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LETTER 

FROM 

THE SECRETARY OF THE TREASURY, 
TRANSMITTING 

REPORT OF THE SUPERINTENDENT OF THE COAST SURVEY. 

TREASURY DEPARTMENT, Ja11uary 13, 1875. 

SIR: I have the honor to transmit. for the information of the Honse of RepreRentatives, a 
report made to tbis Department by Carlile P. Patterson, Superintendent of the Coast Survey, 
stating the operations and progress in the sorve~' of the coast during the year ending June 30, 187 4. 

I have the honor to be, veryrespectfoUy, 

Hon. J A.1\lES G. BLAINE, 
Speaker of the House of Represenfat-ives. 

.B. H. BRISTOW, 
Secretary of the Treasury. 
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p. 17; survey of South Santee River and Cape Romain, S. C., p. 25. 
DE WEES, SlTBASSISTANT H. M. Servi""8 in Sootion II, p. 19; 

atta.lhed to topographical party in vicinity of Norfolk, Va., p. Ill; 
aurvey of Nansemond River, Va., p. 21. 

DE WOLF, JOHN. Service& in Section II, p. 19; In Section V, p. 211. 
llICKINS, E. F. Servicee in Section X, p. ~1. 
DILL.AW .A. Y, S UBASSISTANT C. P. Service• in Section II, p. 19. 
DISCOVERIES AND DEVELOPMENTS, pp. to, 11. 
DISTIUBUTION OF SURVEYING PARTIES FOR SURVEY-

ING SEASON OF 1873-'74. Appendix No. 1, I>P· 49 to 54. 
DONN, F. C. ServiOOll in Seetlon I, p. 17. 
DONN, ASSIST.A.NT J. W. Topographical survey of .!<fount Desert 

Island, Me., p. 11. 
DOOLITTLE, ll. H. C<>mpnting Diviaion, Coaat Sw-vey Otllce, p. 43. 
DORR. A.SBISTANT F. W. In the 01800 of Anlatant-ln-Charp of 

Cout Survey Ollloe, p. 43. 
DOWNES, J, Tidal Divlaio11, Coaat 811l'V&y Ollie&, p. 43. 

DR.A WING DIVISION, COAST SURVEY OFFICE, p. «. 
DUW AMISH BAY. Snrvey of shorea of, p. 42. 

E. 

EASTMAN, PROFESSOR. Longitnde of Savanna.h, Ga., p. 211. 
ECHINI. Living specimens of, found in Sa.n Franciaeo Bar, P· '6. 
EDENTON, N. C. Survey of Chowan River a.nd vicinity of, P· 23. 
EDWARDS, W. S. Aid to commission for observing Transit of 

Venus in Japan, pp.13, 35; services in Section X, p. 40. 
EGGEMOGGIN REACH, ME. Survey of shores of, p. 17. 
EGMONT KEY, FLA. Tide.gauge orooted on, p. 29. 
EICHOLTZ, H. Dr,.wing Di~ieion, Coast Surv~y Office, p. 44. 
EIMBECK, SUB.ASSISTANT WILLIAM. Completion of work at 

Santa Barbara, Cal .. by, p. 40; reconnaissance for stations to con. 
nect with primary triangulation at Jt.[onn t Diablo and Helena, p. 40. 

ELECTROTYPING AND PHOTOGRAPHING DIVISION, Coaat 
:;!urvey Office, p. 45. 

ELIZA.BETH RIVER, VA. Chart of, p. 22. 
ELLICOTT, SUB.A.SSISTANT EUGENE. ·ServicCB in triangula· 

tion of California coast, p. 37. 
ENDEAVOR, (stsamer.) Use of, in Section VI, pp. 27, !18. 

ENG RA VI~G DIVISION, C<>ast Survey Office, p. 44.. 
ENTHOFFER, J. Engraving Division, C<>aot Snrvey Office, p. 44. 
ERICHSE:N, P. Dra.wini:; Divioion, Coast Survey Office, p. 44. 
ESHLEMAN, E. Division .,f Iuotruments, Coast SurveyOtllce, p. 45. 
ESTIMATES, RELATIVE TO, p. 1; order stated of detailed, pp. 

5-7; for continuing work on Atlantic and Gulf ooa-sts, pp. '~ 8 ; 
office·WOrk, pp. 8, 9; for general expenditures, P· 10; tables or 
comparison of, for 1874-'75 and 1375-'76, p. 10. 

EV ANS, H. C. Engraving Division, Coast Survey Oflioo, p. 44. 
EV ANS, J. J. Services in Section II, p. 19; servicea in Section IV, 

p. 24. 
F. 

FAIRFAX, F. Drawing Division, Coast Survey Office, p. 44. 
FAIRFAX, W. Drawing Division, Coast Survey Oflice, p. 44. 
FAIRFIELD, ASSIS;rANT G. A. Triangulation of Pamplioo 

Sound, p. 23. 
FAIRFIELD, W. B. Services In Section IV, p. 23. 
FARLEY, JOHN, Late assiotant. Obituary of, p.16. 
FAUNTLEROY, (br;g.J Use of, in Section XI,p. 41. 
E'AUST, G. Tidal observations at New Orleans, La., p. 113. 
FERN.ANDINA BAR, FLA. Survey of, p. 27. 
FERREL, WILLIAM. Comprehensive paper on 1mbjoot of Tidee, 

and tidal observationa by, p. 12. 
E'IELD-WORK. Plan or, on Atli>ntio a.nd Gulf coast.a, pp. 7, 8; of, 

on Pacific coast, PP- 9, 10. • 
FITCH, C.H. Service& in Section IV, p. !12. 
FLENNER, W. C. Clerical foroe, CoBBt Survey Office, p. 45. 
FLORIDA. Inshore soundings on coMt of, p. 28 ; wMt coaata and 

sounds of, including ports and rivent, Seetion VII, p. 30. 
FOLLER, J. Division of Instruments, Coast Survey Offil',e, p. 45. 
FORNEY, SUB.ASSISTANT STERMAN. Survey of Santa. Cruz 

!&land, Cal., p. 36. 
FORT POINT, CAL. Seon Francisco entrance; two sunken rock• 

developed off, pp. 11, 38, 39. 
FRANK'S LAGOON, CAL., p. 38. 
FRASER, W. Service& in Sootion I, p. l 7. • 
FRENCH, W. B. St>rvices in seotlon II, p. 19, and Seetit>n IV, p. ~4. 

G. 
GARDNER, C. L. Servioos in Section I, p. 18, a.nd in Section IV, p. 22, 
GEORGIA. Survey of coast of, Section V, p. £4; triangulation in, 

p.32. 
GERDES, ASSIST.ANT F. H. Hydrography and survey of Port 

J elf8TSOn, Long l&land Sound, p.19. 
GERDES, H. ll. Compnting Division, Coaat Snt'Vey Office, p. 43. 
GILBERT, SUB.ASSISTANT J. J. Survey on coaatof Oregon, p. 41. 
GILBERT, W. W. Bervicee in Section ID, p. 2L 
GOODFELLOW, .ASSISTANT EDWARD. Latltnde and .A.limnth 

observations at Keyport and Barnegat, N. J. ; Pooitions of light
ho11Ses at Cape May and D&law&re Bay, JiliapllllOll Creek and 
Hereford Inlet, p. lll. 

GOTTHEIL, A.. Tidal Division, Coaet Survey Omoe, p. 43. 
GRANGER, SUBASSISTANT F. D. Hydrography ro develop cer• 

ta1n changes In approach to Nantucket Sound, p. 18 ; entrance to 
Fernandina, Fla., examined by, pp. 27, 28.. 

GRAY. E. Tidal obtlervation• on Ca.Utomia-' by, p.39. 
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GREENWELL, ASSISTANT W. E. Triangulation of Santa B&J'· 
1.Jarirt. Cb.anue-1, and tria.ngulation of California coa.st resumed at 
Point Conception, p. 37. 

GUL:F' COASTS AND SOUNDS 01<' WESTERN FLORIDA, in· 
eluding ports and rivers, Section V[T, p. 30; of .Ala.Dama a.nrl Mis
sissippi, and Louisiana, Section VIII1 p. 33 i of Weat Louisiana 
and Toxas1 p. 34. 

H. 

HAGENM:AN, LIRlTTENANT .T. W., U. S. N. Services in Sec. 
tion I 1 p. 17. 

HALTER, ASSISTANT R. E. Triangulatio1t and hydrog>aphy of 
CbowaJ1 Hiver, p. 22; 2·000-nnaissam~e to ascf!rtain practicability of 
comlnctin~ a chain of triangles westward, p. 33. 

HANDY, MASTER H. 0., U.S. N. Ser..ices in Section II, p. 19. 
HANSON, D. C. S~rvfoes In Section I, p. 18. 
Ii ARKNESS. PROFESSOH, in charge of observations at United 

States Na.,al Oba.ervatory, Washington, D. C .. to determine longi
tude of Savannah, Ga., p. 2-0. 

TIARRISOX, ASSISTANT A. llf. Hydrogrnpl!y of Taanoon River, 
.Mass .. p. 18 ; snrt"eS of coast near Mosquito Inletr Fla., p. 28. 

HARRISON, T. A. Service• in Section I, p.17. 
HASSLEI;., F. R., formerly Superintendent of Coast Survey. Sys· 

t.em a.n<l arrangement of work still continued, p.1. 
H.,\SSLEP., (stea.mer.) Use of, pp. 36, 37, 41. 
HAWKINS, R. L. Clerical force, Coast Survey Office, p. 45. 
HEIN, SAMUEL. General Disburalng Agent, Coast Survey OJlice• 

p.45. 

HERBERT, W. A. Clerical force, Coast Survey Office, p. 45. 
IIERGESHEIMER, ASSISTANT E. In charge of Engra"<ing Di· 

viRion, Coast, Survey Office, p. 44. 
liEHGESHEIMEH, SUBASSIS1'ANT JOSEPH. Survey llla<le of 

site of' Naval Magazine, on Potoma.c RiY4'r, by request of Chief of 
Orduance .Bureau of Navy Department, p. 20; suryey of Penobscot 
River, OOtween Ga.stine and Buoksport, p. 18; owiug to illness pw· 
vented joining in snrveyof Mist;JiHsippi R.iver at New Orleans., p. 33. 

HETZEL, (Rteamer.) Sunk st her anchor-age Ellenton Bay, a.utnmn 
of 1872; raised and in service in Section IV. p. 22. 

HILGARD, ASSISTANT J. E. In charge of Coast Survey Office, 
p.42; Vici;,.Pre~ident of International Commission on Weights and 
Measareo, pp. 42, 43. 

IIILGARD, T. C. Magnetic Observation& at Ithaca and Oxford, 
Y. Y.; Bethlehem, Peon.; Cape May, N . .T., p. 19. · 

HlTCHCOCK, LIEUl'ENANl' R. D., U.S . .N. Servfoes in Section 
I., p. Hl. 

HITCHCOCK. (Rtea.rner.) Use of, in Section IV, p. 2.1. 
HODGKINS. W. C. Services in Section I, p.18. 
1100 VER, CLA.YTON. Clorical force, Coast Sur..-ey Office, p. 4.5. 
HOOVER, JOHN T. In charge of Division of Chart;s and 1Ilstru-

ments, Coll.Kt Survf\y Office, -p. 45. 
• HARTIG, F. Drawing Division, Const Survey Offioo, p. 44. 
HOSMER, ASSISTANT CHARLES. S1.1rvey and ooundings Long 

Island. N. Y., p. 19; special survey of Sa"<annah River; Ga.., p. 26. 
HOWELL, COMMANDER J. A., U. S. N. Examination and teat 

of Sigabw's instrument for detaching weights in dcep·sea. sound
illgs, p. 14; deep·oea soumlings througb Gulf of Mexico, p. 17. 

HOWL.ti ND, H. Tidal observations at .Boaron, Mass., p. lB. 
HUDSON, F. Computing Division, Coast Survey Office, p.13. 
HUDSON RIVER. StllLious for primary triangulations to connect 

coast of New England and also with Lake Champlain, pp. 16, 19, 
HUENEME, CAL. On tho Santa Barbara Cnanool. I>eetruotion 

of "harve& from attaoks of Teredo navalis. p. 36; plane-table snr· 
vey of vicinity of, p. 37. 

HYDltOG&APHIC DIVISION, Coa•t Survey Office, pp. 43, 44. 
HYDROGRAPHY. PenobllOOt Bay and &ivor, p.16; Isl"" of Shoals. 

p. l<l; Nantncket Sound, p. 18; -0f Long Island SollJld, p. 18; Taun· 
ton Ri"er, MllBI!., p. l~; of Pluw Island, Long I.sland Sound, p.19; 
Port Je:trerson, Long Isl&nd Sound, p. 19; of Lake Champlain, 
p.19; ofLitlJ.<>BggHarbor,p.19; ofJ&mesRiv6r,Va.,p.21; Nanee
mond River, Va.., p-. 2:2i Eliza~th River, Va.. 1 p. 2'Ji Chowan liiver, 
p. 211; of PampllooSoW>d, p. 2f; Beaufort Barbor, N. C., p. 24; Saint 
John'• River, Fla., p. !17; Tampa Bay, Fla., p. 29; Saint Goorge's 
Sonnd, Fla., p. 31; of Pass Cavallo and San Antonio Bay, '.l'ex., 
p. 34 ;?of Santa. Ba~bara Channel, Cal., p. 36; off-shore near Ores· 
cent, City, Cal., p. 37; of San Franciaco Bar &nd entrance, Cal., 
p. 38; near;jCresoent City, p. fl; neM Port Orford, p. 41 ; Gf Budd' a 
lDlet, W. 'l'., p. 41.. 

I. 
!ARDELLA, ASSISTANT C. F. Shore·lin~ snrv,•y of Lake Cham

plain and topoJn'aphrof Crown Point a.u<l Ticomlcroga, p. f9. topo. 
grnpby of Pamplico Sound,~. C., p. 23. 

INDIAN MOUNTAIN, GA., p. 3'l. 
INSTRUMENTS, pp. 14, 15. 
DITEROCEANTC SHIP·CANAL, p. 17, 

ISLES OF SHOALS, N. H. '.Rock found in chamml between Half 
Way Rocks and Star I.lam!, p. 11. 

IVES, C. A. Set>ices in Sectfon II, p. 19, and in Section VI, p. 29. 

.r. 
,JACOR, LTEUTEX.ANT E. S.\ U.S.N. Serv-ic('sin S('ctiou J~p.17. 
J ACOBI1 W. Division of lnstruments, Coa8t SmTf'_\ Offl1Je. µ. 4J. 
.JACQUES, LIEUTENANT "'· II., U. S. N. Services in &•ction 
• I, p. 17 . 

.JAMES RIVER, VA. Survey of, p 21. 
JAMES HALL, (schooner,) I'· 33. 
.TEFFERS. CAPTAIN, U. S. N., Chief of Bureau ofOrdnanc~. At 

request of, survey made of site of Na¥al Magazine, Pot-omac RiV'er. 
p. 20 . 

JOHN'S MOUN1'AIN, GA., p. ~2. 
JOHNSON, COM.l.U .... "l\fDER P. C., U. S. N. Method of taking two 

angles, by one observer, by use of the \~ernier. p. 15; h5drvgi·aphic 
survey of Santa Barbara Channel. p. 36. 

JIJNKEN, ASSISTANT CHARLES. H.rdr<>graph,I' of Lake Cham. 
plain, from Whitet..all to Shelburne Bay, p. 19: design for a- reflect
ing instrument for measuring two angles at samfl time, p. l!l. 

K. 

KA.ROHER, L. Drawing Dhision, Coast Survey Office. p. H. 
KEITH, PROFESSOR R. Computing Division, Coruit Snr"<eJ' 

Oft\oo, p.43. 
KERR, L. C. Engra'dng Division, Coast Survey Office, p. 45. 
KEY WEST, Fla. O!niervaLlons for Longitude at, pp. 29, 30. 
KING, V. E. Clerical foree, Coast Snrvey Office, p. 45. 
KKlGHT, .T. Engrazing Division, Coast Surve.v Office, p. 44. 
KNIGHT. H. M. Engra~ing Dh."isiou, Coast Survo_y Offic(1, p. 44. 
KNIGHT. W. H. Engraving Di vi•i<>n, Colll!t Survey Office, p. 44. 
KOND.RUP, J.C. Engr.a'i.,.ing Division, Coast Survey Office, p. 44, 
KRUSE,M. In charge of tide-gauge at Samt Thomas, West Indies, 

p.3{. 
L. 

LAKE CHAMPLAIN. Triangulation to connect, with Hudson 
Biver, p. 16. 

LATITUDE. Observa.tions at HndRon, Crown Point, Rouse's Point, 
N. Y., for, p. 19; at Ke.rport and Barnegat, N .• J.; of light-ha<lse at 
Cape May, Delawar<l Bay, p. 19. 

LA WS08, F . .A. Services iu Section XI, p. 42. 
LAWSON, ASSISTANT .T. S. Hydrography Df Budd's Inlot, W. T. 

p. 41. 
LE,VIS, C. E. Drawing Division, Co.a.st Snrvey Offioie, p. 44 . 
LIGHT.HOUSE BOARD. Co.operation of Coast Sunoy with, the 

Superintendent being a member of Raard, p. 14; fur.nlslled with 
map of entranoo to Mosquito Inlet, Fla., p. '28. 

LIME POINT, CAL., p. 38. 
LIMNORIA. Found only in San Diego Bay, p. 36. 
LINDENKOHL, A. Drawing Dh·iaion, Coaat Survey Office, p. 44. 
LINDENKOHL, H. Drawing Division, Cooat Surrny Office, p. 44. 
LOOKOUT MOUNTAIN RANGE. p. 3'2. 
LOOKOUT AND FRYING PAN SHOALS, p. 22. 
LONG BAY A.ND ONSLOW BA.Y, p. 22. 
LONGFELLOW, ASSISTANT A. W. Suney of Penobacot River, 

between Castine and Bucksport, p. 18. 

LONG SHOA.L POINT, p. 23. 
LONGITUDE. Observation at Key West and Punta R,..a, :Fla., p. 

29. 
LOWRY, T. J. Improvements in ta.king observations aud in form 

of se:rtant, p. 15; services in Section X, p. 40. 

M.. 

MAEDEL, A. M. Engraving Division, Coast Survey Office, p. 44. 
MAGNETIC OBSERVATIONS, by C. A. Schott, ABOi•tant ColMlt 

Survey, p. 12. 
MAIN, .r. Computing Division, Coast Sur-my Office., p. 43. 
:MANATEE RIVER, FL.A. Survey of, P· 29, 
:MANGROVE l'OINT, FLA. Survey of, p. 2!1. 
MARBURY P01NT. Survey of •ite of Nnal Magazine on tlie Po

tomac River at, p . .20. 
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:MARCY, (schooner.) UBe of iu Suction X, pp. 35-3E. 
l.IARE ISLAND, CAL. Light-ho-use at, connootion with triangu. 

1ation of Sau Pablo Day, p. 38. 
llARLNDIN, ASSISTANT IL L Special survey of Proyidenco 

JI.arbor, R. I., p. le; spe~ial ohMervations of tides and currents in New 
York Harbor, p. Ul; survPJy of lower partof Savannah IUver, p.27. 

McCLINTOCK, SUBA.SSIS1'ANT .r. N. Topography of Islu ait 

Ilant, and Door Isle, Penobscot entrance, p. 17; triangulation and 
topogra.phy of Sabine Pass, Tex .• ]). 34. 

:McCLINTOCK, "-,..· E4 Services in Se-ction I, p.18; in section V, pp. 
W,27. 

MCCORKLE, ASSISTANTS. C. Reconnaissance wcatwardtltroaj?lt 
West Virginia t-0 the Ol1io Rher for special purpose, p. 20; reeon
naissanee in Alabama to extend triangulation north and Wf\st, p. 32. 

:MrDO:S-NELL, THOMAS. In chat"ge of Map-room, Coast Suney. 
Office, p, 45. 

MENDET~L, COL. G. H., 11. R. Engineers. SuJHff\7 ision of thlal 
observations near San Francisco, Cal., p. 39; rela.tive to rcp()rt on 
irrigation of Rf'voral valleys of California, published by the War 
Department, p. 3fl; supervision of tida.1 observations- at Astoria) 
Or"!!··µ, 41. 

YEUTH, C. Drawing Division, Coast Survey Office, p. 44. 
:MIDDLE F ARA.LLON. Rock found half a mile sontbweet of, pp. 

11, 40. 
1\HSilJSSTPPT RTVER. Snrv~y of, at New Orleans, p. 33. 

MISSOURI. Triangulation in, p. 34. 
MITCHELL. A.SSISTANT HENRY. Ob•ervntions for pbysieat 

sni\ey of New York Harbor, p. 17; as~igned as officer of Coast Sar
"t""f'Y t.o in.-i.pA<>t rout.AR for IntAroreanic Ship-Oansil in Central A..mer
ica. p. 17; Bllf'>cia1 bydro~raphie All'rvoy of }Jrovidence Ha.rbor, R. I., 
p. 17, lR; survp.yof New York Jlsrhor arnl lnwp,r bay, p. lfl; general 
1lirec:t,fon of sttrYey of low6T part of Sa-vannah River, p. 27'. 

:llONTEREY RAY, CAL. Triangulation hetwoen Santa Barbara 
Island and, p. 40. 

MOORE, FRANK. Division of Chart& and lnstramente, Coal!t Sur
vey Office, p. 45. 

MORRISON, G. A. Ser\~ices in Section Il, p.19; servieel!llin Section 
VII,p.il!l. 

MOSMAN, ASSlSTANT A.. T. Extension of primary triangula
tion nlong Blue Ridge, Va.1 p. 20; triangulation near Cedar K11ye, 
pp. 30, 31. 

MOSQUITO INLET. Survey of Atlantic coal!t near, p. 28. 
MOUNT DESF:RT ISLA.ND, "ME. Topograpbical survey nortb and 

west of. p, 17. 
N. 

N A.NSE"!\fOND RIVER, VA. Shore-line survey of, pp. 21, 22. 
NAVAL MAGAZINE at Marbury Point, Potomac River. Survey 

of P.>ite of, p. 20. 
NA. V A.L OFFICERS. Number emµfoyed in Coast Survey diruin

ishefl. owing to the war, p. ~; law reqnires hydrography of the eur
VP"3' f'lXOCuted by,µ. 3. 

NES, ASSIRTANT F. F. Spooial anrvey of tides and cnrrents In 
New York Harbor, p. 19; sboal spot near Swa•b Cbannel, New 
Ynrk Bay, found lty, p, 19; hydrograpby of Pamplico Sonnd, N. C., 
p.24. 

NESSEL, L. Tid~·gaugo at Port Townshend, W. T., in charge of, 
!•· 41. 

NESBITT, M. E. Drawing Division, Coa•t Survey Offioo, p. #. 
NEW ENGLAND COAST. Stations for primarytrian1tt1lation• on, 

p. 16, 

~EW .TF.Rl\EY. Exact boundary between New York and, Meer
taincd by the Coast Survey. 'P· 19i ftingnlar mistake owing to want 
of s11cb information, p. 20. 

NEW YORK. Exact boundary hetween New Jeroey and, a.scer
t,ainf'ld by thfl Coast Survey, p. 19. 

NEW YORK BAY. Shoal spot developed in Sw""h Cbannel, pp. 
11, 19. 

NILES, MASTER KOSSUTII, U.S. N. Services in Soction I. p. 18. 
~ISSEN, H. Division of Charts and Instrnmente, Coa"t Sarvey 

Otlfoe, p. 45. 
NORTH, F. H. Servioo•linSectionI,p.18; servioe11inSectionVII, 

p. 32. 
o. 

OllER, F. Electrotyping and J>hotcgra.phing Division, Coaat Sar· 
vey Office, p. 45. 

OBITUARY. Notloo of death of Mr. John Farley, for thirty-seven 
y01>r11 Aaaiatant United Stat.es Coaat Survey, p. 16. 

OCEAN SIDE HOUSE, CAL .. p. 38. 
OFFICE-WORK. Geographical ~numeration of, p. 8; estima.tes for 

Atlautic nrnl Gulf cuaHL8, pp. 8, 9; estimatftB for _general expenses 
for, p. 10. 

OGDEN, ASSISTANT H. G. Plane-talJle ~nn't1y or 8horeR cf 
Thames River, Conn., p. ta; tria.nf.!ufa.tion and topogra.pby of Tampa 
Bay, Fla., !" 29. 

0(~0Ji:;N", 8. N. Services in section I, p. 17; ser'\'icos in Section V 
p. 25. 

OHIO RlVER. Examination in vicinity of, for extending triangu
lation weEtward, p. 3~. 

OIL SPOT. Part of Sabine PaR8,Tox.,p.34. 
OLD POINT COMFORT, VA. Tide-gauge at. in charge of W. ,f, 

Hod-el I. p. 22. 
OLYMPIA., W. T. Soundings in Yicinity of, p. 41. 
ORJ£GUN AND W A.SHINGTOK 'l'ERRlTORY. Coast of, Section 

Xl, pp. 41, 42. 

P, 

PACH'IC COAST. Survey of, p. 41. 
r ALFREY, R. B. Serv-iceB in Section I, p.18; services in Section 

JV, p.2~. 

PALINURUS, (ochooner.) Use of, pp. 20, 22, 24. 
PALMASOLA. BA 'I", l<'LA, Sarvey of. p. :ID. 
PAMPLICO SOUND, N. C. TopoJ?ri;phy near, p. 23; hyclrograpby 

of, p. 24. 
PARSONS, F. H. Services. in ~Potion I, p. 17; Nffrvices in Section 

TIT,p.21. 
PASS CAVALLO. TEX. Hydrcgra.phy of. p. 34. 
PATTERSON, CARLILE P. Supe<intendent of the CoMt Sur,,ey, 

'" 45. 
PEIRCE, PROFESSOR. Syotem and arran~emrnt of work on Coaot 

Survey contiunt:d a~ when direct.ell by, p. 1; member .ofoomruissiou 
to observe the transit of V cnus, p. 13. 

PEIRCE, ASSISTANT C. S. Pendnlum·observation• at North 
A.dam•, ·i.rass., p.18. 

PENDLETON, A.G. Re.rvice• in Section II, p.19; sernce• in Sec· 
tion IX, p. 34. 

PENOBSCOT BAY. Hydrography at bead of, p. 18; tidal olmirvn
tions, p. 18. 

PENOBSCOT RIVER. Sarvey of, between Castin" &nd Bucks]>Qrt, 
p. 18. 

PERKINS, SUBA.SSISTANT F. W. Ob..,rvat.ions at primary sta
tion, Ra~~ed Mrmnt.ain, Me., J>. 18; triangulation from CedaT Keys 
to Saint 1\:lark"•. Fla .. p. 31. 

PETERSEN, A.. Engravini; Division, Coast Survoy Offioo, p. H.' 
PIEDRAf\ "RLA NCAS, CAL. Coast topngr~phy north of, p. 38. 
PIGEON POINT, CAL. Coast-liµ:htat, determined in position, p. 38. 
PLATT, ,J. F. R•n·ices in SMtion IX, p. 34. 
PLATT, ACTING MASTER ROBERT, U.S.~. Soundings near 

JeffMy"s Le<lge, &.c. B:ydro!!,rapltyof Isles of Shoals, p. 18; hydro. 
graphy of N&Memond River, Va., p. 22. 

PI,EA.SAN1'S, E. B. SerYices in Section II, p. 19; in Section IV, 
p.24. 

POINT A.NO NUEVO. p. 37. 
POINT BONETA, CAL., p. 38. 
POINT BUCIION, CAI,., p. 37. 
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REPORT. 

UNITED STATES Co.AST SunvEY 0FFTCF:, 

lra87li11gto1r, Scptembca· 15, 1874. 
SIR: I have the honor to submit, with this report on the progress marle during the year 

ending June 30, some remarks 011 the eoll(1ition of the Coas~ San·e~-, and suggestious for maintain
ing a Rteady rate of progrc:;s in the 1vork. 

When appointed as Superintendent, on the 17th of February fast, after haviug been, l1uriug the 
preceding thirteen .>ears, H;rdrogra phic Inspt>ctor of the Coast Sm·\·ey, I found tlia t, with the assn red 
co-operation of the late Snperintende11t, Proft•ssor Ben.iamin Peirce>, for needful cowrnltatio11 in RCi· 
entific matters, my only duties, additional to h~·drograpLic details, would lie thosp of can•f'ul direction 
and administration. The method!", processes, and fornrnhe established and perfected liy the three 
eminent men Hassler, Bache, and Peirce, \-d10 ha>e precetkcl in the charge of the work, the laRt 
being the aclrnowlerlged mathematical chief of our country, lean• nothi11g to be added to tl1eir 
theoretical construction and >alues, and but little in the way of coustauts and refinements as likely 
to be developed by further a.d,·ances in science. 

Tue directin· aud :i<lrninistrath~e duties as now extended, call for the almost exclusin:· attention 
and time of the Superintendent, in order to insure JH'oper results and due economy. The work 
requires such assii,;tancc as the most a<h-anced science of thP country can afford, anc1 this requisite 
is met by a number of alile assistants, and by the hearty co-operation of all the leading scie11tific 
men of the nation. 

The se,·eral didsions and classes of the work, which ha>e grow11 from the small beginning on 
the sonth beach of Long Island in 1832, until they now spread their utilities aud benefits in twents· 
eight States and Territories, will be adhered to. 

In the early years of the Snrver, field-operations lwing theu restricted to the ,·icini(Y of New 
York Bay, and the working-season consequently from April to December, the custom armw to 
report the operations for the ye-ar ending with Novembt•r. At present, howeyer, as for some years 
past, field.work is prm•ecuted continuonsly at the North during tLe summer ancl on the Southern 
coast during winter. It has been found impossible to receive field-reports from distant parties, 
some being on the coast of 'Vashington Territory, :wd one of them on the coast of Alaska, in time 
to include mention of their results in a report annually closed au<l prescntP<l in December. I liave, 
therefore, substituted the end of tLe fiscal year for the closing date; and this rPport will conform 
to what has been general URage in regaHl to annual statemm1ts from other branches of the public 
service. The report now submitted will notice in detail tLe work done la::;t winter and spring, an<l 
will mention also the allotment of parties for the work of the early part of the present fi,;;c:tl year. 

In explanation of the estimates suhmitted for the Coast Survey, both in relation to tht• a1m1rnl 
expenditures and the vessels required, I ha>e the honor to state, that when placed in charge of the 
Coast Survey, in Februar,r last, l found tllat my predecessor had suumittetl estimates for the present 
fiscal year, based upon the strict.est principles of the relations between economy of expenditures 
and largeness of results, and predicated upon a policy indorsed by Congress through a serie.;:; of 
years. These estimates, in the aggregate $825,ooo, were reduced by Congr<:ss (in the gm1rral policy 
at that time so nee.dfnl) in its appropriations to but $70u,OOO for the regular work of the Uoast 
Survey, a decrease of $119,000, or 14i per cent. below the amount of the estimates. This reduction 
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has necessarily restrained me from the execution of much work greatly wanted, but now postponed 
to the next fiscal year. All the omitted work of this year, as well as the work due to the next, 
must be executed in the coming year to place the Coast Survey in the position it would have occu
pied had the appropriation of this year equaled the estimates so carefully prepared and submitted 
by my predecessor. 

One of my first duties after being appointed was to make a careful investigation and m1timate 
of tlrn amount of work :yet to be done to complete the survey of our now actual coasts; to compare 
thii'I amount with that already executed, as well as the time consumed in the latter with that esti
mated to be necessary in the former. 

A comparison of the actual spaces covered by the various classes of work now finished and 
those to be lloue would not yield a true ratio of their respective times; for at first the Coast Sur
vey bad, from the necessity of tbe case, to be commenced on a very limited scale, and many years 
had to elapse before a full organization could obtain, and the work be carried forward from many 
centers, in the several sections of both coasts, by trained officers. In fact, the organization, the 
methods, and the officers Lad to be created by the eminent men who have preceded me. The 
splendid results justit~· their work. 

lu 183:!, when the Coast Survey really made a beginning, Texas and California, with fifteen 
hundred miles of sea-coast, and more than four times that number in harbor-lines and island-shores, 
as also Alaska, with its enormous length of ocean-shore, were foreign territories. 

For ten years, the work necessarily advanced tentatively and slowly, and subsequently, having 
recei\'eu the indorsement of the highest scientific and practical anthorities in both this country and 
Europe, was fully approved by Congress, which, during the years 1856, '5i, '58, '59, and '60, made 
such increased appropriations as utility and economy demanded. 

In 18'12, the work of the Coast Sun-ey was being executed in four States. 
In 1874, the Coast Survey, thoroughly organized, is working iu twenty-four States and two Ter

ritories, and capable of producing, with its present coustauts of expense, the largest amonnt of and 
most ecouomical results. 

In face of the difference in the value of money, the average salaries of assistants and subassist· 
ants iu 1874 is no greater than in 1842. 

The experience of the Ooast Survey now admits of a very close estimate of the time and means 
required to complete the snrvey of our now actual coast. I have carefully gone over the finished 
and unfinished work of the Coast Survey, compared cost and time, and find the Coast Survey has 
bl•en at work for forty-two years, and that two thirds of the coast have been surveyed, exclusive of 
Alaska. 

I conclude, after making due allowance for unforeseen delays, that the survey of the now actual 
sea-coast of the L'"uited States remaining nnsurveyed can be completed in twelve years if the mod
erate means a,;ked for are supplied. These means are but the restoration of the value of the annual 
a1)propriation to that of the average of the years 1856 and '57, '57 and '58, '58 and '59, '59 and '60, 
with two more Yessels than were at that time in the Coast Sur\·ey. A comparison of the actual 
cost in number of dollars of any class of work in 1858 and 1874 is no measure of relative economy. 

The following statistics give tile cost for a number of articles and rates of wages and compen
sation between the periods 1854-'58 and 18G9-'H, as taken from official printed documents : 

Prices of several artiole8 in New Yo,.k in the yearB 1858 and 1873. 

Articles. 1858. \ 1873. Increase. 
1~~~~~~~~~~~~~~~~~~~~~~-1-~~l~~~~~-1 

• 4 95 
19 
40 
21 

6 2() 
47 48 
97 50 

6~ 
57 

8 12 
2 4-0 

Percent . 
3-0 
80 
80 
75 

113 
108 
113 
74 
58 

146 
210 

Average inereaae of these articles, including beef and pork as the same............ 8:l 
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Beef and pork :fluctuated greatly in price from month to month, but averaged about the same. 
The average increase of cost of materials aml la uor for a dwelling-house suitable for workmen 

equals 80 per cent. 
Weekly wages in New York in the years 18fi0 and 1869. 

