 2 45 

5 84 8.5093499 030 0 50 
6 80 88 o6o 2.3158 56 
7 77 77 o<)O 7 61 
8 74 67 119 5 66 
9 70 56 149 4 72 

IO 8.5o86666 8.5093445 1.66179 2.3152 6.64jj 
II 62 34 209 l 8' _, 
12 59 24 238 2.3149 811 
13 55 13 268 7 93 
14 52 02 298 6 99 
15 48 8.5093391 328 4 6.6504 
16 44 81 358 3 IO 

17 41 70 387 I 15 
18 37 59 417 2.3139 21 
19 34 49 447 8 26 

20 8.5o86630 8.5093338 1.66477 2.3136 6.6531 
21 26 27 507 5 37 
22 23 17 537 3 42 
23 19 06 567 I 48 
24 16 8.5093295 597 0 53 
25 12 85 626 2.3128 59 
26 o8 74 656 6 64 
27 05 63 686 5 70 
28 01 52 716 3 75 
29 8.5o86598 42 746 2 81 

30 8.5o86594 8.5093231 1.66776 2.3120 6.6586 
31 90 20 8o6 2.3u8 92 
32 87 IO 836 7 97 
33 83 8.5093199 866 5 6.66o3 
34 80 89 8g6 3 08 

35 77 78 926 2 14 
36 73 67 956 u 19 
37 6g 57 986 2.3108 25 
38 66 46 1.67017 7 30 
39 62 36 047 5 36 

40 8.5086559 8.5093125 1.67077 2.3!04 6.6641 
41 55 14 107 2 47 
42 52 04 r37 0 52 
43 48 8.5093093 167 2.3099 58 
44 45 83 197 7 63 

45 42 72 227 5 69 
46 38 61 zas 4 74 
47 34 51 2 8 2 80 
48 30 40 318 0 8• ) 

49 27 30 348 2.3089 91 

50 8.5086523 8.5093019 1.67378 2.3087 6.66g6 
51 20 08 409 5 6.6702 
52 17 8.5092998 439 4 07 
53 13 87 469 2 13 
54 IO 77 499 0 18 

55 06 66 530 2.3079 24 
56 03 55 56o 7 30 

~~ 8.5o86499 45 590 5 35 
96 34 620 4 41 

59 92 24 651 2 46 

6o s so&6488 8.5092913 1.67681 2.3070 6.6752 

B. Ex. 8l--41i 



 

362 REPORT OF THE SUPERINTENDENT OF 

LATITUDE 690 

L><. • 
log A. logB log C logD 

diff. 1 11=-0.06 diff. 1"=-0.17 diff. 1''=+0.51 diff. 1"=-0.03 

o'-: 00~1 lll,---8.-5-08_6_4_~-~-----8-.-509_2_9_~~-----1-.6-7_r;8_1_;-----~-:3-3~85
°

7 81 8. 5092892 742 
~ h n2 

4 I 74 71 802 3 

6
5 71 61 833 

67 51 863 
7 64 40 894 
8 6o 29 924 
9 56 18 955 

10 
]] 

12 

13 
14 
15 
16 
17 
18 
19 

20 
21 
22 

23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

6o 

8.5086453 8.5092808 1.67985 
49 8.5092798 1.68015 
46 87 046 
42 77 076 
39 66 107 

36 56 137 
32 45 168 
29 34 199 
25 24 229 
22 13 26o 

8.5086418 
15 
II 
08 
04 
OJ 

8.5086397 
94 
90 
87 

8.5086383 
So 
76 
73 
69 
66 
63 
59 
56 
52 

8.5o86349 
46 
42 
39 
35 
32 
29 
25 
22 
18 

8.5o86315 
12 
o8 
05 
01 

8.5086298 
94 
91 
87 
83 

8.508628o 

8.5092703 
8.5092 693 

82 
72 
61 

51 
41 
30 
20 
09 

8.5092599 
89 
78 
68 
57 
47 
37 
26 
16 
05 

8.5092495 
85 
74 
64 
53 
43 
33 
22 
12 
01 

8.5092391 
81 
70 
6o 
50 

4'.l 
29 
19 
09 

8.509%298 

S.5092288 

1.68290 
321 
351 
382 
413 

443 
474 
5°5 
535 
566 

1.68597 
627 
658 
689 
720 

750 
781 
812 
843 
873 

i.689<>4 
935 
966 
997 

1.69028 

059 
O<)O 
120 
151 
182 

1.69213 
244 
275 
305 
337 
368 
399 
43'.J 
461 
49~ 

1.69524 

2 
0 

2.3058 
7 
5 

2.3053 
l 

0 
2.3048 

6 

4 
3 
I 

2.3039 
8 

2.3036 
4 
2 
I 

2.3029 

7 
5 
4 
2 
0 

2.3018 
7 
s 
3 
I 

2.3~ 

6 
4 
2 

2.3001 
2.2999 

7 
s 
3 
2 
0 

2.2988 
6 
s 

2.2983 
l 

2.2979 
7 
6 

4 
2 

0 
2.2968 

6 

2.2965 

logE 

diff. 1 "=+0.09 

6.6752 
57 
63 
68 
74 
So 
85 
91 
96 

6.68o2 

6.6808 
13 
19 
24 
30 
36 
41 
47 
52 
58 

6.6864 
69 
75 
So 
86 

6.6920 
26 
31 
37 
43 
48 
54 
6o 
65 
71 

6.6977 
82 
88 
94 
99 

6.7005 
II 
16 
22 
28 

6.7034 
39 
45 
51 
56 
62 
68 
74 
79 
85 

6.7091 



 

Lat. 

--~~---

0 ' 
63 00 

I 
2 
3 
4 

~ 
7 
8 
9 

10 
II 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

6o 

I 

THE UNITED STATES COAST SURVEY. 

log A 

diff. i"=-o.o6 

8.508628o 
77 
73 
70 
66 

63 
60 
56 
53 
49 

8.5o86246 
43 
39 
36 
32 

29 
26 
22 
19 
15 

8.5o86212 
og 
05 
02 

8.5086198 

95 
92 
88 
85 
81 

8.5o86178 
75 
71 
68 
64 
61 
58 
54 
51 
47 

8.5086144 
41 
37 
34 
31 
28 
24 
21 
18 
14 

S.5o86r 1 r 
o8 
04 
01 

8.5o86o<)7 

94 
91 

LATITUDE 63° 

logB 

diff. 1"=-0.17 

8.5092288 
78 
67 
57 
47 

37 
26 
16 
o6 

8.5092195 

8.5092185 
75 
65 
54 
44 

34 
24 
14 
03 

8.5092093 

8.5092083 
73 
63 
52 
42 
32 
22 
12 
01 

8.5091991 

8.5091981 
71 
61 
51 
41 

31 
20 
IO 
00 

8.5091890 

8.509188o 
70 
60 
50 
40 

30 
19 
09 

8.5091799 
89 

8.5091779 
69 
59 
49 
39 
29 
19 

logC 

diff. r"=+o.52 

1.69524 
555 
586 
617 
648 

679 
710 
742 
773 
8o4 

J.69835 
866 
898 
929 
96o 

991 
1.70023 

054 
085 
117 

I. 70148 
179 
ZII 

242 
274 

305 
337 
368 
399 
431 

I. 70462 
494 
525 
557 
58g 

620 
6~2 
6 3 
715 
746 

I. 70778 
810 
841 
873 
905 
937 
968 

I. 71000 
032 
o64 

I. 71095 
127 
159 
191 
223 

254 
286 
318 
350 
382 

r. 71414 

logD 

diff. I"=-<J.03 

2.2965 
3 
I 

2.2959 
7 

5 
4 
2 
0 

2.2948 

2.2946 
4 
3 
J 

2.2939 

7 
5 
3 
I 
0 

2.2928 
6 
4 
2 
0 

2.2918 
6 
4 
3 
I 

2.2909 
7 
5 
3 
I 

2.2899 
7 
s 
4 
2 

2.289o 
2.2888 

6 
4 
2 

0 
2.2878 

6 
4 
2 

2.2870 
2.286<) 

7 
5 
3 
I 

2.2859 
7 
5 
3 

log E 

diff. 1 11==+0.JO 

6.7091 
97 

6.7102 
08 
14 
20 
25 
JI 

37 
43 

6.7r48 
54 
6o 
66 
72 

77 go _, 
89 
95 

6.7201 

6.7206 
12 
18 
24 
30 

35 
41 
47 
53 
59 

6. 7265 
70 
76 
82 
88 

94 
6.7300 

05 
II 

17 

6.7323 
29 
35 
41 
47 
52 
58 
64 
70 
76 

6. 7382 
88 
94 

6.7400 
05 
II 

17 
2 3 
29 
35 

363 

I 

i 
I 

i 

i 
I 
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LATITUDE 6.fO 

log A logB logC logD log E 
Lat. 

diff. 111 = -0.05 diff. l"=-0.16 diff. l"=+o.54 diff. 1" =-0.03 cliff. l"=+o.IO 

c ' 
64 00 8.5086o77 8.5091679 1.71414 2.2851 6.7441 

I 74 69 446 2.2849 47 
2 70 59 478 7 ·53 
3 67 49 SID 5 59 
4 64 39 542 3 65 

5 6o 29 574 I 71 
6 57 19 6o6 2.2839 77 
7 54 09 638 7 83 
8 51 8.5091599 670 5 8g 
9 47 8g 702 3 95 

IO 8.5o86044 8.5091579 1.71~M 2.2831 6.7501 
II 41 69 2.2829 07 
12 37 59 798 7 13 
13 34 49 830 5 19 
14 31 39 862 3 24 

15 27 30 894 I 30 
16 24 20 927 2.2819 36 
17 21 10 959 7 42 
18 18 00 991 5 48 
19 14 8.5091490 1.72023 3 54 

20 8.5086oII 8.509148o 1.72055 2.2811 6.756o 
21 08 70 088 2.28o<) 66 
22 04 6o 120 7 72 
23 01 50 152 5 78 
24 8.5085998 40 184 3 84 

25 94 31 217 I 91 
26 91 21 249 2.2799 97 
27 88 II 281 7 6.76o3 
28 85 Ol 314 5 09 
2'.) 81 8.5091391 346 3 15 

30 8.5o85978 8.5091381 1.72378 2.2791 6.7621 
31 75 71 4Il 2.278g 27 
32 71 61 443 7 33 
33 68 52 476 5 39 
34 65 42 508 3 45 

35 61 32 541 I 51 
36 58 22 573 2.2779 57 
37 55 12 6o6 7 63 
38 52 03 638 5 69 
39 48 8.5091293 670 3 75 

40 8.5085945 8.5091233 t.7270~ 2.2770 6.7681 
41 42 73 73 2.2768 87 
42 38 63 768 6 93 
43 35 54 Sot 4 99 
44 32 44 833 2 6.77o6 

45 28 34 866 0 1Z 
46 25 24 8gg 2.2758 18 
47 22 14 931 6 24 
48 19 05 g64 4 30 
49 15 8.5091195 996 2 36 

so 8.5o859r2 8.5ogu85 I. 73029 2.2750 6.7742 
51 09 75 o62 2.2748 48 
52 o6 65 095 6 54 
53 02 55 127 3 6o 
54 8.5o858gg 46 16o l 67 

55 g6 36 193 2.2739 73 
56 9~ 26 226 7 79 
57 9<' 16 258 5 85 
58 86 07 29r 3 91 
59 83 8.5091097 324 l 97 

6o 8.5o8588o 8.5og1o87 1.73357 2.2729 6.78<>J 
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rABLE OF CORRECTIONS TO LONGITUDE FOR DIFFERENCE IN ARC AND SlNE. 

I I' I I I Log K (-) Log difterence. ! Log d M (+}\Log K ( - ) Log difference. Log d M ( + )1
1 

Log K ( - ) . Log difference. I Log d ~f ( +) 
______ , ______ ! 11 ____ 1------1-----11----11 ,-----

3.871 
3.970 
4.115 
4.171 
4.221 
+268 
4.292 
4-3°9 
4.320 
4.361 
4.383 
4-·P5 
4-430 
4-445 
4·459 
4.473 
4487 
4-500 
4.524 
4.548 
4.570 
4.591 
4.612 
4.631 
4.649 
+667 
4.684 
4. 701 
4.716 

1 ii I 
0.0000001 1' 2.380 ··1 4.732 0.0000052 3.241 1, 5.0-:-: ' 0.0000206 . 3.t42 

02 2.479 4. 746 056 3.255 I, 5.04~ 213 : 3·S49 
0) I 2.624 I 4- 761 059 3.270 ! 5.047 221 I 3.556 
04 t 2.680 

1 
4. 774 063 3.283 1 5.054 22s 3.563 

05 I 2. 730 l 4· 788 067 3.297 I 5.062 236 I 3.571 
06 2. 777 4.801 071 3.310 . 5.068 243 I 3.577 

~ .·_ ~2:.~8031891 I::· ::~~~ ~§~ n~: I t~~~ ~~~ u~; 
-,, 4.834 084 3.343 i 5.088 267 3.597 
IO 2.870 ' +849 089 3.358 5.095 275 I 3.604 
(I 2.892 11 4.860 094 3.369 l $.102 284 I 3.611 
12 I 2.924 ii 4.871 098 3.380 !I, 5.108 292 I 3.617 
[143 I 2.939 ii 4.882 IOJ 3.391 5.114 300 I 3.623 

2.954 Ii 4.892 108 JAOI 5.120 309 I 3.629 

ii ie :1 1g1 m nr: 1

,1 im m I!.. Ui1 
20 3.033 I 4.941 136 3-450 5.150 I 354 3.659 
23 3.057 1' 4.950 142 3-459 i 5· lj6 ' 364 i .>-665 
25 3.079 ;: 4.959 147 3-468 I 5.161 I 373 ·1 3.670 
27 3.100 4.968 153 3Ai7 5.167 I 383 1' 3.676 
30 3.121 Ii 4.976 160 3-485 5.172 _II 392 3.681 
33 3.140 I! 4.985 166 3-494 5.178 402 I 36S7 
36 3.158 I' 4 993 172 3.502 5.r83 412 · 3.692 
39 3.176 I!,· 5:002 179 3.5II 5.188 i 422 I 3.697 

:~ ~:~i~ I t~!~ :~~ ~:gg ~::~~ I ~~ 'I t~~& 
48 3.22s 1

1 5.02s 199 3·534 5.204 
1

· 453 3.713 
!j 

------'-------'------'------'-------'------'------~-~-~~----

dL log 1 I d L 
costdL 

-- -------]·--

IO 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

0.000000 28 
29 
30 

I \i JI 
I I 32 
I Ii 33 
I Ii 34 

z 
z 
z 
2 
z 
3 
3 
3 
3 : 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

I 
TABLE OF VALUES OF LOG COS -2- d L 

lo - 1
- II dL 

~~*_":_11 ___ , 

0.000004 
4 
4 
4 
5 
5 

~ 
6 
6 
7 
7 
7 
8 
8 
8 
9 
9 

lj 

IJI ~ 
51 
52 
53 
54 
55 
56 
57 
58 
59 
6o 
61 

ii ~; 

log --1
- 1

1 
cost d L 

. ----- -I 

0.000010 I 
IO 
II 

II 
II 
12 
12 
13 
13 
14 
14 
15 
15 
16 
16 
17 
18 
18 

64 
65 
66 
67 
68 
6g 
70 

1• I 
72 

~i ti 

77 
1s I 
79 i 
80 I 81 

0.000019 
19 

log--1
-

cos t d L 

0.000031 
32 
32 
33 
34 
35 
36 
36 
37 
38 
39 
40 
41 
41 
42 
43 
44 
45 
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SUBSIDIARY TABLE FOR REFERRING VALUES OF COEFFICIENTS A, B, C, D, E 

FROM BESSEL'S TO CLARKE'S ELLIPSOID. 

From log A From Jog B From log~ To log D 
I 

Lat. 
'From log E 

subtract. subtract. subtract. add. subtract. 

-- -~--·-' -- ------

0 

23 0.0000582 0.0000233 0.00008 0.0061 0.0001 
I 24 584 241 08 61 I 

25 587 249 08 61 I 
I 26 590 258 08 

I 
61 I 

27 593 266 09 61 I 

28 596 274 09 61 I 

29 599 283 og 61 I 

30 602 293 09 61 I 

31 6o5 302 09 61 I 

32 6og 312 09 61 I 

33 612 321 09 61 I 

34 615 331 O<) 61 I 

35 619 342 IO 61 I 

36 622 352 IO 61 l 

37 625 362 IO 61 I 

38 629 372 IO 61 I 

39 632 383 IO 61 I 

40 636 393 IO 61 l 

41 639 404 IO 61 I 

42 643 415 II 61 l 

43 647 425 II 61 I 

44 650 436 II 61 I 

45 654 447 II 61 l 

46 657 458 II 61 I l 

47 I 661 468 II 61 I I 

48 I 664 479 II 61 I I 

49 668 490 12 61 I 

50 672 501 12 61 I 

51 675 5II 12 
I 

6I I 

52 678 521 12 6I l 

53 681 531 12 61 I 

54 685 541 12 61 I 

55 688 551 12 61 I 

56 6g2 561 12 61 I 

57 695 571 13 61 I 

58 6<)9 581 13 61 I 

59 702 590 13 61 I 

6o 705 6oo 13 61 I 

61 7o8 6og 13 61 I 

62 711 618 13 6r I 

63 714 627 13 6r I 

64 717 636 14 61 I 

65 720 645 14 61 I 

I 

TABLE OF LOG F. 

~I LogF 

I 
Lat.1 LogF Lat. LogF Lat. LogF 

I 

0 0 0 

I 
I 7.812 34 7.877 45 7.840 56 7.7o6 23 

I I 
24 23 35 77 46 32 I 57 7.688 
25 32 36 77 47 24 58 69 
26 ! 41 37 76 48 14 I gg 49 
27 I 49 38 74 49 04 27 I 

28 I SS 39 72 

I 
50 7.792 ! 61 05 I 

29 61 40 69 Sl 80 
j 

62 7.581 
30 66 41 64 52 67 63 56 
31 70 42 6o I 53 ~~ I 

64 29 
32 73 43 54 i 54· 65 or 

33 75 44 48 I 55 23 
,, 
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AUXILIARY TABLES FOR CONVERTING ARCS OF THE BESSEL ELLIPSOID INTO ARCS OF THE 

CLARKE ELLIPSOID. 

(All corrections are negative.] 

Corrections to d ilf. Arguments L' and d .:JI. 

d M 6o' 50
1 I 40

1 
30

1 I 20
1 I I0

1 
60

11 I 50" \ 40
11 I 30" i 20" I 10

11 

L:t. -11--11-\!_" __ "_l_"_li-,,--,-i -'-,,-!.-,,-,-,,-:-" -11-,,-1 
23 0.481 0.401 0.320 0.240 I 0.160 0.080 0.008 0.006 I 0.005 I 0.004 i 0.003 . 0.001 ! 

24 .484 _403 I .322 I .242 I .161 .080 .008 .oo6 .005 .004 I .003 .001 ' 
25 .486 .405 \ .324 1 _243 .162 •

1 

.o8I .oos .006 .005 .004 I .003 .001 
26 .489 .407 i .326 ' .2,451 .163 .081 .008 .oo6 I .005 .004 .003 .OOJ 
27 ,491 .409 ! .327 .246 .164 .082 .008 .oo6 i .005 .004 .003 .001 
zS .494 · .411 i .329 .247 

1 
.165 I .082 .008 .007 .005 .004 J .003 1 .001 

.497 .416 .332 .250 I • 167 .083 I .008 .007 .oos .004 I .003 .COi 

.496 .413 1' .330 .248 I .1661 .083 .008 .007 .005 .004 I .003 11. .001 

.502 .418 ! .334 .251 I .168 · .084 .008 .007 .006 i .004 1 .003 .001 
32 .505 .420 .336 .253 I .169 .084 .008 .007 1

· .006 .004 I .003 ! ,001 
33 .507 .422 i .338 .254 .169 .085 .008 .007 .006 .004 i .003 i,. .001 

29 
30 
31 

34 .510 .425 I .340 .255 .170 .085 .008 .001 .000 .004 1 .003 .001 
35 .513 .427 .342 .256 .171 .086 .008 .007 .006 .004 I .003 '.1· .001 I 

36 .516 .430 I .342 .258 .172 .086 .009 .007 .oo6 ·0041 .003 .oor i 
37 .518 ·432 : ·345 .259 .173 .087 .009 .007 .006 .004 , .OOJ .OOJ i 
38 .521 .434 I .347 .261 /174 .087 -009 .007 .006 004 I .003 .OOJ i. 

39 .524 .436 I .349 .262 .175 .088 .009 .007 .006 :0041 .003 i .001 I 

40 .527 ·439 .351 .264 . 176 .088 .00<) .007 .006 .004 .0031 .001 II 

f 

~! .530 .441 I .353 .265 .I 77 .089 .00<) .007 .006 .004 .003 .OOI 

...- ·533 .4441· .355 .267 .178 .o89 .009 .007 .006 .004 .003 .001 '1 

44 .539 .449 .359 .270 .180 I .090 .009 .008 .006 .005 ! .003 .001 II 

5" 

0.0006 
ooo6 

.0006 

.0006 

.0006 

.0006 

.0006 

.ooo6 

.0006 

.0006 

.0006 

.oooG 

.0006 

.0006 

.0007 

.0007 

.0007 

.OOOi 

.0007 

.0007 
.0007 
.0007 

0.0007 

43 .536 .446 1' .357 .268 .179 ·090 ·009 .007 .006 .004 I .003 I .001 . 

I 45 0.542 0.451 j 0.361 o.z71 0.181 I 0.091 0.009 0.008 \ 0.006 0.005 I 0.003 0.001 ' 

1----7----'-------'~~-'-----'---7----'-------'--~-'-~--'-~--'-----

I Arguments L + L' and d L Corrections to d L 

---1--~----------------~i 
2 

~~/~ 40' 30' I 20
1 

10' ! 6o" I 50
11 

40" 30
11 I 20" I 10'' 

L:t.. II II II -11--i~-- -11--1-,,--l-
11
-- --,,----,-,- -,,--1-,-,- --1 

23 
24 
25 
26 
27 
28 
29 
30 
31 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

0.193 
.200 
.2o6 
.213 
.220 
.227 
.z34 
.242 
.250 
.258 
.267 
.275 
.283 
.291 
.300 
.3-08 
·3 1 7 
·325 
.334 
.343 
.352 
.362 

0.372 

o.r6o 
.165 
.171 
.177 
.183 
.18g 
.rg6 
.202 
.209 
.216 
.223 
.230 
.237 
.243 
.250 
.257 
.264 
.271 
.278 
.286 
.294 
.302 

0.310 

0.129 0.096 o.o64 0.032 j 0.003 0.003 0.002 o.ooz 0.001 II o.oor 
.133 .099 .066 .033 I .003 .003 .002 .002 .001 ! .001 
• 138 .103 .068 .034 .003 .003 .002 .002 .001 I .001 
.142 · 106 .070 .035 .003 I .003 .002 .0021 .001 .COi 
.147 .110 .073 .037 .004 I .003 .002 .002 .001 .001 
. 151 .113 .075 .038 .004 : .003 .002 .0021' .001 .001 
.I56 .117 .078 °039 .004 I .003 .002 .002 .001 .001 
.161 .121 .oSo .. 040 j .004 i .OOJ .002 .002 .OOI .001 
.167 .125 .083 .042 I .004 .003 .003 .002 .001 .001 
• J 72 .129 .086 ·04> I .004 ' .003 .003 .002 I .OOI .001 
. I 73 .133 .089 .045 .005 .003 .003 .002 

1

, .002 .001 
.1s4 .137 .091 .046 I .005 .003 .003 .002 .002 .001 
.190 .141 -094 .047 i .005 . .004 .003 .002 .002 ! .001 
.195 .145 .097 .048 I .005 I .. 004 .003 .002 I .002 .001 
.201 .150 .IOU .050, .005 .004 .003 I .002

1

; .002 .oOI 

.2o6 .154 .103 .051 I .005: .004 .003 .002 .002 1 .001 

.212 .158 .J06 .053 .005 f .004 .004 .003 .ooz I .001 

.217 . 162 . rn8 .0541· .005 , .004 .004 .0031 .002 I .001 

.22J .167 .III .056 .oo6 j .004 .004 .003 .002 l .OOI 

.229 .171 . t 14 .057 .006 ! .004 .004 .003 .002 I .DOI I 

.236 • 176 . 117 .0591 .oo6 .005 .004 .003 j' .ooz / .001 : 

.242 .181 .120 .o6o .oo6 .005 .004 .003 . .002 i .001 I 
o. 249 o. 186 o. 124 o.o62 o.oo6 i 0.005 0.004 0.003 I 0.002 j 0.001 

~-~----~-~~--

,, 
0.0003 

.0003 

.0003 

.0003 

.0003 

.0003 

.0003 

.0003 

.0004 

.0004 

.0004 

.0004 

.0004 

.0004 

.0004 

.0004 

.0004 

.ooo~ 

.0005 

.0005 

.0005 

.e-005 
0.0005 

I 

367 
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FORMULA .AND TABLE FOR COMPUTING THE SPHERICAL EXCESS OF TRI.ANGLES. 

In every spheri<1al triangle the excess of the sum of the three angles over 1soo bears the same 
ratio to eight right angles as the area of the triangle bears to that of the whole sphere. Putting 

. " area area 1 d r for radms," for the excess, we have h = 
4 

r2 r.' hence e = ---;::;;-· n or er to express" in sec-

onds of arc, we must divide the expression by sin 111 • The area of the triangle, when it is small 
in relation to the whole sphere, as is the case in all geodesic triangles, may be expressed with suf
ficient accuracy for this purpose by ~ A B sin o, where AB are two sidmi, and c the included angle. 
We have then 

AB sin c 
" = 2 r2 sin 1" 

In estimating "in a triangle on the terrestrial spheroid, we can refer it to an osculating sphere, 
the radius of which is taken as the mean of the radii of curvature in the meridian and prime ver
tical at the center of the triangles. These are respectively-

R - a (l - t
2

) N _ a 
- (1-e2 sin2L)i' - (1 - f? siu2L)t 

using the notation of the L, M:, Z formnhe. 
The mean of these two expressions developed, but embracing only terms below the fourth 

power of e, is ~ (R + N) =a ( 1 - ~ e2 cos 2 L + .. ) 
We have, therefore, for the spheroidal triangle, 

A B sin o 
e= 

2 a 2 (1 - 2 e2 cos 2 L)2 sin l" 

for which we write"= AB sin c x m, and tabulate the logarithms of m = , 
2 

.z 1 L 
2 

. 
11

, 
~a (1-2 c cos~ ) ::;;ml 

for different latitudes. 