j-----------------------l~l~l__r:roase. I 
j Per cent. i 

Blacksmiths·-·--··········---·------·----------··-----·-···-··--··--· $12 00 '$20 oo 66 I 
Bmler-makers.------·······--··········-----···-·····---·-·······-······ 10 00 j 18 oo 80 

~~~!l?t1IL~~~~+~~~()?ll~/:\:HH<Yiltf !~Hf~: !~ ~~ ! ~~ ~. :~~ I 
Laborer• ...................................... __ ........•............. · I C 50 1 !~ 50 : 92 

}~SEf~:~~~:;;~~::::::~:::~::::::::::~~:::~::::::~:~~~~~:~~~~~::~:~~~ I ~~ ~~ i i~ ~~ j ii 
Seamen-N1:1Ny wag-~s of sean1r-n have be.en increased from time- to time from ~!'12 per : 

mouth in lt"!54 to$2L50pArmonthin1874 --------------·---------···········-······-; 79 

Average increase of all tbeee itemR _________________________________________ ·-- __ .; 85 

Average increase of seven otlJ.er classes of wages in five States equals a per cent. 
Average cost per ton in Baltimore of a merchant-Yessel's hull and spars in 1858 equals $24.50; 

in 1874, $53 ; an increase of 116 per cent. 
l<'rom these data, it is quite eddent that money-gold as well as notes-has depreciated greatly 

in value, and that the present currency has not more than three-fifths the power of getting work 
accomplished or the purchasing value of the currency of 18:>8. The average appropriation for the 
Coast Survey for the ,vears 1856 aml '57, '57 and '58, '58 and '59, '59 and '60, was $.337,000, equal in 
value to $895,000 in 1874. The appropriation for 1874-'75 is, for the regular work, but $706,000 
equal in value to about $423,600 in 1858, or about 27 per cent. less in value than the average 
appropriations for the years above named. 

To the work of tlJ.e Coast Survey in its earlier years, others-its natural outgrowth-have been 
added, for which appropriations have been made and are now estimated for, in additiou to the 
classes of work for which ap1lropriatious were made in 18.'iS. De(lucting- tllese portions of tile 
appropriation from the total., the aggregate amount estimated for the year 1875 and '76 would lie less 
in value than the average appropriations for the years 1856 and '57, '57 and '58, '58 and '59, '59 
and '60, by $140,000, or more tban 16 per cent. less than the estimates submitted. 

With an increase of 25 per cent., the results can be increased 65 per cent.; for, as the con
stants of expense for the whole work remain nearl;y the same, almost tbe entire additional amount 
can be applied directly to field-work and to the production of charts and maps. 

VESSELS. 

In the years 1856 and '57, '57 and '58, '58 and '59, '59 and '60, the Coast Survey, by the genius 
of 1Ias11ler and Bache, had developed into a fixed organization, for the support of which <Jongress 
made almost constant equal appropriations, averaging for these former years $537,000 per annum. 

The war, by withdrawing the naval officers, who had by law, when they could be supplied by 
the Navy Department, the execution of the hydrography, added to which many of the civil assist
ants of the work were employed as topographical officers to several corps of the Army operatiug in 
different parts of the country, disarranged this organization. Although the system of the organi
zation was thus materially interfered with, the work continued upon ite old basis, notwithstanding 
various efforts made by my predecessor since the close of the war to restore the conditions of tbc 
organization as it existed in the years referred to before the war; but from the want of sr•fficient 
appropriations to supply the deficiencies in the number of vessels, the inability of the Navy Depart
ment to furnish the required number of officers, and other causes, the restoration of the conditions 
referred to has not been possible. 

The law requires that the hydrography of the Coast Survey shall be executed by officers and 
men of the Navy when they can be furnished. 
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It is my duty, and I am most anxious, to carry this law fully into effect, and the Na>y Depart
ment now stands ready to supply the required complements; but there is a great deficiency of ves
sels forthe purpose, aud estimates are snhmittt>d for bnt two \essels more than Congress deemed 
necessary in 1858. It has l.Jeen officially stated in letters, from the honoral.J1e Secretary of the Navy 
and from tlle Treasury, tllat no vessels of the classes required for Coast-Survey work can be supplied, 
either from tlie :S- avy or from the Re>eu ue l\Iarine. 

The absolute necessity for more ye;,sels for the ntpid execution of the work is evident from the 
following compari,,;on; only two more than wer·e used in 18.58 beiug· estimated for:-

In 1858, tlw Coast Sun·ey had five sea-going steamers on tlle Atlantic and Gulf coasts. 
Iu 187 ±, there are but two, witll one building. Estimates for two more are submitted to raise 

the number to that of 1808. 
In 18J8, the Coast Survey had twenty-fiYe schooners and small steamers on the Atlantic and 

Gulf coasts. Iu 1874, there are twenty-four. 
In 1858, before the work was full,V organized there, the Uoast Survey had on the Pacific coast 

one sea· going steamer and three schooners, quite sufficient then for the scale of work upon that 
coast. 111 1874, thPre are one sea-going steamer and three schooners, two of them too old and 
decayed to Lie trusted at sea. In t,he last fow years, under the dirnetiou of wy immediate prede
cessor, this portiou of the work bas rapidly progressec1; but, from waut of vessels, tile shore-work 
has advanced greatly beyond the ilydrogrnphy, and now over three hundred miles of the land
work of the coast is finished, awaiting tlle c.omplet.ion of the hydrography in order that maps 
aud charts may be issued. This ily<lrography can, of course, onl;y be accomplished by vessels, 
which the Coast Survey lms uot, nor the means to obtain them. 

In 1858, all the >e8sels were comparath'ely new, none being over eight or nine years old. 
In 1874, thern are twelve from eighteen to twenty-five years olll, rotten, worn out, and worth

less, utterly valueless for any use, reducing the available number to nineteen, compared to thirty
four in 1858. 

Witll the number of Yessels estimated for, and the sale of the twel\e useless ones, the total 
number of vessels in the Coast Survey would be thirty-six; the total in 1858 having been thirty
four. The number of vessels on the Atlantic and Gulf coasts will he decreased; the number on 
the Pacific coast will be increased; but the total uurnber for all coasts will be but two more than 
in 1858. "'-itl10u t some uuexpectetl casual ties, no more special appropriations for the construction 
of Ycssels will be required to complete the survey of the present limits of the coasts of the United 
States; and appropriations for those for wllich estimates are submitted are urged from the positive 
necessities of the work; and, besides, it must be considered that a full year must elapse after the 
appropriation beeomes available before the vessels can be ready for use. 

The averag·e receipts from the customs for the years 1857, '38, '59, and '60 were $52,106,740.56. 
In 1873, these receipts were $188,089,522.70, or 261 per cent. increase in gold. 

The increase of Coast Survey appropriation, reduced to gold, is but 11 per cent. 
Although. these relatiYe amounts are not entirely logical as bearing on the appropriation for 

the Coast Survey, yet they tend to show with what rapidity our external commerce has increased 
and is increasing, amassing, with the coastwise trade, figures which but a few years ago would 
have been deemeu incredible; and they also ternl to show the imperative necessity of completing 
the survey of our coasts in the shortest possible time consistent with proper economy and due 
accuracy of work. 

The same ratio of appropriation for the Coast Snn·ey to the custom-receipts in 1874 and '75 as 
obtained in 1858 would give $1,938,570, or more than LOO per cent. over the amount for which 
estimates are submitted. 

The enormous extent of the coasting-trade along the coasts of the United States, now estimated 
to exceed forty millions of tons transported per annum, demands for its greater security the speediest 
completion of the work, as is evidenced from the constant calls upon the office for detailed charts 
and sailing-directions of those ports of the coast not yet surveyed. The es.timates submitted are 
based upon the actual necessities of the w"ork, the constantly increasiug demands for charts of the 
uufinished parts of the coast, and the value of the average appropriations made by Congress in the 
years 1856 and '57, '57 and '58, '58 and '59, '59 and '60, after years of trial, deliberate investigation, full 
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discussion, and matnrejudgment. The work is essentially temporary in character, the number of 
miles of coast known, the cost and time for completio11 a mere question of arithmetic. 

'l'he present purchasing value of currency is not more than tllree-fifths of that in the yt-an; above 
named. The a\erage appropriations for these years was $337 ,oon, au cl that amou11 t is tliree-tifths 
of $895,0flO for work of the classfls executed in 185S. To this <t1LI $l+OJIOil for work s'.nce added 
and required, and we have a total of $1~035,000; tile total amonnt t•stimated for is SS!.l:j,00(); less 
by $142,000, or 14 per cent. 

The work cannot vroceed with proper economy and speed without a proper supply of yes:-1els, 
and estimates for but two more are submitted thau are required to 1·estore the etiieient 1111mber 
actually in the Coast Snn·ey in 18.38. 'Vith all the vessel;.; eompleted for which estimatf'S an~ sulJ. 
mittecl, there will be reqnired, in addition to the regular estiurnte:,; suhmittt>ll fur tlH· y1•ar 1.-;7,j and 
'76, about $7 5,000, or a total of $\WS,000, with which auunal appropriati011 the wlwlc :,;mTcy of tlte coast 
can be completed iu twelve years; le;:wing no farther work to lie ex:ecnte\l ex:C)ept the puhlishiug of 
charts, results of the work, and the resurveying of the ehange:tlJle h:irbor,; and portio11s of the 
coasts, which would involve no great expense. 

Good charts, ligh t-honses, and hnoys, uy remlering navigation safe, reduce the expenses ofiusur· 
ance, detention, pilotage, etc., and thus chea,pen transportatinu. Iu the eoa8tiug-trade alone, of 
40,000,000 tons, valued at only $30 per ton, equal to $1'lOO,OOO,OOO, if tl1e expense8 of it:-; tra11.~por tatiou 
are reduced by one per cent. uvon its value, we hrwe ~•sum of $~,Of)(),()()() per aun tun saved, or double 
the annual cost of the Coast SunTe.Y and light-house system comliined, or on•r eight times tlrn cost 
of the Coast Survey, if its anuu:d cost was w he ceaseless, i11stf~:ul of elJ(liug i11 t1velve ,H•ars. 

Feeling confident tliat Congress wishes the speedy termination of thiH work as a nwasnre of 
necessity to our enormous and constant!,\' increasing commerce, as weil as a matter of general utilit,r 
and economy, and trusting for its ap1no\-al, I ha>e deemed it my dnty to submit, th<•s<· estimates for 
the most rapid and economical completion of tlle surves of the coa:-;t,; of tho Uuited State,,;. 

In the detailed estimates, the work for the fiscal year e11tling ,Tune 30, 187G, will be statetl in 
geographical order, beginu ing ou the Atlantic coast of the Uuited State8 at the nortlieastern l1om1d · 
ary, and terminating on the coast of 'J'exas. On the Pac1iJlc coast, th!:' sitt•s will be named iu the 
reverse order, beginning at San Diego and terminating with the coast of Alaska. As a practical 
illustration of the estimat.es, au abstract is here presented, showing the sites in which the fieJJ.work 
and hydrography are now in progress, and iuclmling mention a]s() of the localities iu wllich the same 
parties worked during last winter and spring in the southern sections of tlle Atlautic and Pacific 
coasts, and on the Gulf coast of the United States. The recapitulation iuclutles, as the operatitms 
now in hand :-clerp-sea soundings in the Gulf of Maine bet, ween NnYa Scotia aud Capfl Cod; topog. 
raphy of ~fount Desert Island, and soundings in its Yiciuity; detailed surn~y of the shores of 
Eggemoggin Reach; of islands east and west of Deer Isle and Isle au Ilaut; of the eastern ,;hore 
of the Penobscot, between Castine and Bucksport; hydrngraphy at tile lwad of Pe1w1Jscot lfa.Y; 
determinations of height and of the co-efficient of refraction at the primary station near Camden, 
Me.; tidal observations at North Haven, Penobscot Bay; hydrography of the Yicinity of Jeffrey's 
Ledge, Cashe's Ledge, audJeft're,:r's Bank, i11clu1liug surface and deep-sea temperatures; ch-termi
nation of geographical points by triangulation in New Hampshire; tidal obscrq1tions at Boston 
navy-yard; special observations and topographical survey near North Adams, ::\lass., for determin· 
ing differences in the intensity of gnwitation; hydrograpby of the dei nity of ::\fonowoy, coast of 
Massachusetts; special test of sailing-courses in Narragansett Ba,y, for the Coast Pilot; detailed 
survey of the shores and soundings in Tann ton Ri \·er, J'\Iass.; sliore-liue sun-e.v and sound· 
ings, with obsenations on tides and currents in Providence Harbor, It. I.; <letaile<l survey 
and soundings in Thames River, Conn., above the navy-station :tt New London; topography 
of the shores of New Haven Harbor; positions of light-houses deter111inell at the eastern entrance 
of Long Island Sound, N. Y.; hydrographic development of the chitunel westward of Plum 
Island; special observations on tides and currents i11 the waters of New York Bay and Clarbor; 
development of a shoal in the Swash Channel off Sandy IIook; shore-line survey and sound
i•gs at Port Jefferson, Long Island; tidal observatid'ns continued at the station ou Goveruor's 
Island near New York City; reconnaissance for determining points eastwanl of Hmlsm1 l~i\Ter, 
and between Albany and Lake Champlain; shore-line survey and hydrography of Lake 
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C!Jamplain, from previous limits of work southward to Whitehall; latitude and azimuth 
determined at House's Point, Crown· Point, and Hudson, N. Y.; shore-Hue survey a!1d sound
ings continued iu Great South Bay, Long Island; magnetic declination, dip, and intensity 
determined at Ithaca aml Oxford, N. Y., at Bethlehem, Penn., and at Cape May, N. J.; detailed 
survey of the shores of Barnegat Bay and soundings in its southern branch; hydl'ography of the 
bar at Little Egg Harbor, N. J.; latitude and azimuth observed at Keyport and Barnegat,~- J.; 
positions of light-houses determined at Cape May, and in Delaware Bay at Maurice Rfrer, Mispil
lion Creek, and Hereford Inlet. Earlier in the J'ear, the same parties made progress by surveys ou the 
southern coast and its waters, and these include :-examinations of sailing ·Courses in the harbors 
of Chesapeake Bay, and compilation of notes for the Coast Pilot; the topography of Marbury Point, 
D. 0., including site for t!Je Uuited States naval magazine; supplementary plane-table work along 
the east side of the Potomac at Washingtou and Bladeusbnrgh; determination of the magnetic 
elements at Washington City; local triangulation of the Upper Potomac connected at Sugar 
Loaf Mountain, l\ld., with primary triangulation in Virginia; determination of points by triangu. 
lation (yet in progress) along the Blue Ridge in Virginia; reconnaissance (yet in progress) for 
stations between Staunton, Ya., and the Ohio River; detailed survey of the shores and sound
ings in James River, Va., from VVarwick River entrance upward to Sandy Point, including the 
lower part of the Chickahominy; topo~raphy of Norfolk, Portsmouth, and Gosport; shore-line 
survey and hydrograpby of Nansemond Ri>er, Va.; development of the channel between Cra
ney Island and the mainland; inspection of plane-table operations in the field; tidal observations 
at Fortress Monroe; sailing-courses south of Cape Henry, Va., determined for passing the Look
out and Frying Pan Shoals, and additional notes for the Atlantic Coast Pilot; triangulation 
(yet in progress) in Pamplico Sound; triangulation, plane-table snrvey, and hydrography of Chowan 
River, .Albemarle Sound, N. C. ; detailed sun"ey of the north shore of Pamplico Sound in the 
vicinity of Swan Quarter Bay; hydrography of Pamplico Sound westward of Gulf Shoal Rock; 
soundings in Pungo River; inspection of the plane-table operations; hydrography of Beaufort 
Bar,}{, O., including the approaclles, the harbor, North River, and Newport River; soundings 
in the western channel of Cape Fear River, and development of changes in that vicinity; detailed 
survey of the coast of South Carolina near Cape Romain, including O.rster Bay; harbor-entrances 
between Winyah Bay and Savannah River examined for sailing-courses and notes for the Coast 
Pilot; shore-line survey, hydrography, and special observations on the currents of Savannah Hiver, 
Ga.; astronomical observations at Savannah for determinations of longitude by the telegraphic 
exchange of clock-signals; inspection of plane-table operations in this section north aud south of 
Charleston, S. C.; hydrography of Fernandina Bar and its approaches, and of the Atlantic coast 
below Saint John's River entrance; detailed survey of Halifax and Hillsboro Rivers, including_ 
Mosquito Inlet and the adjacent coast of Florida; astronomical observations at Key West for 
determining longitude by clock-signals; determination of longitude at the entrance to Charlotte 
Harbor, Fla.; triangulation and topography advanced on the east side of Tampa Bay, includ
ing Manatee River; bydrography of Tampa Bay from the Gulf entrance upward to .Mangrove 
Point; inspection of the plane-table operations in the same quarter; longitude determined at 
Cedar Keys, Fla., and at a station near .Atlanta, Ga.; azimuth at Cedar Keys, and triangulation from 
thence to Saint Marks along the Gulf coast; development by soundings of a shoal off Point Saint 
George; soundings in the Gulf approach to West Pass (Saint George's Sound, Fla.) and hydrographic 
survey of Saint Vincent Sound; height of the .Atlanta base above sea-level determined, and trian
gulation (yet in progress) continued northeast and northwest of the base-line; reconnaissance for 
stations in the vicinity of Lookout Mountain, and for triangulation points near the course of thl'I 
Ohio River; triangulation and hydrography of the Mississippi Rive"r between English Turn and Car
rollton, La.; triangulation (yet in progress) for determining points in Missouri westward of Saint 
Louis; reconnaissance for points of triangulation in Wisconsin; measurement of base, triangula
tion, and shore-line survey of Sabine Pass, Tex.; hydrography of Pass Cavallo, including the bar, 
and of San Antonio Bay, Tex.; and tidal ob8ervations continued at Saint Thomas (West Indies). 

On the Pacific coast of the United States, the operations of the present year include the develop
ment of a sunken rock off Point Loma near San Diego, Cal.; plane-table survey of the coast of 
Santa Barbara Channel from Newport Slough northward and westward to Bolsas River, including 
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part of the course of Santa Ana River; the topography of Santa Uruz Island; soundings between 
that island and Santa H.osa; survey of the coast of California between Point Conception and Point 
Arguello, also in the vicinity of Point Sal, and northward of Piedras Blancas, and near San 
Simeon; off-shore soundings between the Santa Barbara Islands and ~Ionterey Bay; the addition 
of topographical details on tbe shores of Monterey Bay and Half ~loon Bay ; determination of the 
positions of light-bonses between Santa Cruz and Point Heyes; bydrography and current-observa
tions on the bar and inside of San Francisco Bay ; disc wery and development of a ruck near the 
Middle Farallon ; tidal obse1Tations at Fort Point near San Francisco; latitnde, azimutli, aud tri
angulation (yet in progress) to pass north ward of San J?rancisco to Helena; and, as yet in progress
bydrugrapby between Point Re.yes and Cape Mendocino; coast-topography near NoyoRivereutrance. 
soundings south of l\fenrlocino Bay and south of Trinidad; coast-topography betwPen Rocky Point 
and Klamath River entrance; reconnaissance south of Point Saint George; in-shore and off-shore 
bydrograpby near Port Orford, coast of Oregon; survey of the shores and soundings in Umpquab 
River, and selection of site for a base-line near that entrance; topography of the coast St)nth of 
Columbia River toward Tillamook; tidal observations in that vicinity; h.Ydrography of the prin
cipal cbannels, and survey of the banks of Columbia River above pre1ious l!mits; tidal observa
tions continued at the permanent station at Astoria, and at Port Townshend, \V. T. ; hydrography 
of Budd's Inlet from Tumwater northward to Dana's Passage; survey of the slrnrr.s and sou ml in gs 
in Duwamisb Bay southward of West Point; bydrography of Puget Sound, W. T.; and develop. 
meut of facilities for navigation on the coast of Alaska Territory. 

The office-work bas been kept fully up to field-work: of the preceding season. The computations 
of the current geodetic, trigonometrical, and tid<1l obsernttions lrnve made dLrn progress, inclmling 
the preparation of records and results for publication. Tide-tables for all ports of the United States 
for the year 1875 have been published. The drawing of thirty·fi'\'e charts bas been in progress, and 
that of seventeen bas been completed. Ten new copper-plate charts have beeu commenced, forty· 
six have received additions, and eleven have been completed. Three new charts ha\'e been engrit\ed 
on stone, aml ten have been published by photolitbography. An aggregate of 20,500 copies of cllarts 
has been issued during the year. The first volume of the Coast Pilot, or Sailing Directioas for the 
Coast from Eastport to Boston, is passing through the press. Within the year, ninety-two manu· 
script charts have been traced on special call, either for the use of the Government, or for appli· 
cants who refunded the cost of copying. 

The estimate for continuing the survey of the Atlantic and Gulf coasts of the United States 
is intended to provide for the following : 

FIELD·WORK.-To continue the topography of the western shores and islands of Pa8sama· 
quoddy Bay and its estuaries; of the coi;st and islands between Castine and l\Iount Desert, and of 
the shores of the Penobscot River between Castine and Bangor; to continue the determination of 
heights at some of the principal trignometrical points between Boston and the Saint Uroix, and of 
co-efficients of refraction; to complete the bydrograpby of Penobscot Bay and Hfrer, and continue 
soundings to the eastward of Mount Desert; to make a hydrographie and topographical surrny of 
Portsmouth Harbor; to make sut1b ~tdditioual triangulation as may be reqnired for the topographi
cal and hydrographic surveys, and determine the positions of new light-houses from Cape Uod to 
the eastward; to continue the resurvey of Monomoy and N antncket Shoals, and the off.shore hydrog
raphy between Cape Cod and Manan, and wa.k:e special examination for the sailing-lines for charts; 
to continue tidal observations, and to make such astronomical and magnetic observations as may 
be required; to continue such topographical and hydrograpbic sun·p.ys of the coast between Uape 
Cod and New York as may he found necessary; to make a survey of the Connecticut Hiver from 
its mouth to Hartford; to make such examinations as may be required in New York Harbor, and 
such other surveys in its vicinity as may be required ; to continue at that port observations on 
tides and currents; to extend the plane-table survey of Hudson River above Haverstra.w; to make 
the requisite astronomical observations; to continue the triangulation between the Hudson Hiver 
and Lake Champlain, the tOpograpbical and hydrograpbic surveys of the coast of New Jersey, 
and the resurvey of the bydrograpby of Delaware Bay and Hiver; to connect the Atlantic triangu
lation with that of Chesapeake Bay near the boundary-line between Maryland and Virgiuia; to 
continue the detailed survey of the James River, Va., including the hydrograpby and the plane· 
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table survey of the Potomac R.iver; to c011tinue southward the main triangulation along the Blue 
Ri<lge, parallel with the coast, including astronomical an<l magnetic observations; to continue the 
supplementary hydtography oetween Delaware Bay, from Cape Henlopen to Cape Ilenry, and in 
Cheiiapeake Bay, ali.;o the tidal observations; the tiiaugulation of Pamplico Sound, and the topog
raphy of its western shores between the Roanoke Marshes and Swan Quarter; to measure a. 
base of verification and determine azimuth for the coast-triangulation soutli of Cape Lookout; to 
make the [tRtronomical and magnetic observat.ions rcq uisitc; to continue the off~shore hydrography 
between Cape Henr.v and Cape Fear, the hydrograpLy of Pamplico Sound and its rivers, and that 
of Core aucl Bogue Souuus and of tlw entrance to Cape Fear River; to extend northward the pri
mary triangulation along the Blue Ridge; to continue the topographical survey southward of Cape 
Homain; to determine azimuth for the triangulation of the coast of South Carolina and Georgia; 
to comvlete the detailed survey of the sea-islands and water-passages between Charleston and 
Savanuah, and to make tidal observations; to make a hydrographic resurve,Y of Georgetown 
(S. U.) Harbor and approaches, and continue the offshore h5drography \Jctwecn Cape Fear, 
X. U., and the Saint ,Joh n's Hiver, Fla.; to coutinne southward from Mosquito Inlet the tri
angulation, topography, amJ. llydrography of the sea-water channels adjacent to the eastern 
coast of the Florida Peninsula; to make the requisite aRtronomical observations; to continue the 
off-slwre h,Ydrograpuy of the Florida Penimmla, and complete !'lonudings iu tl1e viciuity of the reefs 
aud keyR, continue souudingR, observatious for sea-temperatures in such parts of tl1e Gulf Stream 
as may lw 1lPPnwll arhisable between the west eud of Cuba aurl Xova Scotia, anrl dredging along the 
coaRt, within the same limitR, in conjunction with the United States Commissioner of Fisheries; to 
continue tlie astronomical and magnetic ohRervations requiRite between Cape Florida and Pensa
cola; to continue the triangulation, topography, and hy<lrograpby of the western coast of Florida 
south of Tampa, Bay and in Charlotte Harbor, and of tlie coast of the peninsula between Cedar 
Kess and Appalachee Bay, aud between Appalaehee Bay aml Saint Andrew's Bay; to run Jines of 
sou1Hli11gs and make oh;iervations of ;iea-temporatnrc in the Gulf of Mexico and develop the 
hplrograpliy of the Gulf const included in t\Je field-operations; to connPct tile trigonometrical 
surYey of the .MissiRsippi River at New Orleans with tuat of Lake Borgne and Lake Pontchartrain; 
to determine geographical positions and make the astronomical and magnetic observations required; 
to extend the trim1gulation, topograph,v, and hydrography westward of the ::\Iississippi delta, and 
continue the hydro_grapby of the Gulf of .Mexico between tlie month of the Missis1-<ippi and Gal
veston, Tex.; to extend the triangulation, topography, and hydrography of the coast of Texas 
westwarrl from Saoine Pass aml Ron th of Corpus Christi; to measure a base of verification, and 
make the astronomical and magnetic observations requisite, between Sabine Pass and the Rio 
Grande ; to Mntinue t11e 11ydrography of the approaches to the coast aud of tlie bays and passes. 

OFFICE··woRK.-To compute results from the field-observations made along the Atlantic and 
Gulf coasts, including astronomical, geodetic, geographical, magnetic, aud tidal work; to continue 
the rcprodnctiou of the original topographical sheets a1Hl to plot hydrographic charts from records 
of the work; to coutinue the drawing of the general chart of the coast from (~noddy Head to Cape 
Cod, and of Chart8 Nos. 1 and 2, showing the coast of Maine between Saint Croix River and 
Pet.it l\lanan light-lion;;e; to continue tlie drawing and e11graving of Charts Nos. 3 and 4, which 
include French nm.n's Bay, Blue Hill Bay, Isle an Haut Bay, Penobscot Bay, and their approaches, 
also local charts of .Moose-a-bee Reach, the vicinity of Mount Desert Island, Eggemoggin Reach, 
Penobscot Btly east, Penobscot H.iver, and of l\:Ionomoy Shoals; to begin tl1e drawing and engrav. 
ing of a chart of Portsmouth Harbor, N. H., the drawing and engraving of charts of the Thames 
River, Connecticut Rh· er, a1Hl Port Jefferson; to complete the drawing and Pngraving of a chart 
of New Haven Harbor, and commence a new edition of the chart of Long Island Sound; to continue 
the engraving of Chart No. 21, sl1owing the coast between Sandy Hook and Barnegat Inlet, the 
drawing and engnrdng of Charts Nos. 22 and 23, hetween Barnegat and Cape May, and to make 
additions to the charts and sketches between New York and Cape Henry; to begin the drawing 
and engraving for a new edition of the chart of Delaware Bay anrl River, and to complete that of 
James Ri\'er below City Point; to continue the drawing and engraving of general charts of the 
coast between Cape Ilenry and Cape Lookout, and of Charts Nos. 37, 39, 42, 43, 44, 451 46, and 47, 
showing parts of the Atlantic coast between Cape Henry and Cape Lookout, including Pamplico 



 

TIIE UNITED STA'l'ES COAST t:HJHVEY. 9 

Sound; to commence e11graring the w·neral eh art of the coast lJptweeu Cape Hatteras am1 Capp 
Homaiu, mid colltirrne the unrn·ing awl PJigr~Yiug uf that of tlw eoast bPt \\ el'll CapL' ltou1ai11 and 
Saint Mary's Hin'r, auu of Charts }o;os. 51HTJC.l1)'.! lJetween Cll[lt' Feai· a11d \Yi11y;1h Bay; to lwgiu 
the drawillg auL1 eugraving of a i1ew diart. of (:ft·ol'geto11 u Harbor, S. C., alH1 make nd1litio11s tu the 
charts an(l skptcJJes of coast lwtwel'n Cape Ile11ry am] the Saint .:'.Iary's Hin"r; to 1·011ti111w the 
ilrawi11g :m11 engraYiug of tlie g1·1wra! chart of th1~ eoa:<t fru111 tin· Saint :'liar}'" Itin·r to Cape 
Uauaven1l, aud ot' Charts :Xos. fi8, J9, :rnd fiO, from Uumbel'lawl Sou11d tu ('ape C:111aYPr:1l; tll make 
additio11s to the charts of tl11· 1:oast bl't.wee11 Saint }lai)'s ltin·r a111l Capr; Florida, eulltimw the 
drawing am1 eugnrving of Uliarts :::\os. 7H, 8:2, ,,;;;;, 8ti, and 87, slimri11g th<· (inlf euaM lietwf'en 
Chassa howitska HiYPr all(! Pensi1cola t•ntraIH'.t;, a11d of' tlif' 1·hart of Tampa Bay; to he gin the 1lrn w
ii:g and e11gn1Yiug of the clwrt of Rai11t ,Joseph's Bay, a11d continnP work 011 tlw chart of Saint 
A1111n•w';; BH,Y. all(! of Charts ~o~. fll, !l:?, !13, 9±, and HJ, showiug Lakt, Borgut·, Lakt' l'outdrnrtrain, 
Isle au Brcto11 Som1d, and the J'lli,.,,;ii;;,,;ip1Ji Hi\·er UL't\H'Pll Sew Orh•aus and tl1l' Gulf of :Jfrxieo; 
an<l of tlw g1•11pral chart, shmYillg tl.1t• Gulf approacl1cs to tl1e l\Ii,,;,,;issippi Hin~r; to lwgi11 the 
drawing and r-r1graving of t!w ehart of Barataria Bay, aud of' the geur·ral r:hart of tlie coast of 
Louisiana awl 'l'exas from t11t' ~~tclrnfal:lya to Gah~e,;;tu11; to ermtimrn the 1lnndug aud en gm Ying of 
that hetwel'll Gah-estou an<l ICio Grau<ll', and of Charts Nos. 109 a11d 110, shm\i11g Aransas Bay, 
Copano Ba~·, and Corpus Christi Bay. 

For materials for drawing, engraving, rnap-priutiug, for electrnt.n1ing, pliotographiug, for 
iustruments, and ap1iaratns. 

Total for Atlantic and Gulf coastt'l, iuYolYing work on the shores of the following States, viz, 
)faine, :Sew Harnpsliire~ Vermont, Massachl1setts, lUwclp !:,;laud, Connecticut, New York, "New 
Jersey, Pt'rmsyh'ania, Delaware, Mar,yland, Virginia, North CaroliHa, Sonth Oaroliua, Georgia, 
Florida, Ahibama, l\Iississippi, Louisiana, and Texas, will re(]Uire $415.000, 

The estimate for continuing· tile Slll'\·e.r t)f tile Pacific coast of' tlw Unite(l States L'l intended to 
provide for tile followiug progt'L•ss: 

FrELD-1i\·oR1c-To make the requisite obsen-at.ions for fatitmk, longitu!li>, azimuth, and the 
magnetic elements at station~ rt long tlie Pacific coast of the Uniterl Statt•s; to continue off.shorn 
soundings on the coast of Ualiforuia, Oregon, and 'Yashingi:on Territory, and tidal obsen·:itious at 
San Francisco, Astoria, Port Townsheu<l, and such other localities as may he necessary; to con
tinue the prirnar.r triangulation from l\1ontere~- Bay to the soathwanl, from Poiut Conception to 
the northward, or to the Sauta Barbara Islantls, and from San Pa!Jlo Bay to tile 11ortliward; to 
continue reconnaissance for primary triangulation from San Bue11a Ye11tura to San Diego, fnnn Hussian 
Hin•r to tlie north ward, aud from Columbia Hiver north to Puget Sonnd and south up the 'Yilla· 
mette Valley; to cmitiuue the eoast triangulatiou mH1 topograplt.J from Point Lasuen toward t:au 
LuiH Hey and that of Santa Barbara Islauds; to continue tile <letai!Pd snrve,Y of the coast north 
and son th of Point Conception; to <'outinue the secondary triangubtion and topograrh.• between 
Point Bnd1on and San Simeou; to contiuue the bydrogrnphy between San Diego an(l f'oiut Con
ception, between Point Co11ceptio11 and :\Ionterey B<1.r, de\·elop the h_ydrographic cliangcs in 8an 
Francisco Ba_y and its approaches, extend hydrograph,y betweeu Cape :Mendocino and the Klamath 
River, betwe.eu Cape Sebastian and Port Orford, north and south ol', aud iu the approaches 
to, the Columbia River, and tbe h.Ydrography of Puget Sound; Wasliiugt()n Sound, and adjacent 
waters; to observe current,; along tlie coast and take soundings aud t€mperaturl'·Observatious i11 
the California branch of the Knro Si wo emTeut, and <'XPt~ute such other hydrographic work as 
local demands way re<Jliire; to cout.iuuP tidal obsernltinns at the Golden Gate, au<l observations 
on the ocean-currents along the coast of Ualifornht; to conti11ne l1,n1rograpllic 1York within the 
limits of field-operations; to cuutinue the triaugnl:ttiou aud topography between Bo1lega Bay and 
Point Arena., between Cape SelJastian aud Port Orford, southward frnm Tillamook Head, and from 
Shoal water Bay north ward; to complete the detailed survey l>etwecu Cape Sl'bastian and ~resct'llt 
Uity, aud off.shore hydrography at Urcsceut, Uity Ueef; to measure a uase·line and rnntrnue the 
triangulation, topography! aud hydrography of the Strait of Fnca, Puget Son111l, and \Yashiagton 
Sound; to continue tile recouuaissance of the coasts and isl:imls of Alaslrn, with ohsen·ations for 
tides and currents; to make tile requisite astronomical and magnetic ohsen-ations; and to con-

H. Ex. 100-2 
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ti!rne hydrograpbic explorations in the vicinity of the Aleutian Islands, the Slrnmagin Islands, and 
the Kadiak group, with obsen·ations on tides a11d currents. 

OFJ<'ICE-WORK.-To make the compntatio11s from the observations recorded in the field, includ
ing astronomical, geodetic, geographical, magnetic, aml tidal obsern1tious; to continue the repro
duction of the original topographical sheets, and to pint the h,yrlrographic charts from the recorded 
work; to draw and engrave additions on the general cban of the Pacific coast of the Uuited 8tatt>s; 
to continue the drawing and engraying of charts of tlie coast from San Diego to Point Couception; 
to engrave local charts of Catalina Harbor and Isthmus Corn, of San Pedro Harbor, of Anaheim 
and Hueneme Landings, and of San Luis Obispo; to complete the engraving of a new edition of 
the chart of Sau FranciRco Entrance arnl Harbor; to continue the (hawing aud commence the 
engraving of charts of the coast from Point Arena to Cape ::\Iendocino (No. 8), of that from Cape 
l'rfondocino to Saiut George's Reef" (Nu. 9), and of that from Saint George';; Reef to the limpquah 
River (No. 10); to complete the engra\·ing of a chart of Hnrnholdt Bay; and to make additions to 
the charts of Columbia Uh-er, Shoalwater Bay, Puget awl \Yasbington Sounus, and to the charts 
of the NorthwesLern coast, will require $290,000. 

For extending tlte triangulation of the Coast Survey, to form a connection between the Atlan
tic and Pacific coasts of the United State::;, and assisting in the State snn'cys, involving work in 
ten States, $d5,000. 

For repairs and maintenance of the complement of YeRsels used in the Coast Survey, per act of 
August 18, 1 d56, $."i5 ,000. 

For continuing the publication of observations made in the progress of the Coast Survey,iuclud
ing compensation of civilians engaged in the work, the publication t,o be made at tlle GoYernment 
Printing-Office, per act of March 3, 1869, $10,000. 

For general expenses of all the work, namely: Hent, fuel, for transportation of instruments, 
maps aud charts, for miscellaneous office-expenses, and for the purchase of new iustruments, hooks, 
maps, and charts, will require $:18,100. 

The annexed talJle shows, iu parallel columns, the appropriation for the fiscal :yeae 1874-'75, the 
amotmt estimated for that year, aml the estimate herein submitted for the fiscal year 1S75-'76. 

Object. 

~ 
~ ~ 
~ ·, 

:E ~ 
~ -
~ ~ s <-. 
';J 

l·~--1 fl'or continuing tbe survey or the Atlantic and Gulf coasts of the United Stat.es, including eornpensation of j 
civilian8 engag-etl iu the work and pay and rations of engineers for ste.ameni u~d in the Coast Surve.r, j I 
per acts of March 3, 1843, and J urrn 12, le5il .......................... -- ................................ i e375, DUO $425, 000 I $415, 000 I 

Fo1· continning the survey of the west.em coast of the United States, including compensation of civil- 1 , 

1

1 ians and })as an<1 rations of engineers for steamers used in the work, per a.ct of Se.ptembar 30, 18;")0 _.I 2~1, 000 275, 000 1 200, 000 1 

For extending the triangulation to Join the suney of the .Atlantic and Pauitic coasts of tlrn United I i I 
I States, and assisting in tlrn State surveys, including compensation of civilian• engaged in tlie work, i i 
\ F:re:e:~:,::· a~;r:~~t=:.~~- ~~- ~~~ -~~~!~;;~;~~; ·;;~~~~~;~ ~.~~~ ~~- ~~; ~;.~~; -~~~;;;: ~;,;: ~t -~; -~.11~~:~ i 50, om 65, 000 I ~\ ooo I 
J F~:·c~:~~~;~~ -~~~-~~~!;~~~;~~ -~; ·~~~;~~·t;:~~-~~d~·;,; -t~~ -~;~~~~~~ ;~ ~~~ ~~·;.·~ ~~;,:~;: ;~~;~~i~~ ;,;,~: · 1 41. ooo I so, ooo ) :55, mo 

I pemrn.tion of ciYilia.ns engaged in the work, the publication to l>e made at the Go"'\"ernmeut Printing· i I I 
Office, per act of March 3, 1~69 ......................................................................... I' 9, 000 I 1-0, 000 10, 000 I' 

I 
For general expense•,~ rent, fuel, pul'Ch"86 of instruments. and miscellanoous office-expense• ... _ ....... ~~ :.:..= ~1~8,100 

I Total ............................................................................................. 
1 

706,000. 825,000 ! tl93,100 I 

DISCOVERIES AND DEVELOPMENTS. 

Uuder this head were incluued, in former years, dangers to navigation discovered in the prog
ress of the s1uvey, and the determination in position aud development of the character of such 
dangers as were already knowu to exist, but which could not be safely approached nor certainly 
avoided, because of the want of exactness in the means at hand previous to the commencement of the 
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survey for aRcertaiuing their places relative to the shore-line. Iu :,;trictuess, the list of such items 
migl1t include IJHll\'1' otller particular:,:, as no feature whaten'r aloug tLe coast ha" been fouud in 
closf' correspmHle11ce with tlie n;:-;nlts of s~ l'itematic development. No meutiou bas been made e'l·en 
of errors much larger tbau mig!Jt ltave been expected, as iu g·eueral the errors 011 the :StatP maps 
ha\·e been found within certam limit:,;. Iu fact, tltey were at the outset the ouly guide in ni:trki11g 
out the limits of sheett> for tile plaue table parties, arnl genemll.1 tlwy ha.-e availed for that 
purpm;e. It has happened otherwise, bowe\·er. \Vithi 11 the present seasun, a topographieal Rh1,et, 
intended to clefiue the shores of an inlet of moderate sizL~, tlrnngh lll'l~jecte11 wit.!1 duf\ allowa11e1' for 
errors on the general map, was found insufficient iu limits for the intended purpose. As n•gard;,; 
fixed dangt>rs iu 11a\'igatio11, it nemls n<'t to be specially [)Ointed out that the lhweloprncnt, by 
accurate SUJTP.Y of a bank near them may be a safeguard; the direction of the danger and it-: 
distance in some cases being known from the depth found b,v snunding on the bank, e\'l'll iu a 
dense fog. 

Casual dangers in naYigatio11, such as 1m11ke11 wreeks, or spars projecting from them, are prop
erly, and have not been less than permanent ob:,;tacles, :,;nbjects of attention in the operati<111s of 
the hydrographic partie:,;. If near a frequented channel, the la1·ger parts of wreck, wht'n brokl'11 and 
moved b_y the sea, are traced by sonndiugs until the wreck is known to be in 'leep water; or, if not 
broken, the site of the danger is developed lJy soundings, tile position is ca.reflllly determined, allll 
notice of the danger is given in the usual printed form, as in the case of a newly-discovered rock 
or dangerous shoal. 

In the operations of the present year, tbe following items lrnve bee11 speeially mentio11ed in 
reports from the chiefs of hydrographic parties: 

1. Rock found, with oul;\' seyen feet of water on it, in the cbaunel between Half 'Yay Rocks and 
Star Island, Isles of Sbnals, N. II. 

2. A shoal spot Oil tbe south side of the Swash Channel, New York Ba,,-, determined iu posi tiou. 
3. !tocks oft' Point Loma, coast of California, having two fathoms less water on them than had 

been previously reported. 
4. '.l'wo sunken rocks deYeloped in position and depth off Fort Point, San Francisco entrauce. 
5. Rock found half a mile southwest of the .Middle Farallou. 
6. Dangerous sunkN1 rock fcund between Crescent City Harbor and False Klamath, Cal., 

abreast of the month of "'ilsou's Creek. 
7. Sboal spot found in Clmtko Cove, coast of Oregnn. 

COAST PILOT. 

'.rhough an known dangers to naYigation are marked upon the charts, mariners ha\·e by 
loug usage relied much on printed lists of obstacles uear tlwir sailing-conrt>es; somewhat also 
on pictorial -oriews; and as much 011 descriptions of proper sailing-lines and of the appearaucc1 
of the coast and harbor-entrances. These last-named faeilities, and especiall~' compressed li:,:ts of 
dangers, are eagerly sought, beca11se the.r g-h·e inRtant knowledge of the character of tlw waters to 
be trasersed, and because they lessen the risk that an.r one danger, though marked ou tl1e chart, 
ma~' be overlooked by the navigator. 

The issue of a Coast Pilot, comprising printed notes based u110n the actual systematic den~lop
me1it of the coast l>.r surve,ys, bas Ul'en properly flpferred nntil the connection of work done separatel.)
in many localities admits of continuous descriptiou. 

Several years ago, one of tbe parties in serdce afloat was assigned to inspect t!Je coast of New 
England, with local and general charts of the Coast Sur-my in hand; to test the charts, examine the 
dangers, prove the sailing-courses by trial, and to compile notes aiul descriptions. These were 
ananged by the party for publication, and have been issued in a volume which contains sailiug
directions, etc., for the coast and harbors hetween Nova Scotia and Cape Uod, and generally for 
the body of water known as the Gulf of Maine. This party i1:1 now engaged in the same service 
on the coast between Boston and New York. 
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TIDES. 

Tidl\-tables for the year 1874 were computed and printed in advauce of the opening of' the 
year, and were llistributed at tlw principal ports ou tlrn A tl:mtic, Gulf, and Pacific coastR of the 
United States, 80 as to ue antilau1c Lo all who lrnve need for them. These tables show the time of 
high water aml the heiglit of tiue for each day of the ~year. ~.\..similar epbenwris for the year 187 5 
has already been priutPcl, au<l copies are now iu the hands of ag·euts, who are authorized to dispose 
of tliem at a cost to tL<" purchaser so moderate as to bring the information within the reach of all 
inquirnn;;. 'rlw Hame ag»'nts are authorized to sell the published charts of the Survey at the princi
pal ports of the UuitP<l States. 

As an appeudix to this I'eport, a compreheusi\'c paper by 1\lr. William Ferrel, of the Tidal Di
vision, has beeu printed separately. In addition to modifications and impro\emeut iu the gPneral 
theory of thP titles, 1\fr. l<'euel's rest'arcbes present various developmeuts of the tidal forces, deter
miriatiou:-; of <:o-eflicie11ts and arguments in the different terms of the developments, and also equa
tious of cutfllition for a,;certaining from obsen'ation for eacli tidal station the uukuown constants 
in the corresporn1ing tidal PXlJrt'Sl'iious. .As the resnlt of much practical work, improved methods 
are give11 for discussing tidal obsen-atious. These will be specially applicable to the :several lung 
series coutaiuell in the tidal records of tbe Coai;t SurYey, anll will in time avail further, as other 
ser]es fill up, in the formatiou of tallies and formnlIB for predicting the tides at various stations aloug 
the coast of the United States with increaserl precision. 

M.A.GNETISM. 

111 regard to the secular change of the magnetic declination, a discussion of much value has 
been added by Assistant Clrnrlt•s A. Schott, and is given in the Appendix (No. 8). The collection 
of obHernttious of the deviation of tlie magnetic needle, which he has coutiu ucd for some years, is 
given iu the same paper iu snd1 form as to render the results convenient for furnishing comp:tsses 
for our charts. 

It will he ,;een by the paper here refer:L·ed to that the empirical law of the secular change is 
marked with a considl'ntble degree of reliability; its uuiforrn operation being referable to any date 
in the list ol' reconle<l ohsern1tio11s. Tlte secular change is so expressed as to give tlte means for 
bringing up the obsen-eu <l!'cli1rntiou at any time anll place to what it would he at preseut, or at 
any other dat,e within the range of recorded observations. The older observations, rwoved by the 
application of the law, thus iu some cctses avail, as well as recent determinations, for coni;tructing 
charts to show lines of eqnal m~tgr1etic declination for any de.sired epoch. B1~sides the obvious use 
of the tli,.:cussiou for assigning the variation of the magnetic needle in the use of charts, the paper 
is otllcrwise of }H'rmaueut value. The compilatfon of all the recorded observations at important 
places, from the earliest down to the present time, must al wa,ys remain as the foundation for 
testing theories concerning the secular change [Jf the magnetic <lecliuation, a subject which is yet 
imperfectly nll<lerstood. 

The usual annual determination of the maguetic elements was made by .Assistant Schott in 
.Tune, at the istatiou on Capitol Hill, iu V\' asl1ington City. The ol.Jject of this series of ohservations 
has bee11 explaim'd in previous annual reports, aull it suffices here to say that the law of change 
heretofore recognized continues to hold,.good. 

Auother paper by Assistant Schott, in the Appendix. (No. 9), results from elaborate discussion of 
the ahsnlnte measures of rnagnP-tic declination, dip, and intensity, and of the differential observa
tions for declination reconh•d at Key \Vest, between the years 1860 and 1866, with Brooke's self. 
registering in1:1tmments. Tlie late Professor Bache, when Superintendent of the Coast Survey, bad 
the apparatus set up tltere, remote from Toronto and Philadelp!Jia, in order to secure a series Of 
results tltat would sliuw variations, dLte to geograpllical positio11, in the laws by which the motion 
of the magnetic needle h,; governed. Uncler uncertainty in regard to pllblic affairs, Key West, ou 
the Florida Reef, was selected in 1860 in preference to a station on the \Vestern coast. The main
tenance, moreover, of a l'!tation on tbe Pacific for the contemplated period of six years would have 
entailed at tbat time a disproportionate expenditure; but, as the \Vestern series is desirable, 
arrangements for it will be kept in view. 
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Preliminarie" for the obE<ervations at Key "'est were arranged by Prof. \Yilliam l'. Trow. 
bridge, and the i118trume11t8 when ~qljnsted were left iu charge of .:\Ir. Samuel \\"alker, who was at 
that time 011 Coast Stun'y ;;;en·iee. 

ThP E<eries of automatic observations is eouti1mons from March, 18GO, to ::\Iarel1, 18GG, for <liffer
ential recordH of the dediuation, the horizontal intensity, aud the total inte11sity, Px1:Ppt i11 1·omp:n· 
atively few Gases, iu which, from accidental cause;;, the photographic: tnH·e8 lwcarne illegiblP. Tlw 
almolute determination.~ for (kclination, dip, au<l intensity were made at irrq,:-ular intervalt' betweP11 
Februar~-, 1860, and May, l;>;G:?, lint subHequeutly were recorded regularly duriug four (ln.n-; ill <•aell 
mouth until the seri1•s cloS<'(L 

The papAr hy i\lr. Sd10tt opPus with a discussion .of tlw n•conl of ab;;ohttl' m1•ai-;urf:'s and pre
sentation of the t-;eparate results, and tlw a1mual effect of the secular change, as also the animal 

Yariation. The readi11gs of tlw phutograpLie traeeo; were talmlated for every hour, a1Hl tlio,;c rP<"og
nized as disturl>a11CPS \H'I'l~ firnt :rnlljl'cied to aual_ysis u.v applying }'(•irce's criterion tor e:xclu(ling 
ohspryatioui-;. The law;; in I'l'ganl to tli1'turbances are fully brought out for ea.;;terly allll for wPst 
(•rl,\ dl'fiecti11g forces, and their daily and auuual variations are sllown. 

Tiu• solar <liurnal ntriation of tilt• 111ag11etic needle at Ke.r \Vest is treated at le11gtli in 11H• 
paper; the movemeut of the needle beiug- shown from hour to hour, day a1Hl 11iglit, for eaeh mm1th, 
aml also the epochs ot' greatest din;rgeuee, when the Hl'e(lle, after oeiug stathrnary for a sliort tiull~, 
ren·rses its motion. The hours wltPIJ the daily aYerage position of the 11eedle is reaehell, with a 
total amonut of daily di\·erg-euce or amplitude, are also gi,·en in taonlar form. Results for all tlw 
elements are illustrated by simple hnt effoctiYe diagrams. 

The period of irregularit._v, wliich recur;; at intervals of about elm·en :years, aud which, 
0

as liere
toforn observed, seems to eorrespoud with a perioLl of recurrence in i:>olar spots, i:-; a sul~jt:'et Clf men
tion in the Harne appentlix, as are alHo some comparisons of much interest betwee11 res11lts fom1<l at 
Key \Yest and tlioHc reaclll'd uy meaus of obsen'atiu11s which hail bc>en pn•Yionsl,\· rnnorllt•ll at 
other stations. 

For its possible lwariug in tlrn '}Uestiou ti1at might hereaSter ari:-m in regard to 1listurhiug pffel"ts 
on terrestrial mag11etism from extnu111m1s causes, Assi8tant Schott w;i,.; req1w8t('d to ol.>serT•~ tile 
variations of the magnetic uet•dle closely d11ri11g t.lie period in which the tail of the Uog{.!'ia Comet 
must ha.\"C been comp<n·atii•ely 1te1n' tlie earth. llis obsernitirrns were uegan at the stan<fard mag
netic station itt \Vashiugt.011 Cits shortly after noon on the 20th of July, aull werP. repeated at cN

tain intei"Vals nntil the morning 011 tile~3tl. The resulting curves graphicalJ~~ represe11ti11g the solar 
diurua1 'i;ariation of the needle uu those particular days correspond 'ery m.mrly with normal cm·n•s 
for the E<anw 1111mth as <letermim1tl in JH'eGeding yflars. It was lleuce c;oucluded that at \Ya~hiugton, 
as no effect whate,·ei· orr the magnN.iu equilibnum could be <letectell, no iufiueuce there ccrnl11 be 
imputed to the comet. 

'.l'RANSI'.l' OF VENrs. 

The act of Oongre;;s of Jnue 10, 18i~, specified that the sum then appropriated ''for the p11rd1Hse 
and preparation of instrumc11ts for a proper ob8ervation of the transit ofVenns, which is predich•<l to 
occur on the eighth of December, eighteen htrndred and seventy-four, should he 1•xpend(•d under tlie 
direction of a cornmi::lsion, to be coinJH>sed of tile 8uiie1·inteudent a nil two of the profos,;;ors of matlif'
matics of the .Navy attached to the .N;wal Ohsen·atory, the president, of the .National Academy of 
Scien{ies, and the Superiuten<leut of tlrn Coast SnrvPy." Under this provision of law, Prof. Rm1jami11 
Peirce had taken an acti\·e part. in the delitwrati1J11s of the commission. \Yuen preparations had so 
fa1· advanced as t.o arlmit, of the organiza.tio11 of tilt• obsen·ing-parties, it was decided that, of tl1e 
eight parties to be sent out, two shoLlid be directed by officers of the Naval Ol:lsernttory ; two otlit>rs 
under the charge of officers nf the Coast Snr,·ey; two l>y astronomers from Civil life; one by a11 
officer of the Army; and one b.'! an officer of the Navy. 

The Coast Sun·e;y officers selected for this important duty am Assistant George Daddson, Sub
assistant O. H. Tittmann, and \V. S. Edwards for the party of obsen·ation in .Tapa.11; aud Sub· 
assistant Edwin Smith, aided by ~Ir. A. H. Scott, for the statio11 011 Olrntham Island, iu the South 
Pacific Ocean. .M:r. T. P. Woodward, aid iu the Coast Survey, was designated to accompany the 
party which has been assigned by the houorable Secretary of the Nav,y to observe the transit at a 
station in China under the charge of Prof. J. C. Watson. 
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When the duty of acting as a mern ber of the Transit Commission de,·olvcd upon me, the general 
arraugements were alrea,dy far advance(l. Except in regard to some protipective details for the 
guidance of partif's at their stations, it rrm1ained only to perfect the organization of the parties and 
expedite their departure. 

In order to secure uniformity in practice, and to test the instruments which had been selected 
for use by the several parties, all the iutendetl observers and their as'lil;tants were assembled at 
""\V;tsbington in May. Messrs. Davidson and "rittmann came east from Sau Francisco and attended 
the personal conference of observers at the Naval Obsernttory. 

Sul.Jassistant Smith sailell with his party from New York on the 10th of clune, in the United 
States steamer Swatara, with several of the parties destined for stations other than Chatham Island. 
Professor Davidson with lliil party left San Francisco on the ~()th of August, and, according to 
recent addces, is now settl1~d at his i11tencled Htation in Japan. 

The obsen·ations rnalle iu 1769 by Cl1appe d'Auteroche in Lower California on the transit of 
Venus could not be made to yield their full valiw while a large uncertainty remained in regard to 
the position occupied by that observer at San Jose del Uabo. The ,-eracity of his observat;o_ns is 
prO"\Nl by the satisfactory results Uerived from the use Of his record of the observed "duration" Of 
the transit; but the introduction of the absolute time of either tile ingress or egresR was not prac
ticable in a1hauce of a good determination of the longitude of the place occupied l.Jy the ol.Jser•er 
in 1769. 

Assistant George Da,idson, after searching all Hie printed narratives concerning the observa
tions made in r~ower California, visited San Jos6 de! Oabo in the spring of 1873, and, by careful 
and thorough cxamiuation, ideutified the station at which Chappe bad ohser,f>d the transit of 
1769. The results, including also tletermirnttious of the latitude and longitude of the place, are 
given in Appendix No. 10. It is hoped that the addition thus malle to the record will enable 
astronomers to realize the full value of the observations made l.Jy Chappe. 

"\'\'hatever other exact methods for determining the solar parallax may now ue aYailaule, tbe 
results yielded by each of the obseiTed transits of Venus must hold a prominent place, so lung as 
tlie existence of so-called constant errors in any method remains uncertain, or so long as such 
errors reveal themselves only in the comparison of results b_y independent methods. Hence the 
question involved in the observations ma.de at San Jose del Uabo is not one of merely historical 
interest. 

LIGHT-HOUSE BO.ARD. 

As far as possil.Jle, the purposes of the Light-House Board have been aided, as in former years, 
either by the Yolnntary action of memherR of the Survey in cases of emergency, or by their services 
under the direction of the Superintendent, in order to meet special calls for information. The fre
quent displacement of buoys; the means needful for identifying their places; determinations of 
the position of light-houses and of marks set as aids in navigation ; tracings of the sites in ques. 
tion or selected for the construction of new light-houses, and other requirements bearing on the 
interests of commerce, keep up the intimacy of relation that necessarily exists between these two 
branclrns of the public service. This interchange, fostered for years by the as8ociation of the 
Superintendent of the Coast Survey as a member of tile Light-House Board, became more direct 
when my predecessor, Prof. Benjamin Peirce, accepted the chairmanship of the committee on 
lighting. The duties thus devolved were discharged continuously until February of the present 
year, when, upon bis resignation, Professor Peirce was replaceu, in tue board aud as l'hairman of 
the committee on lighting, by m:yself. During the past year, my personal attention has been given 
to the uetails which of necessity come before that committee in ad Yance of the expenditure of any 
means for alterations or for construction. 

INSTRUMENTS. 

Among various devices for detaching the heavy weight needful in deep-sea soundings, the 
metbod proposed by Lieutenant-Commander Sigsbee, and described in .Appendix No. 14, invites 
attention by its simplicity. Pro-dsion has been made for the practical test of the plan in the Gulf 
of Mexico by the hydrographic party of Commamler J. A. Howell, United States Navy, Al:!sistant 
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in the Coast Survey, in the sten,mer Blake. Lieutenant-Commauder Sigsbeo will be a:-;sochited in the 
same party, and per;;o11ally snpen·ise the operations in deep-Hea hydrograph,Y, which include also 
the application of Lis irnproYement ill apparatus for controlliug the descent of the liue or wire used 
in soundings. 

In Appendix ~o. 13 will be found an exhibit f~fforable to wishes that haYe beell loug enter
tained in regard to economy in the use of coal for steaming at sea. 

Of the various instruments for measuriug i1llgles, the sextaut finds the most extensi\·e nHe in 
the Coast SurVl\Yi each llydrogra.phic party requil'ing at le~tst two obsen·en; with the s1•xta11t uow 
in use in order to secure simuitanmm1< determinations of the two a11gles which are iIJrli,.;L1en,,alile 
for determining the position of the sounding· vessel. This neeessity ha" induced 1<card1 for an l'Xpe
dient by which the two augles can \Je taken by one obserYer. 

The first i;tep in this direction wa8 made by Lieuteuaut (now Commander) P. C .• Tohusou, l:7nite1l 
States NaYy, wheu in Coast SurYey serYice in the steaUJer .ActiYe. Ile acl<letl a slidiug Rtop, wl1ich 
could he clamped to the grad uate<l arc in coutael with the iude:x-arm. B_Y merely secnl'ing tlrns the 
position of the vernier for the firnt aIJgle obsen·ed, the loss of time between the two ohsen-ations 
occasioned by the readiug of the first angle cau be avoided, as the vel'nier cau be sPt back, and the 
reading taken after the second observation has been completed. Two such stops, one ou eaeh side 
of the vernier, rnnder it indifforeut whether the greater or less angle is measured urnt, aud relien~ 
the observer from tlie uece8sity of deciding that (]Ue8tion. The time, howe,er, that still uece8· 
sarily elapses between the two observations, during which the boat changes its place, rcndcrii the 
method insufficient for very accurate work. 

Within the year, :\fr. T. J. Lowry, aid in the Coast Survey, has Sttggestctl several impro>e 
meuts, by means of which sextaut-angles between 1400 and 1800 can be obsen-ed, and two augli'S 
can be taken by one obsen-er at, the same instant or in quick succession. The first objt'ct is ae<~om
plished by making the hack as well as the front face of the index-glass reflecting, by :tdtliug 1~0° 
to the reading of the arc whene\'er the back face of the index-gla~s is the refiectiug ;;;tuface, aud 
by Jllacing a secon<l horizon-glass 011 the line of sight at ;mch an angle as to reflect tile ra_ys from 
the hack of the index-glass parallel to the linf> of sight_ 

To make the sex taut capable of measuring two angles, one to the right and the other to the left 
of the central object, iu quick succession, M:r. Lowry proposes to make the arc of the instrument 
1200 instead of 600, as in the ordinar~- sextant; the graduation to be num bere<l in opposite direc. 
tions from oo to 1200, it being actually 600 from each zero. Each arc carries its own imlt,x-arm 
antl iudex-glass, having the horizon-glass in common. The index-arms may lrn ,-e the i;ame or dif
ferent centers of motion. In tlle first ease, the glasses may he mouutrnl, either one a hon~ the other 
or at the same level, bs making each ouly half the ordinary width, tlwir inner edges joining. 

Another form of sextant has been suggested hy 1\lr. Lowry, b,\- which two auglrs, one to the 
right and the other to the left of an ohjPct, can be quick!J· measured. By placiug an additional 
index-glass over the ordinary one Ht an angle of 60°, angles to the right of the line of si~ht C<lll be 
measured, zero reading 1200 on the graduation of the colllmon sextant. The first angle obsen·ed 
may be secured by a detachable stop, similar to that, first. proposed by Lieutenant Johnson. 

The design for a reflecting-instrument, submitted by Charles Junkeu, assistant iu t!Je Coast 
Survey, provides for measuring two angles at the same time. This instrument is equiYalent to two 
sextants, mounted upon the same plane, with the telescope in commou. The horizon-glassel' are 
placed one above the other; the index-glasses, index-arms, and graduated arcs are attached sym. 
metrically to each side of the line of sight. ln either of the devicet> for the simultaneous measure
ment of two angles, one index-arm is put at such an angle that the image of one of the reflt>ctm1 
objects will fall near the central object, and be carried toward it by the motion of the ship. Bs means 
of the tangent-screw attached to the other index-arm, the image of tbr, t,hird object is kept iu con
tact with tho central o~ject until the first image becomes coincident with the eeutral object_ 

Improvements of the kiud here mentioned can have practical value ouly aftPr the_y ha\"c been 
fully tested by experience. The expense being small, the construction of a model has been autLor
ized, to combine the main .features of the in·oposed improvements. 
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OBITUARY. 

,John Farle:,, esq., who hacl completed thirt_y-senm year,; of serYice a>' assistant in t.l1e Coast 
Suney, diecl at :Narragausett Pier, IU1ode Island, on the morning of .Jul,v 31, in the sm~e11ty-tirst 
year of his age, and, at the apprnach of his l!tst day, was faithfully engagell iu :field-duty. 

:'llr. :V'arley was a 11ative of Uharl<:'stoll'n, Mass. He gradtrnted at \vest Point in 18'.~3, and 
waR succc•ssiYel,y a;.;si~rn~d second lieutenant of the First United States ArtHlery, as:o;istaut profrssor 
at the United States .Military Aeadern,Y, a11d in the '\Var Dt!partrneut for Lopoi;raphical dnty nutil 
18~6; in the engineer survey of a canal-route from Chesrtpcake Bay to Lake~ Erie until 1d:.l7; t.o 
artillery service at Fortre,;s :\Iouroe, hut, under speeial dire()tioa from the \Var Department, he 
inspedet1 i11 Europt> R,Yi'\tems tllen current in representatfre art for military map>1 and drawing:-\; 
afrer bis 1·eturu, to the command of Bellona ~<\.r;.;enal, Richmond, Va.; then to the l'opograpLical 
Engineer Otliee, F11ited Rtates Arm~-, \Vashingt.on, D. 0., in charge of lithograpbie engravi11g for 
adapting the l>e>1t m1>thods observe<! in Europe; in DecPmber, 1832, to tbc> commarnl of Castle 
Pinekm•y, Charleston Harbor, S. C., with Company C, First lT11ited States Artill<'I','>; iu 183±, with 
hi;; com1Hm.\·, to Fortress Monroe; tbence to Fort King, Fla., wllcre, after remaini11g oue y<'ar, 
and being then senior first lieutenant iu the First l:!egiment of Artillery, llC resigued in 13:35, ou 
acconnt of faiiing health, after twelve years of service in the Army. 

Mr. Hassler, while org:1uizi11g work a8 Superintendent of the Coa;,it Surve,Y, and seeking quali
fied officers, tt'Hdered to .Ur. :Farley the position of assistaut in the Uoast Survey. This offer was 
accepted iu 18;)7, and at !..tis decease he was the oldest as1-1istant in the branches of work to which 
his talents were subsequently devoted. 

In all the elimate;; of our exte11de.d coast, at all seasons, throngli hi8 acl\'arwing years, a11d 
witlwnt remitting !"or pri n1te affairs, l\ir. Farley "°a", eYcl' ready cheerf'u11,v and ably to perform 
any fitild-duty committet.l to his cl..targe; and the archi,,e~ of the Suney have bec11 specially 
enriched by hiR inclustr,> and his :skill. Hi,.; word~, uttered in usual health, and wlten auout to 
start for the field in ,July-" I have lived the allotted time of life; e\·ery ilay is now from God's 
bounty; I am ready, and await rus General';; call"-are realized iu the sad enrnt. 'Ve recognize 
in their import his fortitude arnl his exalted sense of dut,v. In the relations now severed by deatll, 
the memory of Mr. Farley will remain with us, a heritage of valued associatiom;, due to hi!:\ stel'Iiug 
qualitie,,;, cordialit.Y and i·etiuewe11t of feeling, manly diguity, aud unYaryiug kindness iu the inter· 
course of life. 

PART II. 

The abstracts which follow will be arrauged in geogr11phical order, as heretofore, beginning with 
thl• nurtlwasteru boundary of the United States, and prncPeding from poiut to poiut southward to 
the Itio Grande on the Gulf coast. For the Pacific coa::it, the localities in wbid1 work has been 
done within the yea.r will be named iu the reYerse order, lwgin11iug with Sau Diego, aud terrninat
iug with the mention of operation,.; on the c:oast of Alaska. 

Bs tl.Je uttc>ution of Assistant Richard D. Uutts, in reganl to the detail;; of secoudary triangu
lation, due prod,;ion ha~ beeu made for all requirements in tllat hrauch of tbe imrvice, 011 wLic!J. 
ill fad, cle1)t1Uds the steady advance of the topographic:LI lllHl llydrngrapbic P<Lrties. vVlleu th~ 
sea,;on opeued, and meaus became available for work at the Xorth, Assist<UI t Cutts took the fteld 
for the selection of stations by which connection may be made between the primary triaugnlation 
of the coa:st of ~ ew Euglaud aud that of the Hud&ou Hiver; and also to couuect the latter wi.tb 
the triangulation of Lake Ohamplaiu. 

In the counm of the season, Assigtant \Vliiting personally conducted the survey of Providence 
Harbor, as will he clf•scribed under the head of t:;ection l, visited the parties at work near Norfolk, 
and couferretl personally iu regard to the details then iu progress; and also in reference to the 
means and outfit proper for other to1mgraplii~al suneys, that will be mentioued under the bead of 
Section III. The plane-table work advancing on ti.le shores of Pamplico Sound was inspected, and 
the operations of the topographical party at work during tile spring ou the coast of South Oarolina. 
At Savannah, .M:r. Whiting carefully examined the survey there in progress, and also the opera-
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tfons of tbe several ymrtieR that were prosecuting work near 1Iosquito Inlf't and on the shores of 
Tampa Bay. 

In regard to 11,vdrographiu details, including the care and outfit of v1>,:sels, to wliicl1 I baYC', as 
usual, ·given immediate attention, it is gratifying to record that official relations, nrnilltained as 
heretofore with tlte Navy Department, haq• greatly ::ukancca t11r interests of thr senicP. 

As8istant. Henry :Mitchen 1rnsRed 1.he winter i11 dis<·usRini:t ohserYation" which lrnd heen con 
ducted and recorded, under his immediate llireetion, in the ph~·;;ieal snr\·e~· of Ne" Yorl; Harbo1. 
The results ga>e data of imnierhate valne to General Humphn•:rn, Chief ofEngitwers, Gpneral New. 
ton, :rnd myself, ancl much availed in our decision a>< the commi;;sion for establishing bulkhead 
and outer pier li11eR on tlw Long Tslaud Ride of 1-\el\' York Harhor. 'V!Jile tlw oflicc-work connected 
with the physical snrve.v wa8 yet in progress, in Ft>brnary, at the .ioint r<'qnest of tht> honorable 
Secrntar.f of the Navy and of tile commi;<.;;;ion on the cmrntrndion of an intcrof'eanie ship-l"anal. 
Mr. ~Iitchell wa;;; asHigned, flR an officer of tht> CoaRt. 8nr.-p~·, to make, i11 coujunction with offic·Hs 
of the United State,; EnginPers and othen;, a personal ins1w(•.tio11 of routesi indicated b~- tlw f;p\·eral 
srirn~ys "hicl1 have been prosecuted in Clmtral America under tbe direction of tlw ::;;-a 1-y Dt>part 
me11t.. Tbe associated officers met together at Pcmmcola late in Febrnar.v, ancl, o;ailiug immediately 
for Grrytown, addreRsed tbem;;elves to the dischargo of the assigned dnt.i('s. 

Following his owu previous line of reAearch, l\Ir. Mitcllell noted, at the sea-outletR of the Re>eral 
proposed ship-canal routes, tbe changes likely to result from Rtrnctnre;; needful in estabfohing
harbors for the shipping that must pass throug!J from ocean tu ocean. A8 far as practicable in 
the fow weeks allowecl for observing, the several localities were compared with other placl'S, which, 
under similar conditions, are already m nch better kno\"l'n from continuous olmrrvations. The resnlts 
of his im;pection were embodied, at bis return in .Tune, in notes and remarkfl, which I have placerl 
for future roference in the Appendix (No. 12) of this report, as foresight and general interest in 
the subject mnst hold until the great. desig-n is arcomplisberl. 

In July, A,;sistant Mitchell resumed operations in the physical sun-ry of "New York Harbor, 
and, in the course of the season, will conduct also a special hydrograpbic snrvey in PrO\'idenc<' 
Harbor, R I. These will be notieed in detail in my next annual report, in which the time covered 
by the 8tir,·eys reportt>d will conform with the fiscal year, ending with the month of Jnne. Under 
appoiutruent from tlw President of the United States, aR a member of thr commission to e:xaminP 
plans for improving the outlet of the MisRissippi TUver, Mr. Mitchell will ('ngage personally in that 
service (luring the coming winter. 

SECTION I. 

ATLANTIC COAST OF MAINE, l'IE\V HAMPSHIRE, MASSACHCSETTS, AND HHODE ISLA.'\'D, IXCLrDING 
SEAPORTS, BAYS, AND RJVERS.-(SKKfCHES Nos. 2 AXI> 3.) 

In making this report. conformable with the limits of the fiscal year, the details of '>Vork done 
after the ht of July will not be included. :\Ientiou, bowever, will here be made of the parties uow 
in the field; aud, in Appeudix No. 1, the localities in which the;}' are at work are gi\"en, as usiual, in 
geographical order, each of the operations l>eing marked as in progress. The recapitulation is as 
follows: 

1. Deep-sea soundings between ~ova Scotia and Cape Cot1, de>eloping depths in the coast
approaches Uirough the Gulf of l\Iaine, by tlte part,r of Commander .T. A. Howell, U. ti. N., assist
ant in tbe Coast Stuve;-.-; Lieuteuant8 vY. H. Jacques, J. vV. Hagenman, E. S .• Jacob, and H1chard 
Ru8h, and Master C. A. Bradbnr~-, U. S. N., assistants. 

2. Topographical survey of the western and north side of .Mount Desert Island, J'.'IIe., and sound
ings in the vicinity, by the part.y of Assistant J. vV. Donn, aided b_y l\fossrs. F. C. Donn and F. H. 
Parsons. 

3. Detailed survey of the shores of Eggemoggin Reach, coast of Maine, by the party of Assist· 
ant W. H. Dennis, aided b,v Mr. S. ~- Ogden. 

4. Topogmphy of islands aud ledges east antl west of Isle au Hant aud Deer fale, Pe110b,scot 
Entrance, bs the party of Subassistant J. N. McClintock, aided by Messrs. W. Fraser and 1. A. 
Harrison. 

H.Ex.100-3 
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5. Plane-table survey of the eastern shore of Penobscot River, between Castine and Bucks
port, by threi' parties in charge of Assistant A. W. Longfellow, Assistant Hull Adams, and Snb
assistant J. Hergesheimer, aided by Messrs. W. C. Hodgkins and R. B. Palfrey. 

6. H,Hlrography at the head of Penobscot Bay, including the lower part of Penobscot River, 
Me., by the part;y of Assistant llorace Anderson, assisted by Master Kossuth Niles, U.S. N., and 
aided by Mr. F. H. North. 

7. Determination of the co-efficient of refraction and of vertical height at the primary station, 
Ragged Mountain, near Camden, Me., by the parts of Subassistaut F. W. Perkin;i, aided b,y Messrs. 
0. IJ. Gardner and F. ,V. Ring. 

8. Tidal observations at North Ha>en, Penobscot Bay, by Mr. ,J. G. Spaulding. 
9. Soundings in the >icinity of Jeffrey's Lt>dge, Cashc's Lcdg<', and Jt>ffrey's Bank, surface 

and deep-sea temperatures recorded, and hydrograpby of the vicinity of the fales-of Shoals, by 
the party of .Acting Master Robert Platt, G. S. N., assistant in the Coast t:;urvey, aided by Mr. J. 
B. Adamson. 

10. Determination of geographical positions by triangulation in New Hampshire, under the 
charge of Prof. E.T. Quimby. 

11. Tidal ob~ervatious at Boston by H. Howland. 
12. Pendulum-obsen'ations at a station near North Adams, Mass., and topographical survey 

to determine differences in the intensity of gravitation, by the party of Assistant C. S. Peirce, 
aided by Mr. W. E. MoClintock. 

13. Ilydrography continued to de>elop the character of changes in depth at the eastern 
approach to Nantucket Sound, by the party of Subassistant F. D. Granger, assisted by Lieut. R. 
D. Hitchcock, U.S. N., and aided by Mr. D. C. Hanson. 

14. 1'pecial examination and tests of sailing-courses between Nanagansett Bay and New York, 
and snpplernentary bydrography in Long Island Sonnd, uy the party of Assistant J. S. Bradford, 
aided by Mr. John Barker. 

15. Detailed survey of the shores aud bydrogTaphy of Taunton River, l\lass., by the party of 
Assistant A. l\i. Harrison, aided by Messrs. VV. H. Stearns and Bion Bradbury. 

16. Special shore-line development and observations on tides and currents to determine the 
effect of proposed chauges in the contour of Pro\'idence Harbor, R. I., by Assistauts H. L. Whiting 
and Henry Mitchell, with a party in charge of Assistant H. L. Marindin. 

Tidal observations.-The series of tidal and meteorological observations begun in January, 
1870, at North Haven, in the entrance to Penobscot Bay, Me., bas bee11 cai·efully continued 
throughout the present year by Mr. J. G. Spaulding. His success in preserving unbroken the 
register of high and low waters, and the regularit.r and good form of the curves traced by the 
self.registering gauge, indicate that the position is fa\·oraule for the observations. This station is 
furuisued with duphcate interchangeable cylinders, reading-box, and con>eniences for regularly 
tabulating the readings of high and low waters, and hourly ordinates from curves as they are traced 
by the self-registering apparatus. 

At tLe Boston navy-j'ard, the observer, Mr. H. Howland, has continued as heretofore the series 
of tidal and meteorological obserYatious. The gauge in nse at this important station is one of the 
best of the old form, aud, as far as possible, is guarded against stoppage by attacbed heating. 
apparatus for use during winter. In general, the series has been well preserved. 

A tide-gauge of the new form remains at Providence, R. I., where it was placed at the request 
of tbe city authorities. Last summer, the instrument was refurnished for continuing observations 
needed in the adjustment of leYels in the local surveys; the running expenses, as heretofore, being 
met by the city. The apparatus and records will be returned to the Ooast Sur>ey Office, aud will 
be of special use for comparison with the several short series of tidal observations recorded by 
sounding-parties while the hydrography of Narragansett Bay was in progress. 
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SECTION II. 

ATLANTIC COAST AND SEAPORTS OF CONNECTICVT, NEW YORK, NEW JERSEY, PENNSYLVANIA, .AND 
DELAWARE, INCLl'JJING BAY/,; AND IUYERS.-(SKETCHES Nos. 4 AND 5.) 

At the outset of the prPselJt fiscal .Y·ear, parties wPre assigued to uut:y in this section, and are 
now engaged, as follows: 

1. Plane-table survey of tho shores am! soundings in Thames RiYer, Conn., aboYe tbe na>y· 
station at New Loudon, by the party of Assistant H. G. Ogden, aided by l\lr. D. B. Wain
wright. 

2. Topography of the shores of New Ha>en Harbor, Uonn., by the party of Assistant R. ::\L 
Bache. 

3. Positions of light-houses to be determined, at the eastern entrance of I~ong Island Sound, 
by Assistant J. A. Sulli>an. 

4. Hydrography of the channel westward of Plum Island, Long Island Sound, by the party of 
Assistant J. S. Bradford. 

5. Spt>cial observations on tides and currents in the waters of New York Harbor, and sound· 
ings in the lower bay, hy the parties of Assistant H. l\litchell, Assistant F. F. Nes, and Assistant 
H. 11. Marindiu, assisted Ly l'lfaster H. 0. Handy, U.S.~., aud aided by Mr. W. B. French. 

6. Survey of the shores and hydrograpb_y of Port Jt'fferson, Long falaud Sound, by the party 
of Assistant F. H. Gert1es, aided b~- Suuassistant U. P. Dillaway and C. A. I>es. 

7. Tidal observations in New York Harbor, by R. T. Bassett. 
8. Selection of stations for triangulatiolJ to colJnect the survey of Buds~m RivC'r with the sur

vey of Lake Champlain, b,y the party of Assistant RD. Cutts, aided by Mr. J. F. Pratt. 
9. Shore-line surve,Y of Lake Champlain from Whitehall north to the Four Brotl1ers, and 

topography of Crown Point aud Ticouderoga, by the parties of Assistant C. T. lanlella and Snbas11ist
ant Au<lrew Brai<l, aiued by Messrs. H. W. Bache, subassistant, and C. H. Sinclair. 

10. Hydrography of Lake Champlain from Whitehall northward to Shelburne Bay, and devel
opment of shoals in the vicinity of Isle Lamotte, by the party of Assistant Uhal'lei; Junken, aided 
by Messrs. E. H. Wyvill and G. A. Morrison. 

11. Latitude and azimuth determinations at Hudson, Crown Point, and Rouse's Point, N. Y., 
by the party of Assistant G. W. Dean, aidt>d by Mr. A. G. Pendleton. 

12. Shore-line surveJ and soundings iu Great South Bay, Long Island, N. Y., by the party 
of Assistant Charles Hosmer, aided b.Y ~fr. Jolin De 'Wolf. 

13. Determinations of the magnetic declination, dip, and horizoutal intensity at Ithaca and 
Oxford, N. Y., at Bethlehem, Penn., and at Cape May, N. J., by Mr. T. U. Hilgard. 

14. Topography of the shores of Barnegat Bay, N. J., by the party of Assistaut C. J\I. Bache, 
aided by Messrs. H. M. De Wees, subassistant, aud J. J. Enins. 

15. Soundings in the lower part of Barnegat Bay, N. J., and bydrography of the bar at Little 
Egg Barbor, b,y the party of Subassistant \V. I. Vinal, aided by Mr E. B. Pleasants. 

16. Latitude and azimuth obsen'ations at Keyport and Barnegat, N. J., positions of light
houses at Cape May, and also in Delaware Bay at Maurice River, Mispillion Creek, and Hereford 
Inlet, by the party of Assistant Edward Goodfellow, aided by Mr. C. A. Ives. 

While sounding in the vicinity ol the Swash Channel, New York Ba,y, Assistant Nes found a 
shoal spot with less water than bad been previously known. In order to determine tbe quei;tion 
whether or not similar lumps existed in the channel, a careful developuwnt was made by close sound
iugs within an area of about four square miles, including the course through the Swash. These con
firm in general the results of previous surv.,ys, and, in addition, re\·eal the existence of a small 
spot, with only 16~ feet of water, on tbe west side of the Swash Channel. 

In the field-operations of last year were included ouservations which served for determining 
the exact geographical position and length-of the boundary-line between the States of New Jersey 
and New York. Due acknowledgment for that service has been made by the authorities of the 
first.named State, at whose instance the work was performed. 

As one of the results of the subsequent labors of the State officer in tracing ont the boundary-
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li11e, it was found that several aetual residents of Bf:rgen County, N. J., had for years paid their 
taxes and had voted as citizens of tlle t::;tate of New York. 

Tidal ob.~eri-ations.-The Relf-registering tidc-g·augc at GoYernor's Islan•l (New York Har
bor) has recorded the tides of the year, as heretofore, under tlie charge of l\Jr. H. T. Bassett. For 
comparison, the tides haYe been also recorded occasioually at Hamiltou Avenue Ferry, Brooklyn. 

Arraugemeuts are now well advanced for uegi1111ing a series of tidal obRervations at a station 
on Sandy Hook, and a i,;eries also at Throg's Neck. The precautions requisite for maintaining the 
records unbrokt>u haye caust>d delay in the establishment of a gauge in a position so much exposed 
as the station must be at Sandy Hook. 

SECTION III. 

ATLANTIC COAST AXD BAYS OF JIIARYLAND AND VIRGINIA, INCLUDING SEAPORTS AND RIVERS.
(S:cETCII No. 6.) 

('oaRt Pilot, 011.e~apeake Bay.-The work of compiling for publication a directory j:"or the Atlan
tic coast has been conti11ued uy .Assistant .T. S. Bradford, with a partJ' in the schooner Paliuurus. 
111 Det~ember, 1Si3, the special examinations \Yere resumed in Chesapeake Bay. For all the har
bors \1·hieh hail not bt>m1 prnYionsly visited, sailing-lines were tested, am! desc1·iptions of the 
eutrauces were added to the material already on hand, for an a(Jditional >olume of the Coast Pilot. 
This i,;erdce iu tlic Ulle::iapcake was completed in January, after which the party passed southward 
of Caple Henry for tlut.r, which will be the subject of notice under the head of Section IV. During 
the summer, ~~s,;istant Bradford was engaged in Section II. 

Topogmphy near Washington, D. 0.-Iu April last, at the reqnest of Captai11 Jeffers, Chief of 
the Bureau of Ordna11ee, Cnitetl States NaYy, a minute san·ey was made of the site of the naval 
magazine at Marbury Point on the Potomac River. Subassistant Joseph llergesheimer, who was 
detailed for tliii,; senic«, carefully developed the ground surface by lines of level, and mapped the 
topogm1>hical features on a scale ample for any purpose desired in drainage or construction. By 
curves of equal ele>ation for ernr,r foot difference of level above high-water line, the sheet shows 
minutels the irregularities of surface. 

011 two plaue-t.alilP sheets of previous Reasons, Mr. Hergesheimer traced the recently-con
structed liue of the Baltimore and Ohio Railroad within the District of Columbia, and mapped the 
topography between th0 road and the Potomac shore-line. Among the details shown uy this sur
vey are the ""as!Jiugton approach of the Baltimore :;tnd Potomac lfailroad east of the tunnel, and 
surface-features in the vicinity, which will appPar in the next issue of the engraved chart of the 
Potomac Ri \·er. -

Subassistaut Hergesheirncr, during the summer, conducted a plane-table party in Section I. 
Trfongul,ation of the Potomac Riiier, Ya.-The local triangulation made of the Upper Potomac, 

b.r .Assistant J. A. Sullivan in 186! has been connected with the primary work at Sugar Loaf· 
:Mountain, on ,,·bich the station first occupied was found to be nearly coincident with the point 
subsequently (letermim;d in the progre,;s of the general geodetic opera'.ious. Early in July, Mr. 
Sullivan went to his station of 1864, and carefully determined its position relative to two primHy 
poiuts, which were occupied a fow years ago by Assistant Boutelle, one on that mountain and the 
other on Maryland Heights. After measuring the horizontal angle, Assistant Sullivan ascertained 
the exact distance (a little over twent.r-five feet) between his station of 1864 and the primary· trian
gulation point on Sugar Loaf Mountain. His st1bsequent service in the field has been mentioned 
under Section II. 

Tr·ia1igulatian in progress.-T!Je party of .Assistant .A. T .. Mosman, aided by Mr. D. S. Wolcott, 
is now in the field, and will extend the primary triangulation southward along the Blue H.idge in 
Virginia. · 

Assistant S. C. l\foCorkle, at the opening of the fiscal year, took the field in the vicinity of 
Staunton, Va., to conduct a reconnaissance westward, and, if practicable, select intervisible 
stations for a chain of triangles through West Virginia to the Ohio River. 
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1l:lagnetic obsermtiorrn.-During· three days in the middle of Juue, Assistant Charles A. Schott 
repeated obserYationR for the mngnetic (leclination, dip, aml horizontal illtcusity at the ;;tatiou on 
Capitol Hill, \Vashi11gton, D. U. 'l'IJese are iu continuation of a series which nolV exteuds through 
eight consecutive sears. The results fonud in June last sliolV a close accord with \·alues eomputl'd 
by the formuhe gi\'eu by Mr. Schott iu 1870, as will l>e seen h.' reference to Appeudix Xu. H in 
the report for that ,\·ear. 

'Triangulation, topography, and ltydrography of ,Jame8 Rii'er, Va.-.At tl1P lower e11d of ,Ja1111•s. 
town Island, tu which point the final Sut">CJ had lleen adnrnePtl in the preYious seaso11, Aso;i;.;tant 
J. \V. Donn resnwed operations ear(r in December, with a party in the schoouer Scoresby. Field
work was prosecuted at all favorable i11terYals until the eud of April, at whieli time the detai letl 
suney of the .Tames HiYer was closed for tl1e season at Sandy Point. The operations in rhi1> 
quarter will include also the survey of thirty.five miles of the coursL' of the Uhickaliominy. Ais a 
l iasis for that woi·k, Mr. Dom1 extended a se.parate triangulation from the mouth of the ri ,.pr 
upwards to the pomt known HS Shipyard. The topographical details of the shores were afterward 
mapped and matle conformable to the rnal'gin of topography, which will appear on the final chart of 
the James River. 

The lllonth of April was occupied by the party in the Scoresby in souuding within the limits 
of field-work. A synopsis of statistics is appended: 

1\files of ri Yer shore-linf' trnc(·d. . _ . . . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 
.Mileso: creek;; ...................... --·······-·····-···-· ............ 89 
1\files of roads . . . . . . . . . ............. _ .. _ 48 
Area of topography (square miles) . . . . . . . . . . __ ..... _ . . . . . . . . . _ ...... _ 56 
l\Iiles run iu sounding _ .... _ ... _ ...... _ ........ __ ........ _ ...... _ .. _.. . . . 392 
Angle8 meaimred ........... _ . . . .................... _ . . .. _ . . . . . . . . . . 2. 094 
Number of som1diugs ......................... ---·······-·······-· ...... Hl,145 

Assistant Dorm was aided in this section, and subsequently in Section I, by l\1essr;.;, F. C. Donn 
and F. H. Parsons. The party in tlrn Scoresby will be engagetl during the coming winter iu the 
survey of the James Hiver iu the vicinitj' of City Point. 

Topography of Nmfulk, Portsmouth, and Oos_port, Va,.-The detailed surH\Y of the Yicinity of 
Norfolk was taken up by Assist;wt U. J\1. llachc ou the 7th of January, and was cnmplete•l on the 
4th of' April. Field-1\ork iu this t]uartm was much retarded b_y uufa\·or·ab1e weather. As u,;ual, 
tlie time unfit for pusliing thl~ stuYey was occupied in inking the plane-taule shet·t~ pertaiaiug to 
field-work of the prncediug· summer awl anturnu in Section IL 

The detailed surve.r of the cilic8 of ::S-orfolk, Portsmouth, and Gosport, 011 a Reale large emrngh 
to meet any supposallle requirements, was made without reference to the existing maps, which, 
however, were teisted by Assistant, Bache in advance of passing oYer the same ground. The sta· 
tistics of bis surYt>y are: 

Miles of shore and wharf liues ... _............... . . . . . . . . _ ......... , . . . 34! 
Miles of roads and streets . . . ......... _. . . . . . . . . . . _ ........... - . . . . . . . 87 i 
Area of topograph,v (sqnarP miles)_... . _ .... __ ......... _ ........ - .... - . . . 10~ 

Subassistant B. M. De \Yees was attached to the topographical party, aud ~Ir. IY. W. Gilhert 
served in it temporarily as aitl, in the work near Norfolk, aud also for the serYice mentioned under 
the next head. 

Shore-line survey of Nansemond Biver, Va.-For this service, the schooner Dana was assigue1l 
to 'the charge of Assistant Bache, and work was commenced on the 8th of April. Newpol't 
News was occupied as a station for determi uing the points at the entrance of the Nansemond, and, 
in connection with them, others were tleterrniued h.r means of the plane-table for the shore-line 
survey, which was ultimately extendt>d southward as far as Suffolk. At intPrYals of about tin~ 
wiles along the cour8e of the rin~r, 'three sliort bases were measured, with results proving the accu
racy of the plane-table triangulatiou. In the aggregate, fifty-two miles of slwre·line wt'.rc traced 
by Assistant Bache and Subassistant De \Vees. The plane-table sheet represents eighte.cn miles of 
the course of the Nansemond. While this work was in progress, Mr. Bache inked and sent to the 
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office his maps of the vicinity of Norfolk. The schooner Dana was returned at Norfolk on the 4th 
of June, after which preparation was made for n·snming tupographical work on the coa.st of New 
Jersey, as already mentioned under the head of Section II. 

Hydrography of Nansemond Rfoer, Va,_.:...As the shore-line survey advanced along the course 
of the Nansewond, tracing;; were furnished to the hytlrographic party of Acting l'tlaster Robert 
Platt. In the absence of the chief, the aid, Mr. J.B. Adamson, prosecuted ;;01mtlings without delay, 
and, on the 10th of June, closed the hydrographie survey of the Nansemond at Suffolk. On the 
chart, which was plotted at once and sent to tl.Je office, is the following synopsis of statistics: 

l\liles run in sounding.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 296 
Angles measured.. . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 122 
N urn ber of soundings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18, 172 

Two montl1s were occupied in this work. On its completion, Acting Master Platt proceeded to 
Norfolk, and, after outfitting the siteamer Bache, took up service with 1.Jis party in that vessel, as 
was stated under the h{lad of Section I. 

Sup11lcmentary hydrography.-In order to complete the chart of Elizaht>th Hiver, Va., a party 
will be sent in charge of Mr. J. B. Baylor to sound the passage back of Craney Island. As 
in other cast~s in which work is begun after the close of the fiscal year, which ended with June, 
further mention of the work executed will be reserved for my next annual report. 

Tidal observations.-A self-registering tide.gauge of the nflw form, with interchangeable cylin
ders, reading-box, and also facilities for tabulating tile record, has been substituted for the appa. 
ratus formerly in use at Old Point Comfort, Va. Mr. \V. J. Bodell remains in charge as observer, 
and has well maintained the continuity of the record, notwith&tanding the instability of the place 
at which the apparatus was of necessity fixed. For the penrlulum, a balance-wheel Las been sub
stituted in the clock of the gauge. As a result, the clock has not been easily stopped, as it was in 
former years, and the tidal record is correspondingly improved. 

SECTION IV. 

ATLANTIC COAST AND SOUNDS OF NORTH CAROLINA, INCLUDING SE.A.PORTS AND RIVERS.-(SKETc:e: 
No. 7.) 

Coast Pilot.-Assistant J. S. Bradford, with bis party in the schooner Palinnrus, sailed from 
Oape Ilenry on the 18th of February, bound for Charleston, with a view of noting such particulars 
in navigation as might be recommended to coasters. During the run, l.Jeavy weatl.Jer prevailed, 
with mist and rain. Tl.Je expedients thereby necessitated for the management of his vessel proved 
worthy of record as to the proper course to be run by coasters in ti.tick weather to clear the Lookout 
and Frying Pan Shoals. Soundiugs were taken as the vessd approached these dangerous banks, 
and observations were recorded as to the set and drift of the current in crossing Long Bay and -
Onslow Bay. In the next section, mention will be made of the furtl.Jer operations of the party in 
the Palinurus. 

Tr,iangulation and hydrography of Chowan River, N. 0.-The worn-out steamer Hetzel, which 
had been used as a hulk for several seasons by parties working in this scctiun, as mentioned in 
previous reports, sunk at her anchorage in Edenton Bay last ant11mn ; but no other vessel being 
available, at the opening of winter, for service in this quarter, direction was given for raisiug the 
vessel. By the middle of Decemher, 1873, Assistant R E. Halter, having put the uulk in condi
tion to serve as quarters for his party, proceeded np Chowan River, and made a triangulation from 
its mouth inland to a point twenty-eight miles from the head of Albemarle Sound, deterrnitling 
positions for use in the hydrograph,y. The waters of the Chowan, within the same limits, were 
suuseqnently sounded by the party. Messrs. C. L. Gardner and C. H. Fitch served as aids. 

The following are statistics of this survey : 

Signals erected . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • • . . • • • . • . . . • • . . . • • • • . ~2 

Stations occupied .•..•....•..•...•.••. - ... - • . • • • . • . • • . . • • • • • • • . • . • . • . . . • 20 
Angles measured •..•••••...••.•.••.••... - . • . • • . . . • . . . . . . . . • • • • • . • . • . • . . 638 
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Number of observations._ ............... _ ......................... . 
Miles run in soun<ling . . . . . . . . .... _ . . . .. _ ......................... __ .. 
Sextant-angles ......... _ ......... _ ..................................... . 
Number of soundings .....•........................................ _ .. . 

s,ou 
406 

2,663 
30,675 

23 

The tides weTe TecoTded at six stations while soundings were in progress. Operations were 
closed in the middle of May. In the following mo11th Mr. HalteT started on duts of which mention 
will Le made umler the l1ead of 8ecti011 VII. 

'1.'opogrnphy of G/w1{1a,n Rifer, 1{. 0.-The detailed surve;r of the banks of this river was 
commenced late in January by a party working under the direction of Assistant Hull Adams. 
Mr. R. B. Palfrey served as aid. Operations with the plane-table adnwced as points were furnished 
by the triang11latim1. On the weRt side of the river, the parallel road passing south from Coleraine 
was taken in as the limn of the marginal topography, and surface-features el::1ewhere were map11ed 
to the same average distancP from the shore-line. The vicinity of Eden1011 is included on the plane
t.able sheet, aud all improvements 011 both s]des of the river to points as high up as Harrcl's \\rharf, 
or about thirty miles from the entrance of the Chowan. The topographical sheet represents five 
steamboat-landings, at which the large amount of cotton brought from the back counties i8 shipped 
for Norfolk a.nd Baltimore. Much local interest was manifested while this survey was in progress. 
Field-work was closed by Assistant Adams in thii; section at the end of 1\-Iay. On the plane-table 
sheet of the Chowan, the recorded statistics are : 

l\iiles of shore-line traced ........ _. _. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 92 
Miles of roads . . • . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 
Area of topograpby (square miles) . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 432-

[n Ju~e, this party was transferred to the coast of Maine, for service which has been mentioned 
under the head of Section I. 

Triangulation of Pamplico Sound, N. 0.-The party of Assistant G. A. Fairfield has been 
continuously employed in this work without transfer, as in other cases ou account of chauge 
in the season. When the last annual report was closed, the party occupied Egg Shoal, a station in 
the vicinity of Hatteras Inlet. Horizontal angles were measured during the winter; and, early in 
January, Assistant Fairfield moved to Long 81.loal .Point. A.tall tile stations, high platforms ba'e 
bet•n erected of necessity, to bring into view the signals on the opposite shore of the sounrt. The 
work is now adYancing t,o the immediate vicinity of the Bodie's Island ba;,;e, at the north end of 
which a platform eighty-two tect high was needful in order to bring into view the signal at Roanoke 
Marshes. Tlle statistics of the work since the date of the lie1d-report of last year are: 

Signals erected (3 primary and 12 secondary)...... . . . .................. _. 15 
Stations occupied (3 primary and 10 secondary). . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Angles measured. . . . . . . . . . . . . . • . . .... _ .......•........••... _ . . . . . . . . • . 90 
Number of observations.......... . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 280 

Assistant Fairfield is aided in the triangulation by Messrs. B. A. Uolonna and W. B. Fairfield. 
The party uses the steamer Hitchcock for transportation and quarters. It is confidently expected 
that the triangulation of Pamplico Sound will be finally connected with the primary base.line iu the 
course of the ensuing spring. 

Topography of Pamplico Sound, N. C.-Tbe work of Assistant C. T. Iardella in this section 
defines the north shore of Pamplico Sound eastward of the entrance to Pamplico Rh·er; and, 
extending in that direction, it includes Swan Quarter Island and indentations known ai; Bell's Bay, 
Rose Bay, Swan Quarter Bay, Juniper Bay, and others. The plane-table sheet represcnr.s the 
roads and other surface.features adjacent to the shore-line. 

The bays embraced in this survey afford safe anchorage for vessels drawing seven or eight feet 
water. In reference to the character of the shores, the field-report states that "the section of 
country from Pungo River to Swan Quarter is very thickly settled, and each of the fine farms along 
the main road is traversed by ditches, through which the farmers transport their g1'ain and prornn
der in small boats, to load vessels that remain at anchor in the several bays". 
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Subassistant H. W. Bache was attached to tbi8 plane-table par(y, and accompanied Assistant 
Iarclella for field-service, which has been mentioned under the head of Section II. The statistics 
of the work on Pamplico Sound, in which the party was occupieu during the first tliree months of 
the present year, are: 

.Miles of shore-line surve_yed . . . . . . ................ _ . __ .. __ .......... _ .. _. 170 
l'\liles of roads. . . ........................... _ .. _ . . . . . . . . . . . . . . . . . . . . . . . 49 
Miles of streams, etc ............. _ ................ _.. . . . . . . . . . . . . . . . . . . 19 
Area of topography (square miles)... . . . . . . . . . . . . . . . . . . . . . .......... __ . 86 

Hydrography of Pamplico Sound, X. G.-This work bas been well advanced by As,,.istant 
.F. F. ~es with a part_y in the steamer Arago. The additional soundings, resumed on the 1st 
of ,January aud continued until the 22d of M:ay,.flxtend the hydrography along. the north shore of 
Pamplieo Sound from Dell's Ba_y eastward to the vicinity of Gull Shoal Rock and southward to limits 
reaehPd in tlie operations of pre\•ious seasons. The upper part of Pungo River was also souuded 
hy the party. In the course of the season iu this sectio11, tides \\"ere recorded for l i mi tell periods 
at isix Rtations, sixty shore-stations were occupied, and seventy-four sig11als were set up. All the 
buo~s and chauuel-stakes withiu working-limits were carefully determiued iu position, and are 
marked on the bydrograplric sheets. The general statistics are : 

.Miles run in sounding.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 132 
Angles measured ....................................................... 7,304 
Number of soundings .................................................... 88, 997 

l\fessrs. E. B. Pleasants and W. B. French were attached as aids to the hydrographic 
party. Work prosecuted by Assistant Nes during the summer has been stated under the head of 
Section II. 

Hydrograplty of Beaufort Harbor, N. 0.-Subassistant \V. I. Vinal, with his party, in the 
Rchooner Bowditch, left Norfolk on the 9th of January, and, taking the inside pa:;;:;;age, engaged 
a fortnight afterwanl in soundings on Beaufort Bar. The Lydrogrnphy of the approaches was 
pushed at all fa..-orable intervals; and sub.sequcntl.Y soundi11gs were made inside developing the 
harbor, as it is at preseut, and also North River and Newport River, the limit of work in the l:ttter 
taking in also the canal whieb joins that branch of Beaufort Harbor with the waters of Neuse 
River. 'l'his SPrvice occupie1l the part,y 1111t.il t,he 18t,!1 of .i\fa_y, when Mr. Yiual took up hydro-
graphic work at Cape Fear, as will be mentioned in detail hereafter. · 

For determining points needed in the hydrograpbic sun·ey of Beaufort Harbor, thirty-two sig. 
nals were erecttJd, and fort_y-three stations wen\ occupied with the theodolite. All the buoys were 
determined in position and marked on the hydrograpbic sheets. The statistics of survey are: 

Miles run in sounding.. . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 387 
Angles measured ................... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~. 937 
Numberof soundings ............ ----·-·······- ........................ 61,172 

Messrs. J. J. Evans and W. S. Bond served as aids in this party. A comparison of h_ydro
gmphic sheets shows that no special changes ha'"e occurred within the last ten years in Beaufort 
Harbor. Buoys on the bar were reset in June after the departure of the party in the schooner 
Bowditch. 

SECTION V. 

ATLANTIC COAST AND SEA-WATER CHANNELS OF SOUTH CAROLINA AND GEORGIA, INCLUDING 
SOUNDS, HARBORS, AND RrVERS.-(SKETCU No. 10.) 

Coast Pilot.-In this se1~tion, Assistant J. S. Bradford, in the schooner Palinurus, examined, 
with reference to safe line!:! for navigation, all the harbors betweeu Georgetown, S. C., and Savan
nah. His notes made in the course of the season will appear in a subsequent Yolurue of the Coast 
Pilot, of which the first volume has been some time in hand for publication. After visiting and 
iuspt>cting the entrances of Winyah Bay, Bull's Bay, Charleston Harbor, Stono lnlet, North Edisto, 
Saint Helena Sound, Port Royal Sound and its rivers, and Savannah H.iver, and verifying the sail
ing directions, Mr. Bradford returned to Norfolk at the end of April, and subsequently was engaged 
in Section II. 
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Cape Fear Entrances, N. C.-After the examination made in the latter part of l\Iuy, Sub
assi:staut Vinal thus report;;; in regard to changes wbiclt haYe ocuurred in the Yicinity of Cape 
Fear: "The chauges lmve bf'oeu rapi<l and ('XteusiYI:'. AttP11tiou was paid, howl:'Yer, particularly to 
sounding the western channel>;, as reqnired by i11>otrnctio11s. Tbe Ifald H<~a<l or' S!:'warll' Ultannel 
presPrn~s 11early tlu~ sanw positiou and direetion as in L'\73, all(} show" a little improYement in 
depth. To wark the be:st. water now, buo,\' Xo. ,) :should lw IIIOY<·d fifry meter" t1ne \Yest, and lmoy 
No. ~ threl~-hnmlretl meters west.-north west, of their present positions. 

"Some of the largest Yessels for vVilmiugtou, ~. U., commenced using this channel ia the 
spring of the present year." 

Su!Ja88ista11t Vinal nnred 011 the h.ydrographie sheet sligllt changes of a local nature which be 
found iu tlw Oak I:sland chau uel. 

"The recormaissance in :\fay shows that the shore-line at Dahl Flead Point has changed consitl
erahly. A shoal is urnkiug out from the poiut in the dircctim1 of the old jettee, and bas alreadr 
closed the slue shown uy the SutTey of 1872. Farther down along the western shore of Smith's 
Islluul, the 'Finger' Shoal was found Lare at half-tide for a considerable distance, and was con
nected witll the shore, entirely closing the slae that formerly t>xistetl." 

"Tut' deflecting jetttws at Ft>deral Poiut and the L11·pak1Yatp1·, 110w flnii"hecl lwtween Teek's 
lsland and Smith's Island, are shown on the hydrographie sheet. Se,·ernl lwPaks lHffe occurred 
in the long, narrow strip of land attached to Smith's Island. One of tllese is about au eighth of a 
milf\ wide, and Reemed to hawi a constant channel, not being dr,Y at low water.'' 

''Tile :New Iulet Olrnnrwl thrm1gh t,l1e Oarolim• 8l10:t.ls, sb0\\'11 by the stuvey of 187:2, is not now 
in use, though the buoys still remain in place, as marked ou the sheets of that survey." 

"A new channel, uot buoyed, bal'I broken through the shoals about one-half mile to the east
ward of the ohl one, iLIJd is constantly nsetl by small YC8sl'is." 

"The strong e11dy-current, caused by the works at Federal Point, has worn that point very 
much. Teek's JslalH1, on the contrary, is larger tha11 it was iu 187:2; tlte shoals 011 the eastern sitle, 
bare at half.tide, bei11g quite extensive." 

}lr. Vinal closed work in this sectiou on the 1st of ,lune, aucl, as :soou as practicable, rett1rned 
the schooner Bowditch to Norfolk. '.l'lrnt Y<'ssel beiug no 1011ger se<t-worthy, tlie party was traas
ferred to the schooner Bibb, and was engaged duriug the summer in serYict> wbrnb has been men
ticmell nuder tile head of Section II. The statistics of the hyllrograpbie examination at Cape 
Fear are: 

]\files run in sounding . ____ ... ____ . _____ . _______ . _ _ _ ___ ... ____ . ___ . ____ _ 
.A.ngles measured. ____ . _ . _. . ____ .. _ _ _ _ . ____ . __ . __ . __ .. _.. . .. _ ... , _ _ _ _ 
Number of soundings _ . ___ ... - _. _ - _ - _. - ____ . __ . _ .. __ . _. ____ . ___ . ____ .. _. 

55 
514 

4,647 
Topography of the dcinity of Cape Ro111ain, S. C.-fo continuation of his SUITe,y of tl1e vicinity 

of South Santee Ri\'er, A8sista11t 'V. H. De1111is re;.;urned fit:'ld-work in this section on the 1st 
of Jan nary, and extPnded the topogrnphical 8nrYPY of the coast south wartl and westward to 
include Cape l{omain. The dPtail!:'d work f\m bracl'S all the water-courses adj<tcent to the co:ist
line, among which are Rumai11 Hi\'er and Oyster BaJ·, an!l ai8o tbe topographical features or the 
gron11d l_yi11g east of the, main road from Gt•orgPtown to Charleston, S. C. Tbe chanuels which 
ap1war on the plane-table sheet form part of the inlaml passag1:1 bet ween ()lrnrle:ston and tile Santee 
Ri\'er, and are much used by small steamers and trading-vessels. 

Field-work was C()ntir1ued uutil the 20th of April, wlwn the schooner Caswell, which ha.cl been 
m1ed for tranRportation, retnrue1l with the partJ' to ~orfolk, anti was 8nhseqnently in sen·ice in 
Section I, where also Assistant Deuuis was engag1•d during tlrn summer. He was aided in both 
sections by l'ilr. S. N. Ogden. The following are statistics of the surrny uear Cape lfomain: 

Miles of shore-line traced, coast, rh-ers, and creeks _. _____ . __ .. - - . ___ .. - - _ - -
1\iiles of marsh-outline._ .. ____ . __ .. _____ . _________ . ______ . - _ - . _ - - - - - - . - - . 

Miles of roads __ .... __ . ____ .... - - - . - . - - . - - - ... - . - - - - - - . - ..• - - - - .• - - - - . - -
Arca of topography (l"quarc miles) ___ - . __ .. - . _ - - - - . - - - •. - - . - - - - - . - - - ... -
l'lliles run in sounding ___ . ____ .... _ - - . - - - - - . - . - - - - - - . - - - - - . - - - - . - - . - - - - . 
Angles measured - _ _ _ - __ . ___ - . - __ - ____ - - _. - - - . - - •• - • - - - - - - . - . - - - - - - - - - . 
Casts of the lead - - - . _ - - .. - - - - - ____ •... __ . - - - - - - - - _ - - - . _ . - .• - . - - . - - - - -

a~s 

74 
79 

112 
2:~0 

1,668 
~§l,3DO 
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TIJe planf'-btble sheet, which adjoins the sun·ey here under notice, and on which Assistant 
Dennis had traced the outli:1es of rfoe.ficlds as they appear in the vicinity of North Santee and 
South Santee IUvers, was reproduced by photolithography in the course of last winter. Tue 
fidelity, accuracy, aml finish of the map are specially mentioned by the resideuts to whom the few 
copies printed wt>re sent. lu one of tlJe acknowledgments is the followi11g remark: "This accuracy 
is the mort> snrpri,.;ing when it is considered that ou two-thirds of the rice.fidd the banks are over
grown with we<'< Is m1rl briers. The results shown on the map coulcl not have been attained without 
the most unremitting iudm;tr,Y, patience, and skill on the part of J\fr. Deunis and bis aid.'' 

Astronomical u7J8l'Yl'<1UonH at Sa Nrnnalt, Gn.-'l'he astronomical statio11 at Sa\"auuah was occupied 
in the spring of tlte present yeat' by Assistant 11'. Blake, for t,lie exchange of clock-signals, to ckter
mine the longitude of points on the western coai:;t of the Florida Peninsula, of which special men
tion will he 111ade i11 the nf'xt chapter. At the same time., the occasion was taken to <letermine 
finally the longitude of SaYamiall by the exchauge of clock-signals with the United States Xaval 
Observatory a~ V\"ashi11gto11, D. U., at which the obi;;ervations were con1lucted by Professor Harkness 
and I'rofe;,;sor Eastnuu1. 

The ai1l in tl1e party at Sa\'annab, Mr. Clwrles Tappan, recorded obsern1tions from January 
26th until the :3d of April. In that interval, l\fr. Blake exchanged clock-signals on i:;ix uighti:; with 
the Naval Olrnernitor.r; on four nights, with an observer who sent signals by telegraph from a 
statio11 at Prmta Hasa, near the entrance to Charlotte Harbor; on five nights, with the same 
observer when at Cedar Keys; aml 011 six nights, wheu the observer, Subassistant Edwin Smith, 
occupied a station at. Atlanta, Ga. For clock and instrumental corrections, 340 star-transits were 
obsen·ed at San1mrnh hy upward of 5,000 observations. Assistant Blake determined relative 
personal equation w~th the \Vashington observers on three nights in April at the ~aval Observ
atory. The personal equation relative to Mr. Smith had been previously determined. 

Telegraphic facilities, free of charge, for the determinations made in this section and Sections 
VI and VII, were afforded b,y John Van Horne, esq,, superintendent of the \Vestern Union Tele
graph li11es, whose name in precediug reports has been associated with similar instances of enlight
ened liberality. The field-report mentions also the courteous generosity of T. A. Brenner, esq., 
division superintendent of the telegraph company; and of the Hon. D. L. Yulee, superintendent of 
the Florida Railroad, by which the se\·eral telegraph circuits reqnisite for tlrn astronomical work 
were placed at the disposal of Assistant Blake. Since the return of the party in April, Mr. Blake 
has been engaged in computing results from the records of observations made for determining 
longitudfl in tlte previous seaimn. Mr. Tappan was, at the same time, assigned to field-service, of 
which mention will be made under the bead of Section VIL 

Speeh1l suri,ey of Ba.i,annah River, Ga.-The call made last year by the city authorities of 
Savau nah for a special survey of the ri \"er, with reference to the application of means for improv
ing or preserviug the chanuel, was met by the assignment of Assistant Charles Hosmer, \Yith a 
party ill the schooner G. 1\1. BachP. Field-work was commenced on the 10th of December, 1873, 
and was continued until the 1st of 1\fay. The intended scale of the surves being large, triangula
tion was extended from T_ybee light-Louse upward to include about twent.r miles of the course 
of tlie rh·er, aud to furnii;IJ points sufficieut for detailed plane-table work. Between" Cross Tides'' 
and Elba faland, the survey was made on a scale of :rfoo; and that stretcl1 of the river is represented 
by four sheets. 13elow Elba Island, three sheets, on a scale of 50\ 0 , extend the work: to include 
Tyhee Light-House. · 

A8sistant Hosmer was aided in field,work and hydrography during the season by :Mr. J. De 
\Volf, and, after the 16th of ,January, by Mr. \V, E. l\foCliutock. The following is a synopsis of 
statistics from the plane-table and hydrographic sheets: 

Signals arected ....................•.•.....•....... , ................... . 
Stations occupied . . . . . . . . . . . . • . . . . • . . . . • . . . . . . . . . . . . . ...... , . , ......... _ 
Angles measured ......•........•.............•... _ ....... , ..... _ . _ . 
Number of observations ........... , ................................•... 
Miles of shore-line traced .•....••......................•................. 
Miles run in sounding ..•............•.............................. _ ... _ 
Sextant angles .•.........•........•..............................•.....• 
Number of soundings ...............•...•........•..•...••••........•... 

28 
24 

197 
1,608 

83 
163 

4,417 
25,216 
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After computing anrl depositing at the office the results of his sur\·ey of Sa>:mnah Ri\·er, 
.Assistant Hosmer resumed field serTice in Sectiou IL Early iu l\Iay, Mr. ::\IcClintock rc:joined ,, 
tl!e party of A,;si:otant C. S. Peirce, in whicl! he Lad been employetl during t!Ie early part of the 
precerling winter. 

As bearing direct]~· upon the prncticability of preserving or impro\ing tlie rin'T-channels, the 
})bysical featnres of the lower part of tbe Sa\·anuah were examined by Assistant H. L. l\Iarindiu, 
under the gf'11eral direction of ARsistant Henry l\litchell, who could uot persouall:v attend for tliis 
dut.r, being in thf' spring engaged in public service on the Isthmus of Darien. 

In acconlauce with a plan of work previously arranged, :\It·. :'.'tiariudin, in l\Iay, made simul
taneous obseryations in tbe Yicinity of Tybee Knoll along six tramn·erse Hues, uotillg till' currt'nts 
at fh·e or six stations in crm;sing tlie channels. The currents were also obserYed at stations between 
trans\-er;;e lines. Catch-hoxps werP placed in order to cletermine the source arnl d1anwter of tlrn 
material which is deposited by the action of tide,.; and currents on the bar. One of these, two 
weeks after being· sunk, was found to he nrarly full of material that had fouml way in at different 
times, the solid matter being in well-defined layers. In this particulttr case, which iH noted merely 
for its gf'neral con11Pcti011 with simih1r re8earch1'"1 that may be needm1 el8ewhere, Roft mml or sedi
ment from still water was found i11 the bottom of the box, a1Jd, aboye that material, line aurl cnan•e 
layerR of sand, then layer;;; of dead vegetahlP matter, and again s:iud arnl mud; the tleposit in the 
box ha\'iug eYidently result!~d from varying agitations of tl1e water at the bottom of the rh·er. 
Thie ohsen·ations rccordPd h~- :\Ir. l\lariudiu will suffice for derh-iug transYerse cnn'es of ,-elocities, 
and hy snch nwans to Hhow tlie effect of t.hu shoa,1.s nn the cnrrents near the light-hons,~, as well as 
any prt>sent tendency in tlit' cnrrent8 to change the pby:>ical features tliat now mark tlie bar. The 
dredgi11g operations of the engineer departrnent on Tyl.we Knoll !Jaye prolmhly directt'd part of the 
currPnt in that Yicini ty tbrnngh a new channel, a;; the su hcurrent-floats, set by l\lr. :\lariullin, 
seemed to be deflected inward fro111 both Rides of the channel. 

Amongst the questions pe11tli11g for the imprm·ement of the channel of the ri,·er is the practica
bility of din'rting iuto Fore Riw~r, abm·e tile city, part of the Yolume of water that now passes 
through Back Hfrer. Such ohserrntions as may be requisite for determiniug the question will be 
made, if possible, in tlie coming winter. 

Assistant Marindin used the schooner Hesearch for the work in Sa,·annah Hiver, and, as alread: 
stated under tlie head of ::3ecLion II, was engaged in similar scnicc during tlie summer. 

SECTION VI. 

ATLANTIC AND GULF COASTS OF THE FLORIDA PENINSULA, IN'CLlJDINU THE Rr:EFS AND KEY8 AND 
THE 8EAPORTS AND RIVERS.-(SirnTCIIES Nos. 11 Al'D 12.) 

Pernandina Bar, Pla.-Iu the latter part of January and earl.\- in Ji'ebrnary, tl1e C!1tra11ce to 
Fernaudina was examined by Subassistan t F. D. Granger with a party in the steamer Eudean1r. 
At that period, as at all times generally, the best water that could be carried over the bar at mean 
low tide, was eleven feet. In refe.reuce to the resnl ts of this and previon8 examiuatiollt<, J\lr. Uranger 
reports: ''The soundings taken this season show two channels 01·er the lmr, which are separatetl 
by a central knoll of 7~ friet, the northern or buoyed chamiel being the wider. Iu tl1e southern 
channel, the width of the bar !Jetween the 12-feet cnrrns is eighty-fiye yards, while, in the buoyed 
channel, the width is about. four hnndrnd .rards." 

In the survey of 1869, the eltannel over the har was found to have thirteen feet of water, out tliat 
depth is not permanent. Tile channel tlien in use soon shoaled at the turning·point, and was 
abandoned; its buoss and !Jeacous being transforred to tbe channel as it is at present. In Feb
ruary, the guides to navigation were found t-0 be correctly located with reference to this channel. 

In the middle of April, JI.Ir. Granger, ha\'iug adv:wced the coast-hydrograpliy southward of 
Saint John's River Entrauee, returned to Fernandina, and commeuce<l a close survey of the bar. A 
tide-staff was set up at Old Town, ancl a mark on it was referred by le,·eling to the bcuch-marks 
use(l for the survey of 1870. The currents were obserYed at six stations. No changes of import
ance were developed by the suumlings. As compared with those of .Februa-r,Y, the depth on the 
bar was the same, giving eleven feet as the best water. At each of the current-statious, specimens 
of bottom were procured, showing that the bar is composed of fine and coarse sand mixed with 
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small shells. As a result of the several examinations of this bar, it appears that l1eavy easterly 
, storms tend to change the tlirPctiou of tht• chauuel, but -withontaffecting an an•rage depth of eleven 

feet on the bar. 'The grpater dPptb found has uot bepu iu any case loup: maintained.. 
Suhassistaut O. P. Dillaway was attached to the h~·drographic party in the stParner Elll1eavor, 

and l\lr. D. C. Hairnon Sl'rvcd as aid. Under the next head, mention will be made of the further 
operations of the party. 

Atlantic coa8t of Florida, in-shore 8oundi1ig8.-0n the 10th of Febrnary, th" party in the steamer 
Endeavor reacheol :\L\vport.. Sul);t,;si,.;tant Grnuge>r, firuling no mark,.; of thf\ previons tria11gt1lation 
on Diego Plains below the mouth of Saint ,Jolrn's RiYer, erecte!l a large signal on S;tint ,Jolrn's 
Point, and determiued irs distaneH from the light-hon"e h,y obseryi11g 011 a signal which he had set 
up at an identified station on the north side of the entrance. Using the line so determined as a. base, 
the coast-triangulation was renewed, and iutt>rvertiug sigtwls were ~t,;certained in position to a point 
about mi•l way lwtwc>en the Saint ,John';; and Saint Augustine. These preliminaries were completed 
by the 13th of l\Iarch. Soundings were then commenced at Saint John's !liver Entrance, and were 
continued until the 9th of April. LinPs run sea,ward eight and a half miles were eros>;ed hy othlc'rS 
that deYelop the coast.hydrography for about sixteen miles below the entranc0 of the Saint 
,John's. In rPference to the ua,ture of the coast-approach of thi,.; part of' the Florida Peninsula, 
Mr. Granger remarks: "The most uoticeahle characteristics 11hown b,v the soundingil are a. serie;i of 
riclge,.; parallel with the beach·lirw, comme11ci11g- :o;eYeral milt's from shore; the difference between 
tbt- clepth,.; on and off the ridges being sPYeral ft-ct.'' Tlte tides were recorded at Mayport while 
the party was Pngaged in smrndings alo11g the coast. 

As already mentioned, Mr. Granger returned to FC:"rnaurliua, and made a carpfu] snrn·.v of that 
bar in the latter part of April. During the summer, he was engaged iu service which has been 
men tiouetl uutler the head of 8ection I. 

Tbe statistics of the working-season which closed in May last are: 

.Miles run in sountliug. _ ................... _ .. ~-. . ................... . 
Angles measured.. . . . . . . . . . . ........... _ ...... _. _ .... ___ .. _. _. _. __ .. _ 
::Sumberofsouudings ........................•..... --···--·--······· 

522 
4,2fl7 

1s,0J2 
Sun1e.1f of the Atlantic coa8t nea.r Jiosquito Inlet, F/a.-Field-work in this section wall resumed 

mtrl.\· i11 J.rntrnry by Assi,.;tant A. :V[. Hcu'l'i,.;on, who, as in tbe previous season, was preeeded hy his 
aid, :\Ir. \V. H. Stearns, to provide points hy triangulation for cont.i1111ing t.hf', detailml snrn~y. As 
resultl'! of tbe operatious which cln,.;ed for the sea.son ou the Hith of Mas, two plat11~-tahle sheets 
arid seYell others filled with somHlmgs were returned to the office. These rt>present the topogra
phy of the shores of Halifax B.iver aud Hillsboro' [{i\·er, including also .'.\fosriuito Inlet, at which 
the two estnaries unite, and tlle Atlantic coast adj1went to the inland waters juflt uamed. A stretch 
north and :-;outh upward of thirty miles is included in the survey of this year. Six tidal stations 
were occupied in the connie of the season; one of them for a period irrnluding the summer, fall, and 
winter of 1873, and part of the :-;pring of the pret1e11t. year. At these stations, simultaneous ohser
vationi:; were recorded, so that, if needful, all the results can be readily i·eferred to the tide-gauge 
which remaiued longest in use. 

Assistant llarrisou was aided in this section, and also in Section I, by Mr. Ilion Brarlhury. 
Al-! heretofore, the party used tlw sloop Steadfast for quarters and for trausportation in the surT;Y 
near il'losqnito Inlet. Tbe Light-Homm Board, having imnmdiate need for a m:tp of that entrance, 
bas been fnrnil'lhed with a tracing from the slH•et whieh i nclmles it. The general 8tati8tics are: 

Signals erected ....•.. - . . . . . • . . . . . . . . . . . . . . . . . . . . . . _. . . . . . . . . . . • . . . . 31 
Stations occupied ...... _... . . . . . . • . . . . _ ................•..... _ .•.. _ _ :n 
Anglesmeasured............ .•..•...•............ .............. ..... 181 
Nnwb.-r of obsen'ation., .•.............. _ •.. _... . .. _ .... __ ....... ____ . 
Miles of shore-line traced ... - . . . . . . . . . . ............. _. _ ..... _ .... __ .. _. 
Miles of roads ..... - ... - . . . . . . . . . . . . . . • __ . _ . . . . . __ .... __ ........... . 
Area of' topography (square milei:;) ....... _. . _............ . . • . . . _ ... _ .. 

Milesrun in sounding ..................•.. ····-···········-·········-
Sextant angles ...•..• - ..•..•..• _ ..••..•..•........ _ .... _ ..........• _ . __ 
Casts of the lead .•. ·• • • • . • • • • • • • . . • • • •..•..••......••.••.......... _ •.. 

2,37G 
307 

75 
120 
174 
389 

24,641 
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Longit11de-07J,9ervations at Ke.I/ lVest ana Punta Ra,Ya, Fla.-Subassistant Edwin Smith left New 
York early in December, 1873, for duty in thhl section, and made needful arrangements at Key 
·west for exchanging clock-signals with the Naval Ob-<ervatory in 'Vashiugtou City. Exchange;;; 
of signals were begun on the 24tll of December, and were repeated on seven night,; preceuing- the 
11th of January. In that interval, :Mr. Smith, and his aid, 1'Tr. ,J. R. Bciylor, recorded t\rn huJJ1lred 
and eleven observations on thirt~·-eight stars, to determine instrumental constant>; and errors of 
chronometers. The obserYations ma(fo ~Lt Key '>VPst were referred to Tift's Obsernitory. 

Mr. Baylor left Key \Vest on the 21st of .Tanuar,r to make arrangements for 'lt>termining the 
longitude of a point in tho triangulation of the wctit side of Florida Pcllinsnla at Punta Rasa, and 
was followed by Snbassistaut Smith at the end of the month. Clock-signals were exchanged on 
four nights '."\"ith Assistant Blake, who occnpied a station at, Sa,·annah, as alrea.d,v mentioned under 
the head of Section Y. Observations for determining iustrumental coustaut.s an<l errors of chro
nometers were recorded as usual at Puuta Hasa. This work was completed at the eud of February. 
After carefully markiug· nt Puuta Rasa the point which was determined in longitude, Suhassistant 
Smith and l\'Ir. Baylor proceeded to Cedar Ke~·s for scn·ice tlrnt will l.:>e Rtateil nnrlcr Scmion VII. 

TriangulaHon and topogrnph,IJ of Tampa Bay, Fla.-This work bas been continued by Assist>tut 
H. G. Ogden, with a party in the sd10011er Agassiz. At the ontl:;et of the sea:;;on, in the middle of 
December, 1873, operations were prosecuted by Mr. D. B. \Vain wright, the aid, in the ab,,;ence of 
the chief of the part.,v, who was detained b.Y fie1d-work in another section. l\Ir. Ogllen reached tlrn 
site of work on the 1st of Februar_y, aud, uutler disadvant>iges due to the weather which aftennird 
prevailed, pushed the triangnlat,iou, a:;;: far as practicable, up the Lmy. The topography nwauwhile 
wns advanced along the east shore from Anna M;iria Key northward to a st;1tion ahont six miles 
below :Mangrove Point. J>aJmasola Bay, .Manatee Rh-er, and Terraceia Bny 'IH\re included iu the 
plane-table snrYe;y. In rderriug to the operations in this quarter, :Mr. Ogden remarks: "The shores 
arc much broken, and many of tbe small bays and coves cannot be entered with a boat at low water. 
In April, a contrary difficulty was experienced; the water being so high that much of the conutry 
was snbmerged. Hence it was impossible to define the sand-bars or low-water line, and in many 
places the high-water line could be only approximatel_y traced." 

In April, Assistaut Ogden measured a check-base on Anna l\Iari1t Key, and found a satisfactory 
result by comparing it with the length deri\'ed by computing through the triangulation from the 
base at Clearwater Harbor. Eight signals were erected by the party in the course of the season 
for extending triangulation over Tampa Bay. On closing work at the eud of April, the plane-table 
statistics were: 

Miles of shore line traced . _. . . . . . . . . . . . . . . . __ . _ ...•...... __ ....... - . . . - 152 
Miles of marsh-line .. _..... . . . . . . .........•.... _ . . • . . . . . . . . . . . . . . . . . . . . . 10 
J\1iles of roads . _ . . . . . . . . . . __ . . . . . . . . . . . . . __ ..•.. _. . . . . . . . . . . . . . . • . • . • 21 
Area of topography (square miles) ...... _ .. _. - . _. - - . _ .. - ....... - . . - . • . . . . 54 

As already mentioned, the field-season at the North was past'!ed hy this party in Section Il; but, 
in antnrnn, Assistant Ogden will again reRnme the survey of Tampa Bay. 

Hydrography of Tampn Bay, Fla.-Tlw party of Snbassistaut Andrew Braid, in the schooner 
Speedwell, reached Tampa Bay in the middle of December, 1873, and, as soon as practicable, pnt up 
and determined the signab requisite for continuing the hydrographic sun·ey. Two tide-ganges 
were erectt>d, oue at Egmont Key, the other at Hendrick's wharf in .Manatee Hh·er, and at both 
stations observa.tio11s were recorded while, soundings were in progress. 

The work of this year, on three sheets, extends the hydrography of Tampa Bay to a point some
what beyond the present limit of the triangulation, or from tbe entrance npwar(l as for as .Man· 
grove Point. l\Ianatee River was sounrled by the party, and also the branches known as Terraceia 
Bay, Palmasola Bay, and Sarasota Bay. The work was discontinned at the end of April. Mes:srs. 
C. A. Ives and U. H. Sinclair served ~is aids in this section, and subsequently in Section II, where 
Subassistant Braid was eugaged during the snmmer. On closing work in Tampa Ba,y, the 8choouer 
Speedwell was laid up in Manatee Rirnr. The following is an abstract of statistics from the hydro. 

graphic sheets: 
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Miles run in sounding ............................................•...... 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............. . 
Number ofsouudings ................................................... . 

1,205 
6,530 

91, 400 
Early in the season, hazy Wl'ather, and later, the prevalence of beavs winds, somewhat impeded 

hydrographic operatious; but the results show a satisfactory advance in the survey. 

SECTION VII. 

GULF COAST AND SOUNDS OF WESTERN FLORIDA, INCLUDING THE PORTS AND RIYERS.-(S1ni:Tcrr 
No. 13.) 

Longitiu7e-ob.~en~ation.~ at Cedar Keys, Fla., mul at .Atlanta, Gn.-As stated in the preceding sec
tion, SubHssi8ta11t Edwin Smitl1, aud his aid, l\lr. J. B. Baylor, observed for longitude. by exchang
ing elnck-siguals from stations at Key West and at Punta Hasa; the last-namel1 statiou ueing at the 
entrance to Charlotte Harbor, on the western coast of the Florida Peninsula. After completi1;g 
these operations, the party proeeeded to Cedar Keys, and thPre set up a temporary observatory, arnl 
mounted the requisite· instruments. BPtween February 27 and the 8th of March, clock-signals 
were exchanged on five uights with Assistant Blake, who remained at Savannah; and 11iuety-five 
ohsen·ations were recorded on eight nights by Messrs. Smith and Baylor, to determine cLronometer
rates and instrumental constants. The observations made at Cedar Keys were referred to the sta
tion which marks the north end of the hase-liue mellsnred in a former ;year for the surve.Y of that 
part of the Unlf coast. Facilities for the accommodation of the party were fnrnisl1e1l from the 
outfit of A.«sistant Mosman, who was then in camp near Cedar Keys. 

Leaving Cedar Keys on the 11th of l\farch, Snbassi!stant Smith reached Atlanta in the course 
of three da,ys, but was Jffe\·ented by a long-continued storm from observing for longitude until the 
19th of that montJ.1. Betwee11 the Ulth and the laRt of March, clock-signals were successfnlly ex
cha11ged with Assistant Blake on six nights. In the same interval, eighty-five ohsen·ations were 
recorded on se,·enteen stars for instrumental constants and chronometer-rates. At AUauta, tlie 
olJRervations were macle, by permission of the mayor, Hon. S. B. Spencer, at a station in the city
ball square. The granite block which had supported the transit-instrument was left in place, 
marked with the latitude, aud will be marked also with the final value for longitude after the com
puted results are known. -<\hnnt one hunured yards south of the astronomical statiou, a granite 
post was firmly fixed to mark the true meridian at Atlanta. The observations there were referred 
by careful measurement and computation to the spire of the city-hall, which is one of the geodetic 
stations alrea<l;y connected with the base-line near Atlanta. 

Subassistaut Smith reported at the office early in April. After observing for perAonal equa
tion at the Naval Observatory, 1ueparation was made for his departure in the United States 
steamer Swatara, in which vessel he sailed on the 10th of June with others to obsen"e the transit 
of Venus at Chatham Island i11 tl1e South Pacific Ocean. 

In order to make available for geographical purposes the determination of longitude at Cedar 
KP.ys, it was fouud needful to renew tbe triangulation in that quarter. Of the station-points, all 
of which were carefnll_v marked in the usual way previous to the outset of the late war, Assistant 
A. T. J\'losJIJall, who was dPtidled for the service, reports that none remain, excevt the two screw
piles which mark tbe ends of the base-line. At the 11orthern end of the base, the screw-pile was 
fonn<l to be inclined at right angles to the direction of the line measured and marked in 1857. Mr. 
Mosman was on the ground on the 24th of December, 1873, and began :field-operations early in Jan
uarJ. In succession, be occupied stations east and west of the base, and completed the triangula
tion from Pelican Shoal and Black Point to \Vaccasassa Reef. Azimuth was determined at the sta
tion on Depot Key. Having extended the work as tar as practicable from his camp, Mr. Mosman 
closed operations in this section on the 20th of March. The statistics are: 

Signals erected . . . • . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . . . . • • . • . . . • • • 15 
Stations occupied . . . . • • . . . • . . . . . • . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . 15 
Angles measured ..•.• , . . • • • . . . . . • • . • . . . • • • . . . • • • • • • • • • • . • • • . . . • • . • . . • • • • 67 
Number of observations ..••.•.. , ••.••.••...•.•••••...••..• _............... 4, 422 
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For the azimuth, thirty sets of observations on Polaris were recorded 011 eight uights; and, for 
time, tvfenty-four sets of double altitudes of the sun, observed witL the sextant aml artificial hori
zon, were n'conled 011 thirteen days. 

Assistant :Mosman was aided in this section, and also in service which has been mentioned 
under Sectiou III, b.Y ~Ir. D. S. \Yolcott. 

On the 1st of April, :JI.fr. Mosman left Cedar Keys, and passed along the liue of railroad to Fer
nandi1rn, to make report upon the expedieucy of co11tiuui11g tria11gnlatio11 across the Lead of lhe 
Florida Peuinsula. Of about one-half of the field-work done pre\·ious to 18til, tlie records ne\·er 
reacltcd the office; tbe ,-oJumes which coutaiued them being in cliarge of an ofticer of the Rl·g·ular 
Arm.r who remained in tlie Southern States during the war. Tlic eonelnsiou reached at the return 
of Assi.~tant Mosman, after a careful review of the prt>sent cornlition of th;' work and of estimatPs 
for resnming it, was tlrnt, tl1ougli ,·ery desirable for the Yerification of geographical poiuts, at which 
indPpernlent determinations have been made on the Atlantic coast arnl Gulf coast, the requirerneuts 
of the E<erdcc clsewll(•re are at this time more pressiug. 

Triangulation from Cedar Keys to Saint 111ark's, Pla.-For definiug the general lim• of tile Gulf 
coast northward and westward of Cedar Keys, a party was sent i11 Decemlmr, 187:1, mHl!'r the 
direction of Subassi:.;taut F. W. Perkin>:. Field-work was bt>gun at tl1t• ernl of that month, aud 
was prosecuted tmtil the 9th of May. The schoone1· Torrey, which was used for this work, then 
sailed for Apalachicola, and was laid up for tile summer. 

Much difficulty was O\'ercome in the selection of a hasf'-line, hut finally ::\Ir. l'erki11s chose a 
stretclI of tlie coast. \"l'itli level rock hott.om. It is entirely coYererl b,r water ,J nring norther).'- wiU<lli, 
but is c1ry at low water. The line will be measured in tlie course of thP coming wiuter. 

For the triangulation, water-signals were placed by tile parts at points a\·erag'iug about three 
miles from tbe coast-line. These were observed on with tue theodolite from shore-stations; lwri
zontal augles beiug measured at three, on each of the water-signals. 

The azimuth of a Iiue about mid way between Uedar Keys and Saint :\lark's was detNmined 
by observations with a 12-incil theodolite on Polaris during fi\·e nights, on wbich an aggrt•gatc of 
four hundred and fifty-six pointings on star and mark were recorded, as were also twenty-t!Jree 
sPts of obi;;ervations for time. The general statistics of the triangulation are: 

Signals erected . . .. _. _ ............ ~ ........................... - . . .. ....... - . . .. . .. . . .. 22 
Stati011s occupied .. _ ......................... - . . . . . . . . . . . . . . . . . . . . . . • • . . 19 
Points determined. __ ....... ___ ... ____ ..... _ - ...... _ ... __ . - ___ . _. __ .....• 27 
Angles measured ...•..•....... _ ............................... _ ..... _ . . . . 114 
Nu m lier of o bscrvations ..................... _ .. _ .... _ .......... - ...... - . 6, 023 

Subassistant Perkins was aided in this section, and also in Section I during the summer, h.r 
Mr. F. W. Hing. 

. A part.y will be organized for completing the shore-line sun·e.r and hsdrograpily between Saint 
l\Ia.rk's and Uedar Keys. 

H;11drography of Saint George's Sound, Fla.-For completing the hydrngraphy of tlie western 
approaches, and developing tlie shoal grouud off Poiut Saint George, tlie party of .. A.ssistant H. 
A11 dersou sailed for Apalachicola, on the 12th of January, iu the «choouer Silliman. Two days 
after leaYing Portland, the ,-essel was disabled iu a heavy gale, but fortmiately reached .Kassau, at 
whic!J port, by tile prompt intervention of tile Uuitt>d States comm!, l\iahlon Chanee, esq., iiet,dful 
rl'pairs euallled the party to proceed in the schooner to !Jer working-grouud, wlwre she arri\·ed on 
the 9th of l\farch. As.sistant Anderson pnt up a tide-gauge near Saint Gtwrge light-house, and 
erected signals for the bydrography of that vicinity. After full preparation, the vessel remained 
se,·eral days at West Pass; bnt, as the weather was constantly hoisterous, the patty was trausferred 
to Saint Vincent Souncl. By the 10th of April that sound was llernloped. The resulting slicet 
shows that it is a large shallow bay filled with oyster-banks, aud having on the bar at the inlet 
only about four feet of water. 

Returning to West Pass in the middle of April, Mr. Andert1on succeeded in running lines of 
soundings across the shoals off Saint George's Point, and in filling up tile spaces uot previously 
S<>Unded in the Gulf approach to West Pass. The season's work was closed on the 8th of May. A 
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few days after, the schooner left Apalachicola to return to Portland, and, without mishap, reached 
the >icinity of Cape Fe:ctr. There, howeYer, the main mast was Hirnttern1l by lightning on the !25th 
of May; aud, in a squall next day, the head of the forelllast \Yas twiste1l off. Fair willlls succpetl
iug, the Silliman reached Baltimore without further delay, and was there furnished with mash;. 
The statistics of hydrographic work done b_y the pRrty iu this sectiou are: 

Miles nm in soumliug . . ...... __ . __ .... __ .. _ .. _ ... _ ... _ .. _ .. _ ..... __ .. . 
Angles measured. _ ............................. _ ......... _. . .. _ ...... . 
Number of soundings .... _ ............... ___ ........ _ ............... . 

24() 

l,OH5 
18, ()7() 

Assistant Amler:o;on waR aitled iu this section, and also in Section I, where he was engaged 
during the summer, by Mr. F. H. North. ~lessrs. G. A . .Morrison and Charles Coburn also i,;erved 
as aids in tbe work near Saint George's Sound. 