TABLE OF LOG m. 

I Latitude. Logm. ,I Latitude. i Logm. 
Ii ! 

Log"'· ! Latitude. Logm. j' Latitude. j 
I , 

11 

I 

I I 0 ( 0 ( ! 0 ( 
I 0 ( 

• I 24 00 1.40)96 'I 31 30 I 1.40533 i! 39 00 ! l,40461 46 30 1.40385 
24 30 592 0 2 00 528 ! 39 30 ! 4c;6 47 00 380 .) I 

25 00 588 ' 32 30 I 524 ! 40 00 i 451 47 30 375 
25 30 584 I 33 00: 519 40 30 446 48 00 369 
26 00 58o ' 33 30 I 514 i 41 00 441 48 30 364 
26 30 576 i 34 00 509 I 41 30 436 49 00 359 
27 00 572 i 34 30 I 

50s f I 42 00 43 1 49 30 354 
27 30 568 : 35 00 I 500 ' 42 3o 426 50 00 349 
28 00 564 i 35 30 . 495 f 43 00 420 50 JG 344 
28 30 559 i 36 oo I 491 I 43 30 415 51 00 339 
29 00 555 i 36 30 I 

48611 
44 00 410 51 30 334 

29 30 551 I 

37 00 I 481 44 30 405 52 00 329 
30 00 547 •

1 

37.30 476 ! 45 00 400 52 30 324 
30 30 i;42 38 00 471 \: 45 30 395 53 00 319 
31 00 l.40537 38 30 r.40466 l 46 00 r.40390 53 3° r.4o314 

I I I 

The above table is computed for Clarke's s1lheroid; to refer it to Besse1'1.1 spheroid, increase 
log m in tlie 5th place of decimals 

by 9 for latitude 250 
by 9 for latitmle 300 
by 10 for latitude 350 

by 10 for latitude 400 
by 11 for latitude 450 
by 12 for latitude 500 
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APPENDIX No. 20. 

METEOROLOGICAL RESEARCHES FOR THE USE OF THE COAST l'ILOT. 

-------~~ 

l'REFA'.rOHY NOTE. 

UNITED STATES COAST SURVEY 0FI<'ICE1 

lVasltington, D. C., July 21, 1877. 

The great storms which yearly traverse with terrible entugy some portion of tLe vast exteut 
of s1~a.coast that bounds the United States on the Atlantic and Pacific Oceans and the Gulf of 
Mexico have caused in the aggregate the loss of mauy tlwus;wds of lives and the destruction of 
au immense amoimt of property. 

The most violent of these storms are the c_yclones that origiuate commonly in the Atlantic 
Oceau near the equator. They pass over the West ludies, carve around by the Gulf of Mexico 
and Florida, and then sweep the entire coast of the Atlantic iu a northeasterly direction. 

The freq ueuc_y of' recurrence, and the marked force exerted along the same general conrse, 
suggest that these cyclones result from the operations of laws that. cout.rol tbe geueral motious of 
the atmosphere, antl that some understanding iu regard to the mtuse aud time of their occurrence 
might be gained by research, extended so as to include an area commeusurate with the (hweloped 
phenomemt; but, until now, it is belie\'ed that uo attempt directed to that euu bas been made. 
Any knowledge in advance respecting the direction aud rate of uwtiou of these storms would be 
of incalculable lJenefit to commerce and na\•igation, a.,; well as to the people living along the sea· 
coasts. Their investigation has, therefore, l>een undertaken in tbe hope that the exact knowledge 
of the configuration of the coast and of its dangers, giYen to the mariner in the Coast Pilot, may 
in time be supplemented by iuformatiou concerning the atmospheric disturl>ances to which tlie 
same region is subject: Mr. William Ferrei, to whom this discussion bas been iutruste<l, and 
whose pre,·ious i>tudies and special ability peculiarls qnalifY him for the proposed research, pre
sents, in the following paper, the results of an investigation of the mechanics aud the general 
motions of the atmosphere. This preliminary inquiry will be followed by his investigation of the 
effects of various disturbances that arn local, as compare<l with those upon which general motions 
depend. Such d>sturb;lnces give rise to local cyclones, due to uueq ual distributions of temperature 
in the northern and southern hemispheres. It will be shown also that local disturlJances of equi
librium are the occasion of progressive cyclones. 

The principles and results developed in the leading part of the discussion will, in a separate 
paper, be applied for perfecting the formulre and methods to be used iu the determination of baro· 
metric heights; and, as all the general principles applical>le to atmospheric motions probably apply 
also to those of the ocean, the discussion will be supplemented by a chapter on the subject of ocean 
currents. 

These researches will embody conclusions from the most important parts of a memoir published 
by Mr. Ferrel in 1859 and 1860 in the "Mathematical Monthly." The memoir appeared necessarily 
as small detached papers, separated by other matter, in two volumes of that jonrnal, and hence 
the views of the author attracted little notice u11til extracts from his memoir were quoted in the 
publications of the United States Signal Service. The reader of the first paper by Mr. Ferrel 
upon this subject will notice a few slight changes; but it. was to be expected that, in a matter so 
complex, additiona.l years of study would offer both uew and improved views. 

H. Ex. 81--47 

CARLILE P. PATTERSON', 
Hupet·i1itendent. 
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PART I. 

ON THE MEUllANIOS -'\ND GENERAL MOTIONS OF THE ATMOSPHERE. 

CHAPTER I. 

GENERAL EQUATIONS OF THE MOTIONS AND THE PRESSURE OF '.!.'HE ATMOSPHERE. 

1. In making out equations of condition for the motions and pressure of the atmosphere or the 
sea, where the part under consideration comprises the whole or a considerable part of the earth's 
surface, it is very importau t that the rotation of the earth on its axis should be taken into account. 
'fhis C<tn be most conveniently done by referring each particle at any time to three rectangular 
co-ordinates whose directions are fixed in space, and thus making out equations between the 
motions, forces, and pressnres for each of these directions. These co-ordinates thus become a 
fonetion of the earth's rotation and the motion of the particle relati \'Cly to the earth's surface; and 
by transforming the rectangular to polar co-ordinates, and expressing the equations in functions 
of the latter, we obtain equations containing very important terms, depending upon the earth's 
rotation on its axis. 

2. Let x, y, and ;: be three rectangular co-ordinates having their origin at the center of the 
earth, x corresponding witll the axis of rotation ; also let-

V = the potential of the attractive force of the earth ; 
P = the pressure of the :tluid; and 
k = its density : 

then D., V, Dy V, and Dz V are the accelerating forces arising from the earth's attraction, aud 

iD.,P, iDYP, and iDzP those arising from the pressure of the fluid in the reverse directions 

respectively of x, y, and z; an<l hen ~e we have, for the equations of the absolute motions of the 
fl.aid, regarding the center of the eai,th at rest,-

(1) • • • . j
\ Di2 x + D., V+ iD.,P =0 

Dt2 Y + DyV+ iDvP=O 

l D,'z + n.v+ 1D,,P=O 

Putting P = o, these become the equations of a projectile. 
3. Let-

r = the distance from the earth's center; 
o = the polar distance ; 
'I' = the longitude; 
n =the angular velocity of the earth's rotation on its axis. 

We then have-

(2) ~
x=rcoslJ . 
y = r sin o cos (n t + 'I') = r sin o cos w 

z = r .oin o sin (n t + So)= r sin o sin "' 

by putting, for brevity, n t + <p = w, auJ making the origin of t such as to make sin ( n t + 'P) vanish 
in the plane of a:, '!!· 

l''rom these expressions of :e, y, anJ z, we get

D, x =cos 6 D,r-r sin 8 D,o 
D,y =sin o cos w D,r + r cos o cos w D,o-r sin fJ sin w D,w 
D,z = sin fJ sin w D, r + r cos fJ sin w D, o + r sin fJ cos w D, w 
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Taking the second derivatives, we get-

D,2 y =sin o cos w D/ r + 2 cos o cos w D, r D,o - 2 sin o sin w D, r D, w + r cos /I cos w D,2 o 

{ 

D,2 x =cos o D,2 r - 2 sin rJ D, r D, 8 - r cos o (D, 0)2 - r sin:oJD/ o 

(3) . - r ~lino cosw(D, 0)2 
- 2 r cos o sin wD,o D, w-r sin O sin w D,Z q-r sin o cos"' (D, w)' 

D,2
::: =sin II sin w D,2 r + 2 cos O sin w D, r 1), 11 + 2 siu O cos w D, i· D,w + r cos O sin w D,20 

'- - r sin O sin w (D, o)2+2 r cos O cos w D,o D,w+r f'dn O cos w D," cp-r· sin (J sin w(D,w )' 

Since :c, y, and::: are functions of r, o, and cp, we have-

(4) ~ 
D,, V =Dr V. Dxr +Do V. DxO + Dq, V. Dx '{' 

Dy~= Dr v~. Dyr +Do~. DyO + Dq, V. Dys." 

Dz v =Dr v . Dzr +De\ . D ll + Dq, V. D 2 cp 

We also liaYe-

tan w = 
From the8e we get-

;C 
Dx1·=- =cos o 

r 

Dyr='!f_ =sin o cos w 
r 

D,r=~ =sin O sin w 
r 

D 0 =- v'y£:+-z" =-~in o 
"' r2 r 

xz 
D, o = r2 v'y2+z2 

D.,'f=O 

cos 0 cos w 

r 

cos o sin w 

r 

z sin w 
Dv'l'=-y2+z2 = r sin-o 
D, Y' = __ y__ = ~OS w 

y 2+z2 r sin o 

By means of these eq11ations, equations (4) give-

(5) • . 

·f sin o D., V = cos o Dr V - _r ___ Do V 

cos 8 COB w sin w 

(

D V-sin ocosw D V+ DoV- --.-D.,,V " - ' r r sin o 
. cos o sin w cos w 

D V - sin fJ s1'n w D V + D9 V + ---, -- D-V z - r 1· r sin fl 
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By 1mtting P for V in (4), we obtain in like manner-

r 

(6) • ~ 
DxP =cos o D,P - sin_~DaP 

. cos o cos w sin w > D P = sw o cos w D P + - -- - ·-- DB P- --.--- D.p I 
• Y r · r r SIU O 

) . . cos o sin w p cos (J) D p 
( D. P = srn (J sm w D . P + - - --- Do + - . -- <I> 

•• < c ' r r sin o 

By substituting the valnes of the first members of eqnatious (3), (5), and (6) in equations (1), 
and then multiplying hath members of the eqnations respecth·ely by cos o, sin o cos w, and 
sin o sin w, and adding, we ohtain the first of thl:' followiugequations. Again, multipl.)·ing them re
spectively by r sin o, - r cos o coi;; w, aml - r cos o sin w, and adding, we obtain the second of 
those equations. Finally, multiplying the last two respectively by r sin {I sin w and - r sin" cos w, 

and adding, we get the last of the following equations :-

(7) } D 11 P = - r 2 D,2 o - 2 r D, r D, (J + r 2 sin o cos o (n + D, w) D, 9' + r 2 n2 siu O cos o - De V {
-~ D,.P = - DFr + r (D,0)2 + r sint o (n + D, w)D,9' + r n2 sin2 O - DrV 

iD¢P = - r2 sin2 11 D/ 9' - 2 r siu2 fl D, r D, ,,, - 2 r2 sin ocos B D, o D, w - D~V 

4. Let us now put-

/i = the height above the earth's surface; 
u =linear distance south; 
v = linear distance east ; 
g = the accelerating force of gravity. 

By regarding the cosine of the angle between the directions of r and h, which is extremely 
small, equal to unit.Y, and neglecting the small terms depending upon the motions of the fluid, 
which are multiplied into the sine of the very small angle between the directions of r and h, and 
putting for D, wits equal, n + D, 9', we shall have-

1 (D u)z 
kDaP= - D,2 h+ · --,;:- +sin o (n + D, <p) D, v + rn2 sin2 o - D.V 

-z D,, P = - D/ u - 2 D, h D, u + cos fl (2 n + D, So) D, v + r n 2 sin o cos o - D,.V 

iD,. P = - D? v - 2 sin o (n + D, I") D,h - 2 cos o (n + D, So) D,u - D.V 

5. In the case in which the fluid is at rest; relatively to the earth's surface, we have 

lDJ> 2·2 DV k ,. = r n sin o - ,, = - g 

~ D,, P = r n2 sin o cos o - D,,V = 0 

1 
7C D,, P = - D,.V = 0 

Hence, in the case of the motions of the fluid, we have--

(8) 

(1 (D u)2 

'k D,, P = - D,2 h+----;--- +sin fl (n + D,p) D,v - g 

1 D 

~
k Du P = - D/ u - 2 D, Ii D, u + cos e (2 n + D, II') , v 
1 . 
k D,. P = - D,2 v - 2 sin o (n + D, 'P) D, h - 2 cos o (n + D, cp) D, u 
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6. In these equations, there are several terms which are so small that tuey may he neglected 
in all cases without sensible error. The value of the term D,2 71 is of the same order, in comparison 
with g, as the rate with which an ascending or descending particle of air is accelerated or retarded 
in comparison with the rate with which a falling body iu vacuum is accelerated; since, putting 
P = 0 in the first of the equations (8), we get g = - D,2 h. In all ordinary conditions of the air, tht> 
vertical velocities are so small, and these velocities are accelerated or retarded so g-radually, that 
the value of D,2 k corresponding to these accelerations or reta.rdations, iu comparison with tlie rate 
of acceleration of a falling body, is so small that it may be neglected. In the case of a toruado, 
the value of tllis term might be sensible through some part of the height of the atmosphere; but, 
as the velocity of an ascending body cannot be accelerated in one Jlart of its asce11t without being 
retarded in another part, the integration of this term through the whole height of the atmosphere 
would be naught, and hence it would not affect I' at the surface of the earth. 

If any part of the atmosphere has a vertical acceleration or retardation of velocity e<i nal tog 
in 100 seconds, or a little le!'ls than two miuute,s, then the pressure or value of P arising from this 
part of the atmosphere is affected the one-hundredth part; and, in such a condition of the~ atmos

phere, in determining heights from barometric Jlressure: the results would be serionsly atlected. 
But such conditions could onl.'> take place under some extraordinary disturbances of the atmosphere, 
when any such determinations would not be attempted. It is seen from the first of (8) that the 
pressure is diminished when the ascending velocity is accelerated or descending velocity retanlml, 
and 'l'ice i:ersa. 

7. We have, neglecting D, <pin comparison with n,-
sin2 0(n+D,rp)D,v_rsin2 0nD,rp_rn2 D,rp. 2 1 . 2 D,rp 
-· ··· --· ----- ·---- - - ··· · - • ·-·Rlll 0- - Sill 0----g - g - g n " - 28!! n 

But D, rp, the angular eastward motion of the air relath·ely to the earth's surface, is alwa,\·s 
very small in comparison with n, and hence, even at the earth's equator, where sin2 11 = 1, the ratio 
between sin2 o (?i + D, \I') D, v and g is extremely small, and the former mas in all cases be neglected 

in connection with the latter. The value of the term (D, u)
2 

is evidently verv mucl.1 smaller than r • 

siu2 o (n + D, rp D, 11, and hence its effect is always entirely insensible. 
In the last two of equations (8), the terms containing D, Ji as a factor may llotb b£> ueg1£>cterl 

_in comparison with the terms which follow them, since the vertical velocity D, h is always ver,r 
much smaller than the horizontal velocities D, u or D, i·, where these latter are such a:> to gin• a 
sensible value to the terms containing them as factors. 

8. Tile density of dry air is as the pressure and inversely as the amount of absolute temper
ature. But the atmosphere always contains a certain amount of aqueous vapor which is lighter 
than air, and affects the density of the atmosphere in proportion to the amouut of this vapor cm1-
tained in it. This effect is expressed by (1+/( e)) in the denominator of the expression for the density, 
in which e is the relative amount of aqueous vapor contained in the air. We therefore put-

(9) k =a P 

in which, putting ao for the value of a when t = 0 and e = 0,-

2730 1 
(lO) a= (i!w<>-+-if(f:+-f(e))a0 = (T+-o:aoo;Jtf(l-+7(e)) ao 

The average value of e varies with the temperature, but is very different at different times 
and in different localities for the same temperature. As au average value off (e) for all locaiities 
and seasons, we can put-

f (e) = 0.00154 + 0.000341 t• 

With this value off (e), we get-

(11) 
ao 

a = l.oof54 + U.004 t 
·--------------· 

•Boo a paper by Dr. J. Hann, entitled "Zn;·haro1,;~t;;;~be;;-HUhellm~~11g," in " !land LX:XIV tier SitzL. der 
kaiserlicbeo Akademie der Wil!l!tlnschafteo." 
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This latter expression of a may be used in all cases in which the preceding equations are 
applied to the atmosphere generally, iu which local and temporary deviations must be neglected; 
lint, in local applications, the former must be used, the value of e being determined from observa
tion for the particular time an<l loca.lity. 

9. So far we have 1wglected to consider the e:ffect of friction, which is an important element 
entering mto equations where the motions of fluids, either elastic or inelastic, are concerned, and 
one which is most difficult to treat. In the preceding equations, therefore, we must have a term 
to represent the resistance which each particle suffers from friction, and this term cannot be 
expressed by any function of the velocity simpl.v, as is sometimes supposed, but it depends rather 
upon the differences in the velocities of the different strata, and upon the differences of pressure. 
If a stratum lie between two other strata, all having the same velocity, it suffers no resistance from 
friction, howe,~er great the velocity may be; and the same is the case where the relative velocities 
of the strata are such that the action of the stratum above upou the intermediate stratum is 
exactly equal to the reaction of the lower one upon it in the contrary direction. This may require 
the relative velocitie8 of the different strata to be different on account of the differences in the amount 
of pressure, and it, no doul.Jt, requires them to increase as the pressure diminishes, that is, with 
the height. The amount of resistance, therefore, which any particle suffers, requiring extraneous 
forci~s to overcome, is generally an unknown quantity, and all that we can do, therefore, is to intro
duce unknown functions into the equations representing the resistances from friction in the direc· 
tions of the co-ordinates, and leave these to be determined approximately, where it can be <lone, 
from a comparison of the final results deduce<l from the equations with observation. If we, there
fore, put F,, and F, for the forces acting in the directions respectively of u and 1~ necessary to over
come the resistances of friction, and substitute for k its value in (9), we get from (8), neglecting 
the insensible terms pointed out in§§ 6 and 7,-

(12) ~ 
D,, log P = - g a 

D,, log P = - a D,2u +a cos 0 (2 n + D,p) D,v - a F,. 

D, log P = - a D,2 t' - 2 a cos o (n + D, ~) D, u - a F,. 

In the case of a homogeneous fluid, it is readily seen that we must pnt 1~ for log P and k 

instead of a. 
The value of g is nearly constant; but, when great accuracy is required, it must be regarded 

as a function of h and o, and we may put-

(13) ( 
2h ) . n = n' 1 - r + 0.00284 cos 2 o 

in which g' is the value of g at the sea-level and on the parallel of 45°. 
10. By regarding gas independent of Ji, equation (12) gives, by integration,-

(14) .. log P' - log P·= a{ gh +f (lt) )+ a'f (D.2tt - cos 0(2n + D, ~) D, v + F,,) 

+a 1(D,v + 2 cos o (n+ D, ~)D,u + F.)) 
in which P 1 and a' are the values of P and a respectively at the earth's surface, and/ (h) is a small 
function of h depending upon the decrease of temperature with the height, which may always be 
neglected, especially when h is small, except in accurate bypsometrical determinations. Where 
common tabular logarithms are used, the last number of this equation must be multiplied into the 
modulus M = 0.4342945. 

The preceding expression gives the difference of the pressure between any two assumed points. 
If these two points are in the same vertical, the terms depending upon D, u and D, v vanish, and 
the expression is confined to the first term ; but, it' these points are in verticals a considerable dis
tance apart, the integration of the last two terms, depending mostly upon the earth's rota;tion and 
the motions of the atmosphere relative to the earth's sorfa.Ce, may give a considerable difference of 
pressure at the sea-level, or for any two assumed points at equal heights above it. 
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11. \Vhere P and P 1 are in the same vertical, we get from (1-1), by neglecting tlic small term 
f (h) in connection with g h, and regarding g constant,-

D,. log P' - D,, log P = g lt D,, o' 

D,) log P' - D 1• log P == g Ji D 1. Cl.
1 

By means of these equations, we get from (12)-

(Hi} 
-;;; D,, log P' = - D/ u + cos o (2 n + D. 'f) D, i• - F, + g ll D,, log a' 

~ 
1 

. 1 
;;:1D,, log P' = - D,2 t-' - 2 cos /1 (n + D q) D, u - F, + g li D, log a' 

At sea-level, we have h = O, and consequently tlrn last term of these equatioul:l nrnishes, and 
they then give the gratlients of barometrical press1rre in the directions of u aml 1;, (1Ppnndi11g npon 
the motions of the atmosphere at the eartn's s11rface, frictiou, inertia, and tbe earth'i:i rotatiou ou 
it8 axis. In this case, the small neglected fnuctio11 f (h) also vanishes. 

12. If we put lt' for the value of h belonging to a stratum of the atmospllere of e~J!ial density, 
or pressure, we shall have, for this stratum, D,, P = 0 and D,. P = O; anti we get in this cai'le from 
the first of (14), neglecting the small f1mction f (h) in comparison with g h,-

D,, logP' = gh' D" a. 1 + ga' D"h' 
D,, logP1 = gh' D,. a.'+ ga' D,. h' 

With these equations, we get from (15), by putting h = 0,-

(Hi) 
( g D" h' = - D,2 tt' + cos fJ (Zn+ D, cp) D 1'1 

- F,.' - g h' D,,' log,,, 
· L g D,, h' = - D,2 v' - 2 cos() ( n + D, cp) D, 11/ - F,.1 

- g h' D,.' log a' 

in which u' and v' are the values of tt and vat the earth's surface. These equations give the gradi
ents of the strata of equal pressure in the directious of 1t and i·; and, by iutegratiou, they gi\·c the 
differences of level of any two points in such a stratum. This, at tlie earth's surface, when 11' = u, 
dependR simply upon the motions of the atmosphere at the earth's surface, friction, aud inertia; 
lmt the last terms of these equations show tbat the8e gradients are iucreasetl or diminished, a:; the 
case may be, in proportion to the height. 

13. From (1:3) we get, for the part depending upou the eartli's rotation, 

D,, log P = 2 an cos 0 D, 1; 

D,, log P = - 2 a. n cos o D, 1t 

If we now put s for the resultant of u and v, and q' a perpendicular to s on the right-hauu side 
of the direction of motion, we shall have-

D, log P =Du logP. D1 u + D 0 log P. D, '1! 

= D,, log P. cos~ - D, log P. sin~ 

D s = D u sin q + D v cos q ' ' u t u 
From these and the two preceding equations, we 

get-

(17) D. log P = ::l an cos o D, s 

The direction of s is entirely arbitrary, and D' s 
represents velocity in that direction, and D

1 
log r re1)· 

1' 

q 

resents an ascending gradient in the direction of q to ----------------·------------------------
the right of the direction of s, and consequently the force depending upon the earth's rotation 
which causes this gradient, expressed by the Ia.st member of (17), is a force acting in that direction 
and is positive in the northern hemisphere, and the contrary in the southern, according to the sig~ 
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of cos o. Hence, in whatever dfrection a body moves upon the surface of the earth, there is a force aris
ing froin the earth's rotation which tends to deflect if to the right fo tlw northern hemisphere, but to the 
left in the southern heuii:phere. 

This important principle, useful in explaining so many of the relations between the motions 
and the barometric gradients of the atmosphere, was first published in my former paper on this 
subject in the "Mathematical Monthly" in the year 1860. It is a generalization of the principle 
upon which the theory of the trade winds has been hased, according to which this deflecting force, 
arising from the earth's rotation, takes place only in the case of motions nortl1 or south. But, by 
the true and more general priociple above, it is seen that this deflecting force is cxa·ctly the same 
for motions in all other directions. 

Influenced by the usual theory upon this subject, observers have imagined tliat they have seen 
e\'idences of a tendency iu rivers running north and south to wear away the banks, and also to 
deposit drift-wood ou the right- rather than on the left-hand side, and likewise a tendency in the 
cars of railroads extending north and south to be thrown off the track on the dght- rather than the 
left-hand side, while in the cases of rivers or of railroads extending iu other directions no evidences 
of such effects conld be seen. But we now know that if auy sensible effects of this sort arise from 
this deflecting force in the case of rivers or of railroads running north or south, the very same 
effects must take place whel'e they run in any other direction. 

The. amount of tllis force as deduced above, from the true principles of mechanics, is exactly 
doullle of that which has been obtained from the erroneous principle adopted by Hadley, and 
brought down through text-books to the present time. This latter principle assumes that the mov
ing body in approaching or receding from the earth's axis must retain the same linear motion east 
or west, whereas, by the principle of the presenTation of areas, which must hold in this case, the 
linear motion east or west must be increased iu the formel' case and diminished iu the lattel' in 
such proportion as to make the deflecting force double of that given by the principle of equal linear 
east or west motions for all distances from the earth's axis. This matter has been explained in 
detail in "Nature," vol. Y 1 p. 384. 

14. The acceforating force in the direction of q which is adequate to produce a gradient repre· 
scnted by D" P is-

1 , 1 'J. 2 cos o 2 2 cos o 1 2 cos o n, s 
(18) }D I: = ;;:D• log P = .. ncosoD,s = -:rn;- .rn D,s = ---;;n--. 289 u. D,s = - 289-. rn · g 

The coefficient of g in this expression shows the ratio between this deflecting force and the 
force of gravity. 

Let us put at sea-level, on the parallel of 45°,-

r = 6366252m 

n = (:l3 x-6~-~ 56) 60 = 0.000072924 

g = 9w ,805307 

r n = 434m,25 

log r 6.8038838 

log n = - 5.86287 

logg = 
logrn = 

0.9914612 

2.66675 

'"v-ith D, s = 13.889, which is equal to a velocity in the direction of s of 50km per hour, and with 
o = 45°, correspondiug to the parallel of 45°, we get 68\ 9 g for the accelerating force in the direc
tion of q arising from the earth's rotation, and hence the lateral pl'essure of a body moving with 
the assumed velocity in any direction on that parallel is equal to 681:ni of its weight. In the south· 
ern ht~misphere, where cos o is negative, of course the lateral press1ue is in the contrary direction, 
that is, to the left of the direction of motion. Where a body is free, this deflecting force produces 
motion in a curved line. In the case of a tluid, as air or water, this force causes a disturbance of 
the static level surface, and the amount of gradient resulting from it is expressed by the coefficient 
of gin (18). For instance, with the assumed velocity above and on the parallel of 450, the gradient 
woulll be one meter in the distance of 6839 meters. 

If a river has a velocity of 51tm per hour, the ascending gradient to the right of direction in the 
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northern hemisphere is one meter in 6839 meters; and hence, if the river is one kilometer in width, 
the water stands about 6\r of a meter higher on the right than on the left bank. 

15. In the case of the atmosphere, in which the gradient is usually measured by the differences 
of barometric pressure, we get from (9) and (18) for this gradient-

(19) D. P = O.OOOH.395 a P cos o D, s 

In order to have a numerical expression of the gradient in terms of the pressure and tempera
ture, and independent of the dem;ity, it is necessary to determine the value of a,, in (11), from 
which we thus obtain the value of a corresponding to any given temperature t, and that of a' 

corresponding to the value of a at the earth's surface, which occurs in most of the preceding 
expressions, and of which, therefore, it is iruportant to have a determination. 

The value of u 0 is the value of a in (9) 1Jelonging to dry air, with the temperature at zero (320 
F.). If we put l equal to the heiglit of a homogeneous atmosphere of temperature 0°, and 
pressure, measured by the height of the barometrical column, of om.76, we !Jave for sucll an 
atmm;phere-

P = g ko l = g k' X Om.7G 

in which k0 is the density of dry air undl'r the assumed pressure, and k' tbe density of merctir.r. 
rutting k., =a., P (!l), we get, since the heights of the homogeneous atmosphere and mercury are 
ill\·erscly as their densities-

1 l k' om "6 = g uo = g uo ko X .1 

With k' = 13.6001 and k0 = 
7
!,:

9
., we finally get-

'""· 
(20) 

1 1 
ao = gl = g X 798!:l"' 

\Vi th tl1il< ,·alue of a 0 , we get from ( ll) the approximate value of a for any giYen temperature, 
to be usetl in (HJ) fordeterminiug the barometric gradient belonging to tile deflecting force arising 
from the vuloci t,y D, s. :For the temperature of 0°, a in ( 19) becomes u.0 ; and, with the precediug 
value of a,,, we get iu this case-

(21) D, P = 0.0000000014162 cos o D, s 

in which D, s must be expressed in meters per second. 
If we wish to express the gradients by the change in millimeters belonging to the distance of 

a mean degree of the meridian, equal 111111111 millimeters, we must multiply the second member· 
above by lllllllll, and then, representing the gradient by G, we get-

(21') G = 0.15893 cos o D, s 

16. In many cases, it is necessary to have the equations of the motions and pressures in 
terms of polar co-ordinates, in which the 1)ole does not coincide with the pole of the earth's axis . 

.. ------~---~~-·-·------- --~- ---~-------~------------------

--.. -Prof. ·F. A.P.~Bar:;a~d, Metric System, p. 171, has obtained, from the average of the weights of a cuhic inch of 
dry air given by several authorities, 0.001~2"28315 for the specific gravity of dry air at a te.mperature of 6;.!~1 F. ar~d a 
barometric pressure of :10 inches. This red need to tlle temperat11re of 0" C. a.ml barometric pressure of 0 · 760 g1 ves 

the value above. 
II. Es. 81--18 
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Let-
'/' = the arc between the pole of the earth's axis and 

the new pole of the co ordinates; 
f' =the distauee in arc from the new pole; 
,11 = the angle between p and the meridian; 
u = linear distance iu tile direction ~of p; aud 
" = linear distance in a direction perpendicalfu to fl· 

In the case in which the ea.rth h<t.s no rotation on its axis, 
the pole of the co·ordinates in th~ preceding equations ca.11 be . J , 
ta.ken at pleasure, and therefore, rnsteatl of N, the pole of tbe \ \ 
P-arth's axis in the annexed figure, we can pnt it at P, and hence ~ I ' 
by pnUiug p, !'• u, ancl ,. for o, '{', u, and t• respecth·ely, we g1~t // I ~ 
from (15) in thi>J case, IJy putting n = 0,- / 

;, D,, log P' =-:-- D? u + cos'!' D,:, ]), v - .F,. + gh D,, logo' .____ _______ _}~ 
s 

1 
a' l» log P' = - D,t \' - 2 cos\" D, !' D, u - F, + g h D, log a' 

\Ve must now a1ld to these equations the terms arising from the deflecting forces depending upon 
the earth's rotation belonging to the velocities D, u and D, v, which are forces in directions respectively 

perpf>1H1icnlar to 11 arul ,.. Frncn (17) we get, for the parts of 1, Du log P' and !, D, log P',-
a a 

1, D,. log P' = 2n cos OD, v 
a 

1
, D, log P' = 2 n cos o D, u 

(l 

Adtling the right, hand members of these eqa:i.tions t-0 those of the two precedi11g ones, we get 
for tlw c>11tmtions in the case in which the earth rotates on its axis-

(22) •• 

( 1 . ) ;,_1 D,, log P' = - D,2 
II + (2 n cos(}+ cos f1 D, p.) I>, v - F,, + u 1t D,. log a' 

) 
1
, D, log P' = - D,2 ,. - 2 (n cos o + cos p D, 11) D, u - .F, + g h D, log a' 

( tl 

We have, from the trigonometrbal relations of a spheric<&l triangle,-

cos tJ = cos ~, cos p - sin ~' sin p cosµ 

Where the range of 1, i,.; so small that we cau neglect the second term of tliis expreesion in compar
ison with the first, and put cog p = l without material error, (22) becomes-

(23) .. 
'~ D,, log P' = - D,Z u + (2 n cos l/J + D,µ) D, v - F" + gh D., logo.' 

< 
j 

1
, D, log P' = - D,2 v - 2 (n cos I/I + D, µ) D, u - F, + g h D,. log a' 

r~ a 

17. Besitles the preceding equations (15) and (23) showing the relations between the motions 
and pressure of the fluid, there is still another condition, which must always be satisfied in the case 
of motions of the atmosphere, which is, that the volume of air which oce11pies an.v given space mast 
be the same, and the amount of air directly proportional to its density, and the motions of the 
atmosphere mt1st always be sucP. as to sa.tis(y these conditions. The m:1.thematical expression of 
this condition iu any case where 1mch can be formed, is ca1led the equation of continuity. 
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CHAPTER II. 

THE TEMPERATURE AND PRESSURE OF THE ATMOSPHERE AT THE EARTH'S SCRFAC'E OilTAINED 

FROM OBSERVATfON. 

18. In most of the equations of the preceuing chapter there are found two functions, a' at1d 
P', which it is n1>cessary to determine for all parts of the earth's surface from observation. lt is 
seen from ( 11) that a. is a function of t the temperature, a' being the value of a corre1;pondi11g to 
the tempera tu re of the atmosphere at the earth's surface. With the value of t, thereforP, for a 11 
parts of the earth's surface, we obtain from (11) the expression of a' in a function of o and ~' and 
corrneri nentl.v of u and v. from which we obtain the fnnctions D., log,,, and D,. log ,,'. 

Tile general equations of motion aud pressure of the atmosphere contained in the preceding 
chapter are of such a chttracter, on account of their complexity, and the unk11o)vn friction ternrn 
entering into them, tuat they do not ad1uit of a complete solution, and it is therefore importaut to 
obtain from ohserv<ttion as many as possible of the functions ent<'ring into those eqmitions. If the 
genernl eqnations co11l1l he completely l'loh-ed, we should ured only the temperature from obsen·a· 
tion, aml the solnticrn of the equations wonld tlw11 givP the atrnosplieric pressures for all parts of the 
earth lwlonging to tl.Jis temperature, and we should not 11eed the pressures from Ol)servation, except 
for a ,-erification of theory. But as it hi, we also need the observed pressures iu the differeut parti; 
of the earth's suf'face, in order to enable us to ohtai11 other unknown 'tniwtities di'pending upou 
the:;:c pressures, which cannot be obtained from the solution of the equations. 

The following tables, I and 11, of approximate temperatures for the two extremes, January 
and July, ha¥e been obtaine1l b.v interpnlation from Buchan's Charts of Isothermal Lines, with 
some corrections first applied, to make them agree wit!J recent o1'servations. 'l'he anthorit;r for 
these corrections is derived mostly from tbe "Contributions to our Knowledge of the Meteorology 
of Cape Horn and the \Vest Coast of South America," published by the authority of tlle Meteoru
logical Committee of London. These contributions gi¥e temperatures generally from four to six 
degrees higher for these parts than those iudic~ted by Buchan's isothermal lines for July, a111l 
three or four degrees higher than those indicate1l by his lines for January. As the temperature 
of the latitude of Cape Horn must IJe very nearly the same for all longitudes, the temperatures of 
the extreme southern latitudes in the following tal>les have been inc~ease<l ?.ccordiugly all armrnd 
the globe. The last columns of these tables contain the means of the temperature for all the dif. 
ferent longitudes. Although the numl>ers given for the difforent longitudes are only appl'Oximatl', 
alH1 may in some instances IJe cousiderably in error, yet the means of so many longitudes must gfre 
\'Cry nearly the aveniges of the differeut latitudes of tlie glo!Je, au<l will be sufficieutly accurate for 
our purpose. Aud the local variations of temperature independent of latitude will !Je only Heeded 
approximately for explaining in a geneml way the pbeuomena <letlending upon them, awl not for 
any ac<mrate comparisons of tlrnory with ol>sen'ation. 
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TABLE I.-Showing the approximate mean temperature in degrees of Fahrenheit for the d~fferen 
of the earth's surface in 
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TABLE II.-Showing the appro.rimate temperature in degrees of Fahrenheit for tltc d(tferenl parts of 
the eartl&'s surface in 
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Tables Ill and IV give the approximate mean annual temperatures for each tenth degree of 
latitude and longitude and the approximate mean annual range of temperature, and likewise the 
means of all the longitudes. Tue former have been obtained by taking simply the mean of the 
extreme mean temperatures of January and July, and the latter by taking the differences of these 
extremes. Any one must be struck, from an inspection of Table IV, with the great differences 
between the mean annual ranges of temperature of the northern and southern hemispheres, arising 
from the unequal distribution of land and water in the two hemispheres. 

TABLE III.-Bltoil'i'.n.q the approximate mean annual temperature in degrees of Fahrenheit for tlie 
d1;fferent parts of tlie earth's surf ace. 
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TABLE IV.-S1wu:ing the approxiniate mean annual rnnge <>f temperature in degnx:s 'f Falirenheit for 
the different parts of the earth's surface. 

(July - Jan nary.) 
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40 j 30 34 I 3ti ~84 3~~' I 43 so 52 . 52 52 · M · 56 52 40 ) 32 26 21 a:1. o 
30 i 24 I 27 31 u 38 39 39 41 43 : 43 i 42 36 28 I 23 I~ 11 : 24. f 

~ 1-1: 1' -1: -~ -2~ -2: /-2: i -1~ -!: -I~ 1: : 1~ : 15 -1: l~ i - ~ - ; - ~ J_ I~:~ 

59.1 

59. f' 

55. 3 

4.:J. 2 

, _- s ,r,· . -lOj-E -10 -10 -8 -7 -G;-6 -ti --6 1 61-t;, -• -8 -8 -~i-7.0 

-20; -121-12 -12 -10 - 9 I - 8 i -10 -12 -13 -H. -H -14 -14 -14 
1

, -14 -!!! -11 i-rn.5 
-30 I -15 -18 -18 -18 -18 -18 I -18 -16 i -14: -14 -14 I -14 -16 -18 I -16 -11 -1'- f-l3.:l 

-40i-7 -10 -11 -10 -11 -12'-12 --12 -12'-12 -13°-14 -14 14 1 -12 -10 -11 1-11.t-

-50. - 7 - 7 - 6 - 6 - 7 - 8. - 8 - 8 - 9 -10 -10 I -10 -10 · =~I - 9 - ~ - •I- o.5 

-6() I - 51- 5 - 5 - 5 - 6 - 6 : - 6 - 6 - 6 - 6 - 6 I - 6 - 6 - • ! - 7 - 8 - 71- C,," 

Tbe numbers in Tables I aud II being averages for tbe mouths of January and July, aud uot 
the extremes of the average mean daily temperature, the resnlts of this table require a small cor
rection, which is the difference between the a\"erages of the month and the extreme of the ayerage 
mean daily temperatures, in order to obtain the absolute mean range of temperature; lJut this cor
rection is quite small. 
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19. By reducing the mean temperature in the last columns of Tables I, II, and Ill to centi
grade degrees, we get the second, third, and fourth columns in-

TABLE V. 
-----------------

Temperature. 

i Mean. 

ti 
I 
I .,; ,; 

f. I ~ $ " ... " = g I i· ~ "" ~ E 

-~--l_-3 ___ ._ ~ 0 ~ 0 0 
--- _____ ., 

----- ------

·-·· -~ .... I ... ~·- ... 0 

·-········ -17. 0 
10 -31. 9 I 1. 0 -15. 5 15. 8 +o.3 

I SlO 2{i,fi 

I 

6. 9 9. 8 10. 2 +o.4 

:J•l 16. 9 l:J. 8 - 1.6 - 2.2 +o.r. 
40 - 6. 0 18. 6 + 6. 3 + 6. 5 -0.~ 

50 + 4. 5 22. B 13. 6 14. 4 -0. 8 

60 12. g 26. 6 19." 20.4 -0. 6 

70 21. 7 29. 0 25. 3 24. 3 +Lo 
80 25. 9 

I 

28. 4 27.2 26.4 +o.B 
90 27. 3 26. 1 26. 7 26.8 -0. l 

100 27. £l 24. 0 25. 9 26.0 -0. l 

110 26. 6 

I 
20.8 23. 7 23. 8 -0. l 

120 23. 0 15. G 19.3 20.2 -0. 9 

130 17. 6 I 11. 1 14. 4 14. 9 -0. 5 

HO u. 1 I 6. 4 8. b 8.2 +0.6 

150 + 3. 6 
I 

0. 0 + 1.8 + 0.9 +o.9 
IGO ·····l······· ·-·-···-· - 5.8 :·········· 
170 ·----·--- 10. 6 

180 .::::::::r:::::: ............ -Ul.4 ............ 

If we put for the mean annual temperature-

(24) t = t0 + a cos O + b cos 2 O + c cos 3 0 + d cos 4 O 

we get from this equation, with the tifteeu observed v-alues of t, and the corresponding values of o 
in t!Je first column, fifteen equations of condition for determining, by tbe method of least squares, 
the values of t0 , a, b, o, antl d. With the values so determined, we get-

(25) t = 80,50 - 10.15 cos 0 - 200.95 cos 2 0 - 10.00 cos 3 0 - 20.66 cos 4 0 

l•'rorn this expression of t we get the computed values of t in the third column of the preceding 
table, which satisfies the observations with the residuals contained in the last column. .Although 
this expression may represent the observations best for the latitudes for which they have been 
made, yet it cannot be regarded as representing the temperatures very accurately at or near the 
poles, especially the south pole. 

20. In order to obtain the mean temperature of the earth's surface, we must integrate the 
expression obtained from (24) by multiplying it into sin o am] integrating with regard to o, by 
which~we get-

Je t sin o = J: sin 8 ( t0 + a cos O + b cos 2 O + c cos 3 o + d cos 4 o) 

= - ( t0 - ~ ) cos O - ~ (a - c) cos 2 O - ~ ( b - d) cos 3 O - ~ c cos 4 o 
1 

-n.dcos5o+ c 
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in which-

0 = ( t,, - ; b) + i (a - c) + ~ (b - a)+·~ c + {0 d = to+! a - ~ b - ~ c - fgd 
This integral gives for the northern hemisphere, usiing the values of t0 , a, b, c, and d in (2.3),-

.£ t sin o = t0 + ~ a - ! b - ~ c - fr, d = 150 .30 

and for the southern bemisphere,-

f t . 1 I b 1 Jo sin O = to - 2 a - 3 + 2 c - I J - l"O 0" ll'i" - u • a 

The mean of these two results gives 150.67 for the mean temperature of the whole surface of the 
earth. 

From Do\'e's Charts of isothermal Lines, which do not extend beyond the middle latitutles in 
tlte sontlwrn hemisphere, it has been inferred that the southern hemisphere is colder than the 
northern, aml this has heen the accepted view e,·er since his charts were first published, in the year 
1852; but, from the results obtained above, it is seen that the mean temperature of the southern 
hemisphere is the greater of the two. If, however, we compare the values of t in the precediug 
table for the two hemispheres between the parallels of 300 north and south, we find that the south· 
eru hemisphere is the colder of tile two between these parallels; but beyond t.be parallels of ahont 
350 t!Ie temperatures of tile southern hemisphere become greater than thmie of tue correspondi11g 
latitudes of tbe northern hemisphere, so that the average t<'mperature is also greater, as shown 
ahove. The cause of this is fou11d in the u11equal 11istrihution of land and water in the two hemi· 
sphert's; for we now know, both from theory and observation, that tllere is a constant, though very 
slow, interchange of the water of the ocean between the equatorial and polar regions, which tends 
to diminish in some measure the difference of temperature between these regions, so that iu the 
southern hemisphere, where there is mostly water, the temperatures of the !Jigher latitudes must 
be greateor than those of the same latitudes in the uortberu hemisphere, and the reverse for tl1e 
lower latitudes. The small ditfereuces abo\'6 hetween tb.e mean temperatures of the t-vo hemi
spheres is perhaps only of the order of the possible errors of these r<'sults, so tllat we can11ot iufer 
that there is any real d1ffere11ce in the averages of the two hemispheres.• 

21. We now come to the subject of atmospheric pre:;sure on the different parts of the earth's 
surface, upon which t.!1e ''alues of D,, P' and D, P1 iu the general equations of the preceding chapter 
depend. This pressure caunot be determined from theory, ou account of the complexity of the 
equations and the uncertain element of frictiou entering int-0 the:n, and we shall, therefore, endeavor 
to determine it, so far as possible, from observation. The very valuable aud exbaustin=' paper by 
Buchan 011 this subject, the "Mt>au Pressure of tile Atmosphere and the Prevailing Winds over 
the Globe, for the Month aud for the Year," published iu the :\·ear 1869,t left nothing undone which 
could have been done at the time in the way of dett•rminiug the atmospheric pressure from obser
vation 011 the different parts of the globe; but since that time there has been so great au accumu
lation of barometrical observatious from almost all parts of the world, that it does not seem proper, 
in onr present researches ou the subject, not to avail ourselves of these observations, at least in 
some measure, iu determining this pres!'mre still more accurately for all places from which addi
tional aud more recent observations have heen obtained. It is also thought that the knowle1lg11 
which we now have of the relations between the barometric pressures and the velocities and direc
tions of the winds, obtained from tbeor_y and corroborated by observation, can be now nsPd in lay
ing down isoharic lines for those countries and the vast expanse of ocean from which we have none, 
or at least only a very few, observations, much more accnrately than bas bp,en done heretofore, 

*See two papers on this subject by Dr. Ha.no in the" Zeitschriftderiisterreichischeu GesellscliaftfiirMetoorologi'e," 
Band vii, S. 2tl1, a.nd Band xii, S. 100, which were not seen until a.fter the preeediug results wPre obtained, and in 
which these results a.re corroborat.ed. If, however, the observations upon which the results outained by Dr. Hann am 
based h!l.d been on hand at the time, the values oft in '!'able V woultl most probably have been diminisbed a very little 
in the extreme southern latitudes, and then the results obtained fol' the average temperatures of the two hemiMpberes 
might have been abont eqnal. 

t Transactions of the Royal Society of Edinburgh, vol. xxv. 

H.Ex.81-49 
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sincf" much may be inferred with regard to the barometric pressures from the known forces and direc
tions of the winds. We shall, therefore, undertake to make out new charts of isobaric lines, not for 
e1tcb month, but simpl_y for the mea11 annual pressures of the globe, aull for the two extremes of 
January and July in the 110rtlwrn hemisphere, using for this purpose all the observations ou band, 
except iu some parts of Europe, where there is so great an accumulation of them that all were not 
considered necesi,;ary for our purpose, since, in a general system of isobars for the whole globe, in 
which, from the scarcity of observations in many parts, there is much that is necessarily hypothet
ical and co11jectuml, it is not worth while to aim at extreme accuracy in certain cornparative1y very 
small parts of the surface of the globe. We shall also make out charts showing the aI)nual variation 
of the atmospheric pressures over all parts of the globe, so far as this can be determined from obser
vation, so that, with the mean :rnnual pressure and the annual variation, the mean monthly press
ures may be readily obtained, even with greater accuracy than they can be obtained from charts 
laiu (lown from monthly averages, for it will be shown that all other neglecte>d inequalities are gen
erally eitht>r insern~i ble, or at least smaller than the probable errors of monthly averages. These 
charts will be girnn on polar projections of the two hemispheres, since each hemisphere contains a 
complete system of WilJ(lS nntl barometric pressures which are similar, aml because in such projec
tions there is k8s distortiou of tlrn parts in the higher latitudes, where, in the northern hemisphere, 
there are some features in the winds and barometric pressures, aud their annual variations, which 
it is desirable to have more accurately represented than they can be in the usual projections. 

22. For our purpose, 'lte !Jave put for each station for which we have observations of the 
pressure l'

(2G) 

in which-

r = Bo + B1 cos ( rp - e1) + Bi cos (2 if - ez) + &c. 
=Bo+ M1 cos rp + N1 sin if+ M2 cos 2 if+ Ni sin 2 if + &c. 

M1 = B1 cos ei; N1 = B1 sin "1 

M2 = B2 cos s2 ; Nz = B2sin <2 

Ni N2 
tan e1 = Mi ; tan <2 = M

2 

Bi = ~ or ~ · B 2 = ~ or Nz 
cos <1 sin "'' cos <2 sin <2 

lu the preceding expression of P-

B0 = the mean annual barometric presimre; 
B 1 = the coefficient of the annual inequality; 
B 2 = tbat of the semi-annual inequality; 

<f = an angle increasing in proportion to the time at a rate, on the average, of 300 per 
month; 

<1 = a constant which is the value of if at the time of the maximum of the annual 
inequality; and 

Ez =a constant which is the value of 2 'I' at the time of the maximum of the semi-an
nual inequality. 

If we put S,. for the ruontbly mean of the barometer for the nth month and the epoch of if in 
the miullle of December, we have, by regarding each month as the twelt'th part of' a year,-

B 
_ E,.Sn 

()- 1~ 

6 M1 = ( 81 - 87) cos 300 + ( 82 -Sa) cos 60" + (s12-S6) 
Sn-85 S10-S4 

6 N 1 = (~;=~;)sin 30° + (~:=~~J sin 60° + ( S3-Ss) 
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\Vitb the values of M 1, Mz, N 1, and N 2, given by these formulre, we get from the preceding 
Pxpre!'lsions-tbe~Yalues of B1, B2, "h and •2• 

'rbe preceding expression of P is simply a transformation of what is usually called Bessel's 
formula, in which sines are used, instead of the cosines in the form of expres8ion here adopted. 
This form is preferable to the other, since from the values of e1 and e2 the times of the maxima of 
the inequalities _are more readily obtained, and this is made still more convenien• by having tlie 
constants t 1 arnl s2 of the angles in the expression negative, as is usual in a.II tidal expressions of 
this sort, for in this case we have merely to add to the assumed epoch of the timc-angle8 the time 
which i:s reqnir(·d~for the angles to change by the qnantity <1 or 22 in order to haYe the time of the 
111aximm11 of the i11equality. For the annual inequality, we tliYide 'i, expressed in dt>gret•s, hy :m, 
and for the semi-annual inequality £z by 60, in order to get the time iu months by which the maxi
mum follows the assumed epoch of the middle of December. 

Thc:preceding formnlro for obtaining Mi, M2 , N 1, and N2 follow direct!~' from the determination 
of these quantities by the method of lf\ast squares iu thi> special case of twelve equal dh-isions of 
the period of the principal inequality. The values, therefore, of the constants B 1, B2 , 2 1, and s2 tlins 
obtamed are the most probable '>'alues of these constants. 

The form of (26) can likewise he applied to represent the temperature of the earth or atmos
phere itt any place, in which case tlie principal iuequality has an annual period. 111 the case of 
both atmospheric pressure and temperature, more than two int>qualities need not be considered; 
for if those of a lower order have sensible coefficients, they are of an order much smaller than the 
probable t>rrors of the constants determined from obser'>'ation, unless the period of ohservatiou 
em braces a very long series of years. 

23. :\fore conrnnient formnlru for tue rletermination of the constants in (26) may be obtained 
upon the principle of averages, and the reimlts obtained upon this principle, though differing ~t little 
from the most probable results ginm by the preceding formul:e, are snfficientl.r acm1rat{.' in all 
meteorological researches, and tue differences between the rcsult8 of the two 8ets of formula' will 
generally be _found to be much less than the prolmble errors of tile determinations. 

If we put-
a = the a'i'erage of all the observations of P within the limits of 'I' = <p, and 'I' = <fm 

rp' = the mean value of <p between the limits <p' and 'f", 
by considering:only the first two inequalities in P (26), ancl supposing tlte obsen·ation t t•quall.r 
distribute<l in time, we have-

(27) a= Bo+ k Br cos (<p1 
- <1);+ k' B2 cos (2 rp' - <2) 

in which-

5 2sin~(<p11 -'!',) 2sin~c 
k= - -

'1'11 - '1'1 :;! n r. + c 

l k'= f!_~~;;~9;'!::~,<p,)_= 2 J~1 i~c 
(28) 

c in the last form of expression of k and k' being the excess of rp,, - <p, over an equal rrnmlier of 
periotls ::l n" of the inequality."° 

Where"" - <p, = 2 n "•that is, where any number of eYen multiples of the period of the an~l~ 'f' 
is used in taking the average, a, the arc c, and consequently k and k', \"anisb, aud we hanJ a= Bo. Ihe 

. 1 
same is sensibly true in the case of a long series of obser'i'ations, since c, and co11sequc11tly 2 srn :&c 

and sin c, then becomes Yery small in comparison with 2 n r. in the denominator, in wllich n denotes 
the number of periods of the inequality used. 