Atlanta /Jase-line.-It was intimated iu the last annual report tbat operatio11s in tlirect con
nection witb ti.le, base-line near Atlanta, Ga., would l>c concluded by tht· (]etermiuation of the 
Leight of the base-site, al>o>e the level of the sea. In December, 1873, after closing obseiTations 
at Stone Mountain, Assistant C. 0. Boutelle organized a party to run two lines of lm-els from the 
station-point on the moLmtain to a bench-mark iu tbe Yillage, of the same na111e, on tlie line of the 
Georgia I{ailroad. In January, the levels were ca1:rietl one hnudred and fift,v-six miles along- the 
r;.iilroad-line to Augusta, Ga. The aids entrusted with this work, l\Iessrs. H. \Y, Blair and J. B. 
Boutelle, determined the levels by moving from village to village; no facilities in transportation 
being available. 

At Augusta, the le•els were counected with those of the recently-constructed Port Hoyal Hail
road from Augusta to Beaufort, S. C. The officers of this road placed their note-books at the dis
posal of Assistant Boutelle, itu<l careful examination proved that such as related to differences of 
level could be relied on. 

Tidal observations were made by the party at Beaufort, to determine the " mean level of sea," 
and that plane was earefully counected with the levels of tlw Port Royal Railroad; thm; gi>~iug a 
connected series from tide-water to the top of Stone Mountain, a distance of two hundrnd and 
sixt,y-sl'ven miles. 

Tbe height of Stone l'\Iountain was referred to the Atlanta base-line by hypsometric triangles, 
with reciprocal zenith-distances from the base termini. The results of the several operations show 
that the height of the base-hue abm'e the mean level of tbe sea is 104!}.2 feet. 

At the opening of the present fiscal year, Assiiotant Boutdle occupied Grassy Mountain Rta
tion, and is there engaged with his party. 

Trian[Julal'ion ,in aeorgia.-At the date of the last annual report, Assistant F. P. 'Vebber was 
at CRrnes Mountain, a station to the westward of the Atlanta base-line. The measurement of hori
zontal angles there was completed by the end of the year, wlrnu the camp-equipage was oitored at 
Cartersville. Mr. \'1.7ebber completed his computatiolls aud other otlfoe-work in the course of the 
winter, and in March accompanied Assistant McOorkle for the selection of additional stations to 
the uorthward and westward of Atlanta. Before leaving Carnes station, the part,,Y had erected a 
signal on Indian Mountain. Earl~· in June the triangulation \Yas rPsnr11ed. A sigual was set on 
the higheist point of the Uoltutta Mountains, a work of rnucL hthor. No hou>:e being within reach, 
the ·party, during au entire week, while engaged iu this duty, had no shelter at uight exceptiug 
the trees on the mountain. Next iu order, Joim's Monntaiu wai; visited, aud marked by a signal in 
tbe latter part of June. :Further progress made by this party will be me11tio1wd in tlie report of 
next year. .Messrs. J. H. Christian an<l Charles Tappan have served as aids iu the party. 

The connection of the Atlanta base-line with triangulation in its immediate vicinity is shown 
on Sketch No. 9. 

Recnnnaisim.nce.-\Vhile other operations were in progress for the geodetic connection, recon
naissance was made by Assistant S. C. McCorkle for statious to extend the. work northward and 
westward, in order to join with points along the Tennessee River. After exarniniug the Lookout 
l\Iountain rauge, lVIr. McCorkle went farther westward early in l\larch, and noted Chandler's 
l\louutain, aud near it Aurora, both in Alabama, as points suitable for the purposes of the triangu
lation. Three poiuts in the Lookout range, inte1·mediate between Ohattauooga and Chandler's 
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Mountain, were selected, and others to the eastward and westward of the rangt>, sufficient for the 
prospective trim1gulation from the Atlanta baRe to the TPnnessee niYer. The report of ~Ir. 

J\lcCorkle, presenteil early in July, aftPr his return from the field, is aceoml'anied by full uotes in 
regard to relath~e heigl1ts, and such particulars in reference to tbe SPiected stations as could ue 
gathered by close local iIHJlliry. In the middle of Jt1ly, after reporting in person at the office, be 
took the field for reconnaissance in Section III, as state(l 111Hler that head . 

.Heconnaissance.-Assistant l{. E. IIalter, at the openiug of the 11n'sent fiscal year, was directPd 
to examine the •iciuity of tl1H Ohio Hi.er lwt"\\een 'l'l'lwel ing :uid Cincimrnti, in order to dr•tPr111ine 
the practicability of conducting a chain of Jm·ge triangles west\vanl. Further mention, iucluding 
the r~sults of his reeonnaissanee, will be made in my next report. 

SECTION VIII. 

G lJLF COAST AND BAYS OF ALABAMA AXD THE SOL'NDS OF MlSSISSlPPl AXD OF LOlJISIAXA TO VER

MILION llAY, INCLUDING TUE l'ORTS AND RIYEilS.-(SrmTcrr No. H.) 

Suri•ey of the "lfississ1ppi Rire1· at Nc1r Orlcan8, La.-Assistant U. II. Boyd organized his 
party and was on the working-ground 11ear N cw Orleans iu the middlA of Dee<>m lwr, 1"'7.), with 
the schooner Varina. 'l'be pi an of the season had in •iew a second part,_, to work with the sul10oner 
James Hall, for eompleting the topographical sm'n\y of the J\Iississippi as far up as Xew Orleans; 
but Sulmssistan t Ilergesheimer, who was assig1wd to that service, was JH'tffPllterl by F;<>rious 
illness from taking the field. Ju consequence, the operations were limited to triangulation and 
hydrogra11l1,v. 

Assistaut Boyd resumed :field-work Jl(~ar the battle-ground of 181±, aud, after corrnectiug sta
tions along tLle ri\'er with points in New Orleans, occupied others for perfectiug the sarrny to Ca,r
rollton, and for iueludiug the sllores of Lake l'o11tchartraiu and L11ke Borgne; triangulation ha•ing 
been pushed throngh the last-uamell lake in 1803. In the operations of this year, tllree axeuues 
were cut through C,\ press-swamp that iutervened between stations, an anlnom; work, the comple
tion of wliich by au ordinary field-party is e\'idence of great eourage antl pers<w·er:rnce iu the chief 
al!(l in tlie men employed. Some of the inten'eniug trees being more than one hundred and fifty 
feet high along one of the lines of sight, in order that tlit> labor in their rcmm'al might be the least 
possible, Mr. Boyd determined the directfon of the line, which is seYen aucl a half miles long, by 
sendi11g up rnckets, to be obi,wn,ed with the theodolite from the station at. "\\hicli tht> line terminated. 

Mr. C. H. Van Ordeu joined the party on the 26th of December. The h,Ytlrograpb,r was then 
resumed at English Turn, twenty-t.wo miles below the city, au'l was contiuuP(l uniuterrllptedly to 
Carrollton, ten miles above New Orleans. By this judicious action, sonr111111g,;; were completed 
before the time of freshets and maximum currents lrnd set in. AssisU1nt Do.Yd found at New 
Orleans a depth of thirty-six: fathoms, and that the riYer-current was, at some of the stations, as 
much as four miles per hour. At the conclusion of work on tl.te 15tll of .Jlay, the si.;l10oue.r Varina 
was laid up at the Head of the Passes. 'l'he following are statistics of the work : 

Signals erected. - - .. - . __ . - •..... - ..•..•.............. - . - - - - - .. - .. - - .. - - · 
Stations occupied .....• _ ......... _ .. - .. - ...... - .. - ..• - . - .... · - ... · · · · · · · 
.Angles measured. __ ... _ .. ___ ... _. . . . . . . . . - . . - .. - . . . . . - - .... - - · - · - · · 

Numberofobservations ........... -· -····-·-· -···-·· -··· ····-······· 
1\:Iiles run in sounding - ........ _ ... _ ....•........ - ... - - . - . - ... - · ·. - · · · - - · 

13 
18 

312 
4,896 

200 
Sextant-angles ...... _ _ . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . - .. - - - . . . . . . . 2, 308 

Numberofsonndings --·- ···········-······-· ···-··---······-···-·"·· 4,055 
For the adjustment of soundings, tidal obsen'ations ha Ye been recorded during the entire year 

at New Orleans. The currents were observed at six stations. 
Early in the summer, Mr. Boyd completed at Portland the office-work anrl computations per

taining to his sun'ey of the M:issil'lsippi, and then resumed field-service. 
Tidal observations.-At New Orleans, La., a series of observations has been kept np by record

ing the rise and fall on a tide-staft: The observer, Mr. G. Faust, notes the height of the water 
H.Ex.100-5 
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every six hours, commencing at midnight. Daily tides at the city are very small, aud have been 
recorded m~iiuly bemwse of their connection with periodical floods in the Mississippi. 

Tbe self.registering tide-gauge ~ent to Saint Thomas, 'Vest Indies, at the request of Colonel W. 
Thulstrup, of the, Ifoyal Danish Engiue.ers, bas continued iu operat.ion, and since July, when that 
officer left the island, has been in charge of M. Kruse. The, records received at the Coast Survey 
Office show that. the continuity of observations bas been well preserved. In time, this series will 
furnish valuable data bearing on a study of the formation, progress, and changes of the tidal wan1. 

- Triangulntion in iliissouri.-Early in the present fiscal year, .L\.ssistaut C. H. Boyd resumed 
field-work in l\fis8ouri, aided by Mr. C.H. Van Orden. The details of the work done will be uoticcd 
in my report of 11ext year, in which report will be included all field-work commenced after the lst of 
July of the present year. 

ReconnaisRancc for triangulation in Wisconsin.-Professor John E. Davies is now in the field 
with a view of selecting stations fo1· triangulation; the object being to determine points for correct
ing the State map, and thus to afford a reliable basis for representi11g the results of the geological 
survey of that State. Further ruention of this work will be made in my report for next year, which 
will include notices of all the operations commenced after the 1st of July of the present year. 

SECTION IX. 

GULF COAST OF WESTER~ LOUISIANA AND OF TEXAS, INCLUDING BAYS AND RIVERS.-(SKETCrr No. lG.) 

Triangulation and topograph!J of Sabine Pass, Tex.-For this survey, Subassistant J. N. McClin
tock was assigned to duty, and early in January his party arrived at Galveston. Aftt>r measuring a 
base-line, eight stations were occnpied with the theodolite, at which seveuteen points were deter
mined ir: position for use in the plane-table survey. Mr. J. F. Platt served as aid in the field-opera
tionR, which continued until the opening of June, when the party was trausferred for service in 
Section I. The following statistics relate to tho work at Sabine Pass: 

Stations occupied ........•..•..........................•................ 
Angles measured .•.........•...............•..•..•.•.....•••••..••..... 
Number of observations ..........................•.....................• 
1\Iiles of shore-line traced .•..•...... , ..•.................•.....•.•...•... 
Miles of creeks and ponds ..•.........................................••• 
:rtliles of roads . . . . . . . . . . . . . . . . . . . . . .................................. . 

8 
64 

2,052 
22 
14 

5 
Of the region in which the party worked, Mr. McClintock says: "The country is generally very 

wet, but little above ordinary high-water level, and liable to overflow. One peculiarity of the Pass 
is, that from the entrance and to the westward for about ten miles, the water aud mnd of the river 
form a kind of thin mortar. Vessels seek a harbor in this sea of mud, which is commonly known 
as the Oil Spot, and are safe iu heavy gales, the mixture being too stiff to break at the surface with 
the force of the wind." 

Bydrography of Pa.ss Cavallo and of San Antonio Bay, Tex.-For this service the party of Sub
assistant L.B. Wright was organized in the latter part of December, 1873, and commenced suund
ings early in the following month in San Antonio Bay. A small craft was chartered for that work; 
the schooner Stevens not being available on account of her draught of water. After sounding the 
main body of San Antonio Bay, a hydrographic resurvey was made of the bar of Matagorda 
Entrance, including the channel known as Pass Cavallo, where the operations were closed for the 
lileason at the end of the fiscal year. The following are statistics of the work: 

:Miles run in sounding . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . • . • . . . 759 
Angles measured. . . . . . . . . . . . . . • • • • • • . • • . • . . • . . • . . . . . . . . . • . . . . . . . . • . • . . • . 5, 599 
Number of soundings ..•..........•.•.••...............................• 55, 075 

Messrs. A.G. Pendleton and E. H. Wyvill served as aids in the hydrographic party. 
After bis return from the coaRt of Texas, Subassistant Wright was engaged in Sectiou JI. Mr. 

Pendleton was at the same time assigned to service in an astronomical party, and Mr. Wyvill took 
charge of the hydrogra.phic party in Lake Champlain when Assistant Juuken was too ill to con
duct its operations. 
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SECTION X. 

COAST OF CALIFORKIA, INCLUDING THE BAYS, HARBORS, AKD RIVERS.-(SKETCHES Kos. 17, 18, 19.) 

The long acqnaintance of Assistant George Davirhwn with local interests and requirements on 
the Pacific coast bas enured as in former years for the prompt development of auy part of ti.te sea
board likely to be reached by the advance of settlers. "\Vhile providing for tlrn earlier pmspective 
requirements, due foretbougllt has been giyeu to the many local survcss, so as to form continuous 
charts of the coast of Ualifornia and Oregon, and of Washington Territory. l'he \'Vestern Coast Pilot 
or Directory, first compiled by Assistant Davidson, has in successive editions embodied the nLluallle 
particulars which he gathers for permanent record. In addition to his duties as chief of a field
party, the results of his large experience and observation have beeu cheerfully giYen in the selection 
of localities of work for the other parties, so as to make most eftective the means available for the 
development of the wcHtern coast. 

4s cllief of one of the parties to be sent out under the direction of the honorable Secretary of 
the Navy, to observe the transit of Venus in December next, Assistant Da·ddsou, accompanied by 
Snbassistaut 0. H. Tittmann, came east from San Francisco, and in May last conferred personally, 
at Wasbingtorr City, with other observers who had been assigned for the same sen'ice. .'.\frssrs. 
Da>idson, Tittmann, and Edwards sailed from San Francisco on the 29tll of August, and are now 
engaged at Nagasltki, Japan, iu making obserYations prnlimiuary to such 11s will be noted during 
the transit. Mr. Thomas P. "\Yoodward, aid in the Coast Survey, and heretofore in service on the 
Pacific coast, was asRigned to accompany the party of Prof. J.C. Watson, for observing the transit 
of Venus at a station near Pekin in China. 

Much of the work of which mention will be made in the following abstracts is in progress in 
the field while this report is closing. Hence, as the field-reports cannot reach tlrn ofiice in time to 
admit of being tom bodied in my report for this year, mention only in sucll cases will be made of the 
localities in which work is now in band, and for which the statistics will be given in the next 
annual report. 

Rock off Point Loma.-In a close examination, made at the instance of Assistaut. DiwiilF;on, by 
the aid of the h~'drographic party of the schooner 1\farcy, :Mr. Frederick Westdabl, the sunken 
rock off Point Loma was found to have in depth two fatboms less water than had been preYiously 
reported. The least depth, six fathoms, is in the edge of the kelp, and, being out of tbe course 
followed by.steamers, cannot be regarded as a danger. Ne\'ertheless, Mr. \Yestdahl ascfl·taiued 
that the water had been seen to break in that locality. Ile accordingly determined the position of 
two stations, which he counected with the neighboring triangulation, and instructed the ligbt
keeper in regard to erecting ranges for determining the exact place of least water when the break 
is next visible. 

Triangulation and topography of Santa Ana River, Cal.-This survey by Assistant A. W · 
Chase defines about eight miles of the main coast of the Banta Barbara Clmnnel below Bolsas 
Creek, which is also included on the plane-table sheet. Farther on, to the south ward and east
ward, the survey of the present year embraces several miles of the course of Santa .~ua Hiver and 
all details of the coast-topography within an average distance of a mile and a half from the water
line. 

When Mr. Chase, in the latter part of February, took the field, the great marshes of the Bolsas 
and Santa Ana were overflowed by freshets. Crossing was dangerous on account of tlrn quick
sands, and the muddy roads near the coast were almost impassable. This £ondition was due to the 
nnusual rain-fall (28 inches) during the winter. Under such impedimenli, l\Ir. Ultase passe<l tbe 
time in reconnaissance, and completed at Anaheim the large amount of office-work which resnlted 
from his field-operations of the previous year, and in which he had been steadily emploJed tluring 
the winter at San Francisco. As late as the 9th of March, when the triangulatiou was in progress, 
skiffs were required for passing the sloughs of the Santa Ana. and Bolsas. In selectiug stations, 
points near the coast, and requisite for the plane-taLie survey, were chosen, so as to admit of ready 
connection with stations on the nearest mountain-range. One of the points thus selected is a peak 
over 1,100 feet high, on the Ban Joaquin Mountains, and from which the o!Jsen'er bas in view the 
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cliffs at San Juan Capistrano. In the course of the triangulation, fifteen signals were set up, twelve 
stations were occupied, and forty-four augles were measnreu hy six hundred a11d S(ffenty-two repe
titions. At two of the station;;, obi.;ervations were record('d for detennining the positions and 
beigbts of the principal pt-aks of the Sil'rra :J.\lallre .Mountains. The compntc<l results gi\·e for the 
m·erage height of the mountain-chain from 8,000 to !J,000 feet, nnd for the highest peak, San 
Antonio l\Iountain, an eleYation of 10,000 feet al>cn-e the level of the sea. In the topographical 
survey, which mcludei.; eleYPll and a half square miles, and within which eighteen miles of riYer
shore lines were traced, tbe contour-line;; were all run out with a level. In reference to tLe wharYeS 
built by residents of Anaheim, at whose request tracings of the shore-line snn-ey and soundings 
near the mouth of Bolsas On·ek had been furnhd1ed, Assi-.':rn~ Chase remarks: "There seems to be 
no question, so far as the influence of the wind or sea :nay aff,,,~t them, of the stability of these 
wban·es; but they are rapidly giYing way under the attacks of the Tereilo nai'alis. In less than 
two years, the piles hiH'e beeu riddled by this destructi rn insect, despite all wood-preserdng pro
cesses so far used on the coast-line wharyes." Assistant Chase was aided in this survey by Mr. C. 
Uhlig. 

In a communication addressed to me in June last, !\Ir. Chase suggests "a continuous applica
tion of a light quality of coal-oil or kermiene from above tbrouglJ the wood fibres of piles in wharves 
and piers, to prev-ent the Ti;rerlo from boring." The same expedient lJad been inrlependently sug
gested b,r Assistant Da ddsou. 

As these intelligent officen; well know that large expense would be so entailed, their sugges. 
tion prominently bring8 into view the great drawback in maintailliug or<linary marine structures as 
facilities for commerce on tlie \Veiitem coast. There are at this time on the opeu coast.- Hue of the 
Pacific, within the Ii mils of the C uiteu States, nine wharves, ranging from 800 feet to 2,200 feet in 
length, and severally costing from $18,000 to $:m,ooo. }lost of these structures have been of neces. 
sity erected so as to project into the open sea, and iu such situations they are immediately attacked 
and are quickly destroy<0d b;y the Tcredo navalis. At Hueneme, on the Santa Barbara Cbanuel, all 
tbe piles of a wharf nearly 900 feet long, 40 feet wide, and 18:! feet deep at the outer end, were 
treated, when put in place only two years ago, by the most approved means then in use for pre
serYrng wood, and at great cost. This wh~trf is already giving way. Within the present season, 
tbe piles taken up for examination were found to be completely riddled by the worm. Assistant 
Chase states that as yet tirn Limnoria is known only in "san Diego liay. The Teredo is destructive 
at Santa Barbara, San Lui,; Obispo, and at Crescent City; the wharves at these places being 
specially noticed b.Y Mr. Ubase. .At the last-named port, he observed tLat some of the piles had 
left in them only about half an inch of solid wood. 

Triangulation and topography of Santa Cruz Island, Oal.-Subassistant Stebman Forney remained 
with his party in tlJe field during the winter of 1873-'74, and prosecuted the detailed survey of the 
western eud of Santa Cruz Island until the 1st of June of the present year. The progress of work 
was much impeded by the unusual amount of rain during tLe season and by pxevailing fogs and 
winds. The statistics are : 

Signals erected ___ . . . ___ .. _ .. __ ... __ . _ . _ .. _____ .. _ .... _ ... - .....•.... _ 22 
Stations occupied . __ .. ___ ... __ .. ___ . - ... __ . - - - .. - • - . - - . - - - - - .... - . . . . . . . 8 
Objects observed upon. ___ . - . _ ... _ .... - • __ .. - - - . - •.•... - - .... - .. - . - - - - - 26 
Number of observations·-···-··-·-···--------··-··-····- -·-···--· -·--· 2,510 
Miles of shore-line traced __ .. _______________ . - - - - _ ...... - .... - - - - - - - - . - - - 17 
Area of topography (square miles) __ .... - - - .. - - - - ...• - .. - - .. - ... - . - . - - . - . 10 

Hydrographyof Santa Barbara Ohamiel.-Commander P. C. Johnson, U.S. N., assistant in the 
Coast Survey, with his party, in the steamer Hassler, returned to San Francisco ou the 19th of Decem
ber, 1873, after extending the bydrographic survey of the 8auta Barham Channel, as was meutiontid 
in the preceding annual report. T1Je work in that <1uarter was resumed in May last, when oppor
tunity was taken to run lines of soundings off shore to the depth of 500 fathoms from severnl 
points along the coast of California. Except at Point Piuos, where deep water approaches within 
eight miles of the larnl, the curve of 500 fathoms was found at about thirty miles from the shore
line. The lines run were started separately frolll San Miguel Islancl, Point Conception, Point 



 

THE UNITED STATES UOAST SURVEY. 37 

Duchon, Point Pinos, and Point .Ailo Nuevo. Early iu June, Uommauder ,To1mson was detached 
from service in the Coast Sur>ey. Tlie com1mrn<l or the ;;teaawr llas;;;ier thPn dl'n>ln~d on 
Lienteuaut-Cornmauder ll. C. Taylor, U.S. X., who in the pn·cP<li11g month, as exeeutiq• oHiccr, 
bad conducted a searcli for the shoal which has hceu sen•ral times n'purted as c:xi;.;ting· to tlte 
southward and westward of the Farallones. Apprvachiug the sitP from tiH~ nonlnq1rd, tlit• Yieiuity 
was passed over by the stl·amer witll suitaule traverses, !Jut 110 IJ<Jttom wa-; fmrnd with :!liO fathoms 
in either of fifty casts of t.lie lead. 

July and August of tile present year will be passed by the party in the ~teamer Hassler in 
prosecuting iu-;;hore a!ld off.8lwre hydrograpliy IH>ar Cre1'ee11t Uity. lu tliis <pmrter, operations 
conducted at a site of work abo\·e the northern honu1lary of California \\·ill be r«l'P:Ted tu lll•JI·e in 
detail under tlie head of .Section XI in my aex:r, annllal report. At all f;t\·orable opportnuitie·', the 
ocean-currents will be obseL"ve1l aml recorded IJy tlJe hydrngra1iltic part.\·, Tlil• pia11 of work for 
the present season iudude"' developwent of thP cnn·e of depth iu 500 fat lw1m; lice 1r1·c11 Po111t H.Pyes 
and Uape Orford. Hecon.b of these operatiou8 ha Ye not yet. rnaclieu the otliee; aml lte1H;e tlie 
results will be reserved for meution iu m,y Hext report. 

Lieutenant-CommaudL•r Taylor is ably assisted in hyllrographic c1nty by Lienre11aub George S. 
Talcott, Frank Courtis, Hichardsou Clover, GPorge \V. Tyler, and J. D. "\.Lla111,;, U. :::l. :X. 

Trillngulation north of Point Conception, Oa/.-,\..ssi~t.Lnt \V. E. <~reenwdl, ill ~\.pril, m:t<le a 
reconnaissance along tlrn shore of tlw Sa11Ll Barlmra Ulmnne!, from Poillt Jing·n ti> Pui11t Duma, 
with reference to the statious needed :rnd otlier requirement.~ for tlte topogr<lJlhic,t1 &lll'i°L'.Y· Ikfore 
leaving the vicinity, he made a plaue-table sun·e,\' of the dciuit,r of the to1n1 of Hul'neme, aud 
deterrniued in position the light-bou;;e and the wharf at that poiut. 

In l\Iay, the triaugulation of the c•J:ist of O<tlil'oruht was resumed by tltis p~;rty at I'uiut Con
ception, and was pushed north ward antl westward about se,·euteen miles. During nuf:n-orablo 
weather in June, ~lr. GreenweH prosrcuted with success a search for tlw astrnnomical station which 
had·beeu occupi1~J by Assi8taut D,n·idson iu 1830. The point, afl,er Leillg fully ideutifieJ, wa8 con
nected with the triangulation at <Jojo Station. Field.work was adYancell under lll<Wy !liJliculties, 
alternatiug between g·ales of wiud aud preYailiug fogs. .Xeitlier roads uor trails li:ffiug as .n•t been 
opened uver tbis liue of l!oast, pro,·isions, forage, L'tc., were of necessity c11rried b_y the hauds of 
the party. The statiRtics of the triangulation are: 

Signals erecte(l .. _ .. - . _.... . . . . . . .... _ ....... - _ ...... _. . . . . . . . . . . . . . . . . 39 
Stations occupied .................. _ ... _. _ ........... _ ... _ _ _ . . . . . . . . . . . 38 
Angles measured ... _. - .. - - ..... _. . . . . .• __ .. - ........• _ . - . . . . . . . . . . . . . . 188 
Number of obserYations .....••........... __ ............ _. __ .... . . . . . . . . . 4, 515 

._ Subassistant Eugene Ellicott was attached to this party, and is commended in the field-report 
for energy in the advancement of the work. 

Topography north of Point Filll, coast 11.f Cali/ornia..-Late in Fel.Jrunr,r, Assis taut L. A. Sengteller 
proceeded to San Luis OL)ispo, and in the com·sc• of a few days rl'"llmt>rl fielil·work at the point 
where the operatfons of his party bad closed in the preceding sea.son. Tue objeet was to tlL•velop 
the coast by triangulation, and make a sulJ:,wquimt plane-table surnoy as far Houtl.J. as Point Sal, 
and there to join with the triangulation exeeutt>d hy Assh;tant Grl·eu "'ell iu 18G7. \l,-ith erer.r 
prospect favorable in regard to thc work, Assi8ta11t Sengteller met with a serious accident on the 
11th of March. While pasRing a narrow deep gulch with the wagon used for transportation, and 
from which, fearing no danger to Limsf1ll", he had mwertl.J.eless cansed his mPn to alight, tlw jar in 
crossing forced one of the reins out of his lrn11d. 'l'he fl'ighte1wd team \\·as itJ,;tantJ.1· heyoud con
trol. To avoid more imminent peril, in a rough and exceedingl.1 dangeruus pla<·e, ::\Ir. Sengteller 
jumped out, and in sco doing sustained a cornminuted fracture of one of his leg·s below tlte kuee
joint. On the day following, he was taken to San L11is Obispo, fomteeu mil• s 'lh·ilaac, for ,,;nrgieal 
treatment, and there remained until the 17th of ,J mie, when he was able to n·: arn to San Frauci.sco. 

Mr. Paul Schumacher, who had in previous seasons Sl'n'ed temporarily in the party of Assist
ant Sengteller, was intrusted with the field-operations near Sau Luis Obispo. l\Ir. H. .J. Currey 
was detailed to serve as aid. Assistant Sengteller previous to his accident had sekctcd statious 
and erected signals between Arroyo Grande and Point Sal. Mr. Schumacher joined him for per-



 

38 REPORT OF THE SUPERINTEKDENT OF 

sonal conference at San Lui8 Obispo on the 23d of J\1arch, and under ltis direction proceeded to 
occupy the sen.•ral stations with the theodolite. The party was so occupied until the 20th of M:ay, 
when tho triangulation was fully joined witll t'tations which h;ul been occupied. near Point Sal in 
18G7. l\lr. Selrnmacller thl'll pushed the plane-table survey as far as practicable lmlow Sau Luis 
Obispo, and completed a, she<>t which ex:teuds the topography so as to include the Arroyo Grande, 
below which the coast-line was approximately determined by means of the compass for present 
purposes. This service was closed on the 5th of .Tune, when tlie party returned to Sau Luis 
OIJispo, and were discharged. The statistics of work are as follows: 

Signals erected .............. _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
Stations oecupied .................................................. __ ... 17 
A11gles ineasnred. . . . . . . . . . . . . • • . . .• . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 20f) 
N uw ber of observations ............................................ _ . . . . · 4, 570 

The 11d.ails of topography comprise an area of rather more than two square miles. 
Coast-topography nortlt of I'icifras Blancas, Cal.-The detailed plane-table imrvey in this quarter 

includes tlle shore of Sa11 Simeon Bay, and at the end of last season bad reached Piedras Blancas. 
For extending the work north ward, Assista11t Cleveland Uockwell took the field near the close of 
FelJrnary ~it tlle upper limit of his previous sun·ey. Signals were set up at interval:> along the 
coast, six stations were occupied, and thirty angles were measured with the theodolite IJy five 
hundred and uinet,Y-seven observations. From the points 80 deterrniued, tlrn plaue-table survey 
was advanced northward to a station near which the great uubroken mountain-chitin that passes 
Monterey Bity abuts directly upon the ocean. 

The character of topography on the sheet returned by l\Ir. Rockwell is the usual ragged and 
bluff coast-line, and beyond it gentle contours IJack as far as the steep slopes aud cations at the 
foot of the coast-wountain. At the 11orthern limit, the mo1rntain rises almost immediately from the 
coast-line, and there tlte bluff is three hundred feet iu perpendicular height. In pushing topo
graphical work farther in the same direction, the party encounters at the outset and must cross 
the mountain-range, wbern the ele\·ation is about three thousand feet above the sea-level. l\'.lr. 
Rockwell closed work on tlie !!5th of April, after completing a plane-table sheet which represents 
about fi\·e miles of coast-line and the roads and surface-features within an aggregate of three and 
a half s11uarc miles. Mr. G. H. Wilson served as aid, and sulJseqllently attended Assist.ant Rock
well for tield-service, to be 11oticed witll work done in Section XI. 

1opo_qrapliical dcta,ils.-On the coast of Califoruia, south of Sau Franci.sco Bay, the party of 
Assistant A. F. Rodgers was engaged during the early part of the present year at several localities. 
The coast-line, as shown on nine plaue-talJle 8heets, was revised hy adding the wharves aud other 
strnctnres now existiug between San Francisco and Monterey. The coast-lig!tts at Pigeon Point 
and Santa Cruz were determined in position. Two others, the Two Brothers Iigllt-house and the 
light-honse at Mare Island, were connected with the triangulation of 8an Pablo Btty. After for
warding the rPsults of this work to the ofliet>, Mr. Rodgers transferred his party to a station north
ward of No;yo Ri>er, where he is now engaged in advancing the coast-triangulation. 

Hy11rography of San Francisco Bar und Entrance, Cal.-'.rhe party of Assistant Gershom Brad
ford closed the seasou on the 2d of DecemlJer, 1873, having at that date completed soundings to 
the li11e Point Boneta and Point Lobos, and also as far as the line joining Lime Poiut and Fort 
Point. Soumliugs were also made inside of the harbor, in the space included between Fort Point, 
Black Poi11t, .Alcatraz Island, south shore of Angel Isl:md, western mouth of Itaccoou Straits, and 
Lime Point. This work was in continuation of a survey of the harbor which had been prosecuted 
at the outset with the IJoats of the schooner Marcy. A small tug, however, was chartered for the 
purpose, and served mucli better where the strength of the current made it diffieult to record 
soundings in the boats. 

At the bar, the sonndings were made to define the 10-fathom curve, and from Frank's Lagoon 
on the north the work was extended Routhward to a point two miles below the Ocean Side House. 
Specimens of the bottom were taken at short intervals on the bar. By reference to the self.regis
tering tide-gauge at Fort Point, the soundings were ultimately reduced, after applying a correction 
for the march of the tide between the bar and that station. In order to find the needful correc-
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tion, Assistant Bradford made observations at three temporary tirlal f'tations. two of them near 
the north end of the bar, and tbe tliird near the soutlt cud. Prom a comparison bet1YeP11 tlu•se 
observations and tltose made at other temporary stations cotidal lines were drawn, shmYing tl!e 
correction requisite iu rnferrillg tlle sou1Hlings at all parts of the bar to the lietwh-mark or the 
Fort Point tide-gauge. 

Uomparison of tbe soundings made b_v .Assistm1t Bradford "With the smTey of 18;jj sllows 
that the water has deepenPd about the 4-fathom bank, and that tue deptlt ha" ill('rea,:;t•d b~- as 
much as three feet at a spot off the western end of tile lmuk, wltere tbere wa" formerl.1- a lh•pth 
of' less than four fathoms. .Across the liar, the last snrvey den1lops a course haying nowhere less 
than thirty-fom· feet. 

Iu March, Mr. Bradford made careful search for sunken rocks off Fort Point, aud found and 
located iu position two, which have been marked as dangers in navigatiou. 

Close exarniuaLiou in tile haruor i>outh of Bird Rock devel()ped a shoal spot li<ffing ()Illy four 
fathoms of water on it. 

l<'or prmiecuting the hy<lrography, the part.v of' Assistant Bradford erected 8e•en signal;;;, and 
occupied tweuty-tltree statiuus aloug the shores. The currents at the .surface and below the sur
face were carefully determined and recorded within the limits of the sur1·ey. The general statistics 
of the work are: 

.Miles run in sounding .. _ . _ .................. _ ........................ - . . . 7ti8 
Angles measured .. _ .......... ___ .... , __ . __ .. __ .. _____ .. __ .. _ . _ ..... ____ . 8, 1'.:!ii 

Kumber of souudiugs ................................. , . _ ............... _ 18, i9J 

.Assistant Bradford "was effieientls aided in this work by .:\Ir. F. \Yestdahl. 
The special interest wllieh attaches to means and cx1wdieuts kuowu as "ai<ls to mwigation '' 

is well illustrated in the following table, whicl1 was compiled b,I' .Assistant Da1irlson to ,;hmv the 
arrh'als and departures of deep-draught vessel" in thP care of pilots into or out of tlw port of Sau 
Francisco. ::\lany of the \·esscls di<l not take a pilot ont, and are therefore not in the table; and 
some large vessels entered aud left without a pilot. The Brit.isl! iron-clad Zealoms, tlrawing '.W~ 
feet of water, crossed the bar twiee without a pilot., itJ](l both entere1l and left lJ.1 tlte 13uul't:t Uhan
uel frequently by merely following the' dircctionR given in th!' Coast Surwy Directory. G'nder each 
of six years in the following table is gh-en the number of deep-draught •essels piloted in or ont of 
San Francisco: 

I
I Draught. 186·"· ! i i ! ! i 

• 1869.: 1870.: 1871. i 1872. : 1873. 1 Total. I 
l iu fpet. : ,

1 
'. ~ ~ 

1 
i-- ---1-1-1-1-e--: 

I
I 21 21 55 i 34 I 38 ' 6fi i .50 ! 264 ; 

21t 12 ! 14 i 16 i ~7 1 54 : 12f<' \I 
I 1 , ~ I 

I, 2• 10 •1. 9 i 9 1 15 1 30 i 81 I 
' I ' i 22i 6 !. 6 I 5 .

1 

6 ! 21 I 41i , 

23 9 i 2 i 4 12 I 17 I 51 I 
23!- 4 i·-·-··1---·-· 4 i 5 i 14 i 
24 41 3i 11-----·1 31' 111 
24t --···· 1

1 
___ ... I i

1 
2

1 
3 •

1 ~~ ·-·--· ::::::1::::::1 __ .. ~ i---~-i ~ i ~I 
Tidal observations.-The self-registering tide-gauge at Fort Point, Ual., lms continued the 

important series of observations near Sau Francisco, as heretofore, under the Ruper\·ision of Uol. G. 
H. Mendell, United States Engineers. The obserrnr, l\fr. E. Gray, has tabulated the liigb and low 
waters of the year and hourly readings from the registers, in acc()rdance with directions frnm the 
tidal division of tbe office, in which the returns from all the permanent stations are inspected 
monthly. 

Triangulation.-Associatcd with General .Alexander and Colonel Mendell, as a member of the 
board of commissioners appointed by the President of the Unitecl States to dedse means for irriga
tion in several of the valleys of California, Assistant George Davidson was engaged during the win-
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ter on the joint report, which has since been printed and issued from the "Tar Depnrtaumt. Mean
while, m1der tbe direction of JUr. lladdson, hiii O\Yll ftdd-party, iu charge of Subassistaut 0. H. 
Tittmam1, advancell the primar>· triaugulatiou between the Santa Barbara, Islands and ·Monterey 
Bas, for whid1 recounaissauce- lwd been completl'd in thi? preceding season. l\fr. Tittmann com
pleted observations with the tlico1lolite at stations on San Miguel and Sant~tCruz Islands, and then 
transferred the part~- to Santa Barbara station. The winter was exceptionally uufavorable in this 
region. L:ttitntle nlHl ;1zi Ill nth wern \letermine1l at each station. Before completing al Santa Bar
bara, ~Ir. Tittmanu was called to 'Yashingtou, where Assistant Davidson was completing arrange
ments needful for obscrYinµ: the transit of Veuus at a station in .Tapan. Suhassistant 'Yilliam Eim
heck finished tile work at Santa Barbara, and tlisehargetl the tri:111gulation-part~' at tbe end of April. 
J\le8srs. T .• 1. LowrJ·, \Y. S. Eth~ards, and T. P. Woodward sen·ecl as aids during the winter. An 
aggregate of tliirty-oue h111Hll'Ptl and eighty.two mea,.,urements for horizontal and vertical angles 
were reconlP<1 at the thret' nrni11 o;;tations. For latitude, three hnndreu and forty-one observations 
were ma<lt· 011 1tbout sixty .,;tars at San :\liguel anu Santa Ornz. Azimuth was determined b;v three 
hundred aud tltty-five obsernttions on Polari,;. The records of the work have been duplicated, as 
usual. 

In l\Tarch, ~-\ssista11t Da\'idson occupied stations at San Luis Ollispo and San Simeon, and 
observed for latitmlc aud a"imntlt at botll points. After cornpletiug that duty, he reported at vVash
ingtou, and made preparation for the sen·ice in which he is now engaged in .Japan. 

In the conrse of the winter, Subassistant Eimbeck and Mr. T. J. Lowry, aid, computed results 
from ohsernitious which lrntl heen 111a11P in the geographical n·cnnnaissauce of the coast of Lower 
California. T'11der llin,diou from Assist:mt DaYidson, they left Santa Barllara in May for the 
rl:'ginn of the Sierra :0c\·ada, and are tltn~· eug'nged in reconnaissance for stations to connect with 
the primary triangulation at .Mount Diahlo a111l Helena. 

A til'ld-catalogue of nine hnudretl and eight;v-threc tnrnsit-stan1, furnished by Mr. Davidson 
lm8 l>eeB pnblb;hetl. He lrn8 JH'esenteu also, for the archives, tables of fifty-seven tl1ousaud star
factors fur Ille rPtlnction of trnnsit-observ<ttionR. The numerical factors beiug carried to three 
places of decilllall'.I, these tables, which will be pnllli:-;lJed af! soon as practicable, are the most 
extensi>e and co111plt•te of thl'ir kind. At tile request of the cits authorities, and in associatimi with 
General Alcxarnler and Admiral John RotlgerR, 1\Ir. Davidson acted, before his d epartnre for Asia, 
as a member of the commission for determining harbor-lines at Ran Franci8co. As fur also as his 
other emplosmcnts wonld allow, be has gathered additional material for the Coast Pilots of Cali
fornia, Oregon, \Vashington Tcrritor,,, and Alaska. 

Rock o:ff tlw Jliddlc Farallon.-Amollg the hydrographic notes recorded by Assistant Davidson 
\Vas menti011cd tllat sPveral .Years ago the water had been seen to break at a sfiot off the l\fidtlle 
Farallou, bnt because seldom Reen the existence of the break has frequently been doubted. In 
oruer to 1fotn111iue tlie matter finally, examination w.ts made near the end of June by Assistant 
Bradford, with a steam-tug chartered for the purpose. The south approacl1 within an area of 
al.lout one square mile, on being llm·eloped by close soundings, re>ealed the existence of a rock 
having onl;\' Jl\·e and a half fathoms at, nw:m low water, in a position about half a mile south ward 
and westward of the Middle I~arallon. The water deepens rapidly from the shoal point of the 
rock, eight fathoms being found immediately to the northward and ten fathoms to southward Of 
it. For idcntifyiug it iu position, hearings were published in .July in the usnal form of notice to 
mariners. 

In returning to port from tlie Farallones, Assistant Bradford made some casts with the dredge 
on San I<'raucisco Bar) anrl brought np specimens of living Echini in the shoal water to the south
ward of the maiu chaunel. Li\'ing specimens were brought up at several positions last year when 
soundings were iu pmgn·ss on that bar. 

Triangitlation <mil topography south of Shelter ()01Je, Cal.-When the last annual report closed, 
Assistant A. F. I~odgers was yet in the tield, and engaged in extending triangulation along the rug
ged coast south of Shelter Co,·e. The following are statistics of the work done in the course of 
two months immediatel,Y preceding the middle of December last: 
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Signals erected •••••........................•.............•..........•... 
Stations occupied .•.............••...•......••........•.................• 
Angles measured .............••..••..•...................................• 
Number of obscr>ations ...............•......•.......................•... 

8 
36 

260 
D,444 

41 

While the aid of the party, Mr. E. F. Dickins, prosecuted the triangulation, l\Ir. Uodgers 
engaged in plane-table work, and completed three sheets representing a stretch of coast more than 
usually rugged and difficult of access. The fringe of topography was limited to a width of about 
ha1f a mile inside of the water-line. In general statistics the sheets represent: 

l\:1iles of shore-line. • . . . . . • . . . . • . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 21 
Area oftopography(square miles)........................................ 12 

Assistant Rodgers returned to San Francisco on the 20th of December, 1873, and was eugaged 
during the winter in office-work. \"\'lien tile country-roads were again passable, he occupied points 
at Bodega Head, Tomales Bay, Point Reyes, aml Table l\Iountain, and carefully determined the 
position of Point Reyes light-house. Ilis party is yet in the field near Noyo Ri\·er Entrance. 

Hydrograpliy near Oresent City, Oal.-At this date, the party of I.Jieutenaut-Commander ll. U. 
Taylor, U.S. N., assistant in the Coast Surve,y, is engaged with the steamer Ilass1er on tile Pacific 
coast, near Cresent City. As this report was closed early in .July, further notice of the work done 
near Crcsent City will be reserved until next year. 

Ooast-to1wgraph,11 soutkwan1 qt' False Klamath.- When this report closes, Assistant A. W. Chase, 
with liis topographical party, is at work on the Pacific coast, in tlte Yiciuity of Klamath lti\·er. 
Detailcll not.ice of tlie progress ruade iu the sun·e_y in that quarter will be gh·eu in my report for 
next year. 

SECTION XI. 

COAST OF OREGON, AND OF WASHINGTON TERRITORY, I:'oiCLUDING THE I::ITEIUOR BAYS, PORTS, AXD 
HIVERS.-(SrmTCIIES Nos. 19 ANIJ 20.) 

Hydrograpliy.-.t.\.s stated in the preceding chapter, par:t of the season suitable for bydrographic 
work in the section will be occupied by Lieutenant-Commander Taylor for prosecuting the coast
hydrography near Port Orford, and iu running lines of soundings from tlie coast-line outward to 
the depth of 500 fathorn.s. The resulting records ha>e not yet come to hand, and cannot be 
expected in time to admit of presenting the results in this report. 

Suney of the Pacific const south of Columbia River Entra1we.-At this date, the part.y of Sub
assistant J. J. Gilbert is engaged on the coast of Oregon, in the vicinit._y of Tillamook Head. The 
statement of field-work will be received at the close of the season for operations in tlrnt quarter, 
and the progress made by the party will be noticed in detail m my next annual repor~. 

Survey of the Columbia River, Oregon.-,Vhen this report closes, Assistant C. l~ockwell is at 

work with his party in advancing the survey of the shores of the Columbia Hivcr, al>ove Pi1get 
Island. The details and statistics of the survey will be includell in my report of next year. As»ist
ant ]{ockwell is aided in the field by :Mr. G. H. '\Vilson. 

Tidal observa.tions.-Under the supervision of Col. G. H. l\fondell, United States Engineers, 
the tide-gauge at Astoria, Oregon, has been kept in operation by l\fr. I.J. 'Wilson. The observer 
has continuell also the series of meteorological observations, and tabulated the readings of high 
and low water from the graphical registers of the tide- gauge. 

l\fr. L. Nessel remains in charge of the self-registering gauge at Port Townshend, W. T. Tue 
records forwarded regularly by Colonel Mendell are inspected montlil_y at the ofiice in 'Ya~hington. 
They are in all respects evidence of the conscientiot1s care of the otlicor to whom the StuTey llas 
been under ol.Jligatious for his supervision of the permanent stations ou the \Vestern coa<>t. 

Hydrography of Budd's Inlet, ·w. T.-In a previous season, the south eud of this inlet was 
developed 1.Jy sou'ndings in the vicinity of Olympia. Illwing, in tlie int,erval, made a continuous 
survey of the shores, Assistant J. S. Lawson, with his party, in the brig Fauntleroy, took. up the 
hydrography of the main l>ody of tlie inlet early in April. Siguals were reset; all exceptmg two 
of those erected for the field-work having gone down in the winter gales, wllicll carrieu a1~ay also 
the pile that sustained the tide-gauge. At the new tidal station, in addition to observatwns for 
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high and low water, consecutive hourly readings of the staff were recorded during fifteen days in 
May, for comparison witll the tidal records of Port Townshend. The arm of the inlet south of 
Olympia, although bare at low tides, is used by small steamers and sailing-vessels for carrying 
grain, flour, etc., to and from the mills at Tumwater. This channel will, therefore, be represented 
by soundings, plotted to show the depths at high water. 

After sounding the main body and arm of the inlet as far as Tumwater, 1\fr. Lawson ran line~ 
of soundings across Dana's Passage, to show the character of the northern approaches to Budd's 
Inlet. The bydrography completed at the end of May is comprised in the following statistics : 

Miles run in sounuing .......... _ . • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • . . • • 128 
Sextant-angles ...... ___ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • • 556 
Number of soundings ..........••.......••..............•....••..•......• _ 9, 932 

1\Ir. F. A. Lawson served as aid in the hydrographic work. The party is at present engaged 
on the shores of Duwamisll Ilay. 

SECTION XII. 

COAST OF ALA8KA TERRITORY.-(SKETCII No. 21.) 

Reconnaissance.-A_ssisbint W. H. Dal11 witll his party, in the schooner Yukon, sailed from Sau 
Francisco on the 18th of April, and reached Sitka after a rough and stormy passage of thirteen 
days. Portnnatoly, two days of continued clear weather after the arrival gave opportunity for 
rating tile chronometers, and the same opportunity was taken for determining azimuth at tile 
astronomical station which was occupied by Assistant Davidson in 18G7 aml 18G9. On the vo_yage 
to Sitka, the currents were noted, and the temperatures of the water at and below the surface were 
recorded daily on board of the Yukon. At the last date received from Mr. Dall, the prospects were 
favoralJle for good progress in the development of the coast by the survey of harbors, the deter
mirmtion of geographical positions, magnetic observations, and snch other information as may add 
to the facilities for navigation in that section of the Pacific. Mr. Dall is provided with a cheap 
form of apparatus, of his own device, for deep-sea soundings, and, under favorable circumstances, 
expects results of interest from the deep waters and fishing-banks in the vicinity of the Peninsula 
of Alaska. Ile is assisted, as heretofore, by JUr. Marcus Baker. 

'J'he party in tlie Yukon will reach San Francisco probably in October; but this report is of 
necessity closed in allvance of any detailed statement that could l>c received in time to appear with 
the results of the present year. 

COAST SURYEY OFFICE. 

Executive details 11ertaining to the office branches into which pass the records of triangulation, 
of observations for latitude, longitude, azimuth, magnetic elements, and of the tides, the topo
graphical and hydrographic sheets, and, in general, the results of all the operations afield and afloat, 
remain, as heretofore, in charge of Assistant J.E. Ililgard. Under his able direction, the manu· 
script records and maps, and the original charts plotted from records of soundings, as brought in 
year by year, take form for publication, after llne treatment or discussion in the several office
divisions to whicll they are referred, and from which the results, when complete, are accepted by 
the assistant in charge of the office. 

To the watchful care and solicitude of Professor Hilgard for the interests of the public service, 
and his intimate relations with leading scientific men at home and abroad, is mainly due the pres
ent standing of the office as a repository of data and as a source yielding information of peculiar 
value. Jn recent ;years, the calls for information -met at the office have included a wide range in 
questions involving either pliysical research and geographical development or ultimate refinements 
in scientific processes. 

As a member of the International Commission on Weights and Measures, to which body he 
has been accredited by the President of the United States, Mr. Ililgard, being vice-president of the 
commission, will take passage for Europe before the close of the present month to attend a. meeting 
of the body at Paris in October. The object sought is the establishment, for at least such pur-
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poses as require the utmost precision, of a standard of length acceptable an1l to lJe recognizeu by 
all enlightened nations, and the construction of identical copies for the use of the se\-eral nations 
represented in the commission. It is e\ident that such copies, possessing all attainable precision, 
besides their importance in general scientific uses, are especially so in geode,,y, as rneasmements for 
geographical purposes in different countries become strictly comparaulc only by their reference to a 
common unit of length. 

In routine details pertaining to the office, l\Ir. Hilgard has had tlie effcctiYc co-oper:ition of 
Assistant F. W. Dorr. The accountability of all persons in employ under the immediate direction 
of the Assistant in Charge is maintained by monthly reports from each of the office-di\-isions, in 
which are noted the daily occupation and kind of work performed by each persou. 

The following are abstracts from the monthly reports of the year: 
Computin_q Dfoision.-The work of this division has been continued in charge or Assistant 

Charles A. Schott, with the same general organization as in preceding years, aud its condition 
clearly proves his ability and efficiency in its management. Besides directing, examiuit1g, aml 
reporting the work accomplished, and responding to various calls for information, referred to him, 
Assistant Schott has given personal attention to a computation, for the State of California, of the 
geodetic records of a line between the Colorado River and Lake Tahoe, forming part of the l>oundar,v 
between Nevada and California; brought to a close the extensive computation connected with the 
discussion of the secular change of the magnetic declination in North and Central America; pre
sented the hypsometric results of Assistant Cutts's levels in New Jersey in 18'i'O, 18'1, and 18j;_;; 
prepared the auuual astronomical, geodetic, and magnetic statistics; made the usual annual deter
mination of the magnetic declination, dip, and intensity at ·washington, D. C.; and presented a 
paper on weights to be given to transit-observations regist{lred chrouographically. 

The regular computers employed in this division, and the nature of their '\\Ork in general terms, 
are as follows: 

Assistant T. W. Werner was engaged in compntiug the plain triangulations; Dr. G. l~umpf, in 
the comparison of field and office computations, of geouetic work, and the bringing-up of old tri
angulation, also the supply of field-parties with the requisite data for their wmk; l\Ir. E. Courtenay 
attendeu to the least-square adjustment of recent triangulatious and of magnetic computations; 
l\Ir. J. Main re,ised astronomical and magnetic computations; and l\fr. l\I. H. Doolittle was occu
pieu with miscellaneous computations. l\Ir. H. II. Gerdes performed the clerical duties of the 
diYision. 

Professor R. Keith anu l\lr. F. Hudson have been employed temporarily as computl.'rs; the 
former on astronomical longitudes and the latter on astronomical latitudes. 

Tidal Division.-The consideration and revision of all tidal and meteorological obserrntions 
turned into the office, the correspondence with the observers, supervision of the computations 
and other worlt relating to tides and tide-gauges, have been kept up by l\Ir. R. S. A \cry, who lms 
been assisted in the calculations. and copying by Messrs. J. Downes, A. Gottheil, L. P. Shidy, ,T. 
\Yiirdemann, and l\L Thomas. 

The primary reductions of obserYations, and the reductions therefrom of the general results 
used for charts and other purposes, have been made as soon as i)racticable after their receipt from 
the observers in the field; and these results, as well as such other information as was required liy 
observers, or by field-parties, or for office use, have been promptly furnished. 

Some improYements applied within the year to the working-apparatus of the tide-gauges h::rrn 
tended to make the data furnished by the observers more complete, and have tlrns considerably 
facilitated the office-work. 

The tide-tables or predictions for 1875, the ninth year. of the series, have been computed in 
this diYision, and are published. They contain the approximate predicted times and heights of the 
tides for al>out twenty of our most important ports, with tables of constants for finding from them 
the tides at a large numuer of intermediate places. These tables sl1ow an impro,ement in accurac,Y 
from year to year as the new material accumulates, and admits of thorough discussion. 

Hydrographio Division.-The office-work of this didsion has been performed l>y l\lr. B_: '~rilh:1_1· 
l.iiicher, the JHincipal hydrographic draughtsman, assistell by Messrs . .T. Sprauucl auu \\ · C. '' 11-
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leu biicber. Numerous Jlrojections for field-parties and many tracings of hydrograpbic sheets ha>e 
lieen made, as well as tliorougb Yerification of aU original sheets and reductions. Tbe new charts 
lia>e been supplied '\\ith sailing-directions; and Mr. E. 'Yillenbiicher bas also been employed in 
YE'rifying the sailing-directions, cour@es, bearings, and distances in the Com;t Pilot, the first volume 
of which is now going through the press. 

Draidn_q Dh,·ision.-Tbe direction of tu is diYision has remained the same as duri11g the preYious 
;year. l\Ir. \\". T. Bright has had charge of the uctails. A steady increase has been malle during 
the year in the prolluction of pn'limiuary charts by the photolitl1ographic ln·on•ss, as will be sel'll 
by reference to Applmdix No. 4. This mode of issuing chllrts has thus far given general satisfaction, 
as it bas enallled tbe office to furuiHl.t to tbe pnlllic tlie results of the field-work without the uuavoid
allle delay i uvolved in engraving. 

The number of emplo.'~es attached to this didsio11, arnl the character of work performed by 
<>acb, has lleen as fo1lows: Mr. A. Lindcnli:ohl contiuueu the drawing of the more elaborate chart"; 
}lessrs. H. Liudenkohl aud L. Karcher have been engaged upon harbor-charts, plwtolitbograpllic 
cliarts and sketches, field-projections, copper-plate engraving, and lithographic work; .Mr. l'. 
Erichsen has filJed in topographical details upon the iDlf'''" photographed outline of plane- table 
she!'ts as a guide to the cu gravers, and made diagrams and tracings; l\Ir. F. Fairfax made projec
tions, tracings, and miscellaneous drawings; Messrs. M. M. Angles and ,V. Fairfax were engagPd 
upon photolithographic charts, projects, and other mit;eellaneom; duties; Mr. F. Smith copied original 
fiel<l-8nrveys for red net.ion hy photography, an cl was engaged upon projects until Sep tern ber 1, when 
he left the service; Mr. R. F. Bartle was employed on miscellaneous duty until December 1, 1873, 
and then transferred baek to tbe EngraYing Division; Mr. F. Ilortig worked upon photolithographic 
maps and tracings until l\Iarcb 31, when be was discharged; l\Irs. M. E. Nesbitt continued during 
part of the year Pngaged in copying and dnplicating records of the geographical positions of the 
Yarious sectious of tlie coast; Mr. C. ~Ieuth joined the office in January, and has been engaged in 
compiling charts to show general progress and in making copies of the 8ketches of field-work; )fr. 
Il. Eichholtz has continued markiug corrections ancl additions to the published cliarts; Mr. C. E. 
Lewis performed clerical work until September 1, when bis connection with the office ceased. 

The following is a brief summary of the work done in tbe division: 
l'rojects for new charts prepared . . . . . . . . . . . . . . . . . . . . . • . . . . . • ... _. . • . . . . 26 
Tracings made on special calls ............. - . . . . . . . . . . . . . . . . . . • . . . . . . . . . 92 
l'rojectious made for field-suneys . . . . . . . . . . . .........• - . . . . .... - . . . . . . . 101 
J)iagran1s prepared .....•. - ..........••.....• - • . . . . . . . . . . . . . . . . . . • • . . . . . . G 
Pr~jectious made on copper for engraYed charts .. - ...•.. - . . . . . . . . . . . . . . . . . . 7 
l\liscellaneous tracings made for field an cl office use . . . . . . • • . . . . . . . . . . . . . . . lOo"i 
Topographical sheets traced. for reuuction by photography ........ - . . . . . . . . . !J 

The information furnished from the office in reply to special calls has been steadily on the 
increase. A list accom1lanies each yearly rl'port, and will be fouml under the lwad of Appendix 
~o. 3. 

Engraring Dicision.-This di\·ision, whieb bas been for some ;years past under the effecth·e 
management of Assistant E. Hergesheimer, continues to gi;-e abundant evidence of his skill and 
taste, and the progress of the work has been most satisfactory. In the course of the year, eleven 
copper-plate charts have been completed, forty-six. have received additions, and ten new ones ha\·e 
been begun; three have been engraved on stone, and fourteen new charts have been published lJy 
photo-lithography, besides the usual amount of miscellaneous additions to tlrn progress-sketches and 
other plates not specified in the tabulated report (Appendix. No. 5). 

During the past year, Messrs. J. Enthoffer, S. Siebert, H. C. Evans, A. Sengteller, W. A. Thomp
son, A. M. Maedel, ancl R. F. Bartle have been employed as topographical engravers. 

Messrs. J, Knight, E. A. Maedel, F. Courtenay, and A. Petersen have continue<l as letter. 
engravers. Sanding bas been engraved by Messrs. H.1\L Knight ancl F. \V. Benner. 

The miscellaneous engraving has been executed by Messrs. J.C. Kondrup, J.E. Thompson, E. 
H. Sipe, W. Il. Davis, and ·w. II. Knigl1t. 1\1.r .• r. J. Young was attached to the division on the 1st 
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of August, and will continue work with the pantograph. l\Ir. L. O. Kerr has performed the clerical 
duties. 

The electrotyping awl pl10tographiug operations Lave been continued by Mr. A. Zumbrock, 
assisted by F. Ober. Thirty-eigut electrotype copper-plates, ranging in size from 12 to 1,575 square 
inches of surface, have been made in the course of the year; the greater number being of the largest 
class. TIJese are auout et1ualls diYi<led into altos, or relief-plates, taken directly from the engraved 
plates, and bassos, or printing-plates, taken from tlie altos. 

Photographic reductions for the use of the Drawing and Engraving Divisions were also prepared 
a:,; usual, and two hundred and fifty glass tubes were si!Yered for heliotropes. 

Diz•ision of Charts and lnstruments.-The operations of this division, which includes, besiues 
the safe-keeping of archi\·cs and instruments, the printing of maps and the distribution of charts 
and reports, the work done also in the instrument-shop and tile carpenter-shop, ha,·e been con
ducted l>y l\lr. J oltn T. lloovcr, with his usual care and promptness. Since J nly, the additiona I 
duty of keeping the accounts of tlle office, and making disbursements for the Assistant-in-Charge, 
has also been assigned to llim. 

The duty of registering and filing for convenient reference the original maps and charts, and 
records of observations made by the field-parties, and of keeping an account of the same as they are 
userl temporarily in the office, was performed until .April by l\Ir. Arthur Schott, and after that time 
by Mr. G. A. Stewart. 

During the year, the copper-plate printer in the office, l\fr. Frank Moore, has rendered 17,!143 
copies of charts ready for issue. 

l\Ir. H. Nissen has preparetl the backed drawing-paper for field and office use, and also satis· 
factorily performed the miscellaneous duties pertaining to the folding-room. 

Tlte map-room has remained under the care of Ur. Thomas McDonnell. An aggregate of 20,460 
copies of charts has been issued during the year, and 1,463 copies of .Annual .Reports of >arious 
_years ham been distributed. 

The work in the instrument-shop was done, under the superdsion of Mr. John Clark, by J. 
Foller, W. Jacobi, G. N. Saegmueller, 0. P. Wiirdemann, and E. Eshleman. 

The clerical duties of tlte office of the Assistant-in-Charge have been performed by lllr. V. E. 
King, who also kept the office accounts until July, aided by Mr. F. Clancy until May, when the 
latter resigned, and was temporarily replaced by Mr. Hugh Caperton, jr. Mr. R. L. Hawkins has 
faithfully discharged the duties of principal accountant and book-keeper in the office of the general 
disbursing-agent, in which the clerical duties have been performed by Messrs. W . .A.. Herbert and 
\Y. C. Flenner. 

In the foresight and experience of the disbursing-agent, Samuel Hein, esq., I haYe had effectiyc 
co-operation for maintaining economy; all proposed expenditures incident to the operations of the 
surveying-parties being in advance shown in detail for official appro>al, carefully scanned, and, in 
exceptional cases, revised. Tile i;;ervices of Assistant ,V. "\V. Cooper, in the care of my official cor
respondence, instructions, and consequent executive details, under my personal direction, are cheer
fully regorcled, as are also the ind.nstry and devotion to the set-rice of his aid, l\Ir. Clayton Iloover. 

Respectfully submitted. 

Hon. B. H. BRISTOW, 

Secretary of the Ti·easury. 

CARLILE P. PATTERSON, 
Sttpo i11te11dent of tlte U11-itcd States Coast Suri·ey. 
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.APPENDIX l\ 0. 1. 

Distribution of sun,eying parties upon the Atlantic, Gu((, anrl I'ac(jic Coasts of the r~11itn] 8tC1lcs 
during the surveying season of 1Si3-'74. 

Coast sections. !Parties. Operations. PersonR conducting operatiom•. I .. -ucaEtie,; of woTk. 

SECTIOJ; I. 

Atlantic coast of Maine, No. 1 Ilstlro.~Taphy (in CommantJ.e:."Jo-bn A..1I0well, r. ~- D-e<"p·SC"[I Fomuling:~ 1>('tWt>t'11 };oya Scotiil aiH1 

New Rampsbirei Mas- 1 progress). :X., assista.nt: Lieutenants \V. II. Capt:> t~ot!, tk•\'P~nping: deyith~ in tht' t;():tst .'l). 

sachusetts, and Rhode Jaf!UCB, ,T. "\V. Ilageumaii. E. S. prvac11es thrnu.::.:.11 tlic Gulf of ..llarnc. 

Isl.and, including sea· 

poI"tB, bays1 allll rivers. 

2 

I 

3 

5 

7 

g 

Topo~a.phy antl 
hydrography {in 

pro~re:ls). 

Topography 
progress). 

Topo~raphy 

prof::.'Tess). 

Topo:rraphy 

progress). 

r~ropo~aphy 

progresH). 

Topog-raphy 
progress). 

Ilyt1rograpl1y 

progn~ss). 

Trian~lation 

progreds). 

(in 

(in 

(in 

(in 

(in 

(in 

(in 

Jacob. l!iebar1l RnHh, arnl ~las

ter C. A. Brallliury, T'. S. X .. ao
siatants. 

J, W. Donn. assistant : F. C. Doun 
o.nd F. IL P'ari;on6, aidM. 

W. TI. Dcnuis, assistant: S. X. 
O:!tlP-n, aid. 

.T. X. ~cClintock, sub.il~:.i:nant: 

W. Frazer aml T . .A. Ilan isou. 

aidl5. 
A..\\. Longfellow, assi~Lwt: W. C. 

Ilollg;kins, aid. 

Topo~rapl1kal 1'UrY1~.'" of the \Yt·l'lt\·rn and north 

si.Jt• of ~It. Dt•~Prt I~l:iwl. srnl ~ou 1ttli11;!:-< iu tll 1• 

vicinity, (See abo Scdiou III.) 

Detailed snr\e~· of tlw shorf•i-:. of J.:f!.!!:Pll10'.:0:;:!itl 

1~eaelt. coa.si of1.lainC'. (S('C• nl6P ~ectin11 "\-.) 

'l'opo-grapby of h1la.uds and led)!eS ea . .:.r nt1!'l \Yl·:...t 

of It-<le au Ilant and Deer lf'-1~·~ Pe,no1J."''ut Eu

tranco. (Sec· ale.o fkctio11 I:X.) 

rJane-talJle 1'3llr°"e.\ of t1n• easterr1 l'lllort' 0f J\•-

110lH~COt Rin~r. iuclmling tl1e Yieh1it~.~ of Ca:-; 

tinc, l\1~. 
Ht1l1 Adams, assi:'itant 

frcy. aiJ. 

IL H. P,11· · '1\1pog-rapl1~: of the ea.~t ~i~lt• of thl" PC1unl1"'1'<it. 

iuduc.ling Tiaf!a1luce Rh-er. (Sft~ also St•dion 

TY.I 

Joseph Ilerg-i>sheimPr. suha.,.~ist. 

ant. 

Hora('(:> Amlrrsm;. aRRi~tant; :llas· 
te:r l\.:o~:;:.nth ::Xil<•s.r.s.x., as-

si~tant; l 1'. JI. North, aid. 
I~.\\.,... P(_~rkins. suhasi-;ist::mt; c. L. 

Gartlner and F. W. Hiu;.:::. ai<l.s. 

l)(•tailt1l Rtlr\e.\- of C1-e t:'a8teru shore of l\ .. 'U•lh· 

sc()t River below Bucksport, llo. (Sl'!' a1..-o 

~··ction III.) 
1Iydro,µ:rapl1:> at th<:' beatl of Penolif;:.rot U1~·, in, 

chuling thp; hni.-1~r part of PeuohsL·•.1t HinT. 

(Sr•i' aliw Senion \'TI.) 
I>Pt<'rmiu:ition of thP eo-rfficl0nt of rL·f'radi1in. 

and of Ycrtical lll:i,g'1lt at )lit. !)(~~ert pr:m~ny 

Atn.tin:1, and Haµ-.P"ed ~hlnnt.ain near Uam1len. 

)le. (Sefl also Section "\..,.11.) 

Tidal observations : J. G. SpnuLling ____ .•...•... __ ... _ S('tiPs of ohsen·ntionR -l'On1imlPllatXortl1 Ila,-t'n, 

(in progress). Penobscot Day, 'With selfre_!!i.Fterin~ tith~-gau !!°l'. 

10 Hydrography (in 

progres8). 

. .Acting ]last~~r l\~)l)<•rt I'latt. L. ~. 

X., a~sistant; J. ll. Adam8on, 

aid. 

Soundings in the yicinit,\- ,1f ,fpJlf<~y-·s L1·1l;.;.•'. 

Ca~he's Lt"'dge, and Jetfrc·y's !Sauk: surfaet' 

and deep.sea t<"mper.uureR reconlc1l. IJi~, 

cov-ery and d<"-relnrm1e-nt of a rock in th0 cl1~1n. 
nel near Star l':llarni, I~Ie~ of Silo.alto. {Se(\ also 

Section III.r 

11 

12 

13 

H 

15 

Triangulation (in I rrof. E.T. Quimhy ·---·. 
progress). · 

Titlnlobservations 1 II.IIowfonil ..................•..•. 
(ill progress). 

Sp0cial observa- C. 8. Pdr<'<\ as8iotant; \'\~. E. :11c-

tion~ (in 11rog- Clintock, aitl. 

resd). 

Ilydrograpby (in . F. D. Granger, suliassiRt.'lnt: Lieut. 
progress). R. D. Jlit{'hcock. D. ~. N., a.ssist~ 

a11t j n. c. Ilansnn, ahl 

Coi\9t Pilot (r{'<- j J. S. Bnulford. as~i~tant; .Tolin 

8t'archea iu Jlt'U- : Darker, draugl1tsma11. 

gress). 

Deh•rrnination of ~eoog-r.aphical position~ l1_y tri· 

angula.t.ion in ;.lt•-w Ilampshirf'. 
Tiffal ohsCr\""ations cont.inned with B<~lf-n:;::istt>r· 

ing gauge at Boston navy-yar-d. 
r._m1l11]um ob:·wrn1tion~ nt a station near ::S-or01 

.AJlam~. MaB.'l., and topographical Rnrn·~ to 
deterwin~ differences in thP i11tcnsity of g:raY· 

itatiou. 
Hydrograpl1y coJ1tiJJnt31l to 1lovelon t1w chanw· 

tBr uf ·dtitn~f'R at t.lw Pa8tf-111 approach \n :\an. 

tuckt•t S<mn11. (St~1• al!<o RPction VI.) 
S1•edal t>x:.uuiuation aud te.OJtfl of sailiug-('()11r . .:;;1·.;; 

in X.arrn,l!a.Ilsf•tt lla.\·; i11clmlin_!! ul:-;ouote~ a1t1l 

yjew~ for the Atla11Lic Coa;.it Pilot. (~~(' ntw 

Sections 11, lll, IV, an<! Y.) 

Topography a.nd 
lJ_ydrogniphy (in 

progress). 

A. ),f. J[nrri~on, a~!'\iAt-ant; W. IL 1 l)ct.ailed s11rv<'_:r of the r;lwrt'S and hydrograph~' 
Stearu~ and Bion llratl.lmr.r, aitls. 1 of the na.Tig:abl4• part of Tanntm1 UiT"cr, Mass. 

· (Se-c ahio Section VI.) 

II. Ex. 100-7 
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Coast ~Pct.ion~. 

:-:,E{'flO~ I-C011tinned. 

SECTIO!< II. 

Atlantic coast anll sea
ports of Connecticut, 
New York, Xew ,Jpr. 

ef'y, l)cnrn;Jl'""ania, aud 

Uelnware, inc 111 cli 11 g 
b:iyH arnl riv('n;; am.l 

al~o Ln.k<• Cl1amp1ain. 

HEPORT 01~ TIIE SUPBRlNTENDENT OF 

APPESDIX No. 1-Continued. 

1 l'arti(·s.' UpC'rrttio11s. Persorrn conducting operations. \ Localities of vrnrk. 
~~~~~~~- -~~~~~~~~~~~~~!~~~~~~~~~~~~~~~~ 

111 ~11fJ!'l'·1ineaml 11y- II.L. \Yhiting, assistant; II. Mitch-! Special development, including obser-v-.a.tion8 on 

10 

11 

1~ 

13 

: 

(lrogT~]111y {111 ell, nsaistanL · tides autl curr·ents, to iletermino tlrn effect of 

pro_grc~-~). JffOJ1osed changes in the contour of l'ro~illeuco 

Ilarl.>01·1 R. I, (8ec also Sc<:tious II-\II.) 

Tn1)0graph:Y and ; H. G. Ogden, assi:;;tant; D. B. : Plane-table survey of the shores and sout1<lin~s 
in Thames Rh·r-r, Conn., aliuvc the navy sta
iion at New London. (8ee nlso Section VI.) 

hydrn,:..:rapl1,Y (h1 1\Tninwl'ight, aul. 

progH·St-i). 

Topography (in 

progrf'88). 

Triang:ul.ation (i:n 

11rogrcss1. 

lt.'l!.Ilache,assistant .........•... : 'l.'opo?Zraph\""of the shoresofNew Haven l:lnr-
j lJOr, Con~. , 

J. A. Snllivan, assistant ........... '!
1 

Positions of light-houseR determined at the east-
ern entrance of Long Island Sound. (Se~ also 

I Section III.) 
llydrograph,Y !in J. 8. Eradford, assistant; John Ilydrographic de-'t'elopment of t11r clrnnnPl wc-st-

p1·<1greHd). BaTkrr. draugl1tsman. ward of Plum Island, Loui:;:: Islaud Som1d. (S~e 

also Sections-I, III, 1' .. , and T.) 
H:vdrog-rnpl1y {in i H. !lite hell, assistant; F. F. Nes Special observations on tides and currents in Urn 

waters of New York Ilarh-or; snpplcmontary 
soundings, and development nf a shoal in th.~ 

Swash channel of New York llay. (Sec also 
Sections IY and Y .) 

pn1~~.Tt'St'il. 1' and II. L. J\Iadndin, assistants; 

Topog;rnphy am1 

hsdrography (_iu 
progress). 

Tidal ohser..,ations 

(in progress). 

Rcronnaissancc (i11 

pro;;ress), 

TopogTailhy (in 
progress). 

Top1grar~hy (in 
progress). 

[ J. B. \Veil·, ahl; Master 11. O. 

llan(ly, C. S. N., Ul!t)i!:Jtaot i W. 
D. French, aiU. 

F. II. Gerdes, ruisietant; C. P. Dil· 

la war, subaasi:stant i C . .A. Ives, 
ai<l (part of season) ; II ugh Ca
perton, niu (part of seaaonl. 

I~.';', Bassett .••...•....•..•....•. 

Sury1~y of the bhore8 and hyUru,::.:;raplJy of Port 
Jefferson, Lo11g Isln.ncl Sound, N. Y. (Se-e also 
Section TI.) 

Series of tidal observations nt Governor'R- Iid:md, 

near New York City, continued with self-regis~ 
teri11g tide-gaugo. 

T:.iclinrd n. Cutts. nMiRtant; J. F. Statio-ns delected for triangulatiQil between Long 
I'mtt, aid. Island Sound and Lako Champlain. (Sec also 

Andrew lkaitJ, subasl:!i~tant; C. 

1 
II. Sinclair, aid. 

I 
I 

C. T. Jn.rtlella, assistant; U. i;v·. 
Bache, subassbitant. 

Section IX.) 

Shore.lines of Lake Champlain traced from 
w·hiteRall north to CrownPaint; topography 

of Crown Point and Ticonderoga, N. Y. (See 
also Section VI.) 

Sl1ore-line survey of Lake- CLamplain between 
Crown Point and Shelburne Bay. (Seo also 
Section IV.) 

, IlythO~'Taphy (in Charles J"nnken, aeaistant (part of llydrograpby of Lake Champlain from White. 
season); KR. Wpcill, aid (part i hall northward to Shelburne Bay, and devel. 
of season) ; G. A. Morrison, aid. / optnent of shoals in the vicinity of Isle La

motte. (See aloo Section• VII e.nd IX.) 
George \V. Dean, assistant; A.G. i Latitnde and azimuth determined at Hudson, 

progress}. 

.Astronomical oll

scrvations (iu 
progress). 

Topo~raphy and 
bydrograpby (iu 
progress). 

Peudleton, aitl. 

Chal'les Ilosmer, 11ssistant; J, De 
·wolf, aid. 

Crown Point, antl Rou:~.e·s Point, N. Y. (Seo 
also Section IX.) 

Sliore~line surv(~y and soundings continued in 

Groat S<mtb Bay, Long Island, N. Y. (See also 
Section V.) 

1fagnetic obse:rva.
1 

T. C. Rili.<anl. .......................... 

1

. Determin~tion of. the ".'agnetic declination, dip, 
hons (1n pro- j ancl l1-0r1zonta.l rntens1ty at Ithaca and Oxfor(l, 
gress). j I N. Y.; at Bethlehem, Pa., and at Cape May, 

' I N. J". 

14 Topogi-aphy (in C. M. Rache, a8'oi•tant; IL M. De Topography of the shores of Barnegat Bay, N. ;J. 

progress). Wees, suliassistllnt; J. J. Evans, ' (See also Section IIL) 
nid. 

15 Ilydrograp11y (in ,V, I. "Vinal, Rnl>assh'\tant; E. B. 
progrcae). Pleasants: aid. 

16 Astronomical ob~ Edward Goodfellow, assistant; C. 
servations and .A. I"es, ;Shi. 
triangulation (iu [ 
progress}. 

Sonn<lings in the lower port oi" Barnegat Jlay, 
and hydrography of the har of Little Egg Har• 
bor, N. J. (See also Sections IV and V.) 

Latitude and azimuth oliservations at Keyport 
and Baruego.t, X. J, Positions of light-houses 
determined at Cape May, and also in Delaware 

Bay at Maurice River, Miopillio11 Creek, anil 
Hereford Inlet. 
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APPE:NTHX Xo. 1-Continue<l. 

Coast sections. i Partks.l Operations. Persons conducting operations. I,ocaliih_·:4 of work. 

----------~!---' 
SEcrro,; III. I 

A tlan1ic coast and lla,\""s : 
of Maryland and \ir

g'ini.a, jnclnding; se.a

ports and ri ,re:rs. 

8ECTIDN IV. 

Atlantic coast and sounds 
of North Carolina, in- : 
dm1ing- son.ports allll 
rivers. 

Coast, Pih1t .. , ~. S. Rr.ac1ford, a~~ista.nt; .Tohn Ex:amination of harbor r;itrnnf'P5: arn1 saiiin)!'-

Barker, tlrang:htsman. conrs'"'s in ChPsap('·ak(~ Bny, and e•m111ilntion of 

11oteR auU ricwi'I for thf' A tlautfr Cnai:it Pilut. 

(~ee al:o:io St>.cfi,1ns I, 11, l \·,awl Y.) 

2 Topogrnph;v . ----. i ,f osPph Ilcrgcshc-im-cr1 siibn.f;sist- Dehlile<l topo:..rrapliical sarvc:· of ~Iarhury.· p,Jint, 

D. C., induUin~ sitl'of tlrn L.nitcd Stat PS Xa..-al 
1\fai!!azine. aud snppl1'11wutary plane-table 

work on the (·nst l'-i'1e of tlic Potomac DPar 

Wa8hin~ton rrnd BladPilRlmrg. (S('e also Sec

tion I.) 

llngnetic oLser~a
tionR. 

Triangulation 

Triangula.tion (in 

11rogret'.'.l~). 

1 aIJt. 
' 

Cbarlt'B .. A. Schott.assbtaut ....•.. ; Mag11etic decliuation, tljp, aud hrJrizontal in· 
i ft•nsity deV."rmined nt 1111• suu1t1ar1l Rta.tion in 

i Wat3bingto11 Cit~-, J). C . 

.J.A.Sullivan,assistant ..•..••..•. ! Angular nieas1ucmcnts on Sugar Loaf :\Imm

' 

I 
tain. Md. 1 to -cmnwct local tria.ni:rulalion of tlw 

rp1.er Putomac. ·with tlw primary triaI.Jgula· 

tion. (See .nlso Section II.) 

A. T. Mosmnu: assistaut; D. S. : Determination of points h~· pdmnry trianµula 

" .. ulcutt. aiU. tion near Front ItoyaL Ta. (S.Pe al~o SectiPn 

\'II.I 
H.L~ronnai~ s an cc S. (). l:lcCorkk, assistant .....•.•.. ~ Selection of stations for priinar~~ trfa.11gulation 

(i11 progress). I i11 \V£~st \frginia. {St~e ahio Secti011 "'\'"Il:.J 

Topograpl1y ana .J. \Y. Donn, nssisbnt; F. C. DonH . Topogrnphy of the- shoTes antl EOUlttlill)::!:i in 

mid F. ll. l"ansou~, nido. Jame& RiT"er, Ya., Uetweell 1\anvick ltin·r 

entrance and Sand~· Point, inclmlin,:.; th1• 

lower part of tl.Je CLickah .. nuiny. (See also 

Section 1.) 
C. M. BacLe, as!.'-i~tant; lJ. )1. De De-htilt•d s'..1r,·ey, iuchuHug- Xorfolk, r~wts-

'\r ccs, suUaSBistaut. mouth. and Gosport, Ya., and ~11ore-1inc Rlll'

Yf'y of' ~a11scmond Rfr·cr, \~u. (Sf't' alt'>o St..'C· 

tion II.) 
Ilydrogra11I1s ···~· Actiug )faster Rol.Jcrt Platt. L., llydrograph~ of th<' XanR€montl H.i\·t"f, Ya. 

S. N .• as.sistant; J.B. Adarns11n 1 (See alt>t) Section l.) 

aitl. 
9 Hsdro~ra.pby (in 

f l'rogrcss). 

J.B. naylor, aid.-· .................. I ncn·eloprnent by 801ln<1in,!!'S of tile clrnnne] IJe. 

tween Cra.n<'y Isla.IJd mid the ma:in hnll of 
Virginia. (See also Sectiou:-:; VI awl VIL) 

Inspection __ .. IT. L. \\'llitiu~r assistant. ___ ... ___ . InP.pection of plaue-tahl<' operations in th~ 1lt•hl. 

(St.•e al11w Sections I, II, IV, Y,and Yl.) 

Tidal obser,rations W. J, Bod·t.:ll .•..•.....•.. --· ... --· Series of olHH'rratious continue1l at OM Point 
Comfort, Ya., with self-registering tillt.·-gauµ-e. 

Coa.st rilot. - ·-. ·- J. s. nradfort1, aRfllil"tant j tlohu Cmnpilatiou of dt>~C'riptimrn. notes, au1l Yiews 

BHrkor, tlrang:l!tsrnau. for nad~ating tlw cna.-.t son th of C:ipe Helli'.\", 

2 T1·ia.nguJatiou (in 

rrogresa). 

Georg:0 A. Fairfield, n1<.si~t.ant.; It 
A. Colonna aml "~.IL Fafrfidd, 

nitls. 

Trinngulation au<l R. E. Halter, n.i:i1·d:-!t.ant; C. L. 
11.ytlrogra.phy. Gardner .awl C. II. Fitch, aid~. 

Topo~rapby ··-··-
1 

Ifull .A..t1amR,aP.8Litaut.; It.l~.Pal
frey, a.ill. 

5 Topography •.••.• , C. T. Iar<lella, a.ssistant; II. 1V. 
:Bache, suhaesistnL t. 

nrid for passiu;.:: the L{}okout arnl }'r)·ing J>:u1 

Shoals. (f'et"' also Section~ I, II, Ill, arn.l Y.l 

Iriu.ugulntion continuf•ll iu J)arnplico S 0 nrn1l, 

N. c. 

Tria11gulat.ion nud 11ydroc:rapl1.:r of Cliow:111 

Hin:'r, .at. till' lie:ul of AUw111rn·k ~ouud. X. C. 

(Seen1soSedion Yll.) 
Topography uf the shores of Chowan :Rivi•r, 

from the cntrane<" upwartli:1 to ll;,trrl'll'~ Lawl· 

ing. (Se-fl n.l~o Section I.) 

Dt1 t11ifod 81HY('.Y 011 Hie north side of ParnJilico 

Sound, iuclmling tlte ~lll)rf's of 11ell'f' Bay, 

Swan Quarter lfay aud Ii.-:.latHl, an<l Juulper 

Ea.r. (Set~ a.h-m Section II./ 



 

Limits of H(•ctions. 

~\_tlantic coast nn•l st>a· 
'vatt•r el1anne1s of Snnt.11 

l'arolina and Georgia 1 
1 

iuclutliug sournl::i, Jun·. , 

hon:l-, a.wl r:ven5. 

Atl:rntic aml <lnlf coast 
of the- Florida, penin, 
1rnln, indmlinJ:!: re-ef.'! 

ancl kr.y.-.: am1 the acn
pnrh; aud rh·er8. 

8EC'flON \II. 

Gulf coast an<l tbo soumlR 
of West lt~lorida1 indud
iug JlOrts and ri"t"cr!'I. 

2 

REPORT OF THE SUPERINTENDENT OF 

APPE~DIX No. 1-Continned. 

J)rrson:-i conducting: operations. 1 

l1:-i1ro!..!.:1aph.\ . _ ..• ' F. F. Ne:-3, asf'ii.stant; E. lJ. Plea&- I Hydro;.,'"t'aphy of Pamplico Sound, from Pam-

ants and \V. U. ]'reucb, aids. plieo Hi ver entrance eastward to the '""icinity 
of Gull Shoal ltock; and souullinµ;s oomplctctl 
in Pnngo Rive-r. (See a1i:io St>ction II.) 

In~pe1_·ti1m. ~- ...•. H. L. \\~hi ling _ ..... ·-·. __ . _ .... -· lnRpection of plane..talll-o work on the shores of 

Pamplico S()nncl. (See nl1m St·ctiomi. I, II, llf, 

Y,all(\ YI.) 

1 lyilrnp·aphy.... ,V, I. Yiu:tl, .~tllhts8i8tant; .T. J. 11,vdro!!."raphy of J~c:J.ufort Bar, N. C., including 

EY!lll8 arHl "\Y. S. Bornl, rd•1.s. tl1e approad1cs, Ute harbor, North Hivcr, awl 
Newport IU'°er. (See also Sectlons II and "V.) 

Ilytlrogrnpliy ..•. ,V, I. \iual, snl>a.~si8tant; J. J. Soumlings on the llar of thi;i, we:oitArn channel of 

Evans ll.llll \V. S. J;oDt1. ahl:-i. Cape }'car River, N. C., and dt•:velopmcnt of 

cliangee in the ,~icinity. (See also Sections II 

am1 IV.) 
Top1g;raphy ... -·- \\"'. Il. Denni:::;. assistant, S. K. Og- Detailed s.uTvey of tho vicinity of Cape Romain, 

S. C., including l!omain Uiver and Oystp,r Eay·. 

(See nlso Section 1.) 

Coa~L Pilot.-·---· ,J_ s_ Bradford, assistant; .Tohu Ilarhors lrntween ''Tin:ya.h Bay and 8av11nnah 

Tr'ia.ugnlation, to

po~raphy, and 

l1yclroµ:raphy. 

IiarhL·r, draughtsu1::L11. examined; and sailing diroc.tions 1 notes, and 
views compil~-il for the Coast ]">ilot. (See ahio 

Sections l, II, Ill, anil JY,) 
Charles Hosmer, as.')iAtant; W. E. ~ Shore-line suryey aud hydrography of Sa.van-

:McClintock an<l. J. De-Wolf, aidR. j nah River, Ga., abo'\'t: and below the city. (See 
also Section IL} 

IlyLlrography ---· ll. L-2\fariudiu,as.<;istnnt ........... ! Special observations on the currents of Savan-
nah River in the vicinit;f of 'I',Ybee Kuoll. 
(S~l~ als,1 Secction II.) 

.. \::.trnnornkul ob· F. J3lak~>, ai'isistant; Chat ks. Tap i Exchau~e of clock-si~nals at Sa~annal1 for de· 
t»CI'\·11tious. pai1, a.i1l, termining longitmfo at Chrnl(>ttE' Harbor, C1,;-

dar Ke:'\·s, aud Athrnta, Ga. (8ce ahm SeL>-
tiom:i YI antl YII.) 

luspt~eliuu .. - - - . - , II. L. "" \J itiu~, tlbl')i~tant .•.. ____ .• ·I Insp-ection of J'lane-tab1e operations in this SPC'· 
1 tion, 1101·th and south of Chur1Pstou 1 S. U. (8~.u 

also Sections I, II, III, IY, an!l VI.) 

llyth·u~!'aphy. -- . - ' F. D. Grnnger, s11hassistaut; C. I-.. JI;ydrography of Fernandina Ear an<l its ap. 

Dillawa;r, Rubassistant; D. C. J, 11roaches, and of the .Atlantic coast below 

Han.'lon, aid. S.aiut John's River eutJ'u.nce. (Soe nlso Seo

Triangulation, to 

11sdrogrnphy. 

..Llstronornical ob. 
~!)ryations. 

Trian~ulntiou and 
topogra1Jhy, 

lufl.[teGtion .• _ .• _. 

Astronoruicnl ob-
scrvaLii1r.s. 

Astronomical olJ. 

serv&tions aud 
h'iaugulatiou. 

tioll l.) 
A. M. Hn.rrfaon, ru.siHtant; "~·II.: Dctai1nd snrvoy of Halifax and Ili11sboro1 

Stcn.ru~ n.nd l~iou Bradlmry, aidR. : Jt.ive.rs, indnding n.lRo 1\foscp1ito Inlet and tlw 

I adjacent eoast of Florid&.. (Soe also See
l tion I.) 

Edwin Smith, subassisbn1t i J. U. ! Longitude determined by exchange of clock .. 
Bn~ylor, aid. l signals from stations at Key West and Pull ta. 

j R1sa, Fla." (See also Sections V and VII.) 
II. G. Ogdon, n~sista11t; D. B. i Triangulation and topography atlvanccd on the 

Wainwright, aid. I east sitl-e of Tampa Bay, Fla., including Mana. 

tee Ri>er. (Bee also Section II.) 
An<lrPW Brmtl, snha.sf'.httant; C. 1 Ilydrogra.pby of '.l'ampa Ba.:v, Fla., from tho cn

A. hes an!] C. II. Siuclaii, aids.1
1 

tranoo upwards to Mangrove Point, antl includ. 

ing also Manatee IUvor. (See also Section II.) 
II. L. "'hitmg-, assistant ••••••..•. Inspection of the plane.table operations at Tam. I pa Bay. (Seo also Sections I to V.) 

I 
Ell win Smith, subassistant; J.E. '.I· Longitude determined by oxcbange of oluck-

B."l~·lor, a.ill. signals from a station at Cedar Reys, ]'la. 

I (See also Sections V and VI.) 
A. '.!.'. Mosmnn, aasista11t; D. S.

1

,, Azimnth determined and triangulation revised 
"\Volcott, ahl. at Ce1la.r Keys. Reoonnats!J-a.nce between Ce-

dar Ke~·e ant\ Fernan<liua.. (Se\l aleG Sootion 
I Ill.) 



 

Limitli of sections. 

St--:rTto:.'{ Yl 1-Coutiuued. 

SECTIO>I VIII. 

Gulf coast and bayo of .d.l
ubarua. and tbe soundtt 
of Mississippi and Lou
i~iana to Vermilion Bay, 
including the ports and 

1·ivers. 

8ECTlON IX. 

Gulf coast of W cs tern 
Louisiana, and of Tex· 
as, inclnding bays an1l 
I'iYN'B. 

SECTION X. 

Coast of California, in
cluding tho bays, har
bors, and ri Vtffs. 

Parties. 

3 

4 
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.APPENDIX No. 1-0outinued. 