If we take the observations within the limits of tile half-period <p11 - <p, = 7'' since Bill r. = 0, we 
then have k' = O, and (27) becomes-

a = Bo + k B1 cos ( <p1 
- e1) 

"---~----- ---

·----;-;rh~p;;~~ding reJlults of this section ;;·~-d;-;;~;;;t~~;;;xi;;;;.y-Tid1:i:i R;;-s~~;~L-~~ p~ 158, publishe<I as a.n appendix 
to the United States Coast Survey Report for 1874. 
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The same is of cour11e true if we take any number of successive half-periods within the same 
limits of <p. If we take the average for the other alternate half-periods, we get-

If we therefore reverse the sig11s of tlie observations for the latter, we. get for the a•erage-

(29) • . . • • . • a= le Bi cos (<f'' - e1) 

= k Mi cos 'P'+ k N 1 sin <p1 

If we put S,. =the monthly average of the nth month, and assume the epoch of the angle <p at 
the beginning of January, and take the limits </', and 'I'm so that <p1 = O, and put-

(30) . . . . . . 

we get from (29), since in this case cos <p' = 1 and sin rp' = O,-

If we now assume the limits so that rp' falls on the 1st of April, we have in (29) sin <p1 = 1, aud 
cos rp' = O, and we get- · 

12 a= 12 k N1 = S1 + S2 + S3 + S4 + S5 +Sa - S 7 - Sa - 89 - 810 - Sn - 812 =(A+ B) - (C + D) 

With the value of k = 
1 

from (28), since <p11 - rp, in thiR case is equal to ire, these give-re 

(31) . . . • . . . • 
f M 1 = 0.1309 (A+ D - B - U) 
l N 1 = 0.1309 (A+ B - C - D) 

With the values of M1 and Ni, we obtain B 1 and •1 by the formulre in § 22. 
If we now take the averages for inbirvals of the angle, or <p,, - <p1 equal to~ re, or 90°, changing 

the signs of the observations for each second alternating interval, it is readily seen that the first 
inequality in (27) is eliminated, since in this case (28) gives k = O, and we get, instead of (20),-

(32) • • . • - • • • a = k' M2 cos 2 <p' + k' N 2 sin 2 <p1 

In this case, the half-period of the angle embraces only three months; and, in order to obtain 
the value of M2, we must use intervals of two months only, so as to have rp' foll in the middle of the 
interval, and we thus get, since cos 2 <p' = 1 and sin 2 'f' = 0,-

8 a = 8 k' M2 = 8 12 + 81 - Sa - S4 + St. + S, - So - 810 

In this case, we have the range between the limits <p11 - <p 1 = ooo, and hence we get from (28),

' sin 600 
k = -~f~- = 0.827 

If we now take the limits of the alternate intervals "''and <p,,, so that <r' of the first falls on the 
middle of February, we shall have sin 2 <p1 = 1 in (32) and cos 2 'P' = o, and consequently-

~ a =~~~=~+~+Sa-~-~-&.+S,+~+~-~-~-~ 

Since we have iu thiR caf\0 rp11 - "' = 90°, (28) gives-

k' -~-~ -i-7t'-7t' 



 

THE UNITED STATES COAST SURVEY. 389 

We therefore get from the preceding expressions of 8 k' M2 and 12 k' Nz, witlt tlie corre;;pondiug 
values of k' for each,-

(33) { 
Mz = 0.1511 [(81 - 83) + (86 - S,) + (:31 - 89) + (812 - 810)! 
N2 = 0.1309 [(A+ C) - (B + D)] 

With the values of l\f2 and N 2 given by (33), we get, by the formulrn in§ 26, the values of B2 

and £ 2 • 

It is yery con"enient in practice to obtain by (31) and (33) tlte values of M 1, N 1, and :\I2, N2, from 
observation, and the values so found arll very accurate when the expression of P ('.!6) is so co11ver
gent as to make tlte inequalities after the first. two very small or entirely insensible, as is the caRe 
in meteorology. In a comparison of the values of 131 for thirty cases, obtained from series of metP
orological obser•ations by uoth of the methods which have beeu g-iven, the average of the differ
ences by tbe two metllods, taken without reg-ard to signs, was only ().13mm, the maximum being 
0.39'"m, and in the case of the values of B, the diftereuces were of the same order. Even in cases iu 
which it is desirable to use the former more accurate formulm of tbe preceding section, these latter 
will be found a very convenient check within ver,Y narrow limits. 

'\Vhere the range of angle <f" - <[,, uelonging to a group .of observations of which the average a 
is taken, is small, the values of k and k' (28) do not differ sensihl.) from unity, :rnd, hy comparin~ 
(26) with (27), it is seen that the average can be used as the value of the function bclougiug to the 
middle of the interval, in which the value of cp is <f'· If, l;owever, the range should be considerable, 
this average must be corrected in order to obtain the value of the function for the middle of the 
group of observations. From (26) and (27) we get-

(34) P =a+ (1- k) B 1 cos(cp' - et)+ (l - k') B2 cos (2<f' - cz) 

The last two terms, therefore, will ue small corrections to the aYerage a in onler to get the 
value of the function P for the middle of the g-roup, for which <p = cp'. For instance, if we llad 
monthly averages, we should have <p11 - <f'i = 30°, and (28) would give 1 - k = 1 - O.!J886 = 0.0114, 
and 1 - k' = l - 0.9549 = 0.0451, and tile correction is-

The last term, on account oftbe smallness of n2 , i8 generally very small in monthly averages. 
When the range cp,, - cp, is larger, of course these corrections become of more importance. 

24. The constant8 in the last columns of the following table ha>e been deduced, by means of 
the preceding formulm, from the mo11thly means reduced to sea-level and tile gra,·ity of the paral
lel of 4,50, contained in Rikatchelf's paper entitled " La Distrilmtion de la I'ression Atmospheriquc 
dans la Russie d'Europe," published in the Hepertorium fiir Meteorologic, Band fr, Heft 1, H. 46, 47. 
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TABLE VI. 

Place. 
I i~ .~I I 

Latitude Longitude , Altitude. I ~Q ~ B0 . B1 . Bz. s1• e'l. 
. ·1 . ~ i:; 

I>< gi I 

1-----------------------1----1 --1-----1 I ' I ' ) m. 1-1-=- mm. =.--0 -o 

Kem ••••••••••••.•••..•••..••..•...........•••.••••...•...•.•. 
Archangel ................................................... . 
Reisin gfor• .......•..•...................•......•..•.........• 
St. Petersburg • • . • • . . • • . ..•.••....•.•••..•••..•••.•.•...••... 

g~:::;__ .::::.:.·::····· : ..••••..• ·:• :: :.:- .: _I 
Nijne 'l'a!(nilsk ..•..•............•.....•••••............•.... 
Kostroma ...•••..•......•..•.•.•••••.•.••••.•••...•••..••..... 
Riga ••.•••.•••••.••.......•.........••..••.•.........•.•..••. 
Catherinebnrg .............................................. .. 
llfitan ..••••••••.••..•••..••..••...••.••...•••..••.•••. ·••· · · · -
Kazan ................... - ... - .................... - -·. -· - .... :. · - - ·· - - · 
:Moscow ...................................................... . 
Sl&tovsk .••••..••..••...•..•••..••...•..•..•...•..•..••.•.•••. 

Kaloug& ......................................... ·•·····••••· 
Orel ......................................................... . 
Ta.mbow .•••••.••..•..•....••..••••••..•.•..••••••........•••. 
Warsaw ........................ --·--· .............................. ···--·· 
Orenbnrg ...•.........•.•.•.••..•..•••........•.......•....•.. 
Ko11rak . .................................... --··-···-··-·· ·-- · ...... . 
Oaralsk Fortress •.•••..•.....•.••••.•.....•.•••.....•......•.. 
Longan ...••..•••..••••••......••..••.•••••.•••..••..•..••••.. 
Nikolaief ...•..•.•••..••••.••.•••.•••..••••••••.•••.•••..••••. 
Ode88& .•••••...••••••.••...••.•••..••...•.••••••.••.•••..••••• 
...t\Btrakhan. ......... ...... --· .... ----- ............ --· ................ __ 
Stavropol •••.•••..•...••.•.••.•••.•••.•.••..••.••...••...••.•. 
Tiflls ........................................................ . 
B&kou ....................................................... . 
IIammerfest .••..••..•.........•..••...••..•••••.....•..•••.•• 
IIapparanda .•...••.••••.....•.•..•......••..•..•.•••••••••••. 
Stykisholm .................................................. . 
R.eykja.,-ik .••.....•..••.•...••••••••.•••.••.....•..••.•.•••••. 
Christi&n Sound ............................................. . 
HeernOsand ...... ................................................................ ---
Christiania. . .. .. . .. .. . . .. . .. ........................................................... .. 
Upsala. .•...•••..•••.••...••.•.••.••...•.•.•.•.••.•.•..••••.••. 
Copenh..gen . • • • • . . •• • . . •• • • . . • . • • . •••.•...............••... 
Str&lsound .•.....•..••..••..•..•..•.•••..•••..••••....•••.•••. 
Stettin .•••••.•......••.••........••.••..•..•.•.•...•...•.•.••. 
Gotersloh ...............•••.•••...•..•••••••..••....•.......•. 
Dublin .•...•...•.•...•..•.....•.•••.•••..•••••.•••••..•....••. 
Berlin .•.....•.•.•.•••.•••.••••.••...••.•••.••••.••..••..••••. 
U~recht .....•....••••••.•.•.•.•••••..•...•..•••••.....•........ 
London ••.••..•.........•.•.•••......•........••..•••......••. 
Breelau .•••••..•...••.••••.•••••••..•..•••...•••..•..•••.••••. 
Jlrnssels .....••••••••••.•••••••••••....•.•••..••.•..•••.•.••. 
Prague .•••.•..•••.••......••••.•••..••..•...•.....•.......••. 

Craoow ....••••••••.••••••• • .•••. ••·••• · ••·· · •••· .••..•••..••. 
Breszew ____ ...................................................................... . 
Paris ........................................................ . 
Vienna ...................................................................................... . 
Triest .••••••...••.•••....••••....•••••..•....•.•••••..•...•••. 
Bordeaux ••••...•.......•......••..........•.........•........ 
Orange •••.•••••••........•••••••••.•••.••••.••••.....••..•••. 
Toolonse ...••••..••••••••.•••••..•..•.•.•..•..••••••.•..•••••. 
Constantinople ........•.•.......••...•.••.•••••.....•••..••... 

Naples •••••.••••. ••••••·••• · · ·· · · · ••· · •· ··• •••• •• · ·•· ·• •••••• 

64 57 I 34 39 i 13. 7 ' '7 757. 3 I. 7 1. 1 123 22 
64 33 i 40 32 ! 10. 7 : 19 I 757. 5 0. 7 0. 5 151 219 

so 10 ·r 24 s1 I 11. 6 i 15 759. 6 o. 5 o. 5 86 192 

i;g 56 I 30 16 i 4. s I so 759. 9 o. 6 o. 5 35 197 
59 45 ' 60 l ' 193. 7! 16 761. 6 3. 6 0. 5 19 187 

24 451 rr> I 17 759. 1 o. a 1.3 143 248 59 IW 

59 21 
58 23 I 

57 5fi 

57 47 

56 58 
56 49 

56 39 
55 47 

55 46 

55 10 

54 30 

52 57 
52 44 

52 13 

51 46 

51 45 

48 37 

48 35 
46 58 

46 _?!9 
46 21 

45 3 

41 43 

4lJ 22 

70 40 

(i5 51 

65 4 

ti4 40 ' 
(}3 11 

62 38 I 
59 55 

59 52 
55 41 

54 29 
53 35 
51 54 

53 22 

52 30 

52 5 

51 28 

51 
50 51 

50 5 

"° 50 3 

48 50 

46 SS 

45 39 

44 50 

44 
43 37 

41 0 

4-0 52 

24 3 1, 8. 5 I, 33 759. s o. 2 o. 5 145 260 

26 43 i 68. 3 & 43. 011 22 760. 3 o. 2 0. 3 225 180 

189. 41 26 762. 3 4. 4 1.7 

I. 0 

0. 4 

0. g 

o.~ 

1.1 

0.R 

0.2 

0.8 
1.4 

0.3 

0.2 

11 

11 

6 

14 
354 

20 

359 

152 

185 
236 

190 

206 

193 

162 

21 

:~ 5~ I 
24 6 I 
60 3.5 i 
23 44 i 
49 8 

37 40 

59 40 

36 15 
36 5 

41 28 

21 2 
55 6 

36 

61 16 

39 20 

31 58. 

106. 21' 

16. 61' 

283. 8: 

4. 9 '1 

71. l ! 
145. 1 i 
415. 41 

162. tl!, 
165. 21, 

165.5!1 

119. 4 ! 
103.5 ! 
209.41

1 

108.91: 

62. 01[ 

55.0&19.0 i 
30 44. 53.3 &65.3 i 
!~ 5: j··· ... ·-~~~.) 
44 471459. 9 &409.3 ' 

;: ~I -~~:: 
-22 431 
-22 0 

451 

:~ ~:I 
11 38 I 
12 35 

12 20 

14 34 

ll. 3 

11.0 

19.8 

19. 2 

22. 7 

24. 0 

3. 6 

H.9 
21. 8 

23 81. 2 

- 6 21 49. 8 

13 23 46. 8 

5 7 13. 4 

0 0 o.o 
17 2 147.5 

22 56. 7 
14 23 fl()l. 2 

19 57 215. 7 

21 / 761.4 2.3 

21 I 760.5 o.s 
31 762. 8 4. 5 

19 76-0.G 0.8 

17 762.4 4.2 

48 762. 3 2. 3 

33 763. 0 5. 4 

13 I 762. 3 , 2. 7 

8 762.3 2.9 

H 762.9 3.2 

35 761.3 1.4 

28 

25 

8 
31 

26 

18 

12 

27 

26 

18 

13 

12 

2.1 

17 

8 
12 

35 

18 

11 

22 
10 

22 

33 

32 

20 

39 

35 

19 
12 

76.1. 8 

762. 6 

762. 9 

762. 9 

762. 4 

762. 4 

763. 0 
762. 3 

763. 2 

761. 6 

756. 4 

758.5 

754.0 

752. 7 

756. 7 

758. 7 

22 0 
2 !It) 

16 20 

13 44 

213. 7 11 

759. 0 

758.3 

760.5 

761.0 

761.2 
761.2 

760.3 

761.9 

761.9 

761.2 

762. 7 

71H.6 

762. 3 

762.3 

762.4 

762.4 

762.l 

761. l 

763. l 

76'.2.1 

763.2 

163. 0 
7133. 9 

5.9 

2.8 
7.6 

4.0 

3.1 
2. g 

4. G 

4. 4 

4.0 

4. 4 

3.9 

1.0 

4.5 

5. 3 

2. 9 

2. 6 

0.5 
0.3 

0. 4 

0. 7 

0. 7 

0. 3 

1.2 

0.3 
0.3 

0. 7 

1.7 
0.4 

1.6 

1. 7 
1. 7 

0.3 

I. 7 
0.9 

0.8 

0.9 
I. 0 

2..6 

0. 8 

-0 3li 

4 48 

·- 1 28 

: ~I 

65. 8 15 
191. 3 17 

·········:~:l··~:· 
198.1 I 22 

(!) !IS 

146. 9 ' 11 

10 

354 

349 

12 

346 

0. 7 8 

0. 7 350 

1.6 6 
(), 5 0 

0.1 356 

o. 3 352 

0. 5 2 

o.:; 10 

0. 9 0 
0. 8 2 

1. 1 177 

0.5 126 

2. 0 174 

0. 7 167 

1. 3 168 
0. 9 135 

o. 6 10.~ 

o.:; 124 

1.0 238 

0.4 32-1 
1).3 297 

o. 4 243 

o. 3 170 

0.3 305 

o. 5 ! 241 
0.5 155 

0.5 342 

o. 7 262 

0.8 335 

0.4 326 

0. l 

1.1 
(). B 
0.5 

0.8 

0.5 
1. 1 

C.6 
1. 5 

328 

4 

335 
:w1 
!197 
311 

338 

355 

269 

221 

l!JO 
212 
IOii 

182 

189 

192 

226 

259 
248 

304 
34:; 

310 
266 

!1621 
224 

222 
283 
2.'i3 

272 

220 

278 
284 

267 
11 
54 

$4 

59 

:1 
57 I 
25 I 

0 

17 

li8 
148 

26 

36 
47 

48 
36 

40 

15 
27 
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TABLE VI-Continued. 

PJace. Latitude. L611gitude. 

0 

'43' 38 - 9 8 

37 58 l 23 43 I 

36 43: 3 3 I 
35 10 I - 0 381 

! 

B,,. Il,. Il,. 

391 

24.5 

24 

8 

25. The results coutaiued iu the following table ha\·e been deduced iu the same manner as 
those of the preceding table from the monthly means of observations given from time to time in the 
"Zeitschrift der osterreichischen Gesellschaft fiir Meteorologic." These observations have been, iu 
most cases, collected, re\'ised, and discussed, and, iu many cases, corrected, by Dr. Hann, wi10 has 
spent much time and labor upon them, and to whom, thereforn, much credit is due, and the refer
ences in the following table are to the "Z~it;;chrift f'iir Meteorologie" alone, where references will 
be found to the origiual sources from which the observation's have been obtained, aud due credit 
given. These observations include many of those used by Buchan, and also most of the observa
tions made in all parts of the world since the publication of Buchan's paper, alreads referred to. 
These observations as given were not reduced to sea-level, nor to the gravity of the parallel of 45°. 
For the former reductions, we have used mostly t,he table on page 91 of Gu_yot's II,n>sometrical 
Tables; but for all places of considerable altitude, the reductions have been made by the following 
formula:- • 

(35) log P' - log P = 18428 (1 + o.ou~ t + 0.00001 hJ 

in which the coefficient of the temperature tis taken so as to include approximately the effect. of 
moisture, and in which the temperature is supposed to decrease oo.5 for each 100 meters of alti
tude. The altitude h in the formula must be expressed in meters. 

Iu a few cases, the altitudes were not given, and·, where given, there was some uncertainty 
with regard to the mauuer in which they may have been obtained. If obtained barometrically, as 
is sometimes the case with altitudes thus given, then the reduced pressures to sea-lewl are simply 
the assumed pressures at sea·level used in determining the altitudes, and hence are worthless. 111 
drawing isobars Oil the charts, however, those results obtained from observatiolls at considerable 
altitudes, in which there was considel'able uncertainty in the reductions, were not allowed much, if 
any, weight. 

Instead of reducing the monthly means to sea-level, this reduction was applied merelJ to tlie 
mean of tbe barometl'ic pressures Bo given iu the following table, using the mean temperature. 
This leaves an inequality in the reduction to sea-level, depending upon the annual ineq1mlit.r of 
temperature, uncorrected, which requires a correction to be applied to the coefficient B1. Tl..ie 
formula for this correction, as deduced from (35), is-

(36) 
h P Ph .Jt 

.J, P = .1 B1 = f8428 x o.oo4 .Jt x 0.4343 = 2001280 

in which L1t is the variation of the extreme of the mean monthly temperatures iu January or July 

from the mean temperature, and in which the value of Pat the height of~ h should l>e used when 

Ii is great. The col'rections given by this formula under the head L1 B1 in the following table must 
be applied to B1, in order to ha.>e the coefficient of annual inequality at the sea-level. 
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I 
i 

Place. 

! Port of lTance 

i ~:;~=l~~l. ~~~~~~~ ~~~~ ~~-. \ 
i .Adela.i<le ................... : 

; Hobarttown ..•. ········. 
Melbom·ne· .-- . -- ..... --· 

' I 
' Caleutta ...... ------ ..•. ' 
1 Capstadt ............... . 
j HOhenpeiseoburg ...... . 

Natal ................. . 

' Mauritius. --- . --·--· - --· 
! Brisbane .......•.....••. ; 

[ PuertoMonti ..•..•...•. I 
: Santiago-·-······ ..... ·--·: 

! ~:a~~~d_._-.·_·_ ::::::::> 
j Baez ..•••.....•...•..... 1 

San Francisco ...• -- . ---
: Sacrameuto ............. . 

Palermo .. -·. --- - - -- - -- . 
: Sereno ....• ------------· 

N cw "\V estminster ... _ ... 

M&I"ietta.. --· .• -- ..•.•••. 
: Sydney ................ .' 
1 Mendoza .................. . 

St. Martins ...... --- .. --

- !~ 30 

31 47 

- 1i 32 

- 34 57 

- 42 52 

- 34 4!1 

~ 33 

- 33 5<l 
47 48 

- 29 ;jfj 

- 20 10 

- 27 28 

- 41 30 

- 33 26 

31 18 

30 38 

29 57 

37 48 

38 35 

38 7 

- ;?!) 55 

49 13 

39 25 

33 52 

- 32 51 

45 32 

i Lima. ....................... 1 - 12 3 

i RioJa.neiro .............. - "22 54 
1 

Kraanojarsk ........... ' 56 O 

Osaka ............... --- 34 20 
S-Outari ................ ; 41 0 

Tercira. --·. --· ..••.. -- . 38 36 
St. Miituel ..•••. .•. ..... 37 44 
Tas"11kent .............. 1 41 1~ 

: Auckland...... - 36 [)() 
Tar&naka .............. - 39 4 
Nelson .................. - 41 16 

Southland.............. - 46 18 

Somerset .............. ., - 10 44 

Fort No. 1, Syr Daria ... _, 
Phare de Douai. ••...•.. 

Pr-aia ------· ---· ------·· 
Horta F"yall. .......... . 

1 

Newchwang .•..•..•••• ._ 
~, Ancnd ...•............ -1 

: Ba.ngkok .•..••..•••..•.. : 
i Saigon ..••.•.•..•...•... ! 

Decima ................. . 
Nafa .................... ! 

Freemantle- ------------ 1 

Cn.iro ............... ·····- 1 

Alexandria .....••••. -

Mannheim··············: 
B.eli!il.:e. ·---··--·--· ............ 1 

Stra.sburg ...•...•..•...• 

45 45 
50 5(1 

14 13 
36 

40 51 

- 41 51 

13 43 

10 48 

3-2 14 

26 13 

- :{2 4 

29 59 
31 11 

49 20 
17 30 
48 3~ 

Eaet Falkland .......... ' 

Valparaiso .••.. -····· .. .' 

- s1 41 I 
-33 2 I 

I 

TABLE VII. 

~ 1 Authority: II : Reduced to sea-E ! Zeitschrift j levelamlgra.v-

:;:: fiir i ,!! ity of the pa.r-
i:P ..g Meteorologie. i B 0• B 1• B 2 • t: 1, c:2 • .a.llcl of 45°. 

E ~ ~ i ------~! I I 
-~ :5 ~ 1 n. I s. I l , , n0 • I ,.n, . 
...i :;; ~ ! I I I I I 

----' ----- -- -------- --- --- --- ---1---

166 3Y 

37 

-149 34 

138 38 

147 27 

144 58 

88 21 

18 27 

.... 
7 

762 

0 

01 
32 

37 

6 

0 

3. 5 

5 

' 20 

10 

rn 
20 

914 : 13 

30 2: 638.5 8 

57 29 9 7 

153 6 44 2. 5 

- 72 52 : 10 I. 5 : 

- 70 37 569 6. 5 

3"..! 18 3 3 

32 13 

3-J 32 

l~ 23 

121 28 

13 21 

71 17 

122 53 

~I 29 

151 11 

67 32 
- 73 36 : 

- 79 ~J 

- 43 20 

92 50 

135 10 

29 3 

- 27 15 

-26 55 

69 16 

174 51 

174 5 

173 10 

168 10 
142 16 

64 27 

146 47 

- 23 30 

-28 
121 27 

-74 

100 25 

106 40 

129 42 

128 44 
115 45 

31 18 

29 53 
8 27 

- 88 18 

7 45 

- 57 42 

- 71 40 

7. 6: 3 
6 l 3 

0 9 

25 9 

70. 3 78 

18 ; 2 

16. 5 i 2 

17"1 - 40 

47 11 

8 IO 

36 10 

15'l 

ti4 6 

(!) 10 

(!) 

18. 3 5 

53. 8 6 

20 6 

(1) 1 

0 '. 12 
0 6 
0 6 

0 11 

21.3 3 

(l) i 3 

(1) 2 

35 1.5' 

20 2 
0 1 

15 2 
(!) 

(!) 

8 2 
10 2 

0 3 

2!!. 5 5 

ll3 3 

116 12 

(!) 4 

39 39 
g 

0 ------' 

1 
1 

nz.m. , -nMn • . oJnm.. 0 mm. i mm • 

4 I 460 ! 762.8 ~.5 I 0.3 196 188. 761.4 : .•..•••. 

4 ! 166 :_ 695.G' 1.9 ', 0.8 21 330 759.0 I 2.2 

4 : 52t>; 759. 7: 1. 5' 0. 3 : 233 2ll8 : 758.1 --··----

5; 1211 759.5, 2.5 0.5
1 

104 21;,! 758.811--------

5 . 121 : 756. l ; 1. " o. 6 134 194 , 758. g 1 o. 1 i 
5 : 99 : 759. 4 ! 2. 5 0. 3 113 !OG 762. 2 i 0. 2 1 

5 : 247 i 756. 4 i 6. 5 0. 8 6 288 7:J5. 9 ! . - ... - .. ! 
5, 428 [ 762.!l, 2.B 0,2 205 48 7ti2.l •••..••. ' 

5 ! 

5 
509 I 676. 9 

375 ' 708. 3 ' 

I. 9 , 0. 7 

2. 7 ! 0. '2 
5 552 ' 763. t : 4. 1 ' 0. 4 

5 505 ! 7-02. I i 3. O . O. 4 

3H9 I 

5 , 441 i 
5 ! 228 I 

5 I 228 

761. 6 ; 0. 6 

717. I 1. 4 

760. 7 3. 5 
7<30. 0 : 3. 8 

1. 6 
0.3 

0. 7 

o. 8 
5' 22a 760.9 3.8 o.7 

5 ' 642 763. 7 2. 4 : o. 1 

5 

5 

6 

6: 
6: 

6 

6 

6 

6 

6 

6 

6 

6 

642 

614 

26 I 

76 ' 

761.5 3.1' 03 

754.6 0.5 0.4 

760. 3 '• 2. 0 0. 6 

79 i 
84 ' 

762.0i 0.5: 1.2 

743. B i 0. 9 I 0. 3 
762.7' 2.9: 0.6 

138 760. 6 

145 756. 3 

176 : 747. l 

184 7;'i7. 4 

223 758. 1 

251 761. 1 

2!l8 760. 3 

1. 8 i 0.6 

1. G ': 0. B 

2. 2: 0.4 
3. 0 i 1. 0 

6.9 j 0.8 

4.1 : o. 9 

2. 1 ' 0.9 

6 310 761. 0 1. 9 0. 9 

6 310 764. 5 2. 1 0. 6 

6 329 763. 2 3. 7 l. 7 

6 370 761. 5 1. 2 0. 8 

6 370 759. 9 1. 9 o. 5 

6 370 759. 6 2. 1 o. 9 

6 370 7:i7. L 2. 4 0.3 

7 
7 
7 

7 

7 

7 

7 

7 

7 

7 

7 

378 758. 3 

:lll4 758. 1 

3S4 747. 5 

384 758. 8 

411 762. 0 
7 765. 5 

11 757. l 

23 759. 5 
23 I 700, 8 

47 : 761. 3 

47 

67 i 
Ho 1 

1441 
160 i 
238 ! 

:1 

760.4 

762. 7 

750. l 

760.0 

75.1. 5 

761. 7 

749.5 
750.3 

763.9 

1.6 

6. I l 
l. 7 
0.3 
0.7 
7.4 
1.6 

2.9. 

l. 2 

5. 7 
I 

5~ 1 ! 
I 

2.0 II 

3.6 ! 

3. 6 i 

0.81 
I.II 

0.3 i 
0.81 
1.6 

I 

0. 3 

0.2 

0.5 

o. 6 I 

2.71 
1.2, 
o.s I 
0.3 i 
0.:1 I 

~:: Ii 

1.0 

0.6 

0. 71 
l. 1 

0. s 1 

~: ~ !! 

1.0 

228 52 761.6 3.3: 

186 352 761.0 0.8' 

21 l 278 762. 7 ; - - .•• - ... 

193 !CO 764. 5 I 0. l 
11 

274 240 762.2 j ...•.... j 

211 198 766. 1 I l. 3 

15 l!32 760.0 ·••···· 

17 287 759.71-··--·· 

11 291 760. 51 ·· ..... 
25 327 76'.l. 2 ·- - •.•. 

'24 331 762. 5 i-- -- -- . -1 
266 9 760.3 I 0.2 ! 
215 ' 221 700.9 i······--1, 

95 104 763.B l-·---·--i 
275 1,' 56 2 1 08 1 

• 759. I . I 
164 173 765. 9 0. 1 ' 
191 141 76-0.51 ........ 

1 289 350 759.61 0.2 I 

:~ ~ :SH ::! 
12 200 101. 1 1 ........ 1 

2lll 64 765. 3 , 0. I I 

2: ~ --~~~j_ ' 
92 181 760 9 i 

185 759:411::::::::· 1C2 
142 56 759.3 .... . 

l~l 84 757.1 ..... . 

~ ~~ ::~~:~r ::::::1 
110 29~ 760.3 ··--···· 
178 58' 763.4 --------1 

4 143 i 765.3 ........ 1 

317 114 ! 758. 2 -- • .. . • i 
17 55 I·---·-·· -...... I 
20 359 i---···-·1··-····-I 
10 240 I 761.4 .-•·•····i 
21 289f 760.01·--- .... 11 

180 243 \ 761.B ,········ 
9 235 i 100. 1 i-- ...... I 

' I I 310 2:! I :!: ~ !..._ ~--~-j, 
1 31 I 760.1 1 ....... . 

324 43 i 762. BI 0.5 

l!02 196 l 100.8 ········1 
lil.S 2181 163. l . ····--· 

' . 
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TABLE VII-Continued. 

Place. 

---~- -----

Arva Varalgo ..•........ 1 

Gratz_ ..•...... --· ..•... 
St. Louis ...... __ _ 

! Yokohama ....... _ ..•... 

Caracoas ...•....•....... 
Da,tschifa ..••. __ ........ ' 
Batavia ........••....... 

i Ma.gador ...... . 
'Nice .......••.....•..... 
' Schafburg ......... . 

'Ferna.nda-Po.---·-·-----
Lakainalnlu ...•...•.•.. 

Honolulu.-------------· 
Victoria ..••...•..•..... 

I Simla-·-······--········ 
81.n..A.IIOOniu ---------·-
Smyrna ...••...•..•...• .' 

Madl'id -----·----------·! 
Providen~e -··--···-----'~ 

1 
Canton ........••.•.•.••. ! 

i Victoria Peak .•..•...•. 
! Ma.n&oe ...••.•.•..•...• 

' ; Ravanna ............... . 

' Vienna ...•...•..••.. 
! Gor~e (Cape Verde) ..••. ! 

Manilla ..........••.. __ .: 

MnTcia ··--------------·' 
St. George d'Elmi..a ..••. I 
Chrietian•burg ..•...••. ! 
Arica (Peru) .••..••...•. · -

Cairo·-··--· ·------····-1 
Gibraltar········--·····] 
San Ferna.ndo ....•.. --~·· 

, Santi&go .••.••...••..••. ! 
i Oviedo ..••.•.••..•...•.. 1 

I Leipzic ...... ·-·-------·I 
j Bermuda ..•.. --·--------: 
! Innsbr11ok ...•...•...•.. ! 
'i Va.noouver Island. ........ ! 
'z I I a.ragona ···-····-··-·-·[ 
II Va.ladolid _. ----- .•. ·--· ., 

Vera Cruz--------······! 
, Bodenbooh ..••.•...... ..! 
! Binfield (Barbado<>sl .•. _I 

i Benare•-------·-·------·/ 
I Ru~kL .................. : 
[ Al""8andr!a •....•..... 

1

1 ~:i:~-~---·::::::~::::::: 
Nap:asaki ...•.......... 

Capiapo ..•.... ------ .. -
I Buenoo Aires ...•.••.... 

1

1 
Alexandria .•.••••••.••• 

1 
G&ndokoro .••••••.•.•.• , 

j Cbartrur'----------------/ 

49 1;; 

47 

38 37 

35 27 

10 as 
4~ 

11 
:n ao 
4:J 41 

37 15 

15 28 

91 16 

13H 40 

66 55 

15 211 

JOii 50 

9 4.3 

7 6 

·1n. 

490 

:J71 

154 

0 

927 

465 

8 
16. 6 

20 

31 

14 

2 

3 

8 

3 

0 16 

47 46 13 26 1767 

30 

199 

0 

1.::i 

4. 5 46 8 36 

20 52 ' - 156 40 

21 16 

22 16 

31 6 

2<J 32 

38 26 

40 24 

41 50 

23 8 
22 17 I 
3 s I 

23 8 : 

48 lSl i 
14 40 ! 

14 36 ' 
37 59 ' 

5 5 
5 3r, 

18 25 '. 

29 57 i 
36 o I 
36 28. 

42 53: 

43 23 i 

51 20 I 
32 23 i 
47 16 i 

41 :i9 I 
41 39 I 
19 12 
59 43 j 

13 • I 
25 20 I 

29 52 ! 

:: : l 
~ ~1 

-34 371· 
31 12 

55 I 
15 361 

- 151 52 

114 10 

77 11 

98 24 

27 10 

3 42 

71 23 

113 17 

114 10 

6'1 0 ' 

8!l 28 

36 22 

17 2G 

128 21 

7 

20 

0 10 

70 22 

31 18 : 
;) 21 

12 

8 30 

5 52 

l:J 3::i 

64 40 

11 SH 

2282 

172 

0 

l 

8 

3 

1 

65[) 11 

0 28~ 

12 10 

532 ~ 2.7 

;17 

10. 3 14 

195 90 

4 

33 ,'j 

43 9 

18 3 

20 13 
0 I 1 

37. 8 i 4 

15 14 

29 16 

273 13 

236. 5 18 

11R 40 

0 12 

574 40 

0 
0 ' 184 

47 . 760 

3 

9 

9 

4 9!i 9 E 

H 12 142 ' 46 
21 

10 

9 

59 37 ; 336. 5 

~2 0 80 

77 56 ! 268 
8 3~' 

13 5; i 

13 31 1 

129 42 
70 23 ! 

sa 21 : 

29 54 '1 

31 2l;! 

32 36 

98 ', 17 
31. 7 I 10 

u 10 

37 10 

395 

31 

19 2 

* Inoluding prev-ious one year, B. Y, S. 67. 

H. Ex:. 81-50 

AuthoTity: 
Zeitsclnift 

for 
M"t.eorologie. 

B. s. 

7 

7 

7 

7 

300 

:ll6 

32li 

:JGl 

380 

381 

399 

B,. 

1nm. -nim. 

717.5 u.~ 

730. 8 1. 1 

7~9. H 1. 7 

760. 6 3. 2 

684. 5 o. 5 

720. 5 1. 3 

759. 0 ' o. 2 

mui., 
0_ 4 270 

0. 8 299 

o. 7 336 

1. 5 4 

o. 5 128 

0. 5 216 

0.1 296 

24 

25 

65 

230 

224 

350 

123 

Re<l u<'ed to sea
level and grav
it:-; of the par
alli.!l of -1J:.. 

mm. 
7Gl. ~ 

7ti4.~ 

7G3.:l 

7~9. 5 

75B. ~I 

762. 5 

75";. '7 

mm. 
2.] 

1.F-

o.:i 
1.9 

762. 2 i. 2 o. 5 21 35~~ 762. e 
13 760. 8 0. 2 . 0. 6 293 2fl 760. 7 

8 

8 

8 

8 

8 

8 

8 

8 

8 

9 
\I 

9 
\l 

9 
!) 

9 

9: 
!I 

~ 

9 

9. 
9' 

9 

9 

10 
10; 
10' 

10 

10 : 

10 ! 

29 614. 0 3. 8 1.1 216 Ti 

47 757. 3 0. 5 0. 2 233 59 

70 747. O l. I 0. 5 91 350 

71 764. 1 0. 6 0. 6 196 307 

72 760. 7 6. 1 0. fl 15 28J 

91 589. l 2. 0 I.~ 3.51 2~ 

91 755. 6 3. 5 1. 1 38 342 

123 759. 1 2. 4 1. 1 6 ~62 

188 Ofi. 9 0. 6 0. 8 294 16 

208 760. 7 0. !I 0. 3 313 18:\ 

219 762. 1 6. I I. 0 13 325 

219 717. 7 3.5 0.S 14 301 

269 757. 6 1. 2 0. 3 148' !JO 

270 761. 3 1.1 1.3 32 29 

281 744. 9 l. 0 0. 3 326 60 

301 757. 7 0. 6 0. 5 "19 1!1 

334"" 755. 0 2. 2 0.;; 32 . 333 

8 
44 

45 

60 

61 

77 

77 

111 

111 

us 
1>!3 

le5 

187 

218 

218 

238 

759. 7 

759. 4 

759.1 

761. 8 

75R. l 

7G3. 4 

761. 7 

739.4 

742. 7 

751. 4 

763. 9 

707.4 

762.4 

743.5 

1.0 1.0 2 14 

70:?.2 

761.8 

749. 4 

1. fJ 0. 6 220 . 49 

I. 5 0. 8 216 33 

1.3 0.2 222 z-..:-. 
3.5 O.!.I II 284 

I. 0 o. 8 6 8 

1. 0 0. 8 1 19 

0. 1 1. 2 ' S.5 34 

0.6 1. 0 233 51 

0. 5 o. 5 257 33 

0.3 1.4 193 32 

0. () 0. 4 256 6~ 

0. 2 0. 8 260 313 

0. 9 1. 3 25 

0. 3 1. 0 225 39 

2.0 o. 8 339 40 

0.9 0. 7 3';?2 16 

3'20 7:1fi. J 0. 4 0. 2 108 60 

750. 4 8. 1 0. 3 31 2.17 

~LO ~8 ~6 2 234 

752. 6 0. 7 0. 7 352 f,6 

28 7:>8. 7 o. 4 0. 4 2.% 3.54 

28 761.8 0.1 0.4 217 20 

96 . 762.. 6 6. 3 1. 0 20 275 ' 

lllf 728. 2 ; 1. 2 . 0. 3 ' 2l0 230 

118 761. 8 3. () ' l. 1 188 177 

132 756. 4 ' 2. 7 ' 0. 8 18 96 

192 721. 3 1. 3 : o. 9 211 330 

192 ' 7'l4. 6 : 1. 3 ' 0. 3 ' 111 ' 33;; 

tlnolnding the previo1H two years. ll. ,.;, S. 28. 

·rno. :J 2. ~~ 

737. 0 ... ·i 
76;). 6 0. 1 

762.tl 

75!1.3 

769.7 0.7 

7.W.3 

763. 4 2. 4 

760. ;") 

7Gl.8 

761. 7 1.] 

758. !l 

761. 8 

762. 7 0. 7 

75tl.5 

756. :i 

763.1 

759. l 

760. 2 

760. 5 

764. l 

763. j 

7ti3. 5 0. 6 

76;3. 7 0. 6 • 

762. 6 0. 4 

763. l 
i.58. 3 2. 3 : 

762. fl 

759. fi 0. 6 

76~. 2 2. 7 

'7GL 0 ••..•. -·: 

762. 7 0. G 

763. 2 0. 1 

75ti. 0 0. 2 

'755. 7 0. 7 

i6l.!l 0. 5 

7Gl.:J 0. 1 

76t. .. 

765.1 

761..5 0. 7 

763.9 

7;,7, '2. 

7:>8. 1 0. 5 

7J5. 1 1. 0 
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Place. 

(~hn-r ___ ·-- ·---. ·-· ___ . 

Eger ••..••..•..••...... 
St. Louis ••..•.••...... 
Port lllair .......•...... 

Ha.nan .. - ... - ... - - ..... -
1 

Toronto .•..••..•... "- .... : 
SnpericirCity ...•...... i 

Marquette ..•..••..•... i 
Detroit .••.••........... i 

Charlotte •.........••.. 
San J 08€ de Costa JUca .. 

Spitz bergen.--· ___ . --- --! 
Sabine Island ..••..••... ! 
St. Martins de Ilinx ... 

Hexico ·------·--··-----: 
Porto ................. . 
Gnerdo ............... . 
Campo Major ..•...•... -! 

La.gro ..•...• ··-···-··--! 
Angra .••..••..•..... --j 
P. Del,::ado .....••..•..... 
l'mu·hal ... _ ...••.. _ ... 

Hokitika ••••..••...... 
Cbriot Church .••.....•. 
Corfu ..••..•...... 
Nicolajesk .....•. 

r 

I 
I 
I 

Atlantic Ocean ••..••.. ~ 

I 
I 
I 

I 
I A.tlantie Ocean .•.•.. · 1 

REPORT OF THE SUPERINTENDENT OF 

TABLE VII-Continued. 

i:i 

·t ~:i~;:~z: 
Reduced to:~[ 

leveland grav · I 
ity of the par. ! 
allel of 450_ ~ ~ : :llete01olo_gie. i Bu- B 1• 

1

. B,,. 
"d ~ -.E "C 0 ----I I 
"&; ~ w 
" - ~,ll.J_s. , 
~ =1 -------~--1 ~- --i-i-1'--

m. 
fi()3 

455 

' I i m1n. i mm. ! mm. 1 ° ' 0 • mm. 
46 51 

50 5 

16 

9 31 

- 18 31 

15 

11 

11 41 

5() 8 

43 39 

45 40 

46 36 

42 21 

~2 42 18. 6 

1 

7 

6 

43 

9 56 

79 53 

74 32 

43 47 

19 25 

41 8 

40 32 

39 

37 

8 55 ' l(f..? 

-79 23' 104 

- 92 197 

-87 361 207 

- 83 

- 84 

16 

37 

1ee> 
87 

114.) 

12 
0'1 

401 

2278 
es 

lh ' 1039 

5 ' 288 
25 ' 12 

38 36 - 27 l::i I 54 

20 

25 

37 40 

32 38 

42 42 

43 32 

39 38 

63 

48 

-25 55' 

- 16 55 I 

172 39 : 

170 59 

19 53 I 

140 43 

0 

0 

0 
0 

31 

10 

10 

10 

10 

8 

10 

2 
!) 

g 

9 
7 

8 

7 

8 

9.5 

11. 5 I 

I 
ill 
I 
' 11 

(•••••• 
, ....... . 

I 

43 

38 

33 
28 

23 
18 

13 

0 '········-·. 1 

0 :::::: :::: :~ I 
0 ::::::: ::: :: 1, 

0 I•••••~•••••·' 

0 : ....••..... ' .. J 

{) i. .... ······ 

I --·
::j I·----·· 
1 I ~. :::::. 
£ i ...... 1 

ii 
-13 

- 18 

-23 
- 28 

-33 
-38 
- 4;1 

l ... ·-· ·--· ... r 
0 ••..••.••... : 

0 '····-· ··-··· 
0 i ...... ··--·. I 
0 : .•...••.•••. I 
0 ! ···--· ·--· .. 

' 

::::::: ::::: I 
0 .•.. ·-· ..... J 

10 to 8 N. 2C> to 30 W. 

8 to 6 N. 20 to 20 W. 
6fo4 N. 

1 
2() to30W. 

4 to 2 N.1· 20 to 30 W. 
2to0 . 20 to30W. 

I 

C'~ I 

i I 

0 

0 
0 

-0 

0 

I ..... . I: _____ _ 
l.·-

1······ 

1······ 
1··--·· 

!~I :~i ~:::: ~:~I ~:~ii ~;! ~ ~=:~ 
10 I 3>!1 759.3 2.4 

1 
o.7 60 357 758.o 

1 
..•.... 

11 i 28 756. 7 2. 0 ! 0. 3 i 11 12~ 756. 6 i ..... -. 
11 j 29' 75-4. 1 I 1. () i 0. 8 I 26'2 9 763. 7 i. -. 
11 32: 752. 3 ! o. s : o. 4 I 311 117 761. 5 

1

. _ ..• _. 

u 58 744. 3 o. B o. 5 I o 100 762. 6 , • _. 

11 58, 743.4 i 0.4 0.51 288 156 762.7 i·-······' 
11 58 1•6.1 1 1. 2 o. 6 I 30{i 103 71'2. 4 1 •••••••• • 

11 ss 7:H. 4 o. 9 o. 4 I 328 : 126 762. 4 

11 107 668. 9 O. 1 0. I 

1

. 90 101 760. 5 0. 3 

11 123 758. 2 3. 3 2. 3 185 ' 262 7111. 2 

11 123 758. 9 2. 2 1. 5 74 130 760. 6 

11 125· 76-0.3 0.3 0.7 270: 43 763.8 

11 185 : 787. 0 0. 3 o. 6 285 67 760. 5 

11 202 ! 7M. 7 O. 4 1. l 317 16 762. 0 

11 2C>2 675. 3 1. 3 1. 1 219 ; 20 763. 5 

11 202 737. 7 0. 8 1. 0 , 345 : 10 762. 6 i 0. 9 ! 

11 2C>~ 762.5 1.1 0.9 I 7' 12 763.0 ; .••..•• 

11 

11 

11 

11 

11 

11 

11 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

IO ' 
10 : 

10 
10 

10 
10 

10 

11 I 
11 : 
11 

11 1· 

11 ' 

202' 761.0 

202: 764. 5 
202 763. 0 

760.3 

759.1 

761.6 

756. 7 

760.6 

762. 3 

763.8 

76.'.i.1 
765.2 

764.2 

762. 6 

761. 3 

760. 4 

760.2 

760.3 
760.6 
761.4 
762. 5 

763. 6 

764. a 

764.3 

763.4 

7611. 2 
757.5 

761.2 

700.8 

760.6 

.760.9 

700.9 

o. 7 

1:6 

0. 2 

1. 2 

2. 0 

1. 0 
2. 8 

1. 4 

1. 6 

2. 0 

l. 4 
1. () 

0.1 

0.2 ,
1 

o. 7 

~:: I 

1. 4 

1. 4 

1. 4 
1. 7 

1. 9 
1. 9 

2.1 
I. f 

0.5 

1.1 

1. 0 

0. 6 
0. B 

1.' 
1. 6 

I. 8 

0. 9 

1. 0 

I. 4 
1.1 

0. 3 
1. f 

1. 5 

1. 5 

I.~ 

I. 3 
1. 6 

1.9 

0. 3 

0.3 

0. 3 

0. 3 

o. 5 

0.3 

0. 3 
(). 8 

0.8 

0.8 
0. 3 

0. 2 

0. 2 

o. 9 

o. 5 

0.1 

0.2 

0. 5 

0.7 

121 ' 
209 

3'.l 
61 

115 

239 

2ll 

l!lfl 

191 

176 

167 

125 
\3() 

79 

87 

183 

218 

223 

225 

230 
~1 

221 

213 

214 

236 

238 
263 
162 

170 I 
212 

!ll!J I 
219 I 

70 

38 

20 

160 

174 

235 

150 

0 

5'2 

39 

36 

40 

30 

351 

~ 

64 

66 

71 

59 
~ 

358 
16 

43 

236 

UIS 

l!JS 

172 

2 
4l 

90 

50 
52 

711:!.4: 0.1, 

765.81 .•...•.. ; 

764. 4 1·····-·. 
760. l ! ..... ·-· .! 
759.0 i···· ... 
761.2 i····-- .. 1 

757.2 I·-··--·-: 
761.() i ·-- ·--· ·i 
762.4 l·-··--··1 
763.u j ...•••.. 

764.6 [ .••••••. ! 
'764.4 1--------i 

' I 763.0 1---···-·: 
761.31' ····-···11. 
759. 7 ·-··-··· 

758. 7 ·····-· .1 
758.51·-····· l 
758.6 ·-··--··1 
~:~ ::::::::1 
1si.o ....... I 
762. 2 I 
763.2 

703.5 

762.ll 
762.0 

757.6 
'7:l9. 3 

7:18.9 

758.6 

758.9 

758.11 

........ 1 

--··--· ·-···-··1 
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; Reduced to sea
le'"°eland gra,. 
i ty of the par. 
aUel of 450. 

~ 'I ~ I ~ I ~ B. s. I 
--------------- ____ , ______ ! __ -- --- ---;----~:---------

/ 
0 

' m 1' m1n mm. j m·m. , 

r11 =~ ~ ~tt::::I ~ 1:::::·.1, : ~: ·7·6643-.·~ 221 •..•. 

'Jn,Jn. 

763. 4 ' 

m1n. 

I 
- 2.71·---··: 

I - 35 O I3to35E. i I' 9 255 761.8 · 2. OJ······ I - 37 0 I:J to 35 E. ' 0 . . . . . . 9 255 761. 0 ; 1. 4 I -· ... ' 2.55 760. 5 

A~;:,i;: ;~;./~~~- -~~ ) I - 39 0 i 13 to 35 E. : 0 . . . • . 9 255 76L 4 0. 8 . :!49 , . . • • . 7GI. 0 

247 .•••• '1 762. 5 

242 .•.• - • ! 761. 1 : 

11=:: *=~~i: 1:1" :: :; ~:i:::i::;~:' 
----------~~~- 3~ I ~:~E:~-- -~j~::::1 :~~ ~~:; i 1

"
7 1 __ ~ :~ '~~:::: ~~:~~----

* Deduced from the a.vera.ge of about 1,000 observations each. 

26. Tht> results in the following table are deduced from the monthly means contained in 
Buchan's paper on the Mean Pressure of the Atmosphere and the Prevailing Winds on the Globe,• 
for places not contained in the preceding tables. 

TABLE VIII. 

l'la.ce. 

54 21 - 6 49 / Armllgh, Ireland ... - ...•••••.•.. ······-· 
i Belfa,.t, Ireland ...••................... 

I Cork, Irel£>nd .••..•••••••...•.. ···-···-····I 

5436-556 

51 53 - 8 2tl 
I ' 
i .A.berdeen,Seotlaud ·--······················i 57 9 - 2 

, Glaagow,Seotland ·-·--- -···-··-·-···-··--· 
: .Milne-Gra.den, Scotland ..•..••.. - ..... _ .. _ •. ; 

55 3 - 4 18 

0 - 2 12 

: Liverpool, England - ·----· ----·· ------ ...•.. f 

: Norwich,Englo.nd ·····-·····-··········-··-! 
. Helston, England ..••.•• ········-·-- .. -· ..•. ! 

;>3 25 

52 38 

50 

: Geneva, Swits<1rland ····-· ···-····-·· ····-·' 4j; 12 

i Turin,Italy .. - .• -············-············-·' 45 4 
j Rome, Italy. -·-·····-···--·-···-·····-··-··! 41 54 

i ~:::2~!~~::::~:::::::::::~:::::::::::1 
3.5 54 

44 30 

50 4 

48 3 Kremsmiinster, Austria •.•.•••. ··-·· ..••..• ·! 
Szegedin, Anatria ..•..•• ···--· ..••••....... .I ~ 15 
Tesina,.A.W!tria .... - ..•••••.••..•••.••..••. j 43 11 

Mnnich,Ba.varla ····-·······················I 48 9 
Kiinigsberg,Pruaaia. -·······--············-·I 54 43 
Da.ntzlo, Prn.asia .•••.......•••••••••.....•.. i 54 21 

~=~u~=;~-~~::~:·.~·.:::~~::::::::::::::I : : 
.Takntak,Rnssia ..••.• ··········--·-········! 62 2 
Bogolovsk. Rnaaia ..•.•• ··-· ••.....•.. ·-· ... ! 
A.y.,,sk, Rul8ia .•...•. ··-- .. •••••• •••• ••• • ··) 

. Peterpatlillha~n. Rnaaia .•••••..•••••.••... ·I 
I I 

59 45 

56 27 

53 10 

- 2 59 

1~ 

- 5 16 
9 

41 

12 \!8 

14 31 

11 2l 

l!I 55 

14 6 
20 6 

16 25 

11 34 

00 29 

18 41 

19 55 

83 57 

129 14 

60 2 

138 26 

156 a2 

'"'· 
64 

0 

34 

55 

31 

0 

0 

32 

407 

279 
0 

0 

74 

216 

283 

84 

19: 
511 

22 

9 

0 

12-2 

87 

181 

(i) 

(!) i 

11 

11 

11 

II 
11 

11 
11 

11 

20 

25 

15 

6 

40 

19 

19 

12 

9 

10 

10 

32 

fi 

19 

If 

mm. 
7j2. 7 

759.0 

759.5 

754.9 

752.6 

755~ 9 
75Y.2 

760.5 

159.0 

726.4 

739.1 

761. 7 

762.5 

75.'i. 1 

742.5 
728.0 

75(.0 

7::;9_ 1 

716.0 

mm. 