Op1.·ratiu11s. I J>crsou.s cuwlucti11g: op~ratiuJJM. 
~~~~~~~~: 

Triangulation ••... : .F. W. Por1dna. sub.::t.'.:3:..i.stant; F. 

I W. Wug, aitl. 

Hydrog-raphy .. __ ·, ll. Anderson, n~si.,..tant; l"'. ll. 

North an~l (;,A. l.!orri.-.1.111, nid~. 

Loc~1 litit·~ of <·pe1·;1 ti<•11:'), 

'l'rian~ula.tio11 e:xk111letl aloug tht• (J uif t'oa~~ 

from Cetlar K(': .. ;s to St. .\Iark:;. (:-'~·1· also 
SectioD I.) 

Hytlrogra11hic tle""\'"f'lopment of a ~1w.t1 o:J l}oint 

8t. Georg:€: F\HlllHiings ill tlio· Gulf ap
proach-es t-0 "yest ]'a:-;.-; (::.it. Ul'Org~:i'"< ~ournl. 

Fla.); and h:ydr(->g-rapl 1y uC St. Yi11c1~11 t.' ... :-;.uu]!(L 

(See- also Section I.) 

3 ..Astrouomit'a1 ob- EthYin SniJth, sul1assista11t : J.B. LongitndH determined nt a statin11 nr~r _\. tlanta, 

sen·atious. llaylor, ah1. Ga.i lJy exchang-f• of o:oek-Riguals. (Sn• abo 

Sections Y arnl YL) 

6 Triangulation ..... ; C. 0. Bontcllt• 1 as:5h1tant ; Il. \\, 

I Blair anu J. Il. Boutelle. ail1". 
lleight of A..t.lauta lHt.He-lim:• alHlYP sea-li·n:-1 <le-

1erwined, and triau_!!ulatiou <:.xteulled J1orth

ward a.nd eastwnrtl. 

7 Trian~ulation .. F. P. \li:r-eblJer, assistant; .r. II. Triaugnlation continued northward nrnl "Wt~.5t-

Christian and Charler- Tappan, ward from tbe ba'"3c·line near Athrnta, Ga. 

aids. 

~- C.1IcCorkk, assb~tant.-·*······ Se1oction of stations f'ast and wNit t1f l.oob:.mt 
llrnrntain in Georgia, Alakuna, nIHl Tt•m1c!'>

.SPe for <leterminiug geog:ra.phi<.:ul P<~sitiun~. 

(Seo also Sectfrm III.J 

D Rcconnai~sancc (iu. lt E. Halter, assistant; C. II. T'itcli. R~.connaissanc0 nlon;!: tho course of flit' Ol1io 

IUver for points to lle d€te-rmi1:w<l in /!f'•i

grapbical relation. (See abo Scctiun I, .. J 

Jll'Ugl'l'tit!-). I aid. 

Trian~lation anti C. ll. Boyd. assistan1; C. II. \·an 'J'riangn1a1ion and hydrography of th(< J.Iis~i.s-

bydrography. Onlen, ahL eippi Uiver from Eng:i~l.i Turn llfl\'~an1 to 

Tidal obl3-Cr\~ationi:;, G. Fnnst ........................ .. 

Tria.ngul:.ition (in C. II. Boyd, nsi3-ist:u1t; U. 11. Yan 

progress). ! Ordl'n, niJ. 

Carrollt<Ju, La. 

Ob:sen·ations 'rith tid-t-staff n·c<fft1e1l for dPtrr-

mining changes in tl1e water.k\·01 at ::X «"H

Orleans. 

Determination of gco;.rrar1liicol p.o.::iitio1is ti,,. tri

angulation in Missouri, west of t'.;t. l .. oui:-s. 

3 n('Connais:::;anc-0 (ill Prof. John I:. Dade8 .....•..... - .. ' Reconnaissauce fur tri;.m~ul:ttion to lktCl'llliUP 

pt'ogres~). gf'ograpllical positions iu tll8 soutliC'rn part of 
"~isconsin. . 

Triangulation aml , J. N. ~IcClintork, su1Jassi~tant; 
topography. .J. F. l'rn.tt, aid. 

Measurement of ba-se-li11P, 1-riangnlat.iou. :mil 

sl!ore-lino survey of Sabine Pass, Tt:x. (~t·<~ 

alw Section I.) 

Ilydrogmphy ..... L.B. Wrig;ht, subas.3ista.nt; A, G. Ilsdrog:ra11by of PaBR Ca"°allo, inclwli11l! th1• bar. 

Pcmlleton au cl .E. II. WyYil1, : aJH1 of San Antonio Bn:., Tex. (Se1· al:-o Scc-
ai<ls. tion II.) 

Tidalohsr,n·ationF< l\L Knrne ..... ·-··-·-·-·······-· St::.,riesof tidal ob~e1'ation.~ continu<>d witl1 St'lf-

Hydrography •... F. Westdahl, aid .•...•...•.•.•. 

rog;istcrin~ gauge a.t St. 'Ihornaa1 \Y t'Bt ludieR. 

H_ydrographi-c 1ltwelopment of a Ruuke-11 rnLh off 

:Point Loma. near San Diego, Cal. 

2 Topography--·--· A. W.Cbaso,assistant ...••. ·----· Plane.ta\Jle snn-ey of th-0 r.oast of Santa JJar. 

3 

5 

bara Channel from Newport SlouJ..!h to Ho fails 

l!iver, including rart of tlle cour:;e of t:.auta 

.A.11aRh·er. 
Trian~lation ruul topographr 01' Sauta Cruz Trian~ula.Lion and 

1

. Skhman Forney~ sulJus~istaut 
topo~aphy. Jslan1l, Santa Barliara Cllanrwl. 

Hydrography. ·-- .

1

1 Commander J>.C. Johnson, e.S.N.1 Il:ydrography of Santa B.arbara CLanud bet wt•t•n 

aatllistant (part of sea.-so11); Lieut. Santa Rosa. aud Santa Cruz I.sfand . .aml liucs 
Comdr. II. 0. Taylor, U.S. N., as- cf off-:shore som1<ling-s 1.Jetwecu Point Concflp-
sistant (part of season); I.ients. tiou and Monterey Ba~~. (See also :-\e·ction 

1

1

1, George S. Talcott, Frank Conr- :XL) 
tis, Richardson Clo\er, George 

' W". Tylor, and J. D. Adams, 

I, u.s.x. 1 

'friang-ulation and ,V. E. Greenwell, aStiistant; Eu- ! Dct~ilod survc.\· of ihe t'oa~t front l'oiJlt, Con. 

topogra1•h.r. ! µ:ene Ellicott1 sul.lasRitd.ant. 



 

54 HEPORT OF TIIE SUPERINTENDE~T OF 

APPENDIX No. 1-Continued. 

--~~-------------

I~imits of s<'ctions. Parties.~ Upr•1·ations. Persons conducting operations. j Localities of operations. 

I 

Sr;:cnos X-ClrntinuNl. Topography ----·. I ... .A. Sen g-ti..~ller, a8sistant; IL J. i Extension of tho roast topograµhy near Puiut 
Currey, aid. I Sal. (See also Section XI.) 

SECTIO~ XI. 

Coast of Oregon and of 
"Ta8l1ington 'J'e.rrit01·~·, 

iurludiug tho inkrior 

liay~J ports, aml r+vcrs. 

SRC'f!ON XlL 

Const of Alai:;ka T~'ITi

lury. 

TriangnL~tion an,l 

to11ograpl1y. 

Cl~">el~~d Roc~>:\VPtl, as<i.iRtn.nt; G. II Tri.ang-nlat~ou an~l plane-tahlP snr~ey of the Pa-
il. ~ 1l:Hin, a11l. c1fic coast co11tmued Dorth of Prntlr.ns Blancas, 

anU a]l'>o in tho ~icinity of San Simeon, Cat 

I (Sro also Section XI.) 

Torograpl1y ·--- .. A. F. L.Ptlgen;, a~..,i!:itant; E. F. ! .Snp11lementary tormgraphical d~tails includin:! 

Bny; positions of liglit-h?uses determined Uc
tween Santn Cruz and Point Jtoy~s. 

J )ickin:;i., aid. I wlmrves at Monterey nay nnd Half Moon 

9-: II_nlro~ra1il1_'r ___ ,. Ger8born Braclfon1, assistant; F. i Soundings and currentobseTvatioos on the bar 
\Yestdalil, ahl. i arul im•1hk of San Francisco TI.ay; develop-

! 
ment of sunken rocks off Fort Poi11t; discov
ery of a Tnck near t.lte MitltllE:~ Farallou. 

Ti.lal ohservati-011s Maj. G. H. Mendell, Lnitell States 1 Series of observations continued at the pcrrua-

l
i ncnt tidal-at~ttion at Fort Point, near San 

Fntucisco, with self-registering ti<le-gauge. 
(See also Section ::S:I.) 

Eogineers; E. Gray. 

10 .Astronomica] oli- Grorge Da,·idson, assistant; TI ... il· 1· 'T'riangnlatiun continued and latitude and a:d-
sn"'\'ations and Ham Eimbeck and 0. IL Titt. mutL obserYed at :prima.r:.y stntions betweGn 

triangulation man, subassistanta; T. J. Low-1 Sant.a Barbara and Monterey Bay, inclu<liug 

(iu progr<"~s). ry, '\\-.,... S. Edwardt>, antl T. P. I points between Mount Diab lo and Ilelena. 

\\..-omlward, aill8. 
11 Hplrop:rapl1y (iu Lieut. Comdr. H.C. Ta:ylo1·,U.S.X., Inshore hydrograpby· betweC'n Point RPyes arnl 

prugn:-8-s). 

l:! Top-og:ra .. phy 

prof:re:sl::l}. 

(in 

13 Topography 

progresA), 

(in 

2 

3 

llyclro,graphy (in 

progress.) 

Triangulation and 
topo~raplty (in 
prot::n~.-;s). 

TopographJT and 
h,nlrography (in 

})rogrcRs.). 

Titlal olHil'I'\·at ion1-1 

'l'riungnlatiou, to· 

rw1graph,\, aml 
hyllrog-rupl1y. 

Ash'o:nomical ob-

1'.l·t.'rvatinnl:i, to

J•ograpby, mul 

hydrof!ra11h,Y , 

(in progress). 

assistant; Liouts. George S. 'l'ul
cott, Frank Courtis, Hichanlson 
Clover, Georg•J ,Y. Tylur, and J, 

U. Allams, U. H. X .1 assistants. 

A. F. Rodµ-ers, nssistant; E. F. 
Dickins, aid. 

.A.. W. Chas", a13sistant ........ . 

' 

Cape Mendocino, and off-sh-oro soundings be

tween that cape aud Crescent City, Cal. Dis
covery and development of a dmigerous rock 
between Crescent City Jlarbor and Falae Kla· 
math. (See also Section XL) 

Coast topogn1pby extended in thB vicinity of 

Noyo I\.iver entrance, Cal. Measurement of 
base for continuing tho plaue-table work 
northward. 

Determination of points .rrnd plane-table sur"t"ey 
of the ecast between Rocky Point a.nd Kla-
ma.th I-Uvcr. Selection of site for a. base-liue 
south of Point St. Georg~. 

Lit>-nt,,Comdr. n.c. Taslor,V'.S.N., I In6hore hydrograpliy and off-shore 80l1Ildings 

assistant; Lieuts. George-, S. Tal· , near Port Orford, and dcveloprneut of a rock 
Cfltt, l•""'[•;ink Conrtil!l, Rieharilson : in Chetko CoYe, Oreg. (See also Section X.) 

Clover, Gcorgo ",.· Tyler, and J. 
J). Adams, U. S. :X., assL~tauts. 

;f. J. GillJert, aubassistant. _ ~ .. _ Detailed survey of the <"oaat, of Oregon sout.h
ward from Columl.Jia J{,iyer eutrance tow.art! 
Tillamook. 

Clcn.~lmnl Rockwell, ashistant; G. Sur-vey of the i;l10res of Columbia River con-
lL 'Yilso11, ahl. tb1uel1 1 includi11g tl10 hydr-ographic cleYelop· 

mont of \Yootl:y Chm:mel am.l Conloll Cha1uml. 
(Seo also S"ction X.) 

:Maj. Ci-. II. )foIHlt·ll, Unit-nd Statf's 
1 

J.~ugiueerH; L. "~ilson, nud L. I 

Nci:;ed. 

(T. ~- Lorn ... son, :uu°'istant; I•'. A. Law

son, nM. 

Series of tidal-olJser-vntionR eon tinned with &l•lf. 

reg:hdering gaugt.-..s nt .A.~toria, Oreg., aud :tt 

l'ort Townshend, IV. T. (Soc aho Scctiou X.) 
Hnn~cy in progref'R on the shores aud soundir1,gs 

in Iluwarnish Bay,\\". T .• sonthward of ·west 
Point. Uydro~apliy of Bmld's Inlet com
pleted from Tumwater northward to Dana.'8 
rassagc. 

\\ ... IL Dall, asHi~tant.; ~Inrcus Ila· Dc•tormination of gcogr.a1)l1ical positions aud 

ker, aiil. s]1ore-line survey of harbors on thti coast of 

..ilnska; observations of the tides aml cur. 
rents; a.ntl rtetiri-sea soundings. 

--------- --·--~--~--
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.APPEKDIX Ko. 2. 

Rtatistics of fidrl and o,ffir·e 1.rork of the r11itcrl Strrfl's Coast Surrey durin[! the year 1Si:1. 

Description. 

HECOXN ~us.SAX CE. 

Area. in RCJUaTf' mile~.----· .......................................................................... . 
]'nrties, n.umber of ...•....••...........•..•....•.....•.•....•...................•................. 

Prin1ar:r. nun1ber of .................................................................................... . 
Soc-0ndary1 nn1111><.1r of .............................................................................. . 

Length in miles (primary) _ ·-···· .........•..••......•.•..••......•..•....•.....•.....••...•....... 
Lcup:th in miles (tlccondary, ine1udh1g line ruea~ures) •. __ ... --- .......... ___ - ...•••..•.. - .....•••... 

Ar011 in sqnare rni1t:>s. ___ . ·-. ___ .. ·-·-. _. ____ . _. ----- _____ . 

Ilorizontal-angle station~ occupied . --- .......•..•• _ ..•.•..... -· ...• ___ .. _ ............•.•..... -.... 
Geographical positions determined ............ _ ......................... _ .. _ ..... _ .... __ .. __ .. 

Vertical-an;gle stations occnpierl. ............ _ ................•.. _ ...•.....•........................ 

:EleYation.s det-orn1ined 1 number of ..•••..•••.••.••••.•••.•.••••..•.•. _ ...•••... __ .....•.•......•.... 

Parties, nuu1ber of ...•••...•.•..•.••.•..•••••...•.••.•...•...•............•..........• , .......... . 

A.STROSOMIC.AL Ol'EilATIO!\S. 

Stations occupied for azilunth ...•..•...••.•..•.••...••.•...•.•...... _ ........ _ .......•........•.... 
Stations occupied tor latitune ----. ______ . ____ .. ___ ... ---------· .. ________________ . _. 

Stations occnpif'id for longitude ............................................................................. . 
Parties, number of ...... _ ........ ----- ... _____ ... ___ .. ___ .. ·-- ..... ___ ---- __ .. ----- ... --·_ ..... ·--- __ ! 

1r1a.e;netical stations occupied, number of ............................................................... . 
Parties, number uf ................................................................. _ ........................... . 

TOPOGUArn y. 

Area sun-eyecl in square mileB .. --··· ............. ------ .. -·---·-- .• ___ . -- ....... -- .. --- , 
Length of general coast in miles .............................................. ,. ..•••..•....•..••......•..... '. 
Length of shore.line in miles, inclndmg ri\"e.rs, creeks, and ponds ................ __ ..... _ .... _. __ .. _. 
Length of roads in miles •.••••.•..••••..•.•.....•••..•.•....•...•.••••..••••...••••....•.....•... 

Parties, number of···-·····-···--·········-·······························-··· ....................... . 

IIYDROGUAl'IlY. 

Parties, number uf ......................................................... __ ................................ . 
Numher of miles rnn while sounding .......................... __ .................................................. ; 
Area souuded in square miles ....................................................... ··--· .......................... i 
:Miles run additional of outsido or deep-sea aou1l(ling-s ................................................. ~ 
Soundings, nt1mber of .... ·---·. __ ..... __ ··--· .................. _ .... ·-·_ ... ___ ... ______ .____ · 

Soundings in Gulf Stream for temperature ..........•.•.............•.•..•..•.•......•.....•.... ., 
Tidal stations, permanent·----- .................................................................................. : 

~~~=~ ;:~::~,n~~~!~e=f~~~~r .. ~1~i~~. ::: ::::: ~:::~::: ~~~:: ::: ::: :: :~:::: ~ ::~::: ~ ::~~~ ~~- ~: ~ ~ :::::: :~ [ 
Curreot·statiQns occupied ....................................................... ___ ............................... ~ 
Current parties •••••••••••••••..•.•••••.•••••••••• ; ••••.•.••••••..•..•..•••.......•..•.•..•........ 
Specimens of bottom, number of .•••.....••....•..........••......................... ··- .. _. 

RECORDS, 

J}rc'\"'ious t(• 
.l .. 111u,1r:· l. 
lt";3, 

7:3, 90::J 

';;7 

Gl, 009 

7, :J(i2 

13. 821 

3HO 

E~l 

249 

11~ 

20'! 

2~, 40"i 

.5, 386 

6~. 14ll 

33, 174 

3~3 

2-ttl 

\:?56, 505i 
64, 776 

3'!.\ 238 

11, 31:1, 1-:C~ 

4, 072 

176 

1, 3S7 

2GO 

5j 

9, 698 

Triangulation, originals, number of volumes ..... ...... .......... .... . . . .. .............. ......... ••. .. ... .• . 1, 5GG 
Astronomic.al observations, originals1 number of volumes ................... _............... •. .. . . . . .. . . . 909 
Magnetical observatfona, originals, number of volumes ............ ... . .... ... .... .. ..... .... .. .•. . .... . . . . .. 2!1!3 
Duplicates of the a.hove, number of volnmee . . . ...... ... ... .•• ........ ........ .•. . . .•. .• . . .... . •. ... .. ..... 2, 010 
Computations, number of volumes ...................... --···.............................................. 1, 898 
Hydrographicu.l soundinp;e and nn~Iea, originaJ, number of 't"olumee ................................ ·---· 5, ';'70 
Hydrographle&l Mundings and angles, duplicates, m1mber of volumes ..••.•.......•.......• ·-.····- 471 

Tidal aud current observation&, originals, number of vohtmes......... .... ....... .••• .• .••• •. ........... .. 2, 335 
Tidal and -ca.rrent obaervatiomJ, duplicates, number of volames ............................... ____ ..... 1, 7~.J: 

3, 9:24 

Sni 

2P 

20 

10 

21 

7 

1,1m 

10:> 

J, 441 

1, fi17 

w 

T•1tal V•Jl(•
ceml.)Cr ;JI, 

12i3. 

H~, :-inti 

GI 

!_ll 

GJ, ~33 

14, .,l\)~! 

4c<• 

127 

34, ·~)l 

3:>2 

20 2GO 

10, Hll 2(W, (iflf>1 

1, f':-:?O 6G, 5Drl 

(jflj :3fl, !l:t~ 

73ii, 0:-11 12, om, 7!:i11 

37 1,421 

139 D, e:n 

lH 1, 710 

8:1 fl'.l::? 

J(l 314 

91 2.1\11 

]2."i ~. 0:23 

310 6, n,o 
f.4 5:!.) 

~" 2, 43.l 

27 1, 811 
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APPENDIX No. 2-Continued. 

Description. I 
Pre'\'ions to 

January 1, 
1873. 

1873. 
Total to De· 

ccrnber 31, 
11'73. 

'---------- ------

1 
ItEconns-Continue-d. 

Sheetg from self-r-egistcring tide-gauges, number of ..................................................... ! 
Tidal reductions, number of volun1es .............................. _ ............................................. i 
'1.'otal number of 'olum~a of records ............................................................................. 1 

MA.l'S .ANlJ CIIART8. 
lj 

I 
Tupot:raphical maps, ori_ginals ...................................................... - - -- - - - - --- .. - .... - - . I 
Ilydrogrnphic charts, originals .............................................................................. . 
lteductions from original AheehL ... ·------- __ . _____ . _______ ·--. ___________ .. _ ...... _ .. ___ .. ------ .. 

Total number of manuscript mars and clmrts to and including 1873 ................................ . 
Nuruller of sketches made in field and oflice .•..•••.... --· ..•.•.....••.......... ___ .... ___ . _ ....... . 

E:s'GRAY:lliG AND rmNTIXG. 

Engraved plates of'tini&hed charts. number of. n·-····--··· .......................................... 1 

Engnrved l)lates of preli1ninat'y charts1 sketches, and di:tgTa.ms for tho Coast-Survey H.cports, ) 

E~:~~;;;::plates made ............................................................................. \ 
Fini> bed charts pul>lisheu .••••••.••.••.•••••••.•••..••••.•..••...•..••.•••.•••.• - •. · - • ·• · • · ••• • · • · · [ 
l'relimin.ary charts and hydrog-raphical sketches published ..••...•..•.••......•.....• ---· •.•..... -·) 
Printed shet~ts of rnapH and charts distributed ..•.•..•••.•...••...... __ .. ·-· ......................... 1 

Print~d slwcts of mnps n..nd charts tlepositcd with aalo-agcntl\ .............. · --· ....... · ·· ·•· · · · .... · ·• · 1 

LIIlR.AUY. 

Nun1lJcr of volun1es ............ --· .. --- ... -·--· ............. - . - . -- ..... · · --·· · - - --·- · · ·· --· ·- · -· · · · - I 

Cost of. ..•.•..••.•.....•.•..•....•.•..... ~~~~~~~~~~s ...•.••••.••...•••..........••..•.......••••.•. 1 

2,051 

1, 487 

18, 528 

1, 308 

1, 188 

724 

............... 
2,689 

172 

551 

1,007 

J:>S 

458 

2~2, 6il 

104, 562 

51384 

$82, 012 89 

01 2, 142 

40 1, 527 

989 19, 517 

36 1, 344 

44 1, 23'2 

25 749 

~' 517 2,517 

9fi ~. 785 

12 184 
:;52 

3ti 1,043 

10 168 

4U3 

14, 010 306, 851 

6, 893 111, 455 

178 5, 562 

$9, 405 Bl $91, 418 73 



 

THE 0-.XITED STATES COAST SURVEY. 57 

APPENDIX No. 3. 

I1~fonna.tion furnished from the Coast-Survey O.tfiee, by tracings ji·oni oriyi1wl sheets, etc., in reply to 
.~pecial calls during the year ending OctoueJ' 1, 187-!. 

]late. Names. Iuform1i.tion fnrnisllf'd. 

1873. 

~oTember 15 : F. Ganahl, est1., Los .Angcks, Cal-·----··--·-. Topogrnpbical eun·ry of thP I~land of Sauta Catalina. C1)lltig-nou::; to 
Cataliua Ilarbor, Cal. I 

15 ; Capt. Robert H. Wyman, 1J. S. X ............•.. Copies of charts showrn~ RP.arch for Falmouth Rboal, Pacific Or••an. 

1~ : John G. Sha1]1, es11., Bo-stuu, hla,s.s .. -- ••.•...•.••.••••.. Topographical sur>cy of TLe Uladcs awl viciuity, near B(),4 tn11, ~Ial'i>-1. 

~O Lnited States Light-Ilom~e Board ...••....... __ . __ ._.· [ ll_ydrog-rapbic snr\'e.r of channels -011 hotll Hide8 of Bulklleatl Shoal, Dela

waro Hiver. 
24 _. ______ .do . ______ ·--- ______________________ .. ______ . TIJdrogr.aJ•hy ()f" Pamplico Sound, -vicinity of Ilatturas Iu.let. "X. C. 

lh;cemblT 4 1 Prof. C.H. IlitchC()Ck--. ··--- .• _ ........................ '. Geographical position::! in New Hampshire. 

lf\74. 

Jnnaary 

:February 

.March 

.April 

May 

June 

ll i Lieut. \V. Il. \)eir, actin~ signal-oflicer .. _. --- . __ ---- __ Positions of Efo-sa~inµ- stationR from Ca pr Ilrnry to Cape Jiati:{•rn.r1. 

13 General I-'raucis A. Wald.er.··--- ....•..........••.... 1 Area of islands in Santa Jlarhara Channel. Cal. 

H~ 1 Unitetl States Li;;ht-Rouse Board .............. _·-···-. 'l'opog-rapbical sur,-ey of Point FerU1in, near San Pt>tlro Harbor, Cal. 

51 llon. Daviu L. Yuler, Florida .........•................ 

1 

Uyilrog:raphic information lletwr~n Cellar KPys and S!Jip Isbwl, Gnlf 

14 

of ~Icxko. 

\V. II. A..spiu-wan, esq .•.•.•... - .... - .... _ ... _ ... __ .. _ .. , 1Iytlrographic sun·ey of St. Auf!'nstine IIR.rbor, Fla .. from the rl·;;;urn'y 

of ltiO. 

IG tTosoph Ca.mpbf'Jl, esq ................................. : Topographical .sun·ey of Cllisholru's Island, S. C. 

1i Col. W. P. Crai~bill, Corps of Engi11eel'~ ............ _. -~ llydro_:.rraphic Rutvey of Pamplico So11nd 1 ·dcinity of Oregou lo lot. X. C. 
20 : Departmonf.ofDoc"ks,)..~uw 1.'"ork ............ ········--:1 Topographical nnd hy<lrographic survey of tlic northe-rll abort" of the 

Eal!lt River, froru :Mott Ila...-en tn Dronck"s Creek. 
27 O . .A.. Drown, cn11tuin of "Vfrgi11ia Stal{' o:-.·ater stcmner Hydrographic information of lletomkin Iule.t and T"icinity, ~fl.a.c.1-11r.t l">f 

Trelle;:;ar. f )frgiuia. 
2~ Sanl10r11~ Ilo~-t & Co., "E\~rnan-<lina, Ela .............. __ , na.r of :N.assau Sound, from the sun·ey of 11'71. 

~ 1, rrof. Alexander c. Twining, :Xcw Ha·n~u, Coun ..... - ... : Top-ograpldca1 SllrYCy adj a.cent to the Ilollsatonic Ri\~er. abon~ th(' 
) town of Stratford 1 Conn. 

10 Hon .• r. II. !taint:')", M. C., South Carolina .. __ .....•.. _._ 'l'opo):!rapldcal tiUrYey of the coast of South Carolina from Georgetn"1T11 
to Murph:y Island 1 iuC'luding the shl1res (If \\~iuyah Hay and :Xortlt 

and South ~antee ltivers. 
2oJ Josf'ph Campbell,csq ................................... Top-0p:ra1~hical Slff\('yofChh;holm"sislands, and topography hnnkriu.c: 

i OU Cornhahee, }lull, aJJ<l Coo•aw rnvers, s. c. 
2fi . -·· .•..•. do ........... --· •. ---- .•. _ ...... __ .......... II~·drogr.aphie surTey- of Xortb Wim.b0(1 Cre\:;kr S. C. 

~7 PliillipR, J .. arkoy &. Stnyton, law fir'rn of Victoria TupogT.aphical surn.·y of the coast of 'l'exa~. iucluding Copauo, .Amn-
(kmuty1 Tex. sas, and Corpus Christi Bays, from the sur"'·Pys ma.de in 18ti0-'fil- ti~, 

and lt'-G7 • 

Hou, J, H. Wall, M. C., from Florida HyUroA"raphic survey of Sawpit and !;istcrs Creeks, forming insitlf pas· 
sage betwt>eu ~assau Sound and St. John's Ri\er, E'la. 

17 W. C. Kerr, csq -·-· .•. --·. ··-··· ..•.............•... __ ! Topt)graphical survey, vicinity of boundary line hut ween :Xr;rth and 

i Snuth Caroli11a. 
18 ~ Drown & Lr B.ar011, ciV"il engineers ...••••.........•.... ! Chart of Ipswich a.all .. \unis•1ua.1n Harbor, Mass. 
I~ llun. J. R. \Val], 1'l. C. 1 from Floricl11. ___ ... --·. __ . _ ·-. __ ~ Hy1lrographic surv-ey of inside pat1sage lrntwee-n Cnwbcrlaml aull 

] Nassau Sonnda, Fla 
18 II on. James II. rlatt,,jr., JU. C., from \irg:inia.. __ ·-· _ ... ; JI~·,lrogrnphic survey of rag an Creek, tributary of Jame-8 I:i...-L~r, "\~a. 

2..1 J. W. Ilawes ........ --~ ........................... ·-··---; Tidal infdrmation of the lllulson Hivt'r, X. Y. 
23 Georp;e \T. Blunt. ___ .. --- _ .. ·----- ....... ___ ·---- .. __ .: Do. 

20 li011.Isaac W.Scntldcr,Jer~ey Cit_Y·-········-·--····-: Comparati"Vl' hyLlrO,!!I"apldc survey of tht~ ilud . ..:,on l{iYer. from Ca~tlt' 
i Point to.Jersey City F'crrs-. from tlw eun·C'ys ruallo iu 185~ and lt'73. 

2B Cal\'in "'\\'".Poul, csq ... -·· _ ......... _ .... __ ............ : Shore-line sun·ey of Cape A.1m, cast of Squam Hh·c~r, 11-lass. 

4 i :!\f::lj. l'('ter C. Haines, Corps of Enir1nccr~, tT. S. A .. _ .. 1 H~·(lrop:r:iplJic survey of' entrancP to SaYannal1 Uinir, Ga-. 
4 ! Theo. G. Ellis, sunreyor-gcncra'l., State of Co111H~dicut .. Mr1p of C01mo0Ucut., with trigonomctrjcl1l poiuta plott(•d t-0 a F1r.ak uf 

I 1.400000. 

13 Justm; Roe, esq ...................................... : Topo,gr.aphical aurYey of the sl.10res of Great South Bay, Yicinityof Fjn• 

lslnud.Inlet, N. Y. 

Onlmuict~ OOice. --- .........•.•.....•........•...•.... ; IIydrographic survoy of Thames Riv-er. Conn .. abo\."-e Naval Station. 

E. L. Bottdiuot, eEHl·· nttoruey at la~--· .•. _____ ....•. __ I 8urves of Little Egg Harbor anti Inlt"•t., N. J, 
8 

8 

13 ' Judge Ww. J.Clark, New IltH'ne, N. C ---··· .......... Uydrographic snn·oy of Newport Hh·er anU Clubfoot Cmial, X. C. 

!IJ E. F. Kit.toe, esq ..•...•••••. --· ........... --·· ...•.•.....• JI_rdrograpliic survey of part~ of Comballee aud .Asbepoo l!.iYers, S. C. 

3 Senator Jame-s L . .Alcoru, of MisRissippL .............. __ i Shore· line at.a.tie.tics of the State of Mississippi. 

H. Ex. 100--8 
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Date. Names. Information furniaLet1. 

1874. \ 
Jnuo · lJassachL1sr-tts ha.rlmr corumis~ioDer.s ......................... ' Tbe entire topog-raphica! surrey of tile isl:.mUt:i and l1emllauds iu Euston 

l Harbor, Mass. 
13 

1

' L'"nitea States Land omce ·······--····-············--~Topographical SllTvey of Sant.a. Barbara Island antl skdc!1C'S of 8nn I Nicolas and San Clemente Islands. 
13 John B. Dezendorf. esq ............................................ i Hydrograpbicaurvey of :Elizabeth Ri\er, Eastern Era.ncb, arn1 Ta11nct·'s 

j Creek, from tho resurYey of 1872'-73. 

16 C. A . .A_J_,be:-·, LuHetl State~ rtffentrn-scrYice ............... / Shore-line of Castine TI.arbor and vicinity, Me. 
18 1 Lieut. lt1diard ~I. Cutts, U. S. X ...•.••..••.•.•••••.••. 

1

i Ilydmgraphic surv~y of Man 1"land Straits, surrey of.1864. 
!ti ·. --- . - -- .. dll _. __________________ ---- ---- ____ --- - --- -- . Topographical survey of Man Island Straits, from snr·H·y 0f 1201 nrnl 

. I 1856. 
lti . -- . --- ..• tfo - .•••••••••••.••• -- •..•••.•••••. --··· •••••. Topographical survey of Man l!:ilantl, from snrYcy of 18:JL 
20 Geoq,re li. Er::ulbur:y, {'~q ................................. ! Hydrog:raphic surrey of Saco Entrance anU DiUtl(lford Pol)l, ~re. 

July 1-6 :\Iaj. TI .... r-. Cra.igliill 1 Corps of J;ngin>:<~rs ....•...•..••. i TI.vdrographic snrveys of Breton's Ha.'f, Aid.; Crisfid•1 1Iarhor, ~111.; 

) and bar of western entrance to Uape :Fear River, N. C. 
21 

2V 

An;:;nst 11 

17 

Ii 

17 

)') 

17 

17 

17 

17 

17 

8t•ptomber 1 

1~ 

'.!l 

2fl 

Unitt•<l S:nh"s Ligltt-Ilon.ie Boar1L ............. ········i Hydrographic survey of Firo Island Inlet. K. Y. 
Ordua11c0 llarcau ...................................... ---·-·I Hy~rographic and topagrap]1foal surn::.r of Cranes Isla.tH.l, near :Nori'un.:. 

i va. 
Geucr.al 0. :U. l'"o<:, Corps (if' Engineers ................... j Chart of the coast of South Carolina and Georgia 1 froru H nnting Isl

! and to Ossabaw Sound, including S .• rvmmah HiTcr, Yritl1 trim1gi1l:1-
1 .,. i tion points. plotted on. 

Ordnan<'t.'l J)urerm ................ -- ....................... i Ilydrograp]nc survey of Craney Island Coye, Va. 

S. T . ...l.bert, United States cidl engineer ............ ·--. ! H:. tlrograpbic surY-ey of Elizabetl1 River an.d Ilarnpton Crock, Va. 
............. do .. --· .............................................. ] Hydrographic sunmy of Elizabeth River, from Cranes Isla.ntl to Kor

i. folk. Ya. 
' ....... -- . d-0 .............. --· ........................ --·· j Ilydrographio survey of Eliz.:ibcth Rinn\ fri>rn Nvrfvlk to Xa."·y Yard, 

i Va. 
....... -- . tlo .. -- ..•.......•..... -- ...................... · 1 Ilydro_gra11hic survey uf Pagan Creek, James River, \a, 
... _ ...... do ......................................... -- ...•.. , Hydrograpbic survey of Urbana. Creek, V.a . 

...••..•.. do .............................. --· ....... ----·· j Topographical survey of part of the Chickahominy Rin1r, Va. 

.......... do . --- . -- ..... ---· .... -- ..... -- .. ---- ........ ·I Ilydrograpbic survey of part of tho Chickahominy Uiver, Va. 
1 
••••••• - •• do .. -- .••. --- ..•.. - .•.••.•.....•.••...••..•. -i Topographical aur1"ey of the Pamunkr and Mat.taponr Ilh·oi·s, "Va. 
Col. Y. Rtamp .............................................. ; Topographical auryey oi' Baltimore and en"ri.rons, ]:[d. 
Pilot cotllmi,,.Hil•ll(ffH, X1nv Ynrk ........ ---· ................. ' Ilydro~rraphic survey of Grea.t 8onth Hay, off Iuslip, Long Islantl. 

1 J3oard rJf baTlJor commissionerR, }la~R.achusetts ......... Two prqjections, scale 1-2400 and 1-1!:!00, covering tlu.• water-fronfB of 

Boston, East Boston, and Charlestown. 
Genera.1 Q. A. Gillmor<.!, Uuiktl Rtates Co-qlROf Engineers Ilydrograpbic survey of inside passa.ire between Nassau S.ouncl and tlle 

St. John's Hirnr, by way of Sawpit nnrl Sisters Creeks, :Fla. 
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APPENDIX No. 4. 

DRA WI.NG DIVISIO~. 

Cha1·ts cin»pleted 01· in progress during the year enrling October I, 1874. 

I. IT.ydrography. 2. '1.'opogT'nphy. 3. Drawing for photograpldcreduction. 4. Details on photographic. outlines.. 5. \erification, 6. Lettering-. 

Title of cbarts. 

CO::IDIE.NCED. 

Coast chart No. 5.~. CumlJerlaml Sound, Saint John's Ri\"'er 1 

and coa~t Ront11ward. I 
Coast chart No. 1, Ea~t Quod(ly Jig:ht to Seal Island light_. 

llarbor charti Penobscot IliYert Me .................................... ! 

COXTINlTEll llY ADDITIOX6. I 
Coa8t chart No. 3, Petitllanan lighttoNaskeag;Point, Mo.I 
Coast chart No. 4, NaskeagHead tn White llead light, Me.1 

I 
Goncral coast chan I, Qmllld r Ilead to Cape Coll, l:[ass .•.. ~ . I 
Harbor chart, Casco llay, Me._. _____ ..... __ . --- ......... __ ... 

1 

Coastchart~o.8, "rclls to Cape Ann, ~lass .................. . 

llarbur cl1art, Hockport llarbo~·· Mass ......................... . 
Co.nst ellart ~o. 20, Nt->w Ynrk Hay and Harhor .. _. _. ___ . __ ,1 

Harbor chart, New York ITnrbor (upper ~beet) ............. ! 
1Ia.rhorcha..rt, New York llarhor (lower sheet) ·--···------1 
llarlwr chart, Lake Champlain, sheet ~o. I, from Rousc's : 

Point to Cumborla.ncl Hf'ad. j 
Harbor cbart, Lako Cha1uplain 1 shcf't Xo, 2, from CumUc-r- l 

lantl Ilea<! light to Lig-onier Point. 
Coa.Ht chart No. 11, Yonomoy arnl NauttH'ket Shoals, Mass 

Coat:>t chart No. 131 Narraga.nsctt Bay, It. I .... -·- ........... . 

Coast chart, No. 15, Long: Ishmd 8ounrl., mhlcllc sheet, from 

Plum l8laud to 'Velcli's Point. 

C-oast chart No. 32, ChesRpeake Day, from York River to 

Pocomoke Sonni!. 
Harbor chart1 Potomac Ri r-er, In(lian Ilca<l to Georgetown! 

D.C. 
General coast cbart No. V, Cape Ilenry, Va., to Cape Look

out, N. C. 
Coast chart No. 40, Albemarle Sound, eastern sheet, in-

eluding Currituck, Croatau, and Roanoke Sounds. 
Coae,t cha.rt No. 41, A11Jcmnrle Sound, western sheet, to 

bead of Sound. 

Gelleral coast churt No. YI[, Ca1Jc Romain to Cumberland 
Sound. 

Coast chart No. 44 1 Pamplico- nud Nrmso Rivcl'A, N. C ........ . 
Coast chart No. 54, J_,oug Ialnnd to St. Helena Sound, S. C .. 
Coa!\t ebart No. 55, llnutiug Island to OsRa.baw I-8land, Ga._ 

Scale. 

1-tO, 000 

1-SO, 000 
1-40, 000 

1--80, 000 
1~"0, 000 

1-400, 0(1(1 

1-40, 000 

1-80, coo 
1-20, 000 

1-tO, 000 
1-40, 000 

1-40, 000 

1-40, 000 

1-40, 000 

Drauglnsmen. 

2. P. Erichson, 2. F. Fairfax: ........... _. _ 

3 .. F. Smith. 4. P. Erichsen------·--. ___ .. . 
1. A. Limlcukohl ......................... . 

3. F.Smith --·-··············-----···"····-
3. F. Smith. 4. II. Lindenkohl. 1. A. Liu

denkohl. 4. P. __ Kril'.hHen. 2. A.Litiik·u. 

kobl. 3. F. Ilorti;;. 
I. A. Liudenkolll ....................... . 
2. P. Erichsen ............... __________ _ 

1. A. LindenkohL ....•............... _ ... . 

L A. Lindenkohl ····-·· -----· ...... _ ... _ .• 
1 • .A. Lintlenkohl. 1. F. Fairfa~ .. _ ... __ .. 

2. A. aud ll. Liudenkohl..- .................. . 

1. A.Liuilenkohl ··················-----· 
2. A. Liudeukuhl ·--············-····· 

2 .. .A.. Lindenkohl ................................. . 

1-~0- OOU l. A. Lindcnkolll ............ ___________ _ 

1-801 000 

1

1 2 . .A.. Liudeukohl. 3 .F. Sun th. -. F .. Fair 

fox. 

1-80, 000 1. A. Lmdenkohl ................... _ .••.••. 

1-80,00011. A. Lindenkohl ----------············- .. --

1-40,00012- A. Lindenkol1l -----·---------------------II 

1-400,000 I 2. A.Liudenkobl ........................... 

1 

1-E0,-00011. A. Lmilenkohl. 1. L. Karcher ........... I 

1-80,@U 12. A. Lindcnkobl ........................... : 

1-400,-000, 2. A. Linileukohl. 1. A. Liudt>ukohl -·····-1 
1-80,000 i 2. ]!. L~udl'nkol11. 2. A. LiuJ.L'nkohl --·---1 
1-80,000. 1. A. Lm<lcukoLI ...••.....•...•..•..••..•.. 

1-eo, 000 J 2. A. Lindt•ukolil. 2. II. LiIHkuholil. 1. A. i 
j Lindcnkolll. I 

(.oast chart 1'o. 9~. l111ssiss1pp1 Ddta anrl R1'l'cr. --·-· ...... · l--t>1l, 000 j 1. L. Karcher. •..•••.••.••.•..•• - --- -- -· -·- -I 
~oaat chart, :i:o- 57, Sapolo lii:l'.t to Fernan<lina, Fla ........ 

1 

1-80, 000 i ~ Il. Limknkohl ....... -. -- ---·-. - - - ... --- -

Harbor chart, St. liary's I!iver nn<l It'ernandina Harbor. __ . 1-20, 000 : 1. A. Lindenkflhl . - . -- .. - . -- ..••. --·. --·. - .. f 

General coast chart No. XUI, Cape San Bla.s to lliesisaippi 'i 1--400, 000 ' 1. A. Linileukohl. 2. A. Liuilen kohl - - - -- - -I 
~~ I : 

" h ' L' d k 11 i ~oast c :\rt No.107, .Matagorda Bay, Tex .• ---------------- l-SCl,000 J 1. ...u..... m on o l ........................... ! 
SaiHug ch.art, Pacific co.ast No. 2, Santa Barbal"a. Chauncl.. 1 l-2t.10,COO ! :!. A. Lindenkolil ...•..• ----- --· - --- ---· --· ·[ 

Du .................. _ •••..••• ' .............................. I 1-200, OUO l II. Lindenkohl 1 cn~ra\·ing ou copper.-·. --- j 

&1.1lm_g ch.:ut, T"oint Pinos to UndPiga Head, including San 1 l-2U0,()00 ;_: 1and2. A. Lindcukohl ........................ j 

Francisco Bay, Cal. 1 i 
Reconna.is""1!ce of the weo;tcrn coast. in three sheets, from 1-1, WO, 000 i 1. A. Lirnloukobl .•••••• ···· -- ·· - -- - --- - --- i 

San Diego to Cape Flattery. I -

Remarks. 

Topographical details. 
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Titlt1 of drnrt8. Scale. Drauahts111en. 

-----------·- -------
CU):lt'Lt:TEIJ. I 

Harbor chart. PenolH::icot na:y, W('Stcrn Bbr-ct - .•..... -- .. -- . 
Harbor chart, Littlll Egg llarLor, "!S. J ............ _ .. --- . _ 

1-40, 000 ! 2. A. Lintlenkohl ........................... : 
1-40,000 1 and2 ... A.Lim1enkobl. lancl::!. ll.Lin(len-

I kuhL 

1Ta1·b{IT cliElT1, 1\fooSf'-a-bcc Dar, l11· ..•. ···•·-··- ............. !; 1-15, 000 

bkdcb, entrance to 8t. Jc1hn 's llin'r, FJa ............•.. ~ •. . 1~25, 000 

Sketrb, .~~~;; ~~~ -~~l~;~;;t;; ~-!;~~;: ~~~~; -~f:~~;_· .- _-_-_-_·_·.-: -----1-- _ ~~~
5

' O(JO 

1. A.Linclcnkohl ................. - ....... . 

!. II. Limle11kohl ...... ---·-·····--··-··· 
H. Lindenkob1, e11gr.avetl on stime ---------

A. Lirnlenkol1! ........................... . 

Jhu bor chart, ColuruUia l~h-er, 01eg., sliet:..•t Ku. 2 ..• --- • ... • . 1-40, 000 

Sailing- charts, Lower California. from Cnpc San Lucas to l-1 1 200, 000 
2. A. Linclenkohl . _____ ··--·------·----·---
1 and~. A. anll Il. Lincleu1rnUl. _ -·. ____ -· __ . 

c~rros lsltrnd. 

Sailing ~hartR, Low-er Califoruia, from Cerros Island lo San t-1
1 
200, 000 1 anll 2. A. arnl II. Lim1t:IJ.k~Jhl. _ ... ---- _. __ . 

l>ieiro. 
Sailing charts, Lower CalifoTnin 1 frnm Cape San Luc.as to l-1, 200, COO H. Lindenkolil, e.ngr~n··ed on stone . ___ ..... 

Cerros Island~ 

Sailiug charts, l .. ower CalifotT!ia, from Ct'Tro~ Ts land to San J-1, 200, 000 lT. T .. indf'nkoh1, <-mgr:rn•d on F.tonn 

l>ie~o. 

l'llOTOLlTllOGRAl'HIC C'Il.\HTS CO~ll'LB.TEll, 

A11proacbes to llix I~laud, :1fo _. ____ ----- - . -- ------· - •. __ . 

l3elfast Bay, Me .......................................... . 

Luko Champlain, shed Xo. 1, from TI.oU8('1S ruint to Cum
bf'rland llPad. 

l~akt> Champlain, :-ihcet No. 2, from CnmhedaLd Ilead to 

I.,ig-oni(•r Point. 

Schuylkill I::ivcr_ ·- ...... ·-·· .. ·- ............................. . 

St. ..._\mlrews an1l .Jt•k:yl Sonml~, Ga . ----- ·-- ·- _ ... -·----· __ . 
"l'ortu;!aA. If arbor, }'la .. _ .• __ . __ •. _ ..•• _ .......... ---- •• -·---. 

.Arpruac11''!; t~J Tortug-as H.arlmr, l'ln- --- ...................... . 

)ih'IHlociuo Buy, Cal. •...••...•. ·-··· ·-···-. ···-··-·····-·· 

Clwtkn Ri\·rr, Orq:~ ·-··--------··---· ---·-------·-··-·-·--· 

l'IIVTOLITHOG l~,,\l'IIIC CIL\.HTB I~ rH.OGl-tESS. 

l:aritan l~iYer to city of New Brunswick ...................... .. 

.Androscoggin Rin~rto city of Brunswick 1 :Me ........... ·-----
1\:enLJt:bec IUver to town of Gardiuer. ----- .. -· ........... ___ _ 

:Eliza.beth nivt·r and branches, Va-···-·-········-··-····-· 

IIarnpton Ron<la, Va .......... _·- ....... - -· ---- .. -·--··· ·····-
Catalina Ila.rUor, Cal. ...... ________ .. __ . ___ .. _ -·----- _____ _ 

Jlunters Cove, Cal. ....................................... . 

1-15, 000 

1-15, 000 

1-50, 000 

l-5D, 000 

1-10, 000 

1 and 2. )[. .A np:les. __ . __ . __ .. __ .. __ .. __ . ___ . 

1 and 2. }', llortig. 1 awl 2. ]rJ. AugleH. 6. 

C.:1-Icuth. \ 
1. A. Lindenkohl. 1 an,1 ~- 11. Linuenkoht..i 

I 

1. A. Linllcukobl. l and 2. II. Lh:Jenkohl.. ! 
1 arnl 2. F. Fairfax ..... __ ........... _. __ ... . 

1-GO, 000 1 and 2. r. ErichsC'n mul :'l:L AH:,!lL'S - - ~. 

J-S, 000 . 1anll2. 1'\ Fairfax .. -- ... ·-· -· - . - .....• -- - . -
1 

1-BO, 000 11. A. Lindcukohl. 1. ll. Lill(kukubl. 6. l'. i 
Fairfax. 6. F. Jlortig. 

1-15,000 i lam12. L.Rarcher .... _____________________ 
1 

1-15,UOO i 1 anll2. F_ Fairfax ............ ----·····--·--

. i 

~=~~: :~ i:::: ::::: :: :: ::::::: :: :: ::::: :: : :::::::: ::::::! 
~=~: :~ 1 ·;·,:,;~·;: -~--~~~~~~-~~-,{~;.-~-,;~;~~----.-.-.·.-:· :.-1 
1-25, ooo 1. L. Karcher ........................... --- .[ 

1-15,000 I~?- P. Ericllsen _________ ~-----------·-·-··--·I 
1-15,000 

1

1 and2. F. Swilb ........................... ! 

lttmarks. 
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ENGitA VJNG IHYJSIOX 
l'iafos co111pleteil, co11ti11ued, OI' commcnce1Z during the year ending U.:tu/Ju» 1, l::-171. 

1. Outlint.'B, 2. TupogTUJJh_v~ 3. Saudint!:. 4. Ld.tlTin;!. 

Title of plate. 

CO.Ml'LETEIJ. 

General coa.'>f chart. 

No.11 1 from Capo Ann toGayilead .. --------··-··--·- .. -
Ooa~t charts. 

l\ o. 11, from Monomoy to !lnskeget C1mnnd, (n~w P1lition) 

Pamplico River .. -·.--· ............................ -· ....•..... 
Keuse. Ri"lcr .....•.... --- . -- .•..•..•..•........•.....•..... 

JiarUur cltart8. 
Moose-a-bee 11cach ......................................... . 

St. George's HiT"er and Muscle Uillge Charnu.:L ............. . 
Damariscotta and ll.e<lomak I'..ivera ........................ . 

New York Bay and llarlmr (2 sheeta).---··-· .. ·-·-·-----·-
Ynquina River EntTance. ___ . _ ---- __ . ___ . -----. ______ ..... _ 

Colu1uliia Hi Yer, No. 1. .................... _ .................. . 

CO::"li"TIXl;R.n. 

General coast 1:harts. 

No. I, from Qllochly lleacl to <Jape Co<l.._ .. --· .. ·-· _ ...... -· 
No.\ ....... , frotU Cftpe Henry to Cape Lookout .................. . 
:Xu. VII, from Cape Rowaiu to Amelia I~laml .. - ......... . 

Xo. XIII, from Cape San Tila-s to l.lisaissippi Delta ........ . 
Sointa llarl>ara Channel, Xo. 2 .... __ . _____ . ·---- .. ___ . _____ _ 

OQa~t charts. 

Nu. 3, Frenchman's and Blue Ilill Bays .. ···--·.---······-. 
No. 4, Penobscot Day .................... 1 ..................... . 

No. 6, Kennel.me Eu trance to Suco Ui-vn· ................... . 
No.13tCuttyhnuk to I.Hock Islau<l1 inclmliug- Xa.nag.ansctt 

Bay. 
N l), 2U, Chiucl)tCagftC l,nlct to Hog lalanU .. _ . _ - - - _ .. __ • __ .. 

No. 30t llog Island t-o Capo llcnry .• _. ·-· ....•. ·-·--- _ _.. ··
No. 55, Hunting Island to OssabawSound ..•.• -·-··---···· 

No. SG, Sav1mnab to Sapelo Island._ ...... ···-· ....... -· .. . 
No. 57, Sapelo Island to Amelia Island ..•....•••..••.•••••. 
No. 86, Cboctawhatcheo Inlet to Pensacola Entrance .. 
No. 91, Lakes Borgne and Ponlchartrai.u .......................... _ 
Nl>. 94,:Alississippi Rivor1 No. L ................... -·-··-··-----
No.107, Ma.tagorda Day .......................................... . 

llarbor charts. 
Penobscot Day .•••••.••.......••.••...••. ,_._ ............ .. 

Plymouth, Kingston, aml Duxbury Harbor•·-···--·-···--·
Potomac River, No. 4 (new edition) •••••.•.••••••.••..••••. 

Savannah River and Was.saw Sound-----· ........ ---·-~·-·_ 
St.M1>ry's River and Fornandina llarbor (new edition) .••. 

Doboy and Alto.maba Souncls ······················----··--
Columbia I~iver, Nu. 2 ...................................................... . 

COMMENCED.. j 
CtJast chaTts. l 

No. 58, from Amelia Island wuthward ..................... -I 
No.108, Pass Cavallo and San Antonia Bay ..•.••••••••.•• ., 

No. lO!l, Ara.nsas a.nd Copano Bays . ·-· --· ·-·-··. -- ·- _ -·· __ 
Harbor charu. 

Belfaat Harbor .•••••••••••.•.••.••••••.••••..••••••.•..•••. 
renl)bscot River and Belfast Bay .••••..•••.••••.•••••.••••. 

Xt'W Haven Ilarbor ----····-----·. --- ·-----·---······ .•..•. 
Li~tle Egg Harbor·············-··························· 
"\Vlia.le Branch1 inside paHage between El'ond antl Coosaw 

lUvers. 
St. Androw's Sonud .• -- --- .... --·-- --· -----· ---·----- ···--
Trinidad Harbor ..••••.•••.•••••.••.• · · ••••.• - • • • · •• • · • · - -

Scale. 

1-400, oou_ -l. A. l'r·t.?rsen. 

1-fiO, OOU I awl 2. J. E11tl1offer and\'\". A. Thompson. :~. \\~ . ..A. Th(,1nps1)n. ·I· 

A. Pet(•rs{'-n anU E. A. Mat:<ld. 
l-P-0, 000 ~ antl 3. II. C. E,~ans. 4. A. }>:('tcr~en arnl .r. G. Thon111'"-0H. 

1-80, 000 , ~ and 3. Il. C. E..,ans. 4 . .A.. I>ctc-rs.c11. 

l-40, 000 3. Jl. M. Knight. 4. J. G. 'I'hompsou. 

1-40, 000 2. '\Y. A. Tlmmp::ion. 3. 11. ~1. Kuight. 4. _..\.. Pc1 tcnwn. 

l-40i 000 '2. ''·..A.Thompson. :3. lI. ll. E:uight. 4. E. A. ~lal'dd arn1 .£. JI. Sip1 . 

1-HI, 000 : 2. 1'{ . .A. Thorn"J}hOit, 4. E. A. Macdd an<l ..:.\. P1•tl'nwu. 
1-20, 000 1 and :.?. lt . .F'. Bartle. 

1-4(\ 000 ; ~- S. Siebert. 

1-400, OtlO 
1 

1 aml::::!. ,J, J<:utltoffl'r. :3. IL M. K11il.!ht. 4. !< ..... Cu11rtcnay. 

1-40(1, 000 1 and 2. A. M. llaoedel. 4. E. A. M:aedel UIH1 .A... J,ctcre.Pn. 