1.4 

1.3 

1. 4 

1. H 

1. 5 

1. 6 

l.2 

0. ti 

0.6 

1.1 

1. 7 

0. 2 

0. 3 

0. 6 

1. 3 

I.I 

2.0 

0.5 

1.2 
758.5' 0.1 

760. 3 o. 4 

761. 8 

749.3 

7"3.8 

1.2 

8. 1 

7. 2 

mm. 0 

0. 9 ' 191 

1.0 

t.O 

l. 4 

1. 3 

t.:l 

174 

190 

170 

179 

173 

t.:l. 17~ 

1. 5 198 

0. 7 

I. 1 
0. 6 

I.~ 

0. 2 

0. 6 

0. 6 

0.9 

0.2 

0. ~ 

1. 1 

1. 0 

0.2 

163 

273 

214 

:JOI 

276 

350 

29-0 

285 

324 

254 

45 

,---

0 

312 

315 

347 i 

216 i 

29? : 

:f'26 

3'..?1 

49 

36 

mm. 

75fl, 1 0. 21' 
759. 6 : ··•··· 

760. 7 I 
~:~: ~ ··~: ~ 
759. 4 r 
759. 7 

761. 0 

762. 2 

56 : 764. 0 

I. 4 

l.O 

7Ul. [) 

76l. 9 

7Gl.P 

762. J 

2() : 762. 4 

312 i 761.? 

···-··1 
0. 3 

0. 8 

1.2 

0. 3 

0 1 760.6 I 

21: I ~:~:~ ,.:~:~:1 
148 i 761. 7 

0. 4 331 217 l 761. 5 

1. 5 

0.3 

15 18:~ ! 761. 2 

o· n1ol 11l3.3 

741. 4 

756.3 . 
3. 2 : 1. 0 

2.0' 2.0 

1 

33' ~=~ 1. -~~~: ~. 

0. 8 

0.9 

1. 2 

753.8 3. 2 176' 
I 

561 ..... 0. 4 

• Trannotlons of the Royal Soeiety of Edinburgh, vol. xxv. 



 

396 

Place. 

REPORT OF THE SUPERINTENDENT OF 

TABLE VIII-Continuell. . ·---· ----- -~ ----1 
i::' 

.$ I E 
,; 

"' 

~ 
"" 0 

'S 

h-

~ 
1-~~~~~~~~~~~~--~~~--H~-i 

~ 5 
~ ! ~ 

1n.11--:~i mm. ·-:----1-. -!-
ll,. 

Irkuts.k,ltussia ----------- -·-------·------
Udekoi, Russia ........... ___ ........•..... 

Nerchiusk, Russia ........•... -- .... - . - .•. 

Pekiu, China .................•.....•.. ---··
Canton. China ...........................•... ! 

Shanghai, China . •• . • • . • • • • . • •.••....••.... 
Tien-Tain, China ____ .... __ ........ __ ..•.... [ 

Hong-Kong, China ...........••..•.•........ : 
Macao, Pelew Islands ...............•..••..• 1 

Hakodadi. J,.pan ........................... ., 
!iooltan, Ilindosta.n ....................... . 
Ilombay, Ilindostan .•..•......•...••........ 
Madras, Hindostan ........................ __ ' 
Colombo, Hindostan ..•.•.•...•........•... __ : 
Trhrandrun, Hindosta11 ....•........•........ ! 

52 17 

54 30 

51 w 
39 54 

2:l 12 

30 4 

39 9 
22 16 

22 15 
41 48 

31 11 

18 54 

13 4 

6 56 

31 

122 11 

134 28 

119 36 

116 26 

113 17 

85 33 

117 16 

114 10 

113 36 

140 47 

71 33 

72 48 

8<J 19 

79 50 

77 
Upernavik, Greenland ______ . ___ .__________ 72 48 1- 55 53 

Jacobsha.Yen, Greenland ..•................. : 69 12 i- 51 0 
Godtba.ab,Greenlancl....................... 64 10 - 51 53 
Baffin'sBa.s (Arctic)....................... 72 30 ! 

Van Rensselaer (.A.retie)·················-·" 
l'ort Foulke (Arctic) ...•.....•••.....•...... ' 

I 
Port Kennedy (Arctic) .....•............•... ' 
Bootbia Felix: (Arctic) ..............•..•.... 1 

Mellvillc Island (d.rctic) ................... . 
Port Bowen (.A.retie) ...•...•..••.......... 
Sitka, Alaska·----- ...................... . 

Eaquimaux Harbor .... ----··-·--·- ....... . 
Astoria, Oregon .......••...•..••.••••...•.. 
Saint John's1 Yewfonndland ...•.........•... ! 
Halifax, Nova Scotia .•••..•...••....•••.... 

Do .••..••.••.•••••..••...•..•......... : 
Albion Mines, Nova Scotia .......•••••.••... ' 
Queboo, Canada. .••...•••..••..••.•.•.....•.• , 
Kingston, Canada .••••••....••..•........•.. ! 
Hamilton, Canada ......•...........•.•...... 
Gardiner, Me ...•....•••..•.......••••...... : 
Swnben, Me •••..•••••.•..••..••••..••...•.• i 

..imherst, Mass .•••.. ------------- ......... ··! 

New n..dford, Mass •••••..••••••..•..•...... i 

78 37 1- 73 0 

78 18 1- 73 0 

72 l i- 94 0 

70 3 !- 95 0 

75 4() -112 3 

73 13 ;_ 88 54 

5G 50 '-135 0 

48 25 !-1113 27 
46 8 !_1113 48 

47 :c1s ,_ 52 43 

44 39 - 63 37 

4439-6337 
45 34 :_ 62 42 

46 48 ,_ 71 12 

44 14 :- 76 31 

43 15 ·- 79 57 

44 11 '.- 69 46 

44 28 1- 67 50 
4~ ~2 ,_ 72 34 

41 39 :- 70 56 
Nantucket, Masa .••.••....••..••.•.••...••.• i 41 16 ;_ 70 6 
Burlingt-On, Vt .•••.•..••.•.•..••.•••.•..•••. 1' 44 

:"..:~8~:;"'~~. :~:::::::: :::: ::::::::::::~::i :: 
Washini:ton, D. C .•••••...••.• ,. .......••••. 1 38 

Savanuah:Ga. ••••...••••..•...••.•....•••••• I 32 
Jacksonville, Fla............................ 30 

~;!::::: ~~=n-~~~ :~::::::~:~:~ ~~:~~~~ ~~: ::j = 
Cincinnati, Ohio __ ·----- ___ .... _ ... ·----- __ .. j 39 

New Harmony, Ind ·························1 38 
Dnbnque, Iowa .• • . . . •• • . . •• . . •• •• •• • • • •• • . 42 
Na88Au, W&atlndies .......•.•.•.••.••..•.•. i 25 

UpParkCamp,Jamaiea .•••.••••••.••.••••• I 18 
Georgetown, :British Guiana . ••. . ... •. •••• •• 6 

Cayenne, 1''renol1Guiana .•••........•...•.•• ~ 4 
Rio de Janeiro, :Brazil .•..•••••..........•.. - 22 
Monte Video, Uruguay...................... 34 

Saint Hel&na •••.••.•.••••••• ················1- 15 

29 :_ 73 11 

8 - 77 51 
16 :_ 76 50 

36 !- 76 58 

51- 81 
30 1- 82 

7 

0 

20 i- 88 ~ 
28 I- 87 13 

6 r_ 84 28 

8 1- 87 50 

52 30 !- 90 
4 1- 77 22 

~I=~:~ 
56 1- 55 311 

57 f-i_ 43 7 
54 i)8 33 

55-542 

mm. 
382 15 724. 2 7. 7 1. 4 14 760. 1 2. 9 1

0951' mm. i mni. 

(1) I 1 754. 1 5. g 
650 18 705. l 5. 0 

(1) 14 759. 2 9. 7 

308 
120 I 165.6, 5.4 

204 I 

0. c !!7 

1. 5 

l. 0 4 

<'> 1 lo 759.3 7.o 1.1 14 a30 I ., .... . 
206 I 161J. 7 i ..... . o I 2 761. 1 1. 2 

1
9
1 

,,I 761. 6 7. o 
0. 5 6 

111 I 762. a '----·· 
2~91 76().2 i·----· 
170 

3. 5 45 
760. 6 0.1 0. g 15 

<'> I 763.2 5.3 0.3 8 

194 75~. 3 i .... . 46 i 4{\, 155.4 2.3 2. 4 13 
137 ! 6 745. 7 8. 3 0. 8 3 213 I 75tl. 7 I ..... . 

11 I 14 ; 757. 1 

8' 27 758.4 

o! s 758.7 

40 i Bt 754.1 

i 5 
3 i 9~ 
5; 

0 ' 
0 

2 

0 
() 

2 

2 

752. 8 

755. 6 

756.5 

755.6 

756. 3 

757. 5 

760. 4 

760. 5 

758.4 

759.1 0 
6 

0 

17 754. 7 

(?) 

0 

0 

0 
() 

0 

0 

1 ' 763.3 

2! I 762. 7 
6 759. 6 

760.0 

2 756. 3 

10 754. 7 

3! : 761. 5 

4! 761. 3 
99 1l 

28 5 

15 6 

81 6 

28 6 

9 6 
106 5 

158 4 
8:> 6 

22 11 

13 : 6 

4 ! 6 

70 ! 4 
140: 6 

15.5 i 

98 '. 

201 I 

4 

6 

6 

' ' 6 
0 : 6 

a I 11 

21 6 

6!I I 6 

s I 10 

121 5 

753.5 
757. 0 
759. 6 

755.1 

;s9. 5 
7fil. 6 
751. g 

746. 7 

755. 5 

761. 7 

763. 3 

764. 6 
757.9 

751.0 

749. 0 

753. 5 

744. 7 

763. 7 

761. 7 

760. 4 

760. 0 

757. 9 
760. 4 
764.3 

3.5 

3. 9 

0. 9 

1.1 

0. 4 5 

o. 4 10 
194j 756.51·····-
69' 757.3 i·--··· 
69 i 756. B ~ 0. 3 352 

0. 4 349 62' 755.7 ; .•.••. 

I. 5 0. 8 , 160 234 

2. 2 1. 3 ' 159 213 

2. G 1. 8 i 174 224 

3.7 3.0 146 215 

1.9 1.2 

1.8 3.5 

3.9 2. 6 

90 251 

47 267 

72 213 
1.7 1.7 1-08 257 

2. 7 1. 8 ' 75 281 '. 

2.8 3.1 73' 235' 
3. 9 0. 6 ' 188 ', 36 : 

o. 2 o. 8 : 124 : 83 : 

o. 9 o. 2 147 ' 114 

2. 5 0. 9 217 301 
2.2 1.2, 214 323 

1. e o. 3 i mo 239 

0. g o. 2 234 148 

l.0 0.6 354 94 

0. 7 0. 4 353 105 
1. 2 0. 3 : 24!1 9 

1.2 0.5 i 290 350 
1.1 0.7; 265 19 
1.6 0.3 355 53 

1.1 0. 7 277 51 

1.0 0.6 289 40 

1.1 0.6 261 20 

0.9 0. 6 354 51 

1. 6 0. 5 314 62 

1.5 0.5 339 51 

1.~ 0.6 345 38 
1.6 0. 8 359 29 

2. 0 o. 6 347 30 i 
1.5 0,8 i :139 55 f 
1.8 0.5 i 345 57 i 
1.6 0.7 i 316 68 i 
1.3 o.s 1 325 10 I 
0.9 l.31 56 201 
O.B 0. 8 \ Jit1 60 I 
0.6 0.6 w 76 i, 

0.7 0.4 189 00 ! 
3.0 0.511 

186 49 i 

--~--~-. -~~~-... '.~. --~~~.; 

754.9 !. ...... 
757. 4 j·····-
758. 2 : ...••. 
757. 3 ! •••••• 

758.1 i. -· ... 
75~. 5 : .••••. 

762.0 ' .•..•• 

76~.1 : .•.••. 

760. 2 f ·----· 

760. 7 i--·--· 
756. 1 : ····--
763. 6 ! •••••• 
762.8 '·····-

759.8 !······ 
761J.2 '·-···· 
760.2 I ..... . 
758.4 i ..•.•. 

761.6 i ..... . 
761.2 ! •••••• 
762.4; 0.4 

759.8: 0.1 

761 0 : ••.••• 
762. 3 i o.a 
761.9 : •••••• 
762.1 i ..... . 
761. 6 i 0. 6 
761.1 1.1 

762. 9 0.5 
761. 7 

762.5 

'164. 0 

763.5 l' 0.2 
76!.1 0.4 
762. 5 0.8 

761.81 0.5 
763.l 1.1 
'7d2. 8 .••••• 

760.1 
7:18.8 

'158. 2 
76i.5 

~~:~r:::: 
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27. The results of tbe following table ltave been deduced from the monthly means of baromt1tric 
pressure given in the reports of the Chief Sigual Officer of the United States for the years 1872-'76 
inclusive. The meam; as given in the reports are reduced to sea-le\·el, but the rei'lults here given 
are also reduced to the gravity of the parallel of 450. 

TABLE IX. 

Place. I Latitude. I Longitude:! Altitude. 
, __________ ----·----1---------- --· __ , - ----

.A.ugnota, Ga ..•••••..•.•.. i 
Ralt.imore, Md ............ 11 

Boston, MaBS •.. _ -- •.... -
Breckenridge, Minn ....•.. ! 
Buffalo, N. Y ..........•••. i 
Burlington, Vt .••.•••..•.. : 

Cairo, Ill ..•••. ·--·-····-·.~ 
CapeMay,N.J ........... ' 
Charleeton, S. C ........• - . · 
Chicago, Ill .................... ! 
Cincinnati, Ohio ............ : 
Cleveland, Ohio _ .••....•.. ' 
Da"V"enport; Iowa, •..••••.. 

I Detroit,Mich ............. 1 

1 Duluth, Minn ................. j 

Escanaba. Mich ..••..•••.. 
Fort St. Michael's, .Ala.ska 

(2 years' observations) .. 
1 

Galveston, 'l'ex: ..... _ .... - . 

Grand Haven, Mich ...••.. j 
Indiana.polis, Ind ...... __ 

, Jacksonville, Fla. 

I 
Keokuk, Iowa ..•.•....... 

Key Weat, Fla .••••....•. 
Knoxville, Tenn ......... -
Lake City, Fla. (3 years' 

observations) _ .. 
Leavenworth, Kans ...... . 

LoniMville.K.v ·--·-···---, 
Lynchb11rg, Va. ..••.•• _ •.. i 
Marquette,Mioh ....... . 

Memphis, Tenn .......... - . 
1
\' 

Milwaukee, Wis----··--·. 
Mobile, .Ala ............... 1 

NashTille, Tt:nn ..•.... --- . , 

New London, Conn l 

NewOrJeans, La ··-····---i, 
New York, N. Y .••••• ····i 
Norfolk, Va. ....•. ------···\ 
om,.ha, Nebr .......... ····f 
Oewego,N.Y ....... --···'I 
Philadelphia, Pa .••.••.••. 
Pittsburgh, Pa ........ _. --1 
Portland, :Me ..••••...•••. i 
Portland, Oreg .........•.. , 

Po.nta Ila811R, Fla ........ .II 
Roebeoter,N. Y .......... . 

San Diego, Cal··-···-·····! 
San Francisco, Cal .... __ ~ .

1 
SaTannah, Ga. .................. . 
Shreveport, La. . • • . . . . . . • j 
Saint Louis, Mo .••••••••. 

1 
Saint Paul, Minn .....••••. 

St. Paul'• lal.and, Alaska ' 
(4 years' observations> 

Toledo, Ohio ............. . 
Vicl!eburg, Miss .•••••.••. 

Waobington, D. c ......... . 
Wibnington, N. C ... -. _ .. . 

33 28 

39 18 

43 20 

46 16 

42 53 

44 29 

37 0 

39 0 

32 45 

41 52 

39 

41 30 

41 30 

42 18 

46 48 

46 36 

63 28 

~ 19 

43 5 

39 42 

30 l:i 

40 18 

f<4 36 
35 5(i 

30 6 

39 21 

38 0 

37 18 

41' 33 

35 

43 3 

30 42 

.i6 10 

41 22 
29 57 

40 t2 

36 51 

41 26 

43 28 

39 57 

40 32 

43 40 
45 30 

27 () 

43 

32 44 

37 48 

3jl 5 

32 3() 

38 37 
44 53 

57 3 

40 39 

32 ll4 

3t! 53 

34 11 

1 Feet. 
-81 53 172 

76 35 45 

7l 3 Hz 

96 38 966 

78 55 666 

TJ 11 241 

89 367 

74 58 14 

79 57 61 

87 35 668 

H4 30 596 

81 36 68r' 

90 36 603 

83 0 644 

9~ 6 643 

87 619 

161 45 

94 46 

86 13 

86 6 

B2 0 I 

91 30 

81 48 : 

83 58 

B-2 42 

94 44 

85 25 

85 54 

87 23 

88 

87 57 

87 59 

86 49 

72 9 

!lO 

74 

76 rn 
96 0 

76 35 

75 12 

80 2 

70 H 

12'.! 27 

tj2 18 

77 51 

117 6 
122 26 

81 8 

93 45 

90 16 

93 5 

170 0 

83 32 

91 0 

17 1 

-78 10 

0 
3!1 

616 

74"7 

Bl3 

496 

651 

666 

299 

672 

39 

504 

38 

56 

166 

56 

1055 

299 

47 

791 

584 

90 

17 

584 

62 

60 

71 

229 

557 

794 

0 

531 
211(] 

106 

74 

mm. mm. m.m . 
763. 6 

763. 2 

761. 8 

1. !l : o. 8 

1. e . o. ~ 
0. 9 0. 4 

350 ! 20 

346 i 33 

308 44 

762.1 :l.9 O.A 5 93 

761. 1 1. 2 0. 3 351 1211 

761.5 1.6 0.3 329 58 

763. 3 2. 6 0. 3 346 29 ' 
763.0' 1.5 0.4 344 24 

763.5 1.6 0.8 353 : 20 
761. 9 2. 0 o. 5 354 i 6; 

763. 1 2. 4 0. 4 346 I 38 : 

761." I. 5 0. 3 358 B-2 

762.4 2.8 0.6 352 f>5: 

761. 5 1. 7 0. 5 35~ ! 94 

761. 5 2. 3 o. 4 10 134 ' 

761. 3 1. 4 0. G , l : 104 

759. 8 

762. :1 
2.1 1.5 34 TO 

1.9 0.8 353 I 

761. 4 1. 6 0. 3 35{) I 90 
762. 2 2.3 0.3 346 5~ 

763. 5 

761. 4 

76'.l.3 

763.2 

1. 6 0. ~) 2 11 

2.8 0. 4 353 68 

1.1 1.0 35' 25 

2.3 0.6 34i' 12 

762. 9 l. 4 

761. 5 3. 6 
76'.l.5 2.4 

763. 3 2.1 

761. 3 1. 5 ' 
763. 5 I 2.6 

762.0' 1.6 
i 

763. 6 1. 9 

763. 4 2. 6 

762.5' 1.0 

76'.l.9 ! 1.8 

762. 7 ' 1.3 

763.2' 1.4 

76'l. 6 3.6 

761. 7 0. 9 

763.2 ! 1.6 

76'.l.O 2.2 

761. 2 0. 4 

764. 4 0. 4 

71)3. 2 i l. l 

761. 2 I l.2 

761. 8 1.8 

76l!. 5 : 1. 6 

763. 6 . 1. 8 

7&.l.5 i 2.2 

762.5' 2.5 

761. 0 2. 7 

75.">. 91 
761. 7 l 
764. 1 I 

763. o I' 
763. 5 

' 

3.0 

1.9 

2. 4 

2.0 

1.6 

0. 9 35:! 

0.5 350 i 49 

0. 4 ' 348 : 46 

o. 5 ' 3H 12 

0.7' 27 95 
o. 5 ! 34F, 20 

0.4/ 3461 84 

0.8' 0 ' 5 
0.5 i 346 24 

0.3: 323 63 

0.7 1 3.58 ,5 

0. 4 33!1 49 

0. 4 330 ' 30, 
0. 5 356 6~ 

0. 5 ! 343 !14 

o. 3 344 =~-, 

0.7 ~7 

o. 4 297 

0. ti 45 

0. 8 24 

0. 4 340 

0. 4 37 

0. 2 3'2 

0. 8 356 

o. 5 359 

0. 5 348 

1.0 358 

1. 6 15,q 

0.3 346 

0.6 350 

0.3 355 

o. 7 353 

73 

36 

351 i 

340 

o[ 
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28. With the values of Bn in the preceding tables, Charts I and II have been constructed, show
ing the mean barometric pressure, reduced to the gravity of the parallel of 450, for the northern 
and southern hemispheres, by giving the pogitions of the isobars for each !:!mm, These isobars rep
resent the mean pressunis very accurately in Europe and the United States of America, the greater 
part of the North Atlantic, and many other plaees where the observations suffice to lay them down 
accurately; but throughout all the interior of Asia, Africa, and South America, and the greater 
part of the great oceans, where there are bat few observations, and these not reliable in many cases 
on account of the uncertainty of altitude above sea-level, and the lack of comparisons of the barom
eters used with any standard of comparison, of course the true positions of these lines are uncertain, 
but now here:. entirely conjectural, since we can derive mncb aid from theory and ana1ogy in laying 
down tbese Jines for tbose p:u·ts of the earth's surface for which we have few or no observations. 
As reliable observations multiply, and are obtained for those parts of the earth for which we have 
,yet no uhservations, of course the positions of the lines as laid down in these charts will be fourHl 
to be somewhat in error for all places for which we hM·e not yet sufficient observations to deter
mine them; but it is thought that the errors in general will be found to he small. 

The arrows on these and the following charts denote the prevailing directions of the wind 
'J'hese are given, not from ob1:1ervation, but from theoretical co11siderations of the relations betwee11 
the gradients and the directions and velocities of the winds, to be explained in a subsequent part 
of this work. The winds, as represented on these charts, are the resultants of all the winds for the 
whole year, which can now be laid down more accurately from a knowledge of the isobaric lines than 
from observations, which in most parts of the earth consist merely in the observation of the relative 
frequency of the winds from the different points of the compass. The prevailing direction of the 
wind, as obtained from such observations, may be very different from the resultant obtained b;r Lam
bert'"' formula from observations of the true velocities and directions of the wind through the year. 

29. With the values of B1 in the preceding tablPs, reduced to sea level by means of the values 
of J B1 where the monthly means of the observations were not given for sea-level, Oharts III and 
JV have been eoustructed, representing the coefficients of tbe annual inequality of barometric 
pressure over the whole globe. These coefficients are accurately represented by the charts for all 
portions of the eartl.J where the observations were sufficient for their determination; but, of course, 
there is tl1('1 same uncertainty with regard to them where few or no observations have been made 
which tl1ere is with regard to the mean pressures. 

vVhere the signs of these coefficients as given on the cha,rts are positive, the maximum of the 
barometric pressure occurs in the winter and the minimum in tbe summer. It is seen from the 
chart of the northern hemisphere that the.'le signs are mostly positive mi lan(l and negative on the 
ocPan, especially on the middle parallels of latitude. This arises from the higher temperature of 
the air in summer and lower temperature in winter ou laud than on tue ocean. The line of no 
annual inequality of barometric pressure passes over Norway and Sweden and a little east of Lon· 
dou, touching upon France aml Portugal, having its most southern point in the middle of the Atlan
tic, a little south of the parallel of 20°, and then, curving northward, p.i.sses over the eastern part 
of New England in America. 

On account of tlie great extent of contim•nt aud the great extremes of temperature in the inte
rior of Asia, this coefficient of the annual inequality amounts to about 1omm, or a range of20mm between 
\'finter and summer, while in America it amounts at the maximum to only about oue·third as much. 
This difference between .Asia and North America does not depend so muclt uvon the difference in 
the extremes of temperature of the two countries, which is inconsiderable, as upon the difference in 
the extent of the two continents. 

The lines on Charts III and IV represent the gradients which iu winter have to be added to 
the gradients given on Charts I and II to obtain the gradients for that sea.son, and these in summer 
al'e completely re'\ersed, and beoee the steeper these gradients the greater are the monsoon influ. 
ences in the different parts of the globe. These, it is seen, are very great in the southern part of Asia. 

In the sout.hern hemisphere, on ~ccount of the small extent of land and the small range of 
temperature between winter and summer, the coefficient of the annual inequality of barometric 
pressure is small and negative so far as we have observations to determine it, and nearly the same 
in all longitudes on the same parallel of latitude. Its being negative shows that the maximum 
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occurs in winter, that is, during the summer of the northern hemisphere. About tue parallel of 
55°, this coefficient seems to vanish, heyond which it probably becomes positi•'e, making the maxi
m nm of pressure in the summer as in the northern parts of the Atlantic and racific Oceans of the 
northern hemisphere. 

30. The values of c1 in the preceding tables are very various, depending upon the want of suffi
cient observations in many cases to eliminate the abnormal inequalities and bring out the true value, 
especially in such cases ai:; give a small value of the coefficient Bi. which is often less than the pos
sible error of observation, when the valne of e1 is of course inrleterminate, and may have any value 
whatever. Taking the average of all the values of •i in Table VI uelougiug to coefficients greater 
than 3.omru, we get e1 = 9°, which makes the maximum of barometric pressure iu Europe occur about 
the 9th of January, a little earlier than the minimum of temperature. This is perhaps the most 
probable Yalne of '1 for all stations in Europe, the variations from this value of <1 i11 the dilforent 
stations being merely possible errors of observation, though the.y may possillly dt>pernl in some 
measure upon local causes. To this value, the values of ~1 for other pJa.ces in Europe in the other 
tables seem also to point in cases in which the coefficient is sufficiently large for the values of e1 to 
be determined approximately from observation. 

Where stations have great altitude above sea-level, as in the case of Hohenpeisen hnrg in Table 
VII, the value of •1 is such as to make the maximum of the barometric pressure occur in summer 
inst<'ad of winter, in which case we can change e1 by180°, and consider the value of B 1 as negative. 
Appl_ying the correction then in the column headed by J B 1 to reduce this coefficient to sea-leYel, it 
becomes positive, aucl makes the maximum of pressure fall in tbe winter. In the case of Iliihen
peiscnburg, we get - I.9111m + 3,3wm = r.4mm for the coefficient of annual inequality, with the value 
of .-1 = 228° - 180° = 48°, making the maximum occur after the middle of February. In applying 
the reduction to sea-level, J Bi, it is supposed for convenience that the maximum of pressurn coin
cides with the minimum of temperature, which, we have seen, is not strictly correct, l>at the errnrs 
in these small reductions arising from tuis cause are generally very small. 

In all cases in which the values of .-1 are such as to throw the maximum of uaronwtric pressnre 
into the time of summer of the northern hemisphere, as in the northern parts of the Atlautic and 
Pacific Oceans and in the southern hemisphere generally, the values of B 1 as entered in the Uharts 
III and IV are considered negative, and in all such cases the values of .-1 must l>e dimi11isl1eil hy 
18007 or the negative sign of the coefficient on the chart changed to the positi\'e sign if used with 
the average value of e-1 given by the tables in such cases, which does not generally differ urnd1 from 
2000, throwing the maximum of barometric pressure in July. 

If we take the average of all the values of .-1 in Table IX, de1luced from the ousen·ations of the 
Sigual Service of the United States, giving them weights in proportion to the magnitudes of Bi, au<l 
exclndiug the stations on the Pacific coast, we get 001 = 353° for the stations uort,h of the 1mrnllel 
of 400 and 21 = 3510.1 for the stations south of that parallel; and hence we may pnt for the Uuite<l 
States, except the Pacific coast, e1 = 352°. ThiS makes the maximum of barometric pressure occur 
about the 23d of December, and about sixtet'U days earlier than in Europe, aud in both places con
siderably earlier tllan the tiwe of tbe minimuill of temperatnre. This is most probably caused uy 
tbe greater amount of aqueous vapor in the atmosphere in the spring than in the fall, which causes 
the mHximum of baromdrie pressure to be earlier. 

31. In addition to the minual inequality of barometric pressure, there is also a ''ery small semi
arrnual inequality, as may be seen from an inspection of the columns in the preceding tables beaded 
by B2 and e2• The values of.B2 as given are mostly of the order of the probable, or, at least, pos
sible, errors of tue results, as may be seen from the scattering values of' e,, and hence <lo 11ot indi
cate real terms; but if we examine all the larger values of ll2 , we find that tbe corresponding values 
of ezare such as to indicate real terms, and give a maximum of inequality in the middle of winter and 
summer, and a minimum in the spring and fall. The coefficient of this inequality seems to be gener
ally less thau I.Omm, but in some places, especially toward the north pole, it appears to be much greater. 

The average of these coefficients in Table IX, from the obsen·ations of the Signal Serdce of 
the United States, excluding the stations on the Pacific coast, give for the stations south of the par
allel of 350, B 2 = 1.02mm, and the corresponding average of the values of •2, giving each weight in 
proportion to the magnitude of the coefficient, is so, indicating ma.xhna about the 4th of January 
and July. In the same manner, we get for the stations between the parallels of 35° and 40°, 
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B 2 = o,53mm, and c2 = 190.6. For those stations north of the parallel of 400, we get B 2 = 0.4Smm 
and ez = 45°.4. The coefficient, therefore, seems to diminish in the United States with the increase 
of latitude, and the times of maxima to become later, being, in the northern part of the United 
States, about the 23d of January and July. 

32. lf we take from Charts I and II the mean barometric pressures for each fifth parallel of 
latitude and each tenth degree of longitude, and take the averages with regard to the different 
longitudes, we g·et the results contained in the first column, headed B0, in Table X, which are the 
mean pressures for the corresponding latitudes in the first column. It is seen that there is a mini
mum pressure about 6° north of the equator, a maximum in the northern hemisphere near the par
allel of 35°, and in the southern hemisphere near the parallel of 2so. There is also a minimum ;-it, 

tl1e parallel of 65° in the northern hemisphere, arising from t.be two great depressions of barometric 
pressure in the northern parts of the Atlantic and Pacific Oceans. 

From the differences of B 0, with the irregularitif's a little smoothed off, the gradients in the 
column beaded Gare obtained, which express, in millimeters, the differences of barometric pressure, 
correapouding to a distance of one degree of a circle having the mean radius of the earth, or 111111 
ml'ters. 

By taking the average~ of all the values of Bil taken from Charts III and IV, for each tenth 
degree of longitude, we get the icsnlts contained in the fourth column of Table X, from the diffl'r
ences of which, smoothed off a little, we g·et the corresponding gradients in the column headed b~' g. 
The8e latter result11, a(lded to those of the mean pressures, give the pressures and gradients for Jan· 
nary, ancl subtracted give those for July. From what we have seen in § 30, the maxima and minima 
for the average of all longitudes occnr about the first of these months, and before the maxima and 
minima of temperature. 
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With the values of G in this table, the ''alues of D,, P contained 'in Pquations (15), and in 
expressions deduced from them in tlwJollowiug chapter, are readily obtained. 

33. OIJan V shows, b,y isobaric lines, the mean pressure of the atmosphere in the 11orther11 hem
isphere for January, in millimeters, reduced to the gra,·ity of the parallel of 45°, anJ, lJy arrows, 
the prevailing directions, or rather the directions of all the resultants for the month. These latter 
are iuserted, as in the case of Charts I aud II, from theoretical considerations of the relation" 
between the winds and the isobars, and not from results deduced from actual:obser .... ations. 

Chart VI shows the same for the month of July. The epochs of maxima and minima on tile 
earth's surfa<;e generall_y, from what has been stated, are nearly the 1st of' January and July respect
ively, and not at the times of the least and greatest temperatures. 

On the first of these charts there are two areas of great barometrical depres8io11s over the 
northern parts of the great oceans, and two areas of high barometer over eacb:or the co11ti11e11ts, 
and consequently having the isobars mostly crowded closely together, with corresponding strong 
prevailing winds. On the la.st of' these charts, for July, in conse(1ueuce of the re .... ersal of the annual 
inequality, it is seen that these areas of low and higll barometers are very much smoothe(l off, :uHl 
consequently the isobars are mnch separated, with corresponding 8mall velocitieR of the pre .... ailing 
or resultant winds; for the winds in the same latitudes are very nearly inversely aR the distances 
hetween the ilmbars, as will be explained in the second part of this work. 

As tne barometric pressures given on the chart are the observe1l pressures reduced to thosl• of 
the gravity of the parallel of 45°, in comparing obserrnd pressures iu any rmrt of the wor!J with 
those giYen by the charts, the same red action must first be.111a1le. ~.,The pa.rt of gra\·ity llcpendi ug 
upou latitude is expressed hy the last term in the expression of g iu (13). Tbe effect upon the 
height or the mercurial column is im·ersely as that upon gravity, and hence the ol>serYe<l colunm 
is too low toward the poles and too high toward the equator. The correction, therefore, to Le 
applied to the observed height for the 1~ressure of o.rn•• is 0.76"' x 0.00284 cos 2 o. wbich cau Le 
used for all parts of the earth's surface without material error. This reduction is gi rnn for each 
fifth degn'e of latitude in the following-

T.AJJLE. 

---··---, ------~- '-------·-- ----- -

mm .. 11un. m11i. 

0 - 2.16 30 - 1.08 60 + l.Oti 

5 2.12 a5 0. 74 65 1.39 

IO 2.03 40 - o. 37 7() LG:. 

1:i 1. 87 45 o. 00 75 I. 87 

20 1.oG 50 + 0.37 eo 2.03 

25 - 1 39 55 + 0. 74 ~5 + 2. 1:.! 

II. Ex. 81--51 
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CHAPTER III. 
THE GENERA.L MOTIONS OF THE ATMOSPHERE. 

34. U mler the head of "The general motions of the atmosphere" are included all those motions 
which extend as a sy1;1tem oveL' the whole globe, and depend upon differences of temperature between 
the equatorial and tlte polar regions at all seasons, and hence they comprise not only the mean 
motions of the atmosphere, but likewise the changes in these motions depending upon the seasons; 
but they do not include those motions or disturbances depending upon permanent differences, for 
the time, of temperature in different longitudes, upon local disturbances of temperature or of den
sity from any cause, or upon tbe irrt>gnlarities of the earth's surface. The conditions to be satisfied 
in this case are tliose of equations ( 15), in which, since differences of temperature in longitude arc 
not considered, D,. log a' vanishes, and consequently the last term of the second equation. The 
complete solution of these equations is im11ossible, both on account of their complexity and the 
uncertain element of friction entering into them, the laws and the amount of which arc unknown. 
Many important results, however, may be deduced from their consideration and solution in special 
cases, from which. approximate results may be obtained lly neglecting the effects of friction, and the 
latter, with the aid of observation, may be shown in most cases to be very small. 

If tlie temperature and amount of aqueous vapor upon which a depends were the same over all 
parts of the earth's surface, D,. a1 and D. a1 in (15) would vanish, and it is readily seen that the con· 
ditions of (15) in this case are satisfied with D, u = 0 and D, v = O, and consequently with a state of 
re8t and of uniform pressure over the whole globe. And if the atmosphere were set in motion by 
any exterual impulse, this motion, in tl.Je case of friction, would lie speedily destroyed, and a state 
of rest ensue. There can be no winds, then, without a disturbance of the static equilibri1lm by means of 
a di:fference of temperat!tre or of aqueous vapor in different parts of the atnwi;phere. 

35. In the case of no friction, where a is independent of longitude, it is evi<lent that P' is like
wise independent of longitude, and the first member of the second of (15) must vanish, as well as 
the last two terms of the second member, and the equation is reduced to-

o= D,2 v + 2 cos 0 (n + D,w) D,u 

Since we hM'C 1l = t· D,o and v = r sin iJ D, rp, this equation may be expressed in the following form:-

2 sin o cos o (n + D,rp) D,o + sin2 D,2 rp = O 

'l'he integral of this equation is-
sin2 0 (n + D,rp) = c 

in which c is a coustant depending upon the initial east or we1:1t velocity, or value of D, rp, of the 
particle supposed to be not influenced in its motions by contiguous parts, as implied by putting 
I•',.= O in the original equation in (15). 

If we put 01 and v for the initial values of o aud D, rp, we have--

c = sin2 O' (n + v) 

\Ve shall therefore have, if w~ suppose the particles to have such an action upon each other as to 
retluce, iu time, tl1e motions of all the particles of the atmosphern upon the same parallel of lati· 
tude to the same, and that there is no resistance between the earth's surface and the atmosph~re,-

(37) . Jsin2 0(n+D,rp)= J.c=-f(n+v'}m 

in which ui is the ma8s of tlte atmm1phere, and-

v' = ! f sin2 ov mJ .. 
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If the initial state of the atmosphere is that of rest relative to the earth's surface, we have i·, and 
consequently v', = 0. 

The first member of (37) expresses in terms of the earth's radius the sum of all the ar<>as 
described in a unit of time hy a line drawn from the earth~s axis to each particle of the atmosphere, 
and this sum must al ways remai11 tb.e same since no mutual actions of the particles upoi1 f'ad.1 other 
cau clrnnge it, and the ''elocity of each particle at tb.e same distance from tb.e earth's axis, that i~, 
upon the same latitude, must always be the same after they have been brought to thii; state liy 
their mutual iLctions upon each other. We shall then have-

2 n (n + v') 
(38) (n + D, r) = 3 siu2 o 

Tlie first member or t!Jis equation represents the angular velocity of a particle of atmoi;pliere 
around the eartli's axis depending upon tlte velocity of the earth's rot.ation n and tlie angular 
velocit,y D, cp relative to the earth's surface, aIHl this 'relocity, it is seen, as the particle llloves 
toward or from the pole, must be inversely as sin2 o, and consequently inversely as tLe square of 
the dif;tauce from the axis of rotation, and this is independent of any law gov1m1iug the rnotiou 
Iowan] or from the pole, just as in tbe case of the planets, or the motions of an;r free body co11-
trolletl liy a central force, whatever may he the hiw of that force. :M:.ultiplying both rnemliers of 
(38) by r sin o, it becomes the expression of the linear velocity. 

From (38) we get, in the case of a state of initial rest relative to the earth's surface, iu whiel1 
case v' = 0,-

~ 
D,cp = (3 s;n2·0 - 1 )n 

(3!1) 
D,v = rsin o D,cp = rn ( 3 s~n 8 - sin o) 

The first of these expresses the angular and the second the linear velocity of eastward motion rela
tive to the earth's surface. 

If we put D, 9 = O, the first of (39) gives-_ 

(40) • sin o = ~ 
from which we get o = 540 44', corresponding to the parallel of 350 161

, where there is 110 east or 
west motion to the air. .All velocities between this parallel and the pole are positfre, and those 
between this parallel and the equator negative. 

If we substitute the preceding valne of D, 'I' in the first of (15), and neglect the etfoct upon P' 
of' a tiiffereuce of density, and of the inertia or the fluid represented by D,2 u, we get, since r D,, log 
P' is equal to Do log P', and F,, vanishes in the case of no frictiou,-

1 ' . ( 4- ) ;;_1D 9 log P' = r2 n2 sm o cos o 9 sin• 0 - 1 

By integration, regarding a' a.s constant, we get-

11 P' -"-2( 2 i·z)' -;;_; og = - .,- n 9 sinz u + ~ sm o + u 

in whicli, if we put P" for the value of P' at the equator, we have-

Hence,

(41). 

1 13 
C = -;;_, log P" + l8 r n2 

(
13 2 1 . 2 ) log P' = Jog P" + Ma' r2 n2 - - --.--.-- - sm O 18 9 sm2 o 2 

in which t!Je factor M, the modulus of common logarithms, must be used when these are used. 
In inelastic fluids we ha••e merely to sul>stitute P' = gh for log P' iu all the preceding equa

tions. Hence, in this case, we get from (41), by putting the first member equal O, a condition for 
determining the latitude where the pressure, and consequently h, the lleiglit of the tluid, n111ishi's, 
and hence a condition for determining the polar limit of the fluid. This limit depends upou the 
value of P", tlte pressllre or the height of the fluid a.t the equator, and the greater this is the higher 
the latitude, where h, the height of the flllid, becomes 0. 



 

404 REPORT OF THE SUPERINTENDENT OF 

With the value of r n (§ 14), and the value ot a'= a 0 given by (20), which is the value belong· 
ing to the temperature of 0°, we get Ma' r n2 = 1.1946. 'Vi th this value, and the special value of 
sin2 O =~in (40), belonging to the latitude where the pressure is a maximum, we get--

log P' = log P" + 0.0663(; 

If we suppose P", the pressure or value of P' at the equator, equal to 0.76"', we get for the 
maximum p1·essure near the parallel of 350_ 

log P' = 9.88081 + 0.06636 = 9.94717 

Hence, at this parallel, P' = 0.88545m, or o.12545m greater than at the equator. There is, therefore, 
in this case a great depression or diminution of the pressure at the equator, an accumulation hav· 
ing its maximum near the parallel of 35°, and almost a vacuum near the poles. 

With the value of r n in § 14, the second of (39) gives at the equator, where sin o = 1,-

D, v = - 154.76m 

for the velocity per second of the atmosphere at the equator in this case, or a westward Yelocity 
of about 557 kilometers per hour. Toward the poles, where sin o in the tlenomina tor of one of the 
terms iu the expression of D, v (.'l!.J) becomes small, the eastward velocity becomes very great. 

36. We know from obsernttion that in the case of nature in which there ii; friction, tlw value 
of D, \l', the angular \Telocity of the atmo11phere relative to the earth's surface, is \'ery small in com. 
parison with n, the angular YelociLy of rotation, and hence may be neglected in comparison with it. 
In tlie case, therefore, under consideration now, in which the first member of the sticond of (Hi) 
vanishes, and also the last term of the second member, we have very nearly-

(4~) 2 n cos o D,u = - (F,. + D,2t') 

The first member expresses the deflecting force depending upon the earth's rotation 011 its axis, 
and upon D, it, the velocity along the meridian, and it, is this force alone which ornrcomes the fric· 
tion and inertia of the air representell by the two terms in the second member. At tho equator, 
where cos o = o, we have-

D,2v = - F" or D,v = - F,,t 

As F, is negative, it tends to destroy all motion which the air might have at the equator, and hence 
there can be no east and west motion there in the case we are now consiuering, in which only dif
ferences of density between the equatorial and polar regions are considered. Since D, u in (42) 
becomes very small toward, and vanishes at, the poleB, we must for the same reason have a ealm 
about the poles. 

37. If the motions of tlie atmosphere were not resisted by the earth's surfacP, the ri•sults of the 
preceding section for the case of no friction could be at once applieu to them without ans moclifica
tions; hence toward the poles there would be a very rapid motion of the atmosphere eastward and 
in the equatorial regions toward the west, and the atmosphere would be l'ery much depresse.d at 
the equator, and almost vanish from the polar regions, and become very protuberant about the par
allels of 350. Although these results, when applied to the atmosphere, must be very much modified 
on account of the resiBtauces of the earth's surface, yet they will be of great ad van~age in explain· 
ing its general motions; for as there can be no resistance until there is motion, the atmosphere 
must have a tendency to assume, in some measure, the same motions and figure of outline as in the 
case of no resistances. Hence toward the poles, the general motions of the atmosphere at the 
earth's surface must be toward the east, and int.he torrid zone toward the west; but as these motions, 
in consequence of the resistances, are small iu comparison with those in the case of no resistances, 
instead of the atmosphere having a great depression at the equator, and almost entirely receding 
from the poles, there are only comparatively small depressions, as represented in Ohart VII, in 
which the outline of the part representing the atmosphere must be regarded merely as a stratum of 
equal tlensity in the upper regions. That there are really such depressions at the equator and the 
poles is shown by the barometric pressures given in Table X, for the pressures are less at the equa· 
tor and toward the poles, especial1y the sonth pole, than in middle latitudes, although the density 
of tlae atmosphere at the poles is much greater on account of the lowness of the temperature, and 
hence there must be considerable polar depressions in the strata of equal density. 
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rt VII is intended to represent the mean annual vertical or horizontal surface motions of 
tlw atmosphere in tbe case of a homogeneous surface o\·er the whole globe, ot eitlwr all wat,er or 
all lan<l of the same unevenness, and with the same temperatures at corresponding parallels of the 
two hemispllercR. Hence the equatorial calm-belt coincides with the equator. and tlw other two 
calm-belti:; are found 011 corresponding parallels, and the whole• system of the wiuds iu tlie two hemi· 
spheres is exactly similar. Ou account, howm·er, of the unequal distribution of lau1l a11d water in 
the two hemispheres, the:se calm-belts are somewhat cli,;placed, being all mon1<1 a little toward tlw 
north pole; and on account of the unef1ual distribution of temperature in the llill'neut l011gitudPs 
corresponding to the same parallels of latitude iu the same hemisphere, arising from tlrn unequal 
distribution of laud and water, these calm-belts and the geueral system of the winds are n1ry rnuc!J 
deranged, especiall.\" in tlrn northern hemisphere, as represe11 tcd iu Charts I and IL 

38. As the moticm of the atmosphere is east toward the poles arnl west near the f'I) uat-0r, some
where between the equator and the poles tbere must be a parallel of latituue where there is no east 
or west motion. This, in the case of no resistance, and upon the hypothesis of au initial state of 
rest, we have found to be nearly the pa.rail el of 3i'i0 ; but, in the case of nature, i 11 which theri' a re 
frictioual resistances at the earth's surface to the motions of the atmosphere, this parallel depe[](ls 
npou the law of the resistances am1 the Yelocities of motion, and !Jenee it cannot be acenr:1tely 
determined from t!Jeor,Y. It is e\·ident, howe,·er, that tlie east and west motions of the atmosplwre 
at tlie earth's surface must be such that the surn of the resistances of each part of the earth'.- sur
face multiplied into its distance from the axis of motion must equal O, else the velocity of the earth'H 
rotation would be continually either accelerated or retarded, which cannot arise from any mutnal 
action between the earth's surface and the surronnding atmosphne. ::S-ow, as the part of the eartli's 
surface where the motion of the atmosphere is west is much farther from the axis than the part 
wl1ere it is east, it is reasonable to suppose tliat the parallel of no east and west motion must bl' 
nearer to the equator in this case than the parallel of 350, unless the eastward velocities toward the 
poles were very much greater than tbe westward velocities toward the equator. This is known to 
be the position cf this parallel from observation. Iu s1waking of the east and west motions of the 
atmosphere, of course only one component of the real motions is understood. 

39. Since there is an eastward motion of the atmosphere in the polar regions anrl a westward 
motion nearer the equator, the protuberance of the outline of the atmosphere and the incrpase of 
pressure in the middle latitudes, with a maximum near tile parallel of 3lJO, is readily PXplaim•<l oy 
the principle gfren in § 13; for, according to tbis principle, the eastward motions in both liellli· 
spheres give rise to a deflecting force, arising from the earth's rotation toward Lhe equatnr, a11d tlw 
westward motions nearer the equator to a deflecting force toward the poles, and hl'llee there 111 n,,;t 
be an accumulation of atmosphere having its maximum hetween these east aml west motions. 

40. Thfl increase of pressure arising from the accumulation of atmosphere near tlw parallels of 
30° gives the atmosphere at the earth's surface a tendency to flow from beneath this accumulation 
both toward the equator and the poles, since the motions, and consequently tlie deflecting forces 
arising from these motions, and causing this accumulation, are much less near the surface, where 
friction is greatest, thau in the higher strata. But on account of the greater density of the atmos
phere toward the poles, it has a tendency also to flow, at the earth's surface, from the poles toward 
the equator. Between the parallel of greatest pressure and the equator these tendencies combine 
and pmduce a strong surface-current which, combining with the westward motion there, give;; rise 
to the well-known northeast wind in the northern and southeast wind in tbe southern hemisphere, 
represented on Chart Vll, called the trade-winds. But between the parallels of greatest pressure 
and the poles, tbe-se tendencies are opposed to each other, aud the oue arising from the accumula· 
tiou of atmosphere being the greater in the middle and polar latitudes and near thP earth's surface 
causes the atmosphere there to flow toward the 1 oles; and this motion, combining with the general 
eastward motion of the atmosphere in these latitudes, gives rise to the south west win<ls in the north
ern and the northwest winds in the southern hemisphere, which prevail iu these latitudes, as rep. 
resented ou Chart VII. 

41. Since the atmosphere at the parallel of greatest pressure bas no barometric gradient, it can 
have no north or south motjon there at the surface, and consequently D, u in (33) vanishes, and 
there is no force arising from the earth's rotation to overcome the friction at the surface ; and hence 
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there can be no east and west motion there, and we have what are called the tropical calm-belts. 
These calm-belts, therefore, must coincide with the belts of maximum pressure, which, for the aver
age of all longitudes, it is seen from Table X, is near the parallel of 350, being a little farther from 
the equator in the northern hemisphere than the southern, on account of the unequal distribution 
of land and water; the land with high mountain-ranges diminishing the east and west motions in 
the northern hemisphere, upon which the positions of these calm-belts depend. 

From what precerles, the mean motions of the atmosphere, unobstructed by inequalities of sur
face, such as continents and mountain-ranges, would be at the earth's surface nearly as represented 
iu Chart VII, and the calm-belts have positions ve1-y nearly as there represented. 

42. From the first of (15), -we get, by neglecting D, cp in connection with n,-
1 D I P' " D,, a' Dz v ~I " Og - g t• -a;- + t U + .IC" 

D,v = 2 n cos o 

\\'ith regard to the value of D,2 u arising from the inertia of the atmosphere, we know that in 
all the general motions of the atmol'lphere it is very small. The interchanging motions of the atmos. 
phere between the equatorial and the polar regions arising from the disturbance of static equilibrium 
011 account of a difference of temperature consist, except near the earth's surface, of a motion in the 
upper regions toward the poles, and in the lower regions of a motion from the poles, the whole cir
cuit of t!Jis motion being performed in a long period of time. Hence the rate of increase or decrease 
of velocity in any part of the circuit, upon which the value of D, u depends, is ver.v small. 

'l'he gl'cateRt velocity of t!Jese motio11s is per!Japs not more than 10 kilometers per hour, or 
2.77801 per second, and if we suppose all this velocity to have been generated in 24 llours, or 86400 
seconds, we shall have, !Jy putting G for the force required to overcome the inertia,-

G = D,2u and D,u =Gt 

With the value of D, n = 2.77Sm, above, and t = 86400 seconds, we get-

2.77Sm 
G = 8ti400 

Now we have g, the accelerating force of gravity, e<1ual to 98Umm, and hence we have

~ = 0.00000032775 
g 

This is the ratio between tlw horizontal force required to overcome the inertia of the atmos
phere and the vertical force of gra•ity, and corresponds to a gradient in the atmosphere of 0.364m 
in the distance of one degree~ or llll1Jn1

• Tbis multiplied into the ratio between the density of 

air anti mercury, roin, gives a barometric gradient of nearly o.0035rum, a quantity which might 

generally be neglected in comparison with the gradients upon which velocities generally depend. 

With the preceding value or G, if we put J D,v for the effect of this term upon D, v, we get-

JD v - 2.778m 
' - 86400 x :.>, n cos o 

With this expression, we get, on the parallel of 450, with the value of n in § 14, JD, v = 1.126km per 
hour. Even this quantity would be of little consequence in estimating the approximate velocities 
of the genera.I motions of the atmosphere; but the eftect of the term in question must be very much 
less than this, siuce, in the slow interchanging motions between the equatorial and polar regions, 
the time in which a particle at rest in its extreme northern or southern position arrives at its maxi
mum •elocity must be •ery mnch more than 24 hours, as supposed above. The effect of this term 
then must be extremely small. Of course, this applies only to the slow general motions between the 
e11uatorial and polar regions, and not to those belonging to cyclonic disturbances of the atmosphere. 

For the same reaso11s, the term D,2 vis always very small, and in the general motio11s of the 
atmosphere may be neglected without sensible error. Equation (42) therefore furnishel'I us with a 
measure of the amount of friction when we know the value of D,u. 
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s = the motion of a particle of atmosphere; 
F .. = the frictional resistance in the direction of that motion ; and 

i = tile inclination of s to v, the eastward motion : 

F" = F, cos i 
D,i• = D,s cos i 

F,, = F, sin i 
D,u = D,s sin i 

By means of these equations and (42), putting D,2 1' = o, we get-

F,, = 2 n cos o D,1£ tan i = 2n cos 8 D,v ta112 i 
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'Vith this value of F,, we get from the precetling equations for the eastwarll compouent of 
velocity-

(43) •• 

l D 1 P' l D,, ~ D 2 
~' ,, og - g i a' + , u 

D, v = 2 n cos o cos" ·i 

Hence we get for the \'elocit.y of motion-

1 I p 'D,,a' DZ 
1 D,, og / - g r! a' + U 

D,s = u. cosi 'l n cos fJ 
(43'). 