1-400, 000 : I aml 2. A. :ll. M<mlel. 3. JI._:-,[. Kni;rltt. 4. E. :.. 1l:Mh•l au•l .l 

Petersen. 

1-400, 000 3. JI. l>l. Kni;:ht. 

l-20LJ.OOO 1. W. A. Tl1ompson. 2. II. LimfrnkohL 4 . ...,_\, 11t<l'r;;;ir'n. 

1-80,00J. 1and2. J.Eotboffer. 4. E . .A. • .:-.Iaed.-J. 
1-8\.l, 000 ; 1 aud 2. J, Eutboifor. ,1. E. ~\.. Maedr·l. 

1-20, 000 2. A. Seng-teller. 3. Il. M. J(uight. 

1-80,000 land:l. J.Enthoffer autl \\ . ...1.,'.Il1vmp~ou. :t 11.:\J.K.u:~Lt. ~. ,J. 
Knight. 

1-"0, 000 3. Jo'. W. Jlenner. 

1-SO, 000 : 3. \V . .A.. Thomp•on. 4. J. Kni;.:ht. 

1-80, 000 , 1 and 2. A.. Sengteller. 4. J; .. A. ~ram.kl. 

1-80, 000 : 3. Jl. :M. Knight. 4. E. A. Mae.le!. 
1-80, 000 1 and 2 • .A.. Sengt.elier. 3. F. IY. Benner. 4. E. A. }l.1edd. 

l-8'J, 000 3 .. F. W. Benner. 4. F. Courtenay. 
1-80, 000 2. ·w. A. Thompson. 4. A. J'cwrsrn. 
l-80, 000 1 ancl 2. A. llL .Mae<lol. 3, II . .:-.I. Kni;.;ht. 4. A. Pet<·r'<"'-

1-80, 000 2. W. A. Thorn pson. 

1-40. 000 

1-40, 000 

1-40, 000 

1-40, 000 

1-20, 000 

1-40, 000 

1-40, 000 

1-t>O, 000 

1-l"O, 000 

1-80, 000 

1-20, 000 

1-40, 000 

1. J.C. Kundmp. 4. F. Courtmay. 
2. S. Siebe.rt. 4. J. Kniµ;ht. 

1 and 2. J.C. Kon<lruµ and II. :ll. Kui.d1t. 
2. E.H.Sipo. 
1 and 2. J.C. Rondrnp. 3. IT. 11. Rniglit .:mil \Y . .c_\, Tlwm11!-'on. 4. 

A. Potersen antl J. li. Thomp~o11. 

I and 2. J.C. Koudrap and .A. M.11Cacu.-l. 4. 1:. II. Sipe. 
3. F. "'\\'.Bennet'. 4. W. II. Dm·is. 

1. A. S<'ngtellrr. 
1. J.C. li:omJrup. 

1. 11. C. E,-ans_ 

1. J. Entlrnffer, A. M. Mae(h'l, aua \V.11. K11i~h1. 4. "'"· 11. Kui~ltt. 

1. J. J. Youn,;. 
1-20, 000 1 and 2. 1{. F. Hartl~. 
1-41), 000 J and 2 . .A. Sen~k1lcr, ,1. C. J\:.ornlrnp, anJ E. H. Sipe. .J. 1~. 11. Sipe. 

1--10, OUU L J. G. ThompsuIJ. 4, '\\r. JI. lJaYii:1. 

1-tO, 000 1, 3, ani.f 4. tl. G. Thomp:-iuu. 
1-15, 000 1 and 2. lt. F. Uartlt~. 4. J. G. Tlwmpsou :uu.l \V. JL lJaYis. 



 

G2 HEPORT OF TIIE SUPERINTENDENT OF 

APPENDIX No. 6. 

Ocoyrophi-<·rll position:; r!f promi11rmt z1laces in the United States determined asfronomii:ally or 9eodeti
ca7ly by the United States Coast Surrey. 

(Th<' po:Rition reforrecl to is the Coast Snrv<"y Station.) 

Lorality. 

C I II i 
Calnis, )le···-···-···· ...... Coast-Sur'"eJ' Observatory--·· .......... ' 45 11 051 
]~a~tport, ~re .............. Coagre~atioDalChurch .•.••.......••. 1

1 
44 54 15 

}-fachia~, J\To .••..•....••.••. Town-hall .............................. 44 43 01 

Unngor~ 'Mfl.............. Thomas' Ilill ......•...............•.. 
1 

44 48 23 

! Belfa:oit, ::\le .••..•........... ~e.tho-tlist Church .••.••..•••.•••..•.. [' 44 25 29 

nockli11H1, )fn. ··-···-··· Episcopal Church .••••••..... ·--···--- 44 06 OG 
,\ug-usta, :Me .•......•....... Baptist Church ....................... 

1

14418 52 

Ilatb, -:Ile ...•.. ·--·-····---· Winter Street Church·-··-···-······· 43 54 55 
lJn111sWil'k.)_IL~ ............. Co1lc_gc spire ........................... 43 5-1 ~9 

J_1ortla11d, Me . ___ ..•.. _.... Cns.tom-honse. --- .. --- .•..••. __ --- --- · 143 ::19 28 

Portsmouth,N.II ............. l<'ortConstitution ............................ 43 01 IG 

1'l'Wlmryp0rt. )laHs ......... Academy- ............................... ! 42 4S 30 

llnmpton,.Y.ll ............ ; Baptist C11nrr.b ....................... I -12 56 15 

{~lllucc~ter,Ya .. BH .....•.•.••. Union Church·····-··--········-···-·! 42 36 46 
Salem,l.Iass ................. ! SouthChurch ............................ i 42 3110 

noston,_·uass ................... State-house ................................ ! 42 21 28 

t{:amhrii.lf!e,1lass ............. llarvanlCollegeolJservatory ·--------142 ~2 52 
,\'-;itertnwn, i\Iass..... ...!.rsenal. ................................... 42 21 41 

Ply111011th,:l\Ia~d- ............. l,ier-llcaU. ................................ j 4158 4·1 

Producetov .. ·n, -Ma:o;s ·····-··j :New Cni()n spiro ·-···-····· ........... 
1 

42 0:1 00 

;.i""antnckct,~l<lSB .............. i Southt-0w'tlchnrch .................... j 4116 55 

Kow llcdfonl. llass ······-·!Baptist Church···-··········----·-··-' 413810 
l1rovi1h.1nco,H.l. ...•....... 1 CTniYersnlist Chnrch ..•... ----·--·--- 41 49 26 

XC'wportt n.L .. ··-·--··--·i Spiro···-·····--··-···············--- H 29 12 
~(''"-Loudon, Conn ........... i Groton Monument ........................ 41 21 IG 

"°"wlh;-eu,Conn ...•....... J College spire (middle} .....•........... 4l 18 '!8 

KcwYorl;,N.Y -·········-·i City.hall. ......•..••..••..•...••..... 4012 44 
Do .•......•..•.....•••. ! Rntherfun1'• Obsenatory. •. . . .. . . . •• . 40 43 19 

"'1)0 ...................... _.
1 Trinit~· spire .............................. 40 42 26 

Do .....•. ·-············ Na-c-y.yar<l flag-staff ..••..•.•.•.•.••... 40 42 02 

Du .•...•. ·-············ Saint John's Church .••...•..•...•.••. 40 43 13 

llrouklyu,K. Y .••..••..••••. City.hall ••.•.•.•.. ---·-·············· 40 41 31 
Do ... ·--············--, Saint Ann's Church ....................... 40 41 t;g. 

Do ...•.....••.•.•..•••. Saint Panl'sChurch .•. - •. -···--·····-· 40 42 38 
i ,fers~y City .................. Gas-chimney ............................... 40 43 2~ 
I llo ..................... ~piro ··---·--····-··--···-···-········ 40 42 50 

Samly IIook,N.J ··-······-· Light-hous<> .•....•.......•......•..... 40 27 40 

Allmny1 .X. Y ··--·---·------ Preshytt:i.rianChnrch .• - ..•...•... ____ _ 

Troy, N. Y ..................... Dutch H-eformod Church ............... . 

, Burlin~tm1, , ... t .....•........ 1 Colh-µ:c-domc .......................... . 

I Plnttsburgh, N. y .............. 1 nrowu Rp-ire .••••• -- ·-·. -- .. -- .. --- .. . 

Princeton, N.J .................. [ Scminar:y-cupolu.. - .............. , ..... . 
Tnmton,N.J ................... j Presb.'rtcriauChurch ................... . 
Pbilatl1•l11Iila., 1•a. ............ -i 8ta.te-h-0n@e ....................... __ .. __ .. . 

ll<J ...••..•...•......•.. ,Girard Colh>ge ·-·--· --· ..•..•••..•••.. 
})o ....................... St. I,etcr'is Church ...................... . 

""ilm.mg-ton. llt:l. ............. Town-hall ............................... . 
Citpt1 J\-fay,N .• f ·-·-·-·······!Court-house ........................... . 
Nt"W Ca...,t.lt\ l>cL •... - . -· - •.. \ Epi~opal spiro •••.•• - ................... . 

~ Baltimore, lld .................. j 1\raalJington Monnmont. ·----········ 

42 39 03 

42 43 00 

44 28 52 

44 41 57 

40 20 40 
40 13 10 

39 56 5:1 

39 58 24 

3.Q w 3:1 

39 44 27 

39 04 53 

39 39 3ti 

39 1i 48 

0 , 

6i 16 50 

66 59 14 

61 27 2l 

68 46 59 

69 oo rn 
69 06 52 

69 46 37 

69 49 00 

69 57 44 

70 15 18 

70 42 34 

70 ;;2 28 

70 50 12 

70 39 59 

70 ~3 58 

71 03 50 

71 Oi 43 

71 09 45 

• 70 39 12 

70 11 18 

70 O!J 57 

70 55 3G 

71 24 19 

71 18 49 

72 04 47 

72 55 45 

74 00 24 

73 59 15 

74 00 45 

73 58 51 

74 00 25 

73 59 27 

73 59 26 

74 00 35 

74 02 24 

74 02 17 

74 00 09 

h.m. e. 

1 29 07. 3 

4 27 ilti. 9 

4 29 4~. 4 

4 35 07. 9 ' 
43601.3 

4 3{) 27. 5 

43906.5 

4 39 lC. 0 

4 39 50. i> 

4 41 01. 2 

44250.3 

4 43 2~. 9 

44320.8 

4 42 3n. o , 
44335.9: 

4 44 1s. :i I 
44430.9 

4 4·1 39. 0 

4 42 36. 8 

4 4tl 45. 2 

4 40 ~' 8 

44342.'\_ 
4 45 :37. 3 

4 4:; 15, 3 

4 48 19. 1 
4 51 4:l, 0 

4 56 01. 6 

4 55 51. 0 

45603.0 

45555.4 

45601.7 

4 55 57. 8 

45557.7 

45602.3 

4 56 09.6 

4 56 09.1 

4 56 00.(i 

73 45 24 4 55 01. (j 

73 42 16 4 54 4~. j 

73 12 09 4 52 4~.fj 

7.l 2H 54 4 5:) 47. 6 I 

74 39 55 4 58 39. 7 

74 45 50 4 59 03.3 

75 09 03 5 tlO 36. 2 

75 10 15 5 60 41.0 

750855 50-03.5.7 

75 33 03 5 G2 12. 2 

744929 45917.!l 

75 3:1 48 5 02 1:.. 2 I 

76 36 59 5 Ofi 27. !-' ! 
.~~~~~~~~~~~~~~~~~ 

• Depemlo on latest telegraphic data (counted from Gre<>nwicliJ. t Astronomical longitude of dome, 4' 44m 30'.98 ± 0'.05. 



 

TUE UNITED STATES 00..iST SGHYEY. 

APPENDIX No. 6-Continucd. 

• I 
l.m1git11c1e. I l i Latitutlo:----------

1 I 
Locality. 

Arc. Time. 

--------------------------~ ---- --~-
i 0 I JI 

I 
h.m. s. 

".,.asllington~D.C .•.••••.•.. Capit.olUomo .••..••.• ---···········-··, :38 53 2() 'ii 00 36 5 02 02.4 

Do .....••......••••.••. ;"'.'CuitedStatesKaYalOUsr·rYatory .•••. ' 38 53- 3~1 

Fredericksburgh,Ya ........ ! EpiscopaJClmrch ..................... 38 18 06 

Riclunond, Va ....••...•... --'. Capitol. .•........•.•••..••..••....•... 37 3:2 ltj 

Pf'terslmrgb, Va ............. Court-house .•...••••••..••.•••....•.•. ;37 13. 47 
Korfolk, Va.............. City-ball •........••..•..•.....•...•.. -1 36 50 47 
Eliza1•etl1 City, N. C ..•...••. , Conrt-honse .••••.•...•..••........•... 1 3G 17 5~ 

Newnerrw,N.C .•..•..•.••. i E11ilmopalspire ___ ..• _ ........ ---·---· 3;) Oti ~i 

Ed<mton, N.C .•• - ............ : Court-house .................. - •••.••. !., 36 0:3 SH 

]3oaufort,N.C ··-····---·--·i------do .................................... : 34 43 05 

Rmitin·ille,K.C .............. i Geodetic station .•..••..•...•..•.••... : 33 J4 58 
Georp:etown, S.C ..... - ........ Episcopal Church .......•.•.•.••..•... ! 33 22 OS: 

Cltarlrston1 S.C .............. St.llichael'i;Chnrch ....•............. ! 32 4G 34-
J)o ____ . ___ ..... _. __ . ___ Gi11t1es· Ohflf'rva.tory .......... ---- .. __ .·I 32 47 07 

Ueaufort,S.C .•.•.........•. Episcopal Churcb ..................... j 32 26 02 

Sa.vannah,Ga .•......•....•. Exchangesp1rc .......................... J 32 04 :-i::! 

l>a1·i~n.Ga ................... '1""innowingllousc ....................... I 31 21 :J4-

Iirunswick, Ga ............... .Academy ......................... ····-! 31 08 :>1 

l'<'rnandi~a.,Fla. ............... j .Astrou~mkalstation ................... 130 40 18 

.Tacksom·1lle,Fla .......•.... J\letlwchstChurcb ......•....•........ 30 rn 43 

St.Anp:ustine,Fl.a .•••••.••. Presbyterfa.nChur<.:h ..................... 12n 53 :w 
St.l>lary's,Ga ...••..•....... i.:_a:~et-houso .••... ---······--········130 43 12 
Ke.:y \\'"r,st, Fla. ______ ...•.... 11tttR Observatory--·--· ········--···I 24 3:i ;n 

Cedarl(eys,Fla. .............. Depot Key (astr()nomical statiou) ..... ! 29 07 3\l 

St.M.arkB,Fla ...••........•. FortSaintMarktL ..................... ) ~o OfJ 01 

Apalachicola, Fla ......•..•. Flag-staff ..•.........•...•.......... __ ! 2H 43 30 
Pensacola, Fla............ Flag-staff (public square) ......•..••.. ' !lO 2·1 33 

Do .••••.•..•••..•••.••. Nazy-yardchimncy ..•...•........•..• i 30 20 4!1 

Warrington, Fla .•..•....... Flag-st.aft"....................... :io 20 50 

7i0308 50.~12.5 

77 27 33 . 5 Oil fill. j 

'17 2G 04 : !> Oil 44. :~ j 

17 24 16 : : l)~ 37. ; ! 
7G 17 22 · ~ 0._1 09. ~• , 

';G 13 23 fl 04 53. 5 . 

77 02 24 ; !) o:-: 09. 6 

76 3fi 31 
1 

5 Q(; 2G. 1 

76 3tl 41:! : 5 Oll 3D. 2 

7t 01 o~ 5 12 o.;. 5 
1 

I 
79 Hi 49 ; ~ 17 07. 3 

79 55 49 ! 5 19 43. 3 : 

7!) 56 11 5 19 44. 7 

80 40 27 ; 5 22 41. i-' 

81 05 2G ~ 5 24 21. 7 

til 2.':i 39: j ~ 25 42. (i j 
81 29 26 j 5 2J 57. 7 ; 

81 27 4i 5 25 51. 1 

81 30 14 5 26 36. [l ' 

81 1~ 41 i 5 25 14. 7 

81 32 :;3 : 5 26 ll. .-. 

81 48 3l ; 5 27 1-1. 1 

83 02 45 ! 5 32 11. 0 l 
I 

e4 12 ao ::; 3G 50. o 
1 

84 59 00 .5 39 56. 0 : 

87 12 ~>3 ;) 48 51. 5 

f7 16 Ofi !:i 49 04. 4 

87 11i ~{:l ~ 49 O(i. 3 

I J.Iobilo1 .Ala .................. Episco11alClmrch .••••...•..••••.•.•.. · 30 41 2G Btl 0:2 2F 5 52 O!J.V 

East Pascagoula, Miss ........ . 
Mississippi City, lliss .....•. 
New Orleans, La ................ . 

Do ••••.•••••••••.•••••. 

: Gnl~eston, Tex .............. . 

Irnlianola, Tex ................ . 

[ :Matag;orda,Tex .•.•••..•.••. 

'LaYaca,Tex --···-··-····--· 
San Diogo, Cal .•••.• ---···-· 
Los Angeles, Cal. •••••.•. --
Santn BarbRra, Cal. ..•••.••. 
San Buenaventura, Cal ....... . 

'SantaClara,Cal .•••••.•••••. 

:Monterey, Cal ...•.. -----.--· 
San Jose, Cal .•..••.••.•..••. 
Santa Cruz, Cal. •.•••.••.••. 
San Fra.ncisoo, Cal .. _ ........ . 

DO------·------·------· 
Benicia, Cal ..••••• ·--·-· •••. 
Eureka., Cal. ••.•••••••...••. 
Crescent City, Ci.I. ••••.••••. 
Astoria, Oreg ................. . 
Kala.ma, Waoh ..••••••••.••. 
Seattle, Wash •..••.......••. 
Port Townsend, Waab .•.••. 
Steilacoom, Wash .•••.••.••. 

Astronomlcal station ................... ; 30 20 42 Bti 32 45 .'I a4 11.0' 

Geo1letic station ... ----- ------·-····i 3G 22 54 E9 Ul 57 .5 5ti 07.~ 
Cnit.ed States :h!int ...................... ; 20 !)';' 46 00 03 ~;;i fl 00 13. !• 

Cathedral. ••...•.•..•.......••....•... i 29 57 34 90 03 49 i 6 00 15.:l 

CatbNlral {nortl1 spire)·--····- ...... ! 29 18 17 94 47 26 ti 19 OU. 7 

Geodetic stntion ........• ., ••..•..•... J 28 3i! 28 ll6 31 01 6 ZG Ol. o' 

.•.... tlo ....••.••........•........•..•. i 28 41 291 95 57 56, 6 23 51.7 ! 
Astronomical station-----··-··--····-\ 28 37 3fi' 96- 37 21 ! 6 2:6 2!l4 

Tolograph and astronomical station ... i 32 43 06 11";' O!) 40 : 7 4i3 38. 7 

Court-house ...... ~···-··----··········! 34 03 05 118 14 32 · 7 52 58.1 
Mlsaion Chnrcb {north tower) ........ i 34 2fi 10 I rn 42 42 '7 58 50. ~ 
Geodetic station ........................ 1 34 15 4G 110 l& 56 7 57 03. 7 

Catholil; Clmrch .......................... .\ 37 20 49 121 .=>6 2U 'i 8 07 43. 7 
Azimuth station ..•...............•... [ 36 35 21 

1 
!!Jl 5~ 59 8 07 31.9 

Spire·-----------·----···-···· •..••.. 
1

37 19 58 I' 121 53 39 e 07 34.6 · 
Warehouse flag-staff ..................... : :J6 57 31 JZ2 01 ~9 ; 8 08 OJ. f' [ 

Pr€sillio triangulation station ......... j 37 47 30 lZ! 27 49 J 8 ~J 51. :t; 
Washington S'luaro Astro'!Obsen'y .. '

1

37 47 55 122 24 32 E 09 38, l 

Church··············-··--····-····-·· 38 03 OJ 122 09 23 8 DR 37.f> • 
Metbodi•t Church ..••.••••.••••..•... 40 4811 Hl4 09 41 8 It 38.7: 

AstronomicalStationBattery ....•.... 14144 43 1241216 616 4~.l 
Flag-staff .•••.•.....•••.•............. ! 46 11191123 49 42 6 15 !F.t' 
MethotlistChurch ··--······-·····--··i 46 00 26 1::?2 50 39 8 1122.6 
Astronomical statiou .•••••..•....••••• 

1

. 47 35 541122 l!l 59 E 09 19.D' 

.•.••. do········-········------····-··· 48 06 56 j 122 44 58 8 10 59.P 

MethodistChurch .•.•••.••..•••..•••• -J 4710201122 35 51 8 JO 23.4. 

•Astronomical longitude of dome, 5h OSm 12•.0U ± 0'.0ti. 

G3 



 

G4. REPORT OF THE SUPERINTEXDENT OF 

APPE~DIX No. G-Continuetl. 

INTEUIOil STATIONS . 

.A.'STito::·WUICAL SL\TIO~s. 

I i Lm1gitnde. 

: Latitudc. 1

'---------Locality. 
1 In nrc. 1 lu time. 

0 I ,, I 0 h. m. s. 

Omaha.,Xebr .... _ ........... ! rresbyterin.nCburch ................... 4115 43 l 93 51111 6 23 44.9 

Col urn lJus, Ohio ............. 1 Capitol .............................. _ 39 ;\7 40 , 62 59 40 5 31 58. 7 

Oaklanil, Ky ................ ' ........................................ 37 02 ~8 i So JG 10 , 5 45 01.2' 

: Chetopa.,Xans ..•........... ·----------··-----------·-------------- ! 37 0213 i 9.'l 06 08 [ 6 20 24.5 ll 

~hclbyvillc,J~y ............... : ......................................... i 38 12 45 j 85 13 15 5 40 53.(} I 

Cle-Yclaml,Ol1io .•••••...•... : hlarine Ilospital ·------·-·····--·-----'. 41 3U 2:1, 81 41 30 5 26 46.0 i 

~::.~::;~~~-~:~~~:::::~::.J::::::::::::::::::::::::::::::::::::::::: :r ~~ ~~ 1 ~~~ ;~ :; ~ ~~ :::~, 
Sr. Louis, ~Io _ .......... _ ... j 1Y nshington 1: ni nrsity ............... I 38 38 03 90 12 H 6 00 49. 0 

Den,cr, Colo .•. _ •..•.•...... ; Scboul-liou:;,e spire---·····-· ...••..... [ 39 45 00 104 5!1 33 6 ;)9 58. ~ 
Colorado Springs, Colo ...... : Experimental gnr<len ................... ! 38 50 -00 104 49 08 6 5!) 16. 5 

Trinidad, Colo: ............. : 111etlwdistChurch .................... 1 371014 104 30 08 6 56 00.5 

LaCrossei,""i!::i ••.....••.•... ! Court-house square ····-···········---i 43 48 50 9114 4:8 6 04 59.2 
[I 57 3{i. 2 : 

6 12 56. 5 : 

:Ua<lisou,1V'is ................. Gni"\·erisit,y grouwls .................... 43 04 33 

...llinuenpo1is,l1iun .......... StatoUnivcrsitygrounds ............. 44 58 38 

Caqu~ntcr·~ Point,N. Y ··--·········-···············-················] 41 21 2.3 
...:_\.llt?~heny OUservatory,l'a., .•...••••..•.••...•••...••.•..•.•••..••. 14027 36 
Salt.Lake City, Dt:!.h .••.•••. ; Temple Sqnarn ol,:<er .... atory .••.•..•••. 40 4fl 04 

3U 4'"i' 57 

41 35 03 

3~ 29 10 

Burlington, Iowa. .....•...... ' South hill, public square .............. ' 40 4t! 22 

Ilud.son,Ohio- ................ \Vcaternitescrn~Colle'2;e .............. 4114 43 

·Falmouth, Ky·······-- ...................... ·-·····--····--·-- 38 40 37 

Cincinnati, Ohio··-···-----· ~i~cliell'B ou~rrvatory (old)·······--· i 39 05 54 
: \Vilminp,-ton,N.C ....•.•..•. ,Episcopal church ...................... 1 34 14 02 

Haleigh, X. C ............... : ........................................ j .... .. 

I~;:~:~~~~~~-~~~~~~~~::::::::-~:~~~:~:::~:::::~~::::::::~~:~:~:.·::::~.·!~~~~~~ 
I Atlanta, Ga ................ .'I Cit:y-halL ........................... ..133 14 57 
1 Eufaula,A.la ................ 1 ........................................ 131 53 41 
I :Montgomery. Ala ........... ] ........................................ j 32 ~2 45 

1 r:~~:;Y~~·~~" +_~ : _: _ : : ~ I~ s ~ 
Chickasaw, -:Miss ••• _ ...•.... \ ~ear Eai;tport. ___ . _ .............•... · j 34 !:l:l 30 

2~;~~~~.~:,.~••••l••••••••••••••••••••••••·••••••••••:•-:•1 E ~ E 
~~12;.;;_ J_ : • ••- _:IE~~. 
Menard, 111 ................. : Near Chester ......................... 137 53 481 

Clarkshur;;, ·w. Va .......... 1
1 
........................................ i 39 16 5ti 

~~~2~-L:·r•: :: -: •- -I~~~ 
l'ointPloasaut,W.Va ...... ; ........................................ 138 50 26 

, Sonth Point, Ohio_ .......... ! ........................................ 38 25 14 I Gauley'• Bridge, W. Va ..... , ........................................ 138 09 09 \ 

89 24 03 

93 14 OS 

74 41 39 4 58 46. G 

800044;52002.9 
111 53 47 

89 39 20 

93 37 16 

88 23 08 

1 27 35. 1 

5 58 37. 3 

G 14 29. 1 

55332.5 

91 06 25 6 04 25, 7 I 

81 26 03 5 25 44. 2 

841720 53709.3 

84 29 45 5 37 50. 0 ! 

77 5G 38 5 11 46, :i ' 

783805 51432.3, 

810203 52408,2 

83 37 30 5 34 30.1 

84 23 22 i 5 37 33. 5 

85 08 21 i 5 40 33. 4 

86 18 00 5 45 12. 0 ' 
87 32 41 55~10.7 

102 21 22 6 4U 25. 4 ! 
lO:J 52 51 fj 55 31. 8 l 
67 4l 40 55040.71 
88 06 25 55223.7' 

88 01 05 55204.3[ 
87 59 41 5515~.7) 

88 03 40 55214.71 

88 25 12 55340.SJ 
88 36 48 554~7.2: 

89 ll 14 
- .. ---- I 

155644.91 

89 32 54 ;55811.61 

89 33 14 55812.91 
eg 51 15 559~5.ol 
80 21) 2:! 5 21 21.51 
ro 01 42 52000.Si 
80 34 23 5 22 17. 5 . 

I 
80 43 37 5 22 54. 5 i 
81 34 12 52616.81 
S-2 08 46 52835.0, 

82 35 27 53021.81 
Bl 12 58 5 24 51. 9 . 



 

THE UNITED STATES COAST SURVEY. 

APPENDIX No. 6-Continued. 

INTERIOR STATIONS-Continued. 

Longitude. i 
Localit,-. ' Latitude.:-----,------1' 

In arc. ! In time.. i 
I 1--:-:-: "· m. •. . 

i :~~~=:l~~.~~~·:·:::j:::::::::::::::::::::::·::::::::::::::::i ~; ~~ :; . ~: ~~ :! ~ ~~ :~:~ i 
·Charleston, W. Va .•..••... i ............ ·•·· ··••···· ............ 39 2l 18 ~ ~8- 4

·

4

•.·

9

· 1' 

! ~:~~~~~~~:~··or S ......... ·I·.. . .. . . . . . . . .. . . . . . .. . .. . .. . . . . . . . . . . . 31} 35 49 i 62 11 14 ~ • I 
.Austin, Iex:.·---------------i Jlublicre8ervation ··--··--·-·········· 30 16 21 I 97 44 12 G 30 56.8 I 

I I 
'----------------------------~--------~----\ 

65 

NOTE.-ln addition to the abo¥e, there a.re aYailalJle the positions of the light-houses, which may be taken directl~· from the light.house 
list of 1874. 

H. Ex. 100--9 



 

66 REPOl-tT OF THE SUPERINTENDENT OF 

APPENDIX No. 7. 

TABLR OF DEPTHS. 

This table shows the depth of water which can be carried up the channel-wayt'l or over the 
bars ot the harbors or anchorages on the coasts of the Unitell States at the several stages of' tide 
indicated. 

Places. I~imite between which depths are given. 

XennelJec River · · -- - - · On sa.ilinJ;r-line up to Ilunniwell's Point ..•... -- ..... --· ... 
rortland, Mo. From Cape Eliza.beth to Portland Light •.............•... 

i From Portland Light to breakwater* .................... . 

I
' From breakwater to end of Munjoy Point ........ ----- - .. ·/ 
~rom breakwater to anchorage .......•....•..•......•..... 

1 Cha:trnr:l-way off town a.ml whaT•eR _ .... _____ . __ ------ .. _. 

) From Ilfonjoy to railroad bridge ........................ ··I 
Portsmouth, K. II ..... " From Whaln' Ba 0 k t Fort Co st"t t" \ .._,s ..... o n in .1on .••.•..•••..•.•••. 

1 f From Fort Constitution to the Narrowll. _____ .. _. _____ .. _ 

f From tHe :Sarre>ws to the city .....•................•..... 

~g::~•.•:::.••:i E~f:ZLL.EL••••••••••:•••••:•••••·••••• 
i Inner harb<Jr channel to ~breast Ten-Pound Islaml Light .. 
j "Cp into inueT harbor ..........•.........•....... --- ... _ ... 

Oalem, Mass · ··•····•· · j Northern ship-channel, bf:ltween Haker'~and Misery Islands/ 

I 

Southern sbiJ>-chnnneL passing Half-way Rook 1 Gooseberry 

mid Eagle ls.landA to the northward, aud Cat Island and 
Con(ly Island to the sontbward ....••.•..•....•... _ ..... . 

In~dd0 of ~a11flm N~ck. ·--- ...........•.......... ----. ----· 
UoP.ton, Mass ....... - · · - · ·1 Mnin ship-channel, between Lo-vell 's and Gallop's Island .. 

Broa.d Sound, south channel ......... _ .......................... . 

President's Koac:lR, anchorage ..... _ ................. --· .. --· 
Maiu Ahip-channel, between Governor's Island and Castle 

Islam\ ... _ .................... ·-· ....................... . 
Plymouth .............. Entranc• off Gurnet Lights ....... ···-···· ............... . 

Barn•t&hle Harbor •••. 
Nnrraganset Bay to 

Prudence Island. 

South of Duxbury Pier, in mid-cka.nnel .................... . 
Up to a11ch-0rage inside the pier-head on Long :Bea.ch ....•. 
At a.ncborage ine.irle the pier-heaf\ ............... ----- .. --· 
Anchorage in the Cow-Yard .............................. . 

·over bar ..................................................... . 
Ent.,ring with the Bost<m Neck on port.hand, Beaverta.il 

and Dutch Island Light;, on starboard-hand, passing be· 
tween Conanicut Point am\ Hope Island ............... . 

Entering with Beavertail Light on the port and Castle 
Rill on the starbo1ml hand up to Gvat Iolaod ........... . 

Anchorage southward and westward of Goat Island ...... . 
Abreo.st of oteambnat wbarveR iueide of Goat Island .... .. 
From Newport Harbor, inside of Gnll Rreks, to Prudence 

Island ................................................. . 
To Mount Hope :Bay .................................... . 

To Mount Hope Ilay. with Cormorant Rook, SacbueBt 

Least water in channel.way. 

I Spring tides . , ______ _ .Average. 

..A.utl1oritie•. 

~ I ~ I-~ ·-1 ~ I 

~lil!Ji 1 
____ _ 

Feel. ! Feet. I Feet. ! Feet. 
25.5 33.o 25.1 

1 
31.4 c.s., 1858. 

45 

36 

30 

21 

27 

19.5 
42 

51 
45 

6~ 

4 

6 

6.5 

30 

31 

24 

52 

28 

19 
28.5 

19.;) 

31. 5 

21 

21 

48 

14 

24 
24 

7. 7 

24 

60 

33 

21 

3() 

42 

53. 9 44. 5 I 
-t4. 9 35. s I 
38. 9 i 29. 5 i 

29. 9 1' 20. 5 ! 
35.9 2u.51 
2a.1 i rn 
50. 61 41. 4 ! 
59.6 50.41 
53. (i i 44. 4 

71. 6 1 62. 4 I 
10. il I 2. 7 : 
14. 6 5.1 l 
15.5 i 5.6 i 
3R 9 i 29.1 I 
39. 9 1 30.1 I 
32. 9 I 113.1 

ui.2 I 51. 31 

37. 2 I 21. 3 I 
28.21 rn.3 I 
a8.5 27.B •

1 29. 5 18. B 

41.::; 30. 8 i 

31 

31.2 

58.2 

24.2 

34.2 

34.2 
17. 0 

28.2 

63.9 
36.11 

24.9 

33.9 

4!i.9 

I 

I 
'20.3 i 

~~:~I 
13. 3 : 

m.s j 

m.3 ! 

6. 7 I 

2."J. 6 

59. 6 
32. 6 

20.6 

29. 6 

41.6 

54. 4 

45. 4 

39. 4 

:JO. 4 

36. 4 

28. 9 

51. 3 

60. 3 

54. 3 

72. 3 

l 
I 
1 C. S., 1850, 1853, and 

r 1854. U.S. E., 1874. 

J 

l 
I 
~ C. S .. 1851. 

J 
11. 8 l 
15, 3 j C. S., 1857 antl 1872. 
lG. 4 

39. 8 ) 

40. 8 I· c. s .. 1854. 
33. 8 J 
61. 9 

37. 9 

28. 9 

39. l 

30. 1 

42. l 

31.6 

31. 7 

58. 7 

24. 7 

34. 7 

34. 7 

1 
~ C. 8., 1850 and 1K5L 

J 

C. S., 1846. 
C. S.,1847,1848,and 1853. 

"G. SE., 18.5. 

) 

I 
i c. 8., 1857. 

J 
17. 5 C. S., 1S62. 

28.2 C.S., 1813. 

64.2 
37.2 

25.2 

l 
I 

L.S.,1873. 
34.2 I 
46.2 

l Point or Pm, and Sakonnet Point on starboard-hand. . .. 20 23. 9 19. 6 24.ll J 
• The depth in channel-way va:rie& between 6 and Bf fathoms. 



 

THE UNITED STATES COAS'l' SURVEY. 67 

TABLE OF D.KPTHS-Continucd. 

Least water iu ehanncl-..,vay. 

Places. Limits between which depths are given. Authorities. 
i ; ve~ag~ I S:riug-titl;•· 1 

I ~ ; ~ I ~ ~ 
I ~ i '.§: I ~ ~ 
, ....::: . ~ r ~ : ~ 

·---------·------------~ ------1---1--- -------

New York.···-·· ....... Gelluey's Channel ............ --· ......... --·........ , 
Sv•ash C:hanncl. _ .. _ ..... __ . ___ . _ .. ___ .... __ .... ___ ....... i 

Feet. 
23 

22 

22 

Peet. i 
27. 8 ~ 
25.8 ! 

Feet. : 
22.0 [ 

20. u ! 
20. 6 1 

Peet. 
:;;e.1 ) l C. S., 1855, 1e5u, an rl 
26.1 J 

Ol<l Sorrth Channel ....................................... . 
Maiu ship-clrnnne1, pasi::;ing Snnfly Hook to Southwest : 

Spit Daoy .••..•...•...•.....•••..••...................... ' 31 

l\[ain sbjp-cbanud, after passiug Southwest Spit Iluo~- on '. 

nort11east course, onf' 111ile up tlw bay for Nuw York •... : 2:1 

Arthur's Kill .... --·--· Anchorage at Perth Am\Joy 

From anchorage to "\Vo01lbridgo Wharf.................... 22 

From 'Voodhrid)!:e \Vharf to Ross\"""illo ,.. ..•...•. ---- .. _ .. j 1:3. 5 
From Ross~ille to Chelsea t.. ___ ... _. __ .... _ .. ___ . --·. __ .. .! 14 

From Chelsea, iu the westerr1 channel, to Elizabethport ~-. 13 

From EliiaUeth t,o Shooter'R Islanc.1 ~ ·----- ------. __ . .... tJ. 5 
Kill Van Kull ... -- .. -- From Shooter's Isi:rnd t.o Bergen Point Light-House lU 

Newark Bay ..... . 

Hudl:'lun Ri-vt>r ... 

Dela.ware Day ....... -· 

Delaware RiYer .. 

ChCRape.akc Bay 

From Bergen Point Light-Rouse to New-Brighton .... -- _ 27 

F'rom Bergen Point Li,gbt-Ilousc to the mouth of Ilacken-

sack Ri\·er 11 ···-······-···-····················-········, 
}from <..:astle Garden to Manbattan"rtlle. __ . ______ .•........ [ 
From }r:'.[a.nhattanYille to Yo-nkerR .. __ .. __ .. ___ . _ ... _ ... ---! 
From Yonkers to Piermont Perry~ ··----------··--··-····i 
From Piermont Perry to SingSm~**--···· ------ ........ --l 
Ft·om Siu~ Sing to HaTerstraw. __ -- ...•.. _ ... _ .......•.... ; 

From Haver~traw to Peekskill ..... -- .. --- -- . - .......... ·-11 

Main shii-i-channel, pa!\.~ing Delaware breakwa.tertt. _____ .. , 

Off Bran'(J.ywine Light-Rouse .. -- -- --- - -- .. -- -- . - -- ....... -1 
Maiu sh1p-channd, passing False- Liston'1::1 'l'ree to abreast I 

of BuIDba.y Hook Light ....•... ·-···-············-· ···-··I 
Blake's Channel, along Flog!(er Shoal. •...........•.. ·-····/ 
RJakc'8 Channel, passillg Mahon RiYer Light .•......... _. -I 
Mnin shi})-ch.anncl, approaching Liston 1s Point __ .. __ ·--- --1 

:MHin ehi p-channcl, up to Reedy Island ..... __ .. __ ...... _ .. \ 

Main ~hip-channel, o~posite Ueedy Island Light-House ..... 
1 Opposite Delaware City.··-···············-··· ......•.•.. , 

U11 to Christiana. Creok Light.···--·._ .. ·-··._ ....•. _____ _J 
Up to Marcus Hook.··-··········-···-········ ........... . 
Opposit-0 Chester·····--·---· ........................... _. _____ _ 

Bar off Ilog Island·----·.-···--·-···---- .............. ··-- .. 
Between Gre-tmwich I'oiut and Glouool'.'lter Point. .......... . 
f1Y.om GI"e£mwich Point up to Pltiladelphia. --- ..... __ ··--. -1 
From capes. at entrance. to Hampton Roads .... __ ._-···--.·\ 
Anchor-age in Rampton Roads---···---· ........ ·-·--- .••... 
Prom Ilampton Roads to Sewall's Point ............•...... 

Sorrtb of Sowall'• Point, (Jf miles) ....... ······-······ ... . 

Up to :Norfolk.····-···-···-······-············-···-······· 
From Hampton Roads to James River, enterin~ to the 

northw11rd of :Newport News, middle ground .••......... 
F1·om Hampton H.oads to James Itiveri entering to the 

southwa.rd of Newport News, middle grouud .......... . 

7 

32 

:l7 

:m 
24. 5 
2{i 

27 

61 

43 

27. 5 

13. j 

13.:; 

20 

20 

~4. 5 

30 

20. 5 

20. 5 

24. 5 

ltl. 5 

31.:; 

~1. 5 

30 

59 
'2[) 

21 

21 

25. 8 

35.8 30.6 

27. 8 2'2.C 

26. p ! 21.5 

26. g 21.J 

18.6 B.O 

19. 1 13.5 

113.1 12. ;J 

lQ, 9 6.0 

14. 3 9_5 

31. 3 26. s 

11. 6 6. 5 

36. 0 31.G 

30." 26. 7 

42.6 38. 7 

28. 0 2J.3 

l!ll.J 25.8 

3Q.1 26.8 

64. 5 60. 4 

46. 5 42. 4 

33. 4 27.3 

19 .• 13.3 

19. 4 13.3 

25.9 19.tl 

26 19.G 

30.5 24. l 

36 29.u 

21 20.3 

21 20.:1 

3-0. 7 24.4 

24. 7 le. 4 

3i.5 31. 4 

27. 5 21.4 

3~.5 2'J. ti 

61. 5 58.8 

2i. 5 2 ... 8 

23. 5 20. 8 

23.5 20. tl 

24. 5 21. 7 

l!ll.5 26. 7 

2G. 1 , 1~66. 

1 
36

· 
1 

! ~ C. S., 1855. 

28. l 

27. 5 

27.5 

19. 2 

19. 7 

18. 7 

11. 5 
C. S., 1855. 

14. 9 

31. g 

12. 2 

36.8 

31.:l 

43.0 

} c. s., 1853. 28.3 

2~.8 

J0.8 c. s., 1854. 

6-!. 9 1 
46. g I 
34.2 • , 

20.2 

20.2 I 
26. 7 l 
26. 3 C. S., from 1840to1H4, 

30. £i ! i inclusive. 

36.:J I 
27. 2 

27.2 I 
31.2 

25.2 I 
&.2' 

2, 2) 
,. I 

32.8 11 
61." i I 
27. 8 i 
23. 8 l l C. S., 18!"•2, l85:J, 1"54, 
23· 8 i ' and 1875. 

24.8 1 I 
1 I 

29.~; J 

* Two bare, ~aeh a quarter of a mile, have a lt~ss depth than 18 feet. 
i A small shoal, with 12 feet. lies in tlie middle- of the. Kill. opposite the wharf at. Blazing Star; and a.not.her with 10 oot, a quarter of s 

mile to the northward; but deeper wet er is fon_ncl on ea.Rt. side of both. 
t A shoal, with 4 feet, ohstructs.the Eastern Channel, half way between Chelsea and it!'! junction witli the main channel. 
§ Cha.nnel very narrow in the vicinity of Black Beacon. 
II From Bergen Point Light half way to Newark llay Ligbt-Ilouse 17 oot may be ca.rried. 
if In 11 straight line. 
•• .A. shoal of 21.5 foot occurs about a mile below Sing Sing. 

Sounding& varying between 10 and 15 fathoms. 



 

68 REPORT OF THE SUPRRTNTENDENT OP 

TABLE O.F D EPTHS-Oontinued. 

Least water in cliannel-wa~. 

A_..,.crnig;e. Spring tides. 

Places. Limits between wliicb depths are gh'en. Authorities. 

~ i ~ ~ 

_________ !________________________ i I ; -~ 
I From Mtrance to Piney l'oint 

From Piu(>iy J•(tint to I. .. -0wer Ceilal' P(•int* .•.• __ . ------ ..•. ' 

Frum Lowl'r Cedar Point to Imlian Iit.•ad .....•.....•...... 1 

From Iudian Head to \Vashingto11 .... ·----- ----·-
From Washington to Geor~ctown. ....... ___ .. _ ........... . 

York J!iyBr. Va _______ From a.l>reastthe tail uf York Spit npto Yorktown ...... . 

,JameH Rh·er 1 Va. ...... Newport News to Point. of Shoals----·· ..•.....•...•...•.. 
Jamestown t{1 Sandy Point.---· ... ___ ............... _ ..•.. 
Sandy Point to Cobham Bar ........•...................... 

Harrison's Bar ..•.....................•............. 
1-'rent's Reacht ............. ___ ........ ---- .. ____ _ 

i \\"arwick I~art .. __ . _ ........ -· __ ·--- ·-- __ ........ _. _ .. I Richmond Bart ........................................ _. 

Elizabeth River ..... --· i ]~Pt ween ~orfolk and Xavy-Yarcl .... _. _. _ .............. . 

liattora• Inlet. X C .••. I Eulrauce ...•............................................ 

I 

OverLulkheadintoPamphooSomnl~ ... ····-··--- ----
Ocr,woke Inlet . __ ... Over bar .. - ..•... --- . ---- .. --· ... --·. __ . _ .......... . 

i Anchorage in '-Valhco"s Channel ___ _ 

Cnrritnck Souncl. .••.• ·1 ~-..rom a.hreast of Croatnn Light-Hou.so to a lilw joiniu~ 
Po,vell's Point and Shell Bank, near the mouth of CmTi-

1 
T~::: 8:1~

1

:~! ~~~~-(~ ~~- ~~~~~~~k;~ ;~~~~.§ ~~ ~ ~ ~~ ~ ~ ~ ~~ ~: ~ ~ ~~ ~ ~ 
From Martin'"' Point to Trout J-Tole, sonth of Ratt.lmmake. 

North River, N. C ...... 1 A~~;:;;,,~~-~~~-~,;;,~;; ;1;;;;,;~~1· ~~~;1: ~;~~;;,~~;;:~~;,;:,;i .. 
::::: c___ I §£:~'.g;~: .. ",; -: :_ : --
G~org-et-nwn,S. G i }~ntranct~ to Winyah Hay, ea.st arnl sonthcaHt pRsR 

) Ancho:a~cinsidoofNorth Laland ...... ···---·--·-·····-· 

Bull's Ilny ............ ! ~~e:~b:;o~~~~"~::::::: :::::: :::::. ::· :: : :::::: ::: ·::::: 
At anchora_:?:e ... __ ....... _ ..••..•... ___ .......••.... -· .. . 

Cha.rlePton. S.C ........ : l'um11kin Hilleh:mnel ···-·-··--·············--·-·-··-·-
.Alain chaunel ..•..•.• __ ..........•..•.... ____ ........... . 

]~each channel............ ···--·-········· 
Stono Inlet ......... __ .. Over bar ... ·-_ .•............. _ •..... --· .........•.. ··-. 
North Edisto .... ___ .. _ South or main channel ... _ ...... __ . _____ . __ ..... _ 

East (':hannel .............. __ . ___ ....•.... ___ ··-·-· .. _ ... . 

St. Ilt~lcna So111uL .. __ .. South cha.mi cl. .•.....•.....•.......... ______ .... __ .. ----

South Edi A to ..... _ ..•.. 

Port ]{.o:val F:ntrancfl 

Tybf't~ E11tra11ct~. _. 

I~aat cl1annel .•......... _ ....• __ .......... _ ........•..... 

Southeast cham:it'l .. ___ ... ___ ....... ___ ....•... ___ .. --· _ .. 

SontlJcba.nut~l .•. ----···---···-···---····--··--·-··- .. . 
Bar neJtr Ty hen I8lani1 . ·---· ....... ___ ............ -- ... . 
Tybee Roads ............•••.........•.....•....•...•.... 
Channel up w the city, (wrecli:s and Garden bank) ...... . 

I 

Peet. 
42 

10 

15. 2 

9. ;",j 

3:l 

18. 5 

rn 
17 

13.::; 

f<. 5 

12. 5 

22 

lH 

7 

10 

Hl 

7 

~. 5 

ll. 7 

15. 5 

7 
g 

7 

2i 

13 

21 

11 

13 

12 
5.5 

12 

10 

17 

16 

1~ 

21 

19.5 

18. !J I 

19 I 

9 :SaYmmah ·-·····-·· 
Ossabaw Souud .... North channel to Vernon Uivor --·-·· ...••. .•••••. .••. 8 

South ebanuel l-0 Vernon River.................. 12 
Southch.annel t-0 Oµ:eeeheeRivN·. ____ ..•......••.....• ____ , 13 

" Kt-t.tlo Bottom Shoah1. 

Feet. 
43. 4 

23. 7 I 

20.5 ! 

18. 1 

12. 4 

21 

k.5 

Hl. 5 

16. 3 

11. 7 

15. g 

9. 9 

f;M.5 

21 
(I 

12. 4 

21. 4 

9. 8 

13.5 

12.5 

10. 8 

30. 8 

12. u 
17. 8 

25.8' 

lG.1 

18. 1 

Ii.1 

11. 5 
17.;, 

15. 8 

22.9 

21. 9 

18. g 

27. 4 

25.9 

2.1. 5 : 

26 
15.5 
14.6 

1e. 6 

19. 6 

Feet. 
41. e 
21. 8 

18. 8 
15. 0 

rn. a 
32. 7 

28 

15. 5 

16. 5 

1:i. 4 I 

8. 5 I 

12. 5 : 

7.0 

21. 8 

18. 9 ' 

6. 9 : 

9.R ! 

l~. 8 I 

.F~~t.g ! 1 

23. u • I 
21. o / C. S., 1864. 

lb.4 I I 
1:2. 7 : ) 

35. H 'C. S.,18:J2,1853,nt11llr<.'\4. 

21.4i1, 
1E. 9 I j' c. s., 1874. 

19. 9 I 
16. 5 11 
ll. 

9 ! } C. S., 185;-J :uul 1859. 
15_9 I· 
10, l i) 
24. 8 i 1~52, 1853,1854,and IS74 

21.1 i? 
9. I I 5 C. S., 1857. 

12.G Ii 
21.G I 51857. 

--·····I 
I 

I 1185]. 

....... IJ 

6. 8 

7.5 

6. 7 

26. 7 

8. 7 ' 

12. 6 I 
20.6 

10. 6 

12.6 

11.6 

4. 9 ' 

I l~:>O. 
18. 1 c. s., 1862. 

10. 1 C. S., 1862. 

~~ ! } 1857, 1866. 

11. 3 1 
31. 3 r c.1~53.1851, 1852, and 

13. 1 ! J 
18.3 '} 
26. 3 1857. 

16. 5 

lB. 5 1870. 

17. 5 

ill. 0 1858. 

11. 5 18. 4 1858. 

9. 5 . 16. 4 1862. 

16. 3 

15.3 

12.3 
20. 7 

19. 2 

17. 9 

18. 4 

8. 6 

7. 1 

11.1 

1~. 1 

2:3. 7 1858. 

22. 7 1858. 

19. 7 

28. 0 

1856 au<l 1857 

1862. 

26. 5 1862. 

26. 0 

00. 5 

rn. 2 

~ 1867. 

C. S., 1867. 
15.1 ism. 
19. 1 1860. 

20.1 1860. 

t The etlt•ct of fqwing and noop tides iB Yery smalk The depth is affected much more sensibly by the stage of the river above. 
: The tide dlmini~hes ra11idly after entering the inlet. 
§There .are no 1unar tides in Albemarle. Currituck, and Pamplico Sounds. 
11 Channel changes after easterly gales. 



 

THE UNITED STATES COAST SURVEY. 

TABLE OF DEPTHS-Continued. 

I Least water in cliannel-way. 

.Average. I Spring tides. 
I 

I 

I 

Places. Limit8 between which depths arc given. 1-·····---------
.& . ~ ~ ~ I 

.A.utboritieli. 

~ ~ ~ ; 
~ § " of, 
3 ~ 3 s 

--------- --------------------------- --- ---- ---
i Fud. 

SapeloSountl. ....•.. --· Over bar. --- -·--·--· .....•............................... ' ltl 

Dohoy Bar, (inlet) _____ _ EnLranue ov~r bar .. 
Anchorage in sound. __ ... ___ ....•....•..... ----- .......... : 

Sa.int Simon's Sound ... (JVf"-1' bar ............ ------ ............... ------ ...... . 

Entrance to sound-------------------· 
Turtl<~ Ri,-er up tfl Bl_vthe Is1arnl ..•............•••..•... 

Saint ~[a-r;y·s .......... O\'·er bar .....•.......•....... __ .. _ ....... _ ...•......... 
Saint John's River~ Fla Over bar at entranct_~ . - .......................•............ 

~ Uban uel pasHing up to tT acksonvillE:~ ......• _ ..... _ ....••... 

Saint, A u_gm•tinf' . _ .. _. Over ba.r ..... __ 
Flol"itht Heer.......... .Approachcis to the iu~ide of tb<' reef, Cape :Florida LiJ?ht

House heariui; w·. S. W. ~ \\' ....••. -- ··----······ ··---· 
Eutranc!j Lo Urn northward of Fowey Rocks, Soldier Key 

Key West. 

Tortnga.s .. --- ......•. 

Tampa Ray ..... . 

Wnooa8a""'1 Ilay 

Cedar Kt'.YB .••..••.••. 

Saint Mark's ........ . 

bea.riu~ S. \Y.f \Y ........ --· .. ·----- ................... . 
Ent.ra.nc,e t.o LP.garP. anchoragn ................. --· ...... . 

Tintle Harbor entrance ...................... ----- ....... . 

Cha1mel inside the reefs, (Hawk Channd,) from eutr.ance 

oft' Capo Florida Li~l1t-Hou8f" to Rodrigues Key ........ . 
Anchorag-e om~ mile from Indian Key ........•...... ·-- .. . 
Uahia Honda Chaunel, west point of Bahia Honda hearing 

N.N. \\'····-· ··-·-·~· ······ ........... . 
Koy Sambo Channel, between ~li<ldle and Wenteru SamlJo 
Inside the reef, arnl steer1 ug \V. by N. for buoy ..........•. 

Main ship-channel w middle buoy on shoals .............. . 
From shoah to a.nchorage ........•••....•..........•.•...•. 
East channel entering _____ .. _______________ .... _________ _ 

On course N. N. \Y". i ,V. (light on O'Ha.ra's observatory) 
a.nd passing between shoals* .... __ .......... _ .......... . 

Frum Fourt.een-feet Shoals t-0 anohnra.ge ... _ .. _ .. _ ... _. 
At anchQrage _. _. _ ... _ ... _ ........ __ ... _ ................•. 
Rock Key channel. .... ________ .... __ .... ___ ....... _____ _ 

Sand Key channel ··---····--···-···-········ ··----·-·-·· 
West chanuel ........•.. ·-··-- ......................•. __ _ 

Northwel:it. chaunol up tu a-l1re&Mt northw~st light ....... _. 

Ov-er Northwest channel bar ....... _ ............ _. . _ ... . 
Northwe!ilt channel. __ ......... ___ .. _ ............. _ .....•. 

Southwest channel. ..•..•....•......•. __ ......•..........•. 
Ea.stern channel south of Hospital Key .. _ .......•....... _.: 

Up to abreast of wharf at Fort Jdforoon ..... - .. - - .. - .. - .. I 

Over bar------ ........... , ...... _ ........................ ! 
Channel between Egmont and Passage Keys _ .. _ ...... _ .. 

Channel up to anchorage .•.••..... __ ....... --- #- --- •••• _ •• 

Main channel ... --- ..•.......•......... __ ............•...•. , 

Ma.in channel over bar ..••...... - . -· -- - - .... · • · · --·· ·•· - ·-I 
North Key channel. .........•.................. ·--·······' 
Through Northwe•t •hannt>I np w llf\jlot Key ....... ·-···· i 
Over bar ····-· ..••.. ··-·-· ...... ··--·. ···--. ------ --···-··I 
Channel at middle buoy.-··-····-··· ..... ·····-··· .••...•. : 

l!l. 5 i 

24 

ia 
38 

21 

11 

7 

2:l 

10 

20 

19 

20 

26 

11 

21 

18 

34 

14 

27 

30 

30 

28 

30 

27 

20 

27 

30 

15 

12 

43 

54 

43 

24 

22 

U> 
8 

9 

5.~ 

7.5 

12 

I 
]<'p~t. I l<f>£t. 

25. 0 17.4 

22. 1 t 14. 7 

30. 6 23.2 

21. H 14. :i 
44. 8 37. 3 

27. 8 20. 3 

16. 8 10. 5 

11. 5 6. 4 

~-l 2'"..!.5: 

14. 3 9. 8 ; 

21. 5 HI. 91 

20. 5 1e. 9 

21. 5 19. 9 ; 

27. 5 25. 9 

12. ti 10. 9 

22. 8 20. 7 

rn. 3 11.7 

35. 3 33. 7 . 

15. 3 13. 7 ~ 

lie. 3 26. 9' 

31. 3 29. ~' ; 

31. 3 29.9' 

29. 3 27. 9 

31. 3 29. 9 

28. 3 21i. 9 

21. 3 19. 9 

28. 3 26. 9 

31. 5 29. 9 

lG. 3 14. 9 

13. 3 11. 9 

44. 2 42. 8 

55. 2 53. B i 

44. 2 42. 8 

2:i. 2 23. 8 

23. 4 21. 8 

20. 4 !~. R I 

10. 6 7. 7 ' 

11.5 8. 7 

8. 0 5. 2 

10. 0 7. 2 

11. 5 8. 7 

14. 5 11. 7 

Inruiu-channel,offlight-house ..........•........... --··--' 15 17.5 14.7 

Saint George's Sound. ~:..~~e::;~~~:i:~!"i:~" .:: : : : : : : : : :::: :: :::: :: ::: : : : :: ::: : I 15. 5 1~: ~ l~ ~ 
Ya.inship-channel. ...................................... _.l 14.5 16.1 14.2 

1860. 

22. 5 i { 
3L I ~ 1855. 

22.5 1862. 

4S. 5 { 1855 and 1856. 
28.5 5 
17. 1 c. s., 1862. 

1!. 9 ( 1855. 
25.5 ~ 
14. 7 c. s., 1874. 

21. 7 , 1 
20. 7 j' 1862. 

21. 7: 

27. 7 ! { 18.54 
i 5 . 

12. 7 

23. I I 
19.51 

15.5 
35.51 

28.5 l 

31.511 
31.s I 

I 
29.5 l 
31

• 
5 

( 18.'">0 and 1851. 
28.5 

21.s I 
28.5i1 
31.5 i I 
16 I": ! 

13:~ IJ 
44. 4 i 1874. 

55. 4 i 1850 and 1851. 

44. 4 : ( 
z;;. 4 : 51874. 

23
· 

4 
_! ( le74. 

20.4~s 
10. 9 I 1s.,1. 

11. 61 l 
8. 311 J 1860. 

10. 3 

n. s I l 
14. 8 i I 1856. 

!". 8 I I 
9. 811852. 

17. 4 1858. 

16. 4 ! 1875. 

•The highest tides occur a.t the moon's grea.test decliua.tion, and are applied in the column headed 11 Spring tides." 
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TABLE OF DEPTHS-Continued. 

Places. Limits between which dt<r,th8 an~ given. 

j 
Saint George's Sound __ ' Swash channel . --- __ . ___ .. ___ ... _____ . __ _ 

Apa.la.chicola. ___ _ 

Saint Andrew's Bay . 

Pensacola. ...... __ _ 

At anchorage. --- ..... --· ··---· ............. ··--- ...•....... 
Ove1· bar* . __ 

In mid-channel, off li('acon on Saint \incout'a lslancl .... _. 

Up to a.nchora~e ............•.....•.....•........... __ 
Mniu ship-channel. over bar* .............................. · 

Swash channd. m"'"er bar ..........•........•••.....•..•.... : 
"\Vest Pass, O"ver ba..r ..••......•••.•..•.••..•••.•...•....... : 

Over bar* ........•....... --- . 
From bar to naYy-yarcL ................•............... --· 

Off wharf ut Pommcola ...........•...... ·----· 
Mobile :Bay and Hiver Over outer bar* ...... ·-·. __ ·-·. __ ._ .. _. 

~fain ship· channel, to Fort Morgan ....... _ ... . 
Tn the Upper Fleet . ·- .... _ .. ____ .. -·. _. ·-- __ . 

Grant's Pass* .... ·-- ...... -- .. ---· -- . - ... -- . - . 
Mississippi Sound. __ . From Grant's Pass to Pascagoula mail-wharf". 

Horn Islan<l Pass. over bar._ ..•.••. _ ............... . 

Ancbora~e inside Horn Island .. _ 

Up to Pascagoula mail-wharf. ......... . 
Ship Island Harbor... Cbanm:>:l*. _ .. __ ... _ ........ __ 

Northwoot channel.. __ .............•.. - . 

Anchorage, Man-of-War Ilarhor .................... . 
Ca.t Island Harbor-· ... Ship channel* ..••.•.. _ ....•. __ ._.· ....... ·-- ......... _ .. _. 

South Pass ..•. -·-·-· ... --· .. ·--- ..... __ .. _ ...... _ ....... . 
Shell-bank channel..-·._-·- .... _ - ..•.. -· .. . 

Miesi.ssjppi delta ..•.. ··/ Pass a. Loutre, north cha.uuel.., .... ·-- ...... . 

I 
South channel--··-···---···--·····------···-·-······--· 

Northeast Pa.as·····-··, Over bar, north entrance,........................... .] 
Southeast Pass ... --· __ ·1 Enteriu~ * ...••....••............... -·. _. __ (Not kuown) .. 1 

~:::::=~~~~~ ~ ~ ~ ~ ~ ~ ~ ~:::::~ ;. -_ ~---_·_·_·_ -_-_._._-_ ·. ~---_. ·_·_ ·_ ~ ~. --~-~--·-·. ·_ -_-_·_·_ -. ~ ·_ -_ ~ ~ ~~~~ ~: ~ ~.' 
Barrataria. Bay .•... __ i Over baT, out.aide of Grand PasR * ...... -- ..........•.... 

j Grand passage to ltJdepernlence laland ..... _ .. __ . . _. _ .. _ 

DerniOrc orLastls1alld.1 Channel inside and north of Ship Island Shoal light-ship"'.·' 
I Channel north of Ship Islaud Sboal, one n1ile from lwacli i 
I of Derniere Iolau<l .......... _ -·•· __ ...•..... _. '" .. _ .. _ .. i 

A tcha.fa.laya. Bfty ..... __ ·I From entra.ncA to Cnt-nff Chanuel bm1y * ... _ .. _ .. ___ . _. _ .. ! 

I ~: ~.:1!:::~~-::::::::: :::::::::::::::-::·:::: ::: ::·::::I 
Mont.b of At.cbafalaya River in mid-channel ...... . 

Vermillion Bay._ •.•••. In mid-channel off liitht house .. ·---·. __ .. _ .. ·-- .. _ ...... _. 
Calcasieu. River ..•..••. Entrance over bar* ........ _ .......... --·· _ .... __ ..•. __ ..... 1 

SalJine Pat3:i ...•.....•.. 1 Across the bar* ................. ···-· ....•.. --·-· .......... : 

::u~:~::.-: :~~~~~:I ~:::a::;:.~~~-~~:~~~~~~~:~~~~-~~:~~::~:~::~~~:~~~:~~~::::: 
Braz.osRiver ........ - .. Over bar""·······-·····-········---·················-····! 

~:::;:.~_: ::: :::: !::.:·::.:«~~~::::::::::::: :: :::: :: :::: :: :::·::::::::::I 
Rio Grande···-·····-··/ Channel""······ .. --··········-··- ..................... ····-···: 

Lowest wa.tDr in channel-wa~~. 

A.verag;e. Spring tides. 

Feet. 
13 

19 

13 

39 

HJ 

13 

7 

7 

27 

21 

21 

36 

IQ 

6. 5 

7. ;» 

lG 

rn 
R 

rn 
l!l 5 

'" 10 

14 

15. ~ 

9. 5 

12 

15 

7. 5 

15 

27 

6 5 

4:·51! 
42 

5.5: 
7.5 

12 

7.5 
6.5 

.A ul.Jwritiei. 

--- --- 1---------

2'J 

37 

13 

7 . .'.) 

Feet. 
l:l. 7 

18. 7 ' 

1~. fj. 

:1e. o ! 

!)_fi 

12. ti ! 
t:i. ~ 

"· s 

20 p 

~o. 7 

11. 7 

6. 3 

'" 7 7. 2 
Hl. 2: 14. 7 

20. 2 

9. 2 
20. :1 r 

20. 8 i 

19. 3 ' 

17. 3 

l:J. 3 

16, 5 I 

10. 6 

13. l 

8. J 

., 
12. 3 i 

i:<. 7 

16. 2 

28. 4 

15. 4 

9.fi i 
I 

ul 
8. 1 I 

49. 6 

43. 6 

7. 4 

9 

13.1 

~-1 

9, 1 
I 

9. 1 I 

8.1 

4.9 ! 

18. 7 

7. i 

18. 7 

10. 2 

17. 7 

15. 7 
' J:~. j I 

14. 9 

9. 3 

11. 8 

fl. 8 

7. 2 

14. 7 

26. 7 

13. 7 

7. 6 

6.1 

6. 1 

47. 6 

4l. 6 

5.3 

7.2 

11. 7 

7.8 

7.8 
7.3 

6.2 

3.8 

Fret. j 

14. y ! l 
:, I 20. 9 

14. 4 I > lP.i'),-.!. 

4o. 4 , I 
11. 4 'j 
14. '.! 

H. 3 

8. 3 

~:~. ~ 

'} lt'5:>. 

~ J 

I o~ • f l~ah. 
!:!2. ~i 'J 
2'.!. 2 : l 
37. 2 

13. 2 

J 1~47 to h 15;;. iudnRin·. 

I 
7. ~ lf-41. 

0. 0 1~51. 

16. ~ ' 1E5a. 

20. 5 

9. 5 

20. ti il 
21.1 ij~lt-t4B. 
rn. 6 , 

17. 6 -l 
15. fi i J 1!'.148. 
16. B 

10. 7 l 

13. 2 1 

8.2 (1851. 

J 
12. 4 1870. 

e.n : { 1852. 
16. 4 s 
ze. e 1~~;t 

l~:~ .Jl1P5ll. 
A. 5 

50. 0 

Ho!} 
' 1855. 

7. 6 ' 

9.3 Ii 
13. 3 I 
9. 3 11ss:;_ 

:: ~ ! )1874, 

8. 2 1875. 

[ 1853. 

*The highest tides ooeur at the moon's gre.n.t.est cleclinn.tion, and nre applied in the column headod ·~Spring titles.'' 
f Ch&llnel has changed ..nice 1870, and is filling np. New entrance b<>ing improved at South pa.gs. 
: Ba.r hlM! changed greatly since 1875-Septewl>er-a.nd there has been no new survey since the great gale at that time; urn feet at low 

-ter now reported. 



 

S:1H Dir•,zn 

Rnntu )ifmiica 

Places. 

$an ta Barbara .... 

Cn;:lPr·s ll::irbor 
Sau FruuciRCt). ____ _ 

Rac-ranH·nto JtivPr --- . -- ........... . 
San .T,u:u1nin Hi~er .......•.. -----· 
l)rakf"A B1ty. ___ ..... 

Totnales Bay ...•............ 

IiumlH11dt 1~~1.' t.o Eun·ku .... 

Trinidad Uarhor ..... 

C::1pr• Orfortl . _. 

CrPRc,rnt Cit~- Ikiy ..... . 

Koos 1~ay .. - ............. - .. . 
lTmpqua.hRi\"CT ...••... 

Sl~oalw.ater Il;.1:v-----· .... 
Grn;t''s Harhor, (~hiftin,!!) 

THE UNITED STATES COAST SURVEY. 

TABLE OF DEPTHS-Continued. 

Auclwra;,!t>

\\"1nll'f ·t.'rnl. 

PACIFIC COAST. 

Lnealitil'S for wllkh drpthR an~ giYeu. 

011ttram.Jwrage ...... ·----- ---------···-···-·----·---
lu~i1lt• ____ .. . _ ....... _ .... _ ........ __ .... _____ .. _ 

I
I ~,;;~; ;;n;-: : 

:-::.u•P.1hl0Ba:·- .............. . 

).Jm·(· lAlan 11 Straits . _. 

KarqniIWti ~trait8, oppoRite Benici:a ................. - . 

Eutranee .. __ .. --- - ........... -- ...... - ... -- .. 
...••. do . ___ .••. ___ .••...•.•.. ---------- _ .•..... 

Anchorage• ... _ 

J~rlr ..........•..••........................ - ..... - ... - .. 

~\.ncbora;re ...... ·-· .... --- .. ---- .. ·----- ........ --· .................. . 
...... (lO .•••••••..•.••••.....••••..••.••••••••.••••••.••••..••..•••••. 

Entrancr>, (shifting:) .............•......•.... __ 
.... -.<lo ...... ___ ........... __ , .. ,_ .. ,, ___ ... . 

To m1choragt.•, (~biftingl .... 

----------------

71 

--·--- 1---1----
Feet. i Feet. ! Feet. i Feet. 

2'2 ! 27.5 
I 

19, 6 2fl. t 

251 -- ---·1 
19 i I 
4r.: i7. 7 

! 
40. 9 tU. l 

21 26. 7 
I 

19.9 28.1 

35 41.8 
! 

35.2 43 

30 35. 4 I Q.R. 7 31:.3 

21 27. 7?; 19. 7 28. 9 

21 27'. 7 

21 27 19.4 28.2 

10 15.3 9.~ 15. 8 

21 26.3 20.5 26.~ 

21 26. 4 I rn. 6 28 

10 15. 4 

I 
17 

12 18. l 10.i' rn.9 
42 47. 7 

I 
40. 5 51.6 

21 2H },Q. 4 2!l.2 

!lO 27.1 18. 3 28 

7 12.4 I 5. D 12.!l 

12 19.0 9. 4 20. 2 

11 19 9, ~ 21.8 

17 2.5 15.2 27.8 
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APPENDIX No. 8. 

ON THE SECULAR CHANGE OF MAGNETIC DECLINATIOX IN THE UNITED STATES AND OTHER PARTS 
OF NORTH AMERICA: NEW DISCUSSION BY CHARLES A. SCHOTT, ASSISTANT COAST SURVEY. 

AUGUST, 1874. 
The present investigation• incorporates the additional observations made or collected since 

1859, and contains the improved results for the old stations m; well as those for a number of new 
stations. The circular function t adopted in the previous dit-icussion to represent the secular change 
continued to lead to satisfactory results, at'\ might be expected from its great adaptation to repre
sent curves of a periodic character. Independently of the study of terrestrial magnetism, the 
necessity of the occasional reconstruction of the numerical expressions is sufficiently apparent 
from the demands of t11e Survey and the use which iR made of them for furnishing the magnetic data 
given on our charts, viz, the magnetic declination (variation of compass) for a certain epoch, or 
date of publicatiou, and its rate of change. 

To briefly recapitulate the formulm employed, let 

D = o + r sin (am + c) + r 1 sin ( a1m + c1) + ..... . 
express the magnetic declination at any time t, positive when west, negative when east of north; 
also let 

m =number of years (and fraction of a year) from the adopted epoch t, or m = t-1850 
. . 3600 3GOO 

a a1 ••• factors dependmg on the adopted periods p p 1 ••• or a=--, a 1 = --, · · · 
P Pi 

The quantities, o, a constant representing a mean declinatio11, r r1 •••• parameters, aud c c1 ••• 

epochal constants of the periodic terms, are to be determined from the observations at any one 
place by the application of the method of least squares in order to satisfy the condition that the 
snm of the squares of the residuals of tbe observed and computed declinations shall be a minimum 
(.!' J 2 = a minimum). Fo1· this purpose, put. o=o1 + x, where o1 =an assumed approximatfl value 
of o and x a. correction to it; also, 

r cos c = y and r sin c = z 
then the conditional equations will take the form 

0 = o1 -D + x + sin am. y + cos am. z + .... 
which are to be treatp,d in the usual manner. To determine the values of a a 1 • , • three (or more, if 
necessary) assumptions are made, and those values which render l: L.1 2 a minimum are deduced and 
finally adopted. In some cases, where certain observations were evidently less trustworthy than 
others, and which nevertheless could not be dispensed with on account of the small number of 
observations, or on account of their reference to desirable epochs, special weights were assigned ; 
generally observations received the weight unity, a few imperfect observations the weight one-half. 
Of observations evidently grossly in error, no notice was taken. When applying Cauchy's method 
of interpolation the form 

D= i'J + r cos c . sin ma+ r sin c . cos ma+ .... 
was found convenient for use. 

The second periodic term depending on r 1 a 1 c1 could only be established for a few places, owing 
to insufficiency in the number of observations, and their want of the greater accuracy demanded 
for it. 

~ This is an extension of my paper contained in the Coast Survey Report for 1859, Appendix No. 24, pp. 296-305, 
t A. slight alteration has been wade by the substitutinn of a sine for a cosine function and by changing the epoch 

from 1830 to l&iO; some use ha.s alBI> been made of Cauchy's method of interpolation, eB{l09i!lll;v for ~he es~b¥1!liment 
of the second periodic terms. 
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The annual chauge v in the magnetic declination, positive when increasing- west (or decreasiug 
east); also the epoch of minimum west declination (or of maximum east dediuation); also its 
amount, and the appamnt probable error of an obscrYation, are found as follom'l: 

Differentiating the expression for D, we haYe 

dD=ra cos (am+c) dm+r1a1 cos (a1in+c1) elm+ ...• 
hence for any time t, and for minutes of arc, 

v =GO sin 10 [ra cos (am+ c) +r1a1 cos (a1m + c1 ) + ... J 

Maxima and minima are deduced from the equation 

O=ra cos (am+c)+r1a1 cos (a 1m +c1) + ... 
from whid1 expression we can find m. 

The apparent probable error e0 of an observation is dedn~e<l from the differences J of the n 
observed auu computed values by the formula 

J0.4;")5 ~»:12 
eo= 

n-n1 

where n1 equals the numl>er of unknown quantities in the expression of D wliich had to be fonnd 
from the observations; when weights w are used, substitute u J 2 for J 2 • The greater part of this 
apparent probable error is due to the fact that the observations collected at any oue station w·ere 
not generally made at the same spot; it includes consequently local irregularities in the distrilm
tion of magnetism as well as pure observing errors. 

The principal uncertainty in the investigation arises partly from the large observing errors in 
the older observations made with ordinary compasses or rude instruments generally, and partly, 
since the introduction of the refined instruments, the theodolite and magnetometer, from the cir
cumstance that the Yarious observations for the same nominal locality were taken at different spots, 
involving changes of local deflections of the magnet. "From the extended use of iron and the 
growth of cities, it is difficult to select and preserve at Rnch places a suitable locality for nse at 
future times. Accurate investigations of the secular clrnnge e<tn ou ly be made at permauent 
observatories or in localities not liable to disturbing influences. 

Some remarks respecting a supposed cause of the i:ieculnr clrnnge in tlie magnetic declina
tion, dip, and intensity will be found in Coast Survey Heport for 1870, Appendix No. 1-1, pp, 
107-110; and, in applying at present a periodic function to the investigation of the secular change, 
it is not implied that the phenomenon is necessarily of a periodic character, or must exhibit more 
than a si11gle complete period; the aim is to represent by means of such a fnnction the changes in 
the direction of the magnetic resultant as far as observed. In the present state of onr information, 
the process must necessarily be a tentative one. 

The collection of the material is given first, the stations being arranged in geographical order, 
beginning in the northeast, passing to tlie south and west, and ending in the northwest.• l<'or 
ench locality, the ol>served declinations are given in chronological order, together with such nott>s 
and references respecting observer, place, and publication, etc., as could be fouuq. The stations 
here given are the only ones, as far as known, at present suitable for a discussion of the secnJ.ir 
change, but their number is continually increasing by the accnmulation of new facts. 

"This approximates to an arrangement proceeding from the groatest western to the greatest eastern declination~. 
H. Ex. 100-10 
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Collection of JJlagnetic Declinations, obscrvcl at various places in the United States anrl in adjacent 
co1mtries, from the ea~·liest to the present time, and found suitable for investigating the secular 
changes. 

1 175G .......................... 

2 i 1775 .••..•. ·····•·· ·--· .•.. 
3 I 1791L •••.••••••••••••••.••• 

4 ! ltilt! (about) ............•.. 

5 i 1821,June :rnd Xo"t'ember. I 
I 
I 

6 18.J-2-53 .••.••• --- ••••••• - • -

7 i 1852-!:i3 . - •..• - .•••..•••• - •• 

[ 
8 ' J860, July 22 ---···--------
9 

I 
186£, ..1.pril ---·---·--······1 

I 

IIA.I,IF A.X, NOV A SCOTIA..* 

~ - 44' 39'.6 >. ~ 63' 35'.3 W. of Gr. 

12 50 

13 35 

lG 30 

17 28 

17 36 

IS 10 

18 51 

19 55 
21 05.ll 

{Naval-yartl observatory.) 

w. 
w. 
w. 
w. 

w. 

w. 
w. 

w. 
w. 

From MS. map by Cbal'les Morris, assistant surTeyo:r. 
Dos Barros' Sailing Directions. 

Publisbed plan of Thomas Backhouse. 
Remark·book of J. Napier, mas&cr R. N .• as given by Anthony 

Lockwood, e:;iq. 

Remark-book of J. Napier, master R~ N., as obserred by him
self, viz, in June, 170 381.2; in November, 17-:::i 33'.5. 

Captain n.1ytleld, MS. oun·ey. 
Remark-book of J. Hill, master IL N.,,·iz, Aug-ust, t.8:i2, 1E0 4G' 

September, 1852, 19° 21'; August, 1853, 18° Z5:. 
Captain Orlebar, R. N. 
Halifax dock~ya.rd, inrp=44.040', A=63D251 W. i declination. 

.April 1, 9 a. m., '20° 55'.0; April 3~ 3 p. m. 1 ~1° 16'.3. 

* For the coUection and commnnication of tbo observed values at Halifax, Nova Scotia, the Coaist Survey is iudebtcd to Staff-Commander 
Fred. Jno. E>ano, r~ N. (now Ilydrographer to the Admiralty.) [Letters elated .January 5, 1866, aud April 20, 1867.] 

QUEBEC, CANADA. 

!>.= 71°14'.5 W. of Gr. 

1 1

1 

lfH9 ....•............•..•.. 1,I, P. Bressani; Hansteen's Hagnetiam11.s der Erd(\ 1819: also 
_ Barlow in Ency<;. Metrop., 184.13. 

2, 1686 ...................... j Dellayes; referencesasabove. 
3

4

11810 .•..••..••...•..•• ---·! Becqnerel'sTraiteduMagnetisme.Paris,1846. 
1814 .............. ········i Kent; Becquerel's Traite du Magnetisme. 

511831 •..••...•..•...•.•... ·: Bayfield; Becquerel's Traite du 1.Iagn6tiBme. 
6

1

. 1834 ........••..........•.. 1 Bayfield; Contributions to Terr. Magnetism, No. xiii, by Geu. 

j Sir E. Sabine, June, 1872, Trans. Roy. Soc. 
7 I 18l2 ....... ---· ..•.•..• ----: Captain Lefroy, R. E., Phil. Trans. Roy. Soc., 1649, Part ii. 
6 · W58 October 8 i Captain Orlebar, R. N., communicated hy Capt. F. J. i<:vans. ' ·--··--··-··1 

Hydrographic Department, Admiralty. 

I 
9 1859,Julyl9 -······-······1 CharlesA.Schott,assi•tant Coast Sur,-ey, 'Reportof 1859, p. 

296. 

I 10 I 1860,0ctoberl2 ...•..•••.. 

1

! CaptainOrlebar,R. N., communicated by Capt. F. J. Evans 

I , Ilydrographic Department, Admiralty. ' I 
.~~~~~~~~'--~~~~~~~~~~~~~~~~~~~~~~~~ 

I 
: I::::·:,::::::::::::::::::::: 
311819, Sept.ember ....•...•.. 

4118~3, July ..••..••..•...•.. 
5 1857, August .............. . 

YORK FACTORY, HUDSON BAY. 

¢=57°' 00' 

19 00 w. 

5 00 w. 
00 E. 

9 2.'i E. 
7 37 E. 

>. =!J2o 26' W. of Gr. 

I 
Captain Middleton; Ilansteen's Magnetismus der Ertle, 1819; 

also Gen. Sir E. Sabine, Proc. of the Roy. Soo., 1858. 
llanateen's map; references as above. 
Sir J. Franklin, in rJ> = 570 001

1 >.. = 920 '20' i Gen. Sir E. Sabine, 
Proc. Roy. Soc., 1BS8, a.nd Cont. to Terr. Mag., No. xiii, Phil. 
Trans. Roy. Soc., 187'.l. 

Captain Lefroy, R. A.; references 88 above. 
Captain Blakiston, R. A.; references as above. 

-- , __ , -·-~----~-----------------
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Colleefion of Jingnetic Declinations, etc.-Con tinned. 

~r--- I 

11753 ................ ··-···1 
2 1773 ...........•...•..•.... 1 

181.;,,Tnno 4 ..••...•..••••• 1 

! 
185L, Anzi1st. 12, 2() ....•••. i 

125~_,July 15 .....••..•.•.. / 

l~G3,Juty 6. ____ --· .... _ •. I 

PORTLA.ND, YE. 

<f> = 430 31''.8 J. = 700 lli'.6 W. of Gr. 

7 45 w. 

8 30 ·w. 
11 ~8.3 w. 

11 41.1 w. 

12 20 w. 

12 18.! w. 

(Bramhall !Iill.) 

I Prof.John Winthrop, at Falmouth, in ¢ = 43:: 391, /\ = 7(1:i H~.'; 
I Sill. .Tour., vol xvi, 1829, an<l l'rof. E. I ... oomir.' remark~ 011 

; the \\?"inthrop Table in Sill. Jour., "t'ol. x:xxh·, 1333. 

: J. F. \\ ..... Des llarres' Atlantic Neptune, Londor1, 1781. 

j Dr. J. Locker in rf; = 43:i 41', A= 7()0 20'; Smitl1sonian Contrl· 

I butions to Knowledge, Yo!. iii, 1852. 
' J. E. Eilgard, assistant Coast Sllncy, at IlramLall Ilill, in 

tJJ = 43'J 38'.8, A= 70° Hi'.6; Coast Survey Report for lt::5-l, 1 

p. *143. 

C. A. Schott, assistant Coaist Survey, at Bramhall Ilil1; Coast 
Sun·ey Report of 1859, p. 2?-G. 

C. A. Schott, assistant CoastSurz1..-..y ,at llount.Jo:yOhser""atory, 
in rp = 43° 39'.9, A= 70::i 14'.~; Coast Sur'"es H.C"po1·t of 18G3. 

p. 204. [Not u&ed. J 

6 1863,July 15 ·--··--··--··· 12 28.2 ,V. C . .A. Schott 1 assistant Coast Snryey, at 13ramhall IIill, in 

10 i 

186.J, A ugnst to December_ 

1865, January to December! 

lSGG, January to Marcil I 
(inclusi'"e). I 

1873, SL~l)tembor e. 9, 11 ---·] 

I 

12 43. 7 w. 
12 42.3 w. 
1242.9W. 

12 43.3 w. 

,P =-43° 381 .81 A= 7o:::i 10'.G; Coast Snrves Report of12G3, p. 

204. 

l Prof. II. W. Richardson, observer for 'Cnited States Coa&t 

l Survey, at Bramhall Hill; mon tLJy dcterrninatio11H on four 

I days. about tile midtlle of each month; MS. in Coa•t Sur
J Yey archbtes. 

Dr. T. C. Ilil:z:ard, ohscrYer for Luite<l Stat"L~S Coast Sar'\'"ey, at 

:Mount Joy Oh~ervatory, two stations: MS. in Coast Snrn~y 
archives; to refer to Hramhall liill, add 101

• 

--------~-----~---

'1
1 -1-:9:~ .... ~-- .. ~.~=1 

I
' 1818 ...................... 1 I ls22 •.. -·· .••••.•...•... _. 

1826 .. ·-· - .. ---· - .... -- .. -

1830 ....... ··-· ..••. ·-·. --

6 1831- ..•........ ·····-··--· 
7: 1832 ...•.••.•••.•.....••.•. 

8 1 1634 .•••••••••••••••.•••••. 

~:~.:: :: : ::: ::: ::: : ::::::·11 
1845, June 20 .••.••• ··-··-. 

9 

10 

11 18551 August 28. ···--· .•. 

IlUHLINGTON, VT. 

A= ';3;J 12'.3 \\ ..... of Gr. 

(Coast Sur\CS astr01wmical station.) 

7 38 w. 
7 30 

7 42 

7 3() 

8 10 

8 15 

8 25 

50 

9* 45 

9 42 

9 22 

57.1 

! 
Hoctor Williams ___ , l Prof. E. Loomis" collL>ctiou in Sill. 
J.John.son .•....• ___ ~ Jour.,·yol.xxxh.,1B38; iu¢=-l..J.'2<'', 

J.Johnson ...... - ••. ) A.=73°14 1
• 

Pr{)f. H. \V. 11ern""dict ;- rrof. E. Loomh;' collf•ction in ~ill. 

J-our., vol. xxxix, 18·10; in 4' = 4P 2f'i ,\ = 73=' 10·. 

J.J1Jhnaon ··-······· 1 
J. Johnson ...•.. _ ... l Prof. E. Loomis' colkction in Sill. 

J. Johnson.-····-- -- r J our., ·vol. xxxiv, 183t!. 
~J. Johnson ........... J 
Professor BenNlict; Thom}lROn's History of Vern:ont. 

J. Johnson; Thomi)son'R Ilistory of Vermont. [.Not usod.] 

Dr . .r. Locke, in <J> = 44° 27 1
, A= 73° 101

; Smithsonian Contri- : 

butions to Knowledge, vol iii, 1852. 

C. A. Schott, assistant Coast Survey, in fb = 44° 2!)'.3, 

A= 73° 13'.4, at encam1mwnt fiag-staft; near slrnre of the 
lake ; Coast Suryey l{eport of 1855, V· 3:n. 

I_ _:r:: octoucr 14~~--- . -~~~9. ow. 
Dr. T. C. llilgard, obsen·er for U 11ited State~ C(.Hltit, Survr_y ; 

MS. in Coast Sun<\\' arcbives. 

• Supposed misprint for 8''. 

RCTLAKD, \T. 

\1'>=430 36'.5 A= 720 551.5 1\. of Gr. 
-------~-----~--------------·-------------

-11· ---1789, Ap~l .•.••••.•.•.•••• 

II 

2

3 

1810, May ••••••••••••••••. 
1811, September .. _ .....••. 

1659,July 21 ...•....•..•.. 

I 5 1873, October 17, 18 ....... . 10 

03 w. 
04 w. 
01 IV. 
49 ·w. 

40.2 w. 

l Dr. 'Villiams; Sill. J()nr. 1 vol. xvi, li:J'..!9. 

J 
C. A. Schott, a.BSista.nt CoaHt .Sut'\"t'",V; nt~ar now pw~t -otlfrt• 

Cua.st Survey Ueport for lb.iU, p. ':?!16. 
IJr. T. C. Hilga.rd, obsen:er for United Statt's Cuai:;.f, Surv('.Y; 

MS. iu Coast Survey archives. 

75 
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Collection of Jliagnctio Declinations, etc.-Coutinuou. 

I 1 11771.. .................... i 

I
I \ mi.. .................... i 

2 i 1775. - •. ·-·-·· -···--· .• ---

31' 1830, Angust 28, Sf'ptPm
l)er 12. 

i 411859, July 14 ............ . 

! ' 

1 l 1775. ·-···· ...•••...•••.•• 

PORTSMOUTH, N. H. 

q, = 430 04'.3 ). = 700 43'.0 W. of Gr. 

7 46 w. 

48 ·w. 
45 ·w. 

(Kittery Point.) 

I Holland, at Kitter.v, in <$ = 43° 06'. ). =· 70° 45', Prof. E. 
! Loomis' eolle-ction in Sill. Jonr., vol. :xxxiv, 18:38. 

! Holland, in cJ> =43° 05'. A==10° 451
• [Nvttrned]. : 

10 30.2 w. I 
,J. F. W. Des Barres' Atlantic Neptuuc, Lornlo11, 1781. ' 

J.E. Ililga.rrl, n.ss.istaat Co:ud. Surrey, at Kittery Pointi Coast 1 

Survey Report of rn54, p. *143. 

11 15 w. I C. A. Schott, assistant Coast Sur·w~y; at Kittery Poiut1 Coast 
I . ! Survey Report uf 1859, p. 296. 

NEWBURYPORT, MASS. 

q, = 420 48'.4 ). = 70° 49'.0 ·w. of Gr. 

6 45 

7 18 

(Plum Island lights.) 

w. 

,V. 

J. F.W. Des BaITes' Atlantic Neptune, London, 1781; north of 
Capo Ann, opposite Newbarypo1·t. 

Dr. WilliamR, in fJJ = 42° 481
, l\ = 700 521

; P:rof. E. Loomis' col~ 

lection in Sill. Jour., vol. xxriv, 1838. 
2, 17~1. ...................... 1 

~ i 18..'\0, SAptcruber 18-20 .... ·1 !O 05.6 w. J.E. HHga.rd. assistant Coast Sur't"ey, on l>lum Island, in¢= 

42° 48'.0, ). = 70° 48' .R; Coast Survey Report for 1854, p. *143. 
4 : 1859, ,July 13 . • • • 10 58 w. C. A. Schott, assistant Coast Sarycy; same position na aboYc; 

Coa.st Survey Report for 1839, i>. 206. 

SALEM, MASS . 

"'= 420 31'.9 .\=700 52'.5 W. of Gr. 

{Fort Loe.) 

1 1 17~1. Auµust, - ...... - - .... . 
I 

7 02 ,V. President. Willard, at Beverly, in <P::::: 42·") ~:Y, A= 70° !':.4', m1..~iu1 

2 

3 

1805, Novcmlrnr ............ 

180~,June .................. 5 

rl~lO, April .............. 
! 

5 . i 
5 I I 

l 1810, April, to iPll, Ma~· ·1 

57 w. 
20 w. 

47. 7 w. 
13. 4 '"· 
22. G \V. 

of seven observation.I:'!; Sill. Jour., vol. xvi, 1829; r'--·ductiou 
to Salem 1 -81

• 

I 
Dr. Bowditch, in Summer street, Salem, from ll5 observations. , 
Dr. nowilit.cb, one-eighth of a mile sonj:,h of above place, fr-om I 

112 observations. [Not used.] / 

! i Dr. Bowditch, about one-fourth of a mile oast of the place ' 
5 of 1H05. [Second valirn not uee<l.] \ 
Dr. Uowditch, result b.v a third needle from 512:1 observations 

1 
of monthly va]ues. Mean of two needles, + 60,09 in 1810.5. 

i Ileferenco to Nos. 2, 3, Sill. Jour., vol. xvl, 1829. 
1849,.AnguRt.20 ............ 1 10 14.o W. Prof.G. W.Keoly, for United Stateo Coast Survey, at Fort 

5 1855, A ugrn~t 23 
I Lee ; Coast Survey Report for 1854, J.>. '143. 

. . . . . . . . . . . 10 49. 7 W. C. A. Schott, assistant Coast Survey, at Fort Lee; Coast Sur-

i vey P.eport for 1855, p. 337. ______ ___,__ _____ _ 
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THE UNITED STATES COAST SCRVEY. 

Collection of JJiagnetio Declinations, etc.-Continue<l. 

170(L ...................... 10 

170~. ·----··--·----------·· 9 

1741. ...................... 7 30 

1775-76 .......... - -- . --· - --·. 7 40 

1182 .••••••.••••••••••••••. ! 7 00 

1793 ....................... 30 

1807 ...................... 6 05 

1839 ...................... 
I 

06 

1846, September G-S ...... 
I 

31. 4 

I 
1853, August 24 .••..•••••. I 10 13. 7 

I 
1872, September 28, 30, Oc-1 11 15. 2 

toher l. 

BOSTON, MASS. 

w. 

w. 

w. 
w. 
w. 

w. 

w. 

w. 

w. 

w. 

w. 

A= 710 03'.8 W. of Gr. 

(State-house.) 

Prof-tT. Winthrop's tablc1i Sill.Jour., vol. xvi, 18:~0 (also~[cm. 
Am. Acad., >ol. ii, new series, Cnmbri-<lgc, 1846) i also Coa~t '. 
Survey Report for 1E5.J, p. 316. 

Mathews, observer~ Sill. Jour. for 1829, Dr. N. Dowditcli; also 
Eneyc. Met., 1848. 

Mathews; Encyc. Met., 1348. 

Des Barrea' .Atlantic Neptune, London, 1i81. 
Sill. Jour. for 1829, Dr. N. Bowili.tch; •ee al•o first rnl. Mcm. 

Am. Acad. 

Mean of 164-4 observation.;; Mem. Am. Aead., new eerfos, Cam
bridge, 1846. 

Communicat<id hy W. Rotch, letter dated Fall River, Fcbru. 

ar:.r 17, 1874. 

Bond, at Dorcliester, in 4> = 42° W', i\ = 7P 04'; Prof. E. j 

Loomis' collection in Sill. Jour., \Ol. x-x::dx:, 1840. I 
Lieut. T. J. Lee, assistant Coast Survey, at Dorcliester 1 

Heights, South Boston1 in ¢=42° 20'.0~ A. =11D-021.5; Coa.st i 
Sun·ey Repo1t for 18G4, p. *143. j 

C. A. Schott assiatant Coast S11rvey, in South Boston, locality j 

i n.s aboYe; Coast. Snr't'"ey Report of 1855, p. 337. 

! A.H. Scott, United Statt?B Coast Survey i locality IJ.s a bovc; 

[ MS. iu Coast Snr-vey archives. 

I In this table the observed Bild interpolated ,·ah1es were pointed ont by Prof. E. Loomis; no notice is taken of the latter ·rnlncs. 
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Ool/ection of Jlagnetic Declinations, etc.-Coutinne<l. 

I 
l j 1708 ·--··-·----- .. -----·· 

21 m2 ---------·-· ··---·-·· 

311757 .....••...........•... 

4 
1

1761. .....••..•.....••.... 

5 i 1763. ••••••· ....•.••. ••·•·· 
6' 1780 .•.............•••..•. 

'i~~~~~::::::::::::::::::::: 
1723. - -- . --- - --·. - - - - . --- . 

l7Bo .. ·-. --- .. -- . ·-- •••. _. 
lU 11'10 ....... . 

11 1835 ....•.•.... _ 

12 1'•31 ............ . 
13 1840. 4. ·--- ·- - --- . - . -- .. --

14 1842.2 ·····--·--···--· 

15 J 12H ......•. --·--·--·-··-·· 

I 
lG~ 1S.J5,.Tunt>2 .•••••••••..•• 

i 
17 · 1850, Angusi!=I, •...•••••••• 

I 

CAllfllR1DGE, MARS. 

</> =42° 22'.9 A=7lo 07'.7 W.ofGr. 

(Ilar-vard CC1llege observatory.) 

Brattle, observer; Prof. E. Loomis' collection in Sill. Jour., 
T"ol. x:x::ti~, 1838 (same reforfjnce for Nos. 2, 3, 4, 7, and 9) ; 
::\-.Iam. Am . .A.cad., vol. ii, new series, Carnlni<lgf\ 184fi; alAo 

Eucyc. ::.Uet., 18-18; also Coast Survey Report for 1855, p. 317. 

Prof. J. Winthrop's table;' Sill. Jour., vol. xvi, 1029; alw 
Mem. Am. Acad., vo1. ii, new series, Cambridge, 1846. 

Prof. ;J. Wintllrop; reference as above. 
Dr. Will:ams, Mem. Am. AcaU., "'\'"ol. ii, 1846. 
l)ruf. J". Wiuthrop; SiLL Juur., voL xvi, 1829. 

Dr. \Villian1s; Eneyc. Met., 1848. 

Dr. Williams ; Enc:yc. Met. 11848; in )fem . .Am. A.cad., 184.(i, G8 4G'. 
Prof. Sewall (mean of extremes 50 -:J.1' ancl 70 081); Sill. Jour. 

for 1B29. Sec also first vol. of ::\fem. am. A cad. 

Dr. Williams; 1tiem. Am. Acatl., 1846; also Eneyc. ~fflt., 1848. 

Dr. Williams; Mem. Am. Acad., 1846. 
~Prof. Farrar; Prof. "E. Loomis' colle-ction, Sill. Jonr .• vol. 
S xxxi~, 1838. 

Mem. Am. Aca1!.; Cambridge, 1846. 

W. C. Bond, director Har. Coll. observatory, observer. Mem. 

Am. A cad., 1346. See also Phil. Trans. !toy. Soc., 1849. 
Prof. J. Lovering; Mero. _Am. Acad. 1 Yol. i""V, 1850. Ilalf

bourly obser--vations durin~ one year, Oct., 1841, to Oct., 1842. 

W. C. Bond, director liar. Coll observatory; MS. communi-
cate(l lly Professor Lo-v-ering. 

I 
Dr. J. Locke, Smithsonian Contributions to Knowledge1 vol. iii, 

1852. 

Lieut. J.C. Ives, at llar. Coll. obser'"atory; Coast Snrve:r Ro
i port for 1856, p. 22'~. 
i ( W. C. :Bond, director Ha.r. Coll. observatory. Communicated 
i 5 in a letter by Prgf. Lovering (May 29, 1855). 

I 
Lieut. J.C. Ives, at.Har. Coll. o!Jservatory. [Used moan value 

for 1854.] 

i "\V. C. Bond, director Har. Coll. observatory. Communicated by 
' W. C. ll-, Dec. 24, 1858. 

W. C. Bo ml; reforcnce as ahovl.', 

number of observations commnnicated in November, 1872 
[and computed by me]. Mean epoch 1007. 5. 

' In thi• table. the observed and interpolatml values were p-0inted out \Jy Prof. E. Loomia; no notice is taken of the latter ,-aluc•. 



 

TIIE UNITED STATES COAS1' SUH.VEY. 

Collection of Magnetic Declinations, etc.-Continued. 

I I ·--·--·-·------------1 
I

I l ~~~:: ·----·--··--·---·----·! 
! 
I 

2 1834. ___ . ----. --- ·--- ______ / 

! ~::::~;~~;-~~~-~~.;;~~,~I 
ber. I 

1843, September •. -----._--·, 
6

1

1846. July 30. 31 ______ . ___ ·I 
7 185.'), August 22. ·-- ... --- . 

811857, May 2'<, 2!1,:JO ·------·1 

I 
111717* .. ----·--····--··--- .. 1 

2 I 1720 ---·----·--------··---! 
a [ 112:; __ ,, _____ ,, _______ , ____ j 

: I~~;~:::::::::::::::::::::::! 
7 i 1745. ----·-·--·------ ··----1 
8 I 1750 .... ._ __ ,,_ ....... , .• _.J 

!~ ~~:~::::::::::::::::::::j 
rn 1769'---·------ .. ·--- .. - ... I 
13 1775 _______________________ 1 

14 1780.--··-·-·--- .. -·--··-··1 
15 178!i.-----·---·-··-··-·-·-· 
1fi 1790 _____________________ ,.1 

~~ ~;::::::::::::::::::::::::! 
19 1805 .•. -·----------·--··---
20 1810 .• __________ , ·----- ··-· 
21 1815* __ ,,, __ ,, ___________ .. 
22 1819. ____________________ ,_ 
23 1825 ___ ,, ___ , _____________ _ 

24 1830 .• --------··· ·--·-·-- .. 
25 1835*----·-··-·-- ·--·-·-·-· 
SG 1&10.---·-··-···---·-··---· 
27 1841. ------. -- __ ,, ___ --·--· 

28 1842 .. --·--·· ·-- .. ----··--· 

29 1843 .• --··-·· ··- .. ·-------· 
30 1855,Anguat 20 .. --··----

NANTUCKET, MASS . 

.P= 410 17'.0 >-=700 oo•.o W. of Gr. 

6 30 

6 30 

8 27 

9 02. 3 

9 o~ 

9 10 

9 H.O 

!} 58. 3 

(l\fitchell"a observatory.) 

I 
W. ; ,J. :I'. W. Des BarrC's' .Atlantic Xflptm1ca,, Lm11lon, 17t<l. 

! From a chart
1 

Prof. E. Loomis' collection, in Sill. Jour., vol. 

I :xxxi1, 1838. Probably of tbe same origill m~ No. 1. [Kut 

I used.J 

'l 

:1 
: > W. Mitchell; in Sill. Jour., vol. :d-..i. 

I 
) 

I
' Lieut.T .• T. Lee. U.S. N., aesistant rnited St.ates Coast Sun"y; 

at Mitchell's house. Coa.st Sur,ey Report of 1854, p. *143. 

C . ..A.. Schott, assistant United StatesCoaatSurvey; near Nan-: 
J tucket Harbor light, north of Mitchell'• house, on beach, · 

10 19. !l w. I 

in ¢=41017'.5, A=70:i 06'.0. Coast Su:rvey Report of 1~55, 

p. 337. 

C. 0. Boutelle, assistant Dnited States Coast SnITf'iY; at Nan. 

I tucket Cliff. in ¢=4P 17'.2, .l.=70° 06'.3 . .MS. in Coast 

I Sur-;·cy archhes. 

PRO'l'TDENCE, R. I. 

rt> =410 49'.5 ~=71° 24'.1 W. of Gr. 

36 

!J 2S 

9 14 

8 M 

8 39 

8 15 

7 59 

7 40 

7 21 

6 57 

6 43 
6 30 

6 20 

6 16 

13 

6 10 

6 10 

6 13 
6 lY 

6 24 

6 30 
6 37 

6 51 

7 10 

7 34 

8 2.'i 

8 31 

~ 39 

8 46 

(Brown "C"niversity.) 

W. The recorded declinations betw-een 1717 aml lt'43inclusiT"e a.re 
\ given by M.. B. Lockwood, ch·i1 eugineer, from a-etual oh. 

j aervations and recorded bearings of a number of permanent 
I objectR, in Sill . .Tour., vol. xliv, 1843. 

I 
\ * Nor&s.-Obser-vation of 171'7, R. Jackso11 1 on a m.il.p of Provi· 
j dence. 
i Obser~ation of 1769, Dr. B. West. 
J Obserrationof l-815 l1y M. Drown, B. Lockwood, and G. Shelt1m1 

I 
Observation of 163~l; since this tlme tbe ohs.£1nTation9 were ~ 

made more carefully. 

I 
[There can be no doubt tha.t this talile, like that of Hatboro'. 

Pa., depends in part on interpolation. It is wl"ll gradnatf\d, 

1 
and unquestionably ro.sts on reliable olJaeryat.ions.-Sch.J · 

I 

9 31. 5 W. C. A. Schott, assistant., Coast Surv-Py, grounds east of Brown 
University, in q. =410 491.5, A=7tc 24.'.l;: Coast. Snrvey Jl.f>.. 

port for 1855, p. 3.'l7, 
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REPORT OF TIIE SUPERINTENDENT OF 

Collection of ;Jlagneti<: Declinations, etc.-Continucd. 

HARTFORD, CONN. 

<j\ =41C 46'.0 l\=72o 40'.8 W. of Gr. 

1786 ••..•..•.••..••. •••••• I ~ 
1810 ...................... ., 

25 

4G 

I 
l82·1. ··--·····-·····-·· ·--·: 5 45 

~:~~:::::::::::::::::::::::! : 03 
03 

1859, .July 27 ...... ... . .. .. 7 17 

1867, A a gust 15, 17 ....... . 49. 3 

w. 

w. 

w. 
w. 
w. 
w. 

w. 

(State-house.) 

I
' Dr. Williams; rrof. E. Loomis' collection in Sill . .Tour., vol. 

xxx:i v, 1838. 

' Asher Miller. at East Ilartford, in .p :....=... 41° 4G\ A~= 72° 3tV; 

reference as above. 

, > N. Goodwin; reference as above. 
lj . 

I 
C. A. Schott, assistant Coast Saryey, in City Park; Coast 

Survey Report for 1859, p. 296. 

I 
C. A. Schott, assistant Coast Sur...-ey, in \t = 41 o 4:i'. 9, /.. = 720 

40'.81 near the Athenreum; MS. in Coast Survey aTchives. 

NEW liAVEN, CONN. 

<P=410 16'.5 '-=720 55'.7 W. of Gr. 

1811. .••..•••••••...••.••. ·i 
1818, August ................ 1 

10 

45 

lt'IY ..••..•.•••.•••••••.••. i 35 

1819, Mas .•••••••.•••..••. j ( 
4 25

_ 
4 

~: .. ~:.~~::::::::-::::::::1l5 17 

1834, N OYCmber • • . • •• . . • • . \ 
5 40

_ 
6 

1835,No"Vembel' -------·---! ~ 
1835 .•••.••.•.••••••••..••. 1 5 52 

1836 ..•••.•...••••.•••• ····/ 5 55 
1837, November----------- 5 5-0 

1340 ••••••••••••••••••••••• i 10 

1845, September 10 ••••••.. 17. 3 

i 
I 

18-47, Se1ltcmbor 2.:l ancl Oc- 7 2";'. 2 

tober 2. 

le48, August 21 to 29. •• • . . 7 115. 5 

1848, August 10 to 14 .•••.. 6 37. 9 

18481 August 301 Septcm-
I 

6 31. 9 

ber 1. 

1~55, Augu•tl7 .••.••••••. 7 02. 7 

1871, March ................ 7 22 

1812 ..•.•••.•••.•••••••..•. 8 27.5 

w. 

(Yale College.) 

President Stiles ... } 
Professor Strong.. Prof. E. Loomi~' collection, Sill. J our., 
President Stiles... ...-ol. xxxiv, 1838. 

Nathan Redfield .. 
Hon. De Witt, Sill. Jour., vol. xvi, 1829. [Not used.] 
Professor Fisher, of Yale College; Prof. E. Loomis' collection 

of 1838. [Not nsed. See below.] 
S I Prof~ssor Fisher, from hourly observations; Sill. J our., T"ol. 
( XVI, 1829 •• 

N. Goodwin; Prof. E. Loomis' collection, 1838. 
Prof. E. Loomis, :Crom hourly observatio-m1; Sill. Jour., vol. xxx. 

1836. 

Prof. E. Loomis, in his collection of 1838. [Not used.] 
E. C~ Herrick; Prof. E. Loomis' cullection of 1838. 
E. C. Herrick; Sill. Jour., voL x=iv, 1838. 
E. C. Herrick; Prof. E. Loomis' collection, Sill . .Tour., vol. 

xxxix:, 1840. 
Prof. .J. Renwick, United States Coast Survey, Pavilion Hotel