In the case of no friction, or where tbe effect of friction iB neglected, we must put cos i = l. 
When the direction of the wind, or, in other wor<h1, the value of i, is known from observations, 

the effect of friction in the precelling expressions is known ; but when this directio11 is not known, 
we must neglect this effect, and put cos 'i = 1. At the earth's surface, especiall,y iu tlie trade-wind 
zones, tlie value of i may be cousillerable; but here the value of D, t' is small, and hence the Pfft•ct 
of friction, and in the upper regions of the atmosphere where friction must be very much less, the 
value of ·i must be small, and cos i differ hut little from nnity. 

43. In order to compute the expression of D, v (43), it is necessary to know first the ,·alue of a', 
and tliis is obtained from (11) with tbe value of a0 in (20), o.' being the value of a at the surface of 
the earth, and hence the surface-rnJucs oft must be used in (11). 

In the case of the mean annual temperatures, we can use the expression oft in (::!±), and with 
this we get from (11)-

a' = a0 ( 0.968 + 0.007 COS {) + 0.079 COS 2 0 + 0.004 COS 3 0 + 0.007 COS 4 {}) 

(44). ~ = ! (1.035 - 0.007 COS 0 - 0.084 COS 2 () - 0,004 COS 3 0 - 0.010 COS 4 (I) 
a a0 

D a' - 0.007 sin e - 0.163 sin 2 8 - 0.012 sin 3 e - 0.028 sin 4 o 
--;;-- = 1 + 0.082 cos 2 (} 

With the value of ! = g x 7989w, obtained from (20), the second of these equations gives the 
ao 

1 values of ;? for any given value of the polar distance o, and the last one gives the values of 

De a1 h D" a' . l Do a' 
--;;- 1 from which we get t e values of---;;;-• or its equa ra' · 

1 
In the case of the January and July temperatures, the values of a' and-;_;; must be computed 

from (11) and (20) with the temperatures or values oft in (11}, contained iu Table V, for each teuth 

degree of latitude, interpolated to every fifth degree, and then, bJ· means of the differences, the 

. De a' . b . d values of D 8 a' and of--,- can be approxnnately o tame . 
a 

In order to express the value of Du log P' in terms of the gratlients in Table X, we must put--

D l l
>I Du pi 1 G 

" og = Ji'= Pl· illllllll 
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In this way, the values of D, v have been computed from (43), putting cm;z i = 1, for each fifth 
degree of latitude, so far as the data suffice for the purpose, except uear the equator, where the 
formula is not applicable 011 account of the smallness of cos o in the denominator, and the results 
are given in the following table. 'l'he values of G and P' = Bo in Taole X have been used for the 
purpose. The velocity D,v is given in kilometers per hour. 

TABLE XI. 

---r----------
D,v. 

Lat I Moon 
January. 

temperatures. 
July. 

-! 
0 

I 
k1n bn. km. 

+ 751 
- 4. 4 + 4. 8 h. -- 1. 9 + 4.4 h. - 5.7 + 5.lh. 

70 - 3.3 6. 6" - 1.1 7.5" 4. 8 5. 8 ,, 

65 + 0.2 1. 7" + 1.6 9. G" - 1.2 5. 9" 

60 3. 9 8. 3" 5.5 10. 9 " + 2.3 5. 6" 

55 5. 5 8. 5" 7. 0 11.6" 4. 0 5. 4 1 ' 

50 5. 4 8. 6" 6, 4 12.1 " 4. 4 5.1 ,, 

45 4. 9 a. e " 5.5 12.6 H 4. 1 5. 0" 
4-0 i + 2. 6 9. 0" + 2.8 12. 9" + 2. 4 4. 8" I 

:15 - 1.2 9. 3 Ii - I. O 13. 8" - 1. 4 4. 6 " 

30 8.6 9. 5 II 9.1 14. 7 u 8. 1 4. 3 IL 

25 14. 4 9. 4 ,, 16, 0 15.2" 12. 2 3. o·" 
2Q 15.1 9.0" 20.2 li>. (i" 11. 7 2. 4" 

1+ 15 
12.5 5. 6" 21. 8 10.5 .. 3. 8 0. 0 '' I 

11. 7 .. I -· 15 25.0 8_ 2 H 18, 7 4. 9 H 31.0 

20 :.:o. 9 7, 8 H 18, 8 5,e II 23. 0 10. D" 

25 -10.3 7. 6" -10. 4 6.6" -16.1 8. 7 ,, 

30 + 3.8 7.5 .. + 2. 3 7. 3" + 5.2 7. 8 .. 

35 12. 4 7. 4 .. 10.0 7.8" 14. 4 7.1 .. 

40 18.7 7. 4" 16.0 S.2 u 21. 4 6. 7 .. 

45 24.0 7. 5 u 21.0 8. 6" 27.0 6. 4 ,. 

fiO 27. 5 7.5" 24. 5 8.9" 30. 5 6.1 .. 

55 27.3 + 7.5" +24.6 + 9.1" +so.o + 5. 9 .. 

- 60 +21.9 

44. Since h vanishes at the earth's surface, the first term in the expression of D, v in this table 
represents the surface-velocity of the east or west component of motion at the surface. This is a 
little less than what is usually obtained from the gradients; for the barometric pressures having 
l>een reduced to the gravity of the parallel of 45°, the gradients in the middle latitudes are dimin
ished on this account about o.01rn, which, by (21'), for the temperature of oo, corresponds 011 the 
parallel of 450 to 2.l 6km per hour. Tliis shows the importance of' having all harometric pressures 
reduced to a fixed measure instead of being expresse<l in measures which vary with the latitude. 

Since h va11isbes at the earth's surface, the easterly component of the velocity of the wind there 
is represented by the firRt term in the expression of D, v in Table XI. Between the parallels of 360 
and 660 in the northern hemisphere, and south of 290 in the southern hemisphere, as far as baro· 
metric observations have been made, the winds, according to the results of this table, have an east
erly component, and between the parallels of 360 N. and 290 S. there is a westerly component. 
North of the parallel of Ci6° N. there is also a westerly compone11t. By a glance at Plate 8 of the 
late Prof. Coffin's great work on the" Winds of the Globe,:? it is seen that this is exactly in accord
ance with observation, except that the dividing line between the two systems of winds in the south
ern hemisphere is a little south of the parallel of 29°. But the observations in this zone are not 
sufficient for determining the position of this line very accurately, and the position obtained from 
the barometric gradients is, without doubt, the more correct one. 

Again, according to the authority of Mr. Laughton,• "In both hemispheres to the north or south 
of the parallels of35° or 40°, a strong westerly wind blowfl with great constancy all around the world. 

* Physical Geography in its Relation to the Prevailing Winds and Cnrrents, p. 101. 
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In the southern hemisphere, more particularly, it blows with a persistence little less than that of 
the trade-winds, but with a strength which, although fitful, is very much greater. From a fresh, 
strong breeze, it rises frequeutl.v into a violent gale, and, as such, blows for days together, the mean 
direction being nearly west, from which it seldom varies more than a couple of' points on either side. 
South of the Atlantic, south of the Iudian Ocean, south of Australia, in the higher latitudes of the 
Southern Pacific, and to the soutlnrnrd of Cape Horn, we find it still the same, a westerly gale, whose 
st.rength and constancy combined ba\'e enabled Australian clippers to make passages which seem 
to border on the fabulous. In the northern hemisphere, it bas not the clear range which it has in 
the southern; but there, too, it prevails in the most decided manner." 

From the results of Table XI, it is not only seen that the velocities in the higher latitudes of 
both hemispheres are eastward, but that they are very much greater in the southern than in the 
northern hemisphere, which is exactly in accordance with observation according to the preceding 
quoted paragraph. 

The smallness of the eastward components of velocity in the northern hemisphere compared 
with those of the southeru is due to the greater amount of land and mountain-ranges in the north
ern hemisphere than in the southern, which increases the resistances to the eastward motions, and 
consequently the greater eastward motions of the southern hemisphere, by means of the deflecting 
force arising from the earth's rotation, causes a greater depression there, and a great part of the 
atmosphere to be thrown into the northern hemisphere. This also accounts for the mean position 
of the equatorial calm-belt being, in general, a little north of the equator. For the same reason, 
the tropical calms of the northern hemisphere are farther from the equator than those of the south
ern hemisphere. 

The easterly components for the northern hemisphere are known, from observation, to be very 
small; but estimates of the actual velocities have been made but for a very few places around the 
globe. Prof. Coffin obtained• for the average velocity for the whole of the United States, estirnateu 
by the Smithsonian scale, 2.0 miles (3.2km) per hour, with a resultant direction nearly from the west, 
making the eastern component sensibly the same. This result agrees almost precisely with the 
result given for the mean of the year in Table XI for the average latitude of the United States; 
bnt it must be remembered in these comparisons that the theoretical results are those of the aver
age all around the globe, and that various disturbing causes, to be considered hereafter, may cause 
considerable deviations from this average in different longitudes on the same latitude. The eftect 

·of friction at the surface, which has been neglected in the formula (43), is to make the actual veloci· 
ties less than those give11 in Table X1 by the formula. 

The westward velocities in the trade-wind zones, as given in Table XI, are greater in the south
ern than the northern hemisphere. This is in accordauce with observations of the trade.winds of 
the Atlantic Ocean, on which the southeast trade-winds are observed to be mucll stronger than the 
northeast ones. The theoretical results, however, in these zones are probably considerably too 
large on account of the neglect of the friction term in (4.3), which in these zo-'les is very much mag
nified near the equator from the smallness of cos o in the denominator of the formula. 

The parallels of 3130 in the northern aud of 290 in the southern hemisphere, being parallels on 
which there is no east or west motion on the average around the globe, and where, on account of 
there being no barometric gradient, there can be no north or south component of velocity, repre
sent the mean position of belts in which calms abound, called tropical calm.belts. 

45. From a comparison of the eastward and westward velocities at the earth's surface in both 
hemispheres, contained in Table XI, it is seen that the winter velocities in each hemisphere are 
greater than those of summer. We have but few results deduced from observations to confirm this 
result, but it is completely confirmed so far as they go. From Prof. Coffin's" Wiuds or the Globe" 
(pp. 648-653)1 we extract the following mean directions a.ud true velocities in mean direction for 
wint.er and summer, and have computed the corresponding components of velocity contained iu the 
following table. 

* Winds of the Globe, p. 641. 

H. Ex. 81--52 
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TABLE XII. 

Mean direction. Trne velocity. Eastcomponent. Sontbcomponent.! 

Region or place. ···~ .. I ~ - ~ I ~ ~ 1 ~ i- I ~· I 

:1~ .9,~ ~ ~ ~!~! 
--------- --

0
- :-- :a.a. I M:. Miles. M:... -Mi~.. :-M: ... I 

Red River Settlement ·- - -· -· .. ··- ..•....•...••...•... - - ··1 s. 72 w. I s. 85 w. 0. 6() I 1.12 + 0.571+ 1.12 . - 0.18 ,:- 0.10 I 
Pac1ficcoast .............................................. S. 3W.I N. SOE. 1.64 1.51 0.09 1.48 - J.64 :+ 0.26 ! 
Northern Lake Region ........••.. ······-- .. -····--- -- -··· N.59 w. I s. 55 w. 2. 32 i I. ;3 2 05 I 1.42 + 1.23 ,_ 0.99 '· 

I I ' 
Canada and Nova Scotia ..•..•..........•........•. · ... · · S. 81 W. I S. 64 W. 3. 49

1 

2. 3U 3.49 I 2. 07 - 0. 111 1- 1. 01 l 

New England States ...................................... N. 52W.

1

S.66W. 5.41 2.67 4.261 2.44 + 3.33 :- 1.09. 
RegionoftheMissouri. ........•........•...•.....•....... N.73W. S. 37W. 2.26 i 1.69 2.16 1.02 + 0.66 1

- l.35 I 
Sonth of the Great Lakes ... . . . . . . . . . . . . .. . ..•... •.. .. . .•. S. 77 w. i s. 68 w. 2. 86 , 2.13 2. 79 I. 98 - o. 64 i- 0. 80 I 

Indiana. Illinois, and Ohio .••. ·-· ..•.....•...... - . •• . . . ••. s. 72 w.1 s. 69 w. 2. 641 1. 67 2. 51 I 1. 56 - 0. 82 
1
- 0. 60 I 

New York to North Carolina weAt of Appalachian Range. -1 S. 79 W. I S. 77 W. 3. 52 1 2. 04 3. 45 I 1. 99 - O. 67 !- 0. 46 I 
MiddieState•eastoftheAppalachianRange .............. X.7'lW.1S.69W. 3.4211.67 3.25 I 1.56 -1.05

1

-0.GQ I 
Xontucky and Tennes""o .........•.....••..•.....•..•. -- . I S. 60 W. I S. 79 w. 2. 35 1. 00 2. 15 ! 0. 98 - O. 96 '- 0.19 ! 
Atlantic ooast (latitml" 3l0 to 38°! ••..••••..•.••..•••...• , N. 70W. I S. 25 w. 2. 68 1. 8'2 2. 52 ~+ o. 77 + o. 92 '- 1. 65 [ 

Texas (latitude 30°) ...........................•.......... N. 3W. S. 43 E. 3.591 3.78 0.19 j- 2.57 - 3.59 !- 2.761 

Gulf Stat"8- .. . . . •• • . . .• • . • . . . . .• . . . . . . . .•• . . . •• . .• . . . . . . . N. 45 W. S. 22 E. l. 251 1. 00 0. 88 ;- 0. 38 + 0. 88 j- 0. 94 I 
Northern Florida .....•..•.•............................. 

1

. N. 15W. S. 3 W. l. 78 1. 47 + 0.46 j+ 0.13 + 1. 721- 1. 46 

Salt Ponda of Florida (latitude 2.)0) •••••• ••. • •• ••• ••• . • . •• . N. 30 E. ! S. 70 E. s. 11 8. 84 - O. 40 ,- S. 00 + 0. 70 1- 2.13 

City of Mexico .••. ···••· ......••..••.•.•.•.•.....••. ······ 1 S. 9 W. N. 78 E. 3. 19 0.88 + 0.50 I- 0. 86 - 3.161+ 0.18 I 
Catharina Sophia, Gniana ..............••••••....•...•••.. 

1 

N. 1i8 E. N. 83 E. t!. 73 4. 86 - 7. 41 j- 4. 83 + 4. 63 
1
+ 0. 59 I 

HortaF&yall, Azores ...........•..•....•••...........•••.. 

1

S.78 E ..• S. 43W. 1.63 2.14 -1.591+ J.45 - 0.34 ,·- J.55 
Sandwich Manse, Orkney Island• . .. . . . . . . . . . . . . . . . . . . . . . . S. 62 W. I S. ~ W. 6, 33 2. S6 + 5. 59 + 2. 52 - 3. 00 - l. 34 I 
Port Foulke, Arctic Ocea.n .....•..•..•.•••..•........••••. N. 42 E.: S. 82 W. 17. 21 O. 47 -11. 51 

1
+ O. 46 +12. 78 , - 0. 06 I 

Port Kennedy. A.retie Ocean ......•......•.......•........ 
1 

N. 44 W. N. 31 W. 13. 08 [ 8. 74 + 9.10 1+ 7. 60 + 9. 40 1- 4. 40 J 

By comparing the east components of winter and summer above, it is seen that throughout the 
United States, except on the Pacific coast and in the extreme southern States, and at the Orkney 
Islands, the winter component is in e>ery case greater than the summer component. The extreme 
southern States are so near the parallel of the calm-belt that the velocities in the direction of the 
resultant, and the direction itself, are so uncertain t.hat the ratios between the components for win
ter and summer are very various,. and the sign8 of the components even change in some cases. · 

46. The effect of the second term in the expression of D, v in Table XI is to increase very much 
the velocities of the eastward motions in the upper strata of the atmosphere over those at the sur
face in the higher latitudes; and, in the trade-wind zone, the westward velocities near tho surface 
are at a very moderate elevation changed to eastward velocities. Thns, on the parallel of 450, and 
at an elevation of 5 kilometers, we have, for the mean temperature of the year, D, v = 4,9km x 8.8h 
= 48.9km per hour, and at greater elevations this velocity becomes still much greater. On the par
allel of 250, we have D,v at the surface equal to 14.4km west, and at the elevation of only 3km it 
becomes 13.8km east, and hence at the elevation of only about 1.5km there is no motion east or west. 
These results are in accordance with observation, for travelers have experienced a strong westerly 
wind, at great elevations, on Manna Loa, on the passes of the Rocky Mountains and the Andes, on 
the top of Pike's Peak and )fount Washington, on the Peak of Teneriffe, and at every very ele
vated position in either hemisphere all around the globe, except in the calm-belt near the eq11ator, 
Hen when there is an easterly wind in the same latit11de in less elevated positions. It is seen from 
Table XI that in the trade-wind zones, where at the surface the wind is easterly, at a very mod
erat:e elevation there is a very strong current from the west; and this is especially the case in the 
winter. This accounts for the transportation of volcanic a.shes through long distances eastward 
when in the trade-wind belt at the surface there was a strong c11rrentfrom the east. On the 1st of 
May, 1812, the island of Barbadoea was suddenly obscured by a dense cloud, and its snrfaee quickly 
covered by a shower of ashes from an eruptive volcano of St. Vincent, more than a hundred miles 
to the westward. .Also, on the 20th of January, 1835, the volcano of Coseqnina, lying in the belt 
of the northeast trade-winds, sent forth great quantities of lava and ashes, and the latter were borne 
in a direction just contrary to the surface-wind, and lodged on the island of Jamaica, 800 miles to 
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the northeast. This latter happened at a season when, according to the results of Table XT, the 
upper currents have a very great easterly tendency, and hence at a time very favorable for the 
transportation of the ashes to so great a distance. The great eastward velocities of the upper 
currents are also established by the observations of the clouds, especially of the cirrus clouds, which 
are supposed to have an altitude generally of 7 or 8 kilometers. The eastward velocity of these 
clouds has been estimated at times to be as much as 120 miles (193km) per hour, and it rarely hap
pens that they have no eastward tendency. The average, therefore, according to this somewhat 
uncertain kind of observations, may be put at nearly lO{Jkm. This eastward velocity is a little 
greater than that given by Table XI at the height of the cirrus clouds in the rniudle latitudes for 
the mean temperature of the year, but corresponds with that belonging to Januar.r. 

The eastward motion of the atmosphere in the latitude of the trade-winds is also coutinned hy 
observations made on the directions of the clouds at Colonia Tovar, Veneznela, latitude 100 '.!W, as 
given in the Report of tbe Smithsonian Institution for 1857 (p. 254). While the motion of the lower 
clouds was in general from some point toward the east, the obsen·ed motion of nearly all the higher 
clouds was from some point toward the west. 

51. From a comparison of the expressions of D, v in Table XI, for .Tanuar.'l and July, it is seen 
that the eastward veloeities of tbe upper strata of the atmosphere are very much greater in winter 
than in summer. On the parallel of 45°, in the ·northern hemisphere, we have for au altitude of 
5km D,v equal to 06.Jkm in ,Ja.nuary and equal to only 29.Pm in .Jnly. RP,snlts dedneed from t.ltt' 

discussion of observations made at ele>ated places for both seasons are needed for comparison with 
this theoretical result. 

On the parallel of 250, in the northern hemisphere, the beigbt at wbicb there is 110 east or west 
motion of the atmosphere by Table XI is 1.Pm in January, but 3.4km iu July. North of this par
allel, the~e heights, where there is no east or west motion, gradually diminish until at the parallel 
of 360, the parallel of the tropical calm-belt, this plane touches the surface. Hence there is an 
oscillation with the seasons of the height of this plane divirli11g the west or southwest from the mrnt 
or southeast winds. This explains the winds oft.he Peak of Teneritfe, which at the top blow in gen
eral from the southwest, while lower down they blow alternately from the northeast and southwest, 
changing with the seasons. In the summer season, the dividi11g plane between the two systems of 
winds blowing in nearly contrary directions, is highest, aurl is found on the Peak of Teueriffe from 
observation to be abont 1.5 miles high. Prof. Piazzi Smyth, who )'pent Revera! mnntbs 011 the JH•ak 
making astronomical observations, on leaving bis station at Alta Vista, at the height of 10, 700 feet 
above the level of the sea, on the 25th of August, exrJerienced a southwest breeze, but at an alti· 
tnde of 6,7UO feet it changed to one from the nortLeast. Returning again on the :lOth or .August, 
he experienced a similar change at the same height, the strength of the wi11d increasing as he 
ascended, and blowing from the southwest at Alta Vista, as when he left. 

47. Since each upper stratum acts upon the one beneath it by means of friction, and that 
upon the next one, and so on, down to the earth's surface, the force which 0\-ercomes tlte frictinn 
between the atmosphere and tbe earth's surface is the sum of all the detleding forces depeuding 
upon the earth's rotation and a1>on inertia, and putting F,' for F. at the earth's surface, we ger 
from (33)-

F,.' =f (2n cos o D,u - D,21') 

in which mis tbe mass of the atmosphere. But since the condition of continuit.'T must l>e satisfied, 
we must have, at any latitude, just as much air moving south as north, and hence for the wbole 
atmosphere from the surface to the exterior we must have-

J D,u =0 

The first term, therefore, of the preceding equation vanishes, and we have-

(45) • . F/ = - i D,2 v 

For any unit of surface, this must be integrated with reference to the mass of a column of 
atmosphere having this unit for a base. Now, we have seen that the eastward velocities of the 
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atmosphere are much greater above than below, and hence, as the atmosphere of the upper currents 
approaches the poles, it gradually sinks down, to return, toward the equator, nearer the surface, 
and D,v, in order to satisfy the conditions, must gradually decrease, and in this case the last mem
ber of (45) is positive, that is, the sum of the forces tends to overcome the frictional resistance at 
the earth's surface to the eastward motion of the atmosphere, and the observed amount of motion 
depends upon these forces. In the equatorial regions, where the atmosphere ascends, of course 
the reverse of this is the case, and we have these forces tending to overcome the frictional resistance 
at the earth's surface to the westward motions there. The force, then, which overcomes the fric
tional resistances, at the earth's surface, to the eastward motion of the atmosphere, depends upon 
the sum of the moments of inertia, or of the amounts or velocity lost, of the particles of atruosphere, 
in passing toward the poles, in the upper regions, where the eastward velocity is gi·eater, and return
ing toward the equator uearer the earth's surface, where the eastward velocity is less. The force, 
likewise, which overcomes the resistances to tho westward motions at the surface in the zones of 
tlie trade-winds, is the moment of inertia lost in the decreasing westward velocities of the atmos
phere as it ascends and commences to return in the upper regions toward the poles. 

48. The eastward velocity Duv in '.l'able XI is that which satisfies the conditions of the prob
lem in the case of no frictiou, in which case D,u, the interchanging velocity ootween the equatorial 
and polar regions, vanishes, and consequently the deflecting force overcoming friction in the case of 
friction. Where there is friction there must be a force to overcome it, and hence D,u must have 
a value, that is, there must be a gradual interchange of atmosphere between the equatorial and 
polar regions, a·nd this motion must be just sufficient to give rise to a force sufficient to overcome 
the friction and the inertia of the eastward motions. If the velocity of the motion of the upper 
strata of the atmosphere toward the poles were a little too great, it would give rise to au in
creased eastward Yelocity, which, by means of the deflecting force depending upou the earth's 
rotation (§ 13), would at once diminish the velocity, and reduce it to that which satisfies the 
conditions of the problem. 

The difference between the atmospheric pressure at the equator and the poles, at the earth's 
surface, depends almost entirely upon the eastward motion, or value of D,11, at the earth's surface, 
as may be seen from the first of (15), since kin the last term vanishes at the surface, and conse
quently this difference is entirely independent of the difference of temperature, which affects only 
the last term of this equation. Hence, in the northern hemisphere, where there is a difference of 300 
or morEt in the higher latitudes, between winter and summer, the difference of barometric pressure 
amounts to onlJ' about 2mm. The reason of this is that the increased eastward velocities in winter, 
as shown in Table XI, give rise to a force depending upon the earth's rotation by the principle of 
§ 13, which tends to prevent the flow of the atmosphere in the upper regions from the equatorial 
to the polar regions, as the volume them is contracted by diminution of temperature, and the 
height of the atmosphere is decreased toward the poles, nearly in the same proportion that its 
density is increased by the diminution of temperature, so that there is scarcely any change in the 
mass of the atmmipbere, and consequently in the barometric pressure, between winter and summer. 

If the earth had no rotation on its axis, this deflecting force depending upon its rotation would 
not exist, and then, if this great difference of temperature between the equator and the poles 
could be maintained, there would be a very great dift'erence of pressure and a very rapid inter
changing motion between the equatorial and polar regions. 

END OF THE FIRST PART. 
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Point Judith . 
.5. Section II, Triangulation and geographical positions in Section II, from New York City to 
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6. Section III, Chesapeake Bay and tributaries. 
7. Section IV, Coast of North Carolina, including Albemarle and Pamlico Sounds. 
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9. Sections IV and V, Primary triangulation between the Marsland and Georgia base-lines 
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10. Section V, Coast of South Carolina and Georgia. 
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12. Section VI, West Coast of Florida (Tampa Bay and vicinity). 
13. Section VII, West Uoast of Florida (Saint Josc1>ll's Bay to l\fobile Bay). 
14. Section VUI, Coast of Alabama, Mississippi, and Louisiana. 
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16. Section IX, Coast of Texas. 
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20. Section XI (upper sheet), from Tillamook Bay to the Boundary. 
21. Section XII, Explorations in Alaska. 
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22. Mount Saint Elias and Coast Hauge to Cape Spencer.} 
23. Mount Saint Elias. Mount Fairweather. (See Appendix No. 10, page 160.) 

24. Curves of Velocity and Density and relative p11sitio11 of Sea and mver Waters. South 
Pass Bar. (See Appendix No. 11, page 190.) 
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26. Recording Belay. {See Appendix No. 15, page 250.) 
27. Theodolite Magnetometer. (See Appendix No. 16, page 255.) 
28. Alt-Azimuth and Magnetometer. (See Appendix No. 16, page 259.) 
29. Dip Circle. (See Appendix No. 16, page 264.) 
29 b; .. Dip Circle (Kew observatory). (See Appendix No. 16, page 264.) 
30.• Illustrations of Harbor and River Improvements. (Appendix 18.) 
31 to 37. Chart.a I to VII, to illustrate Appendix 20. Meteorological Researches. 
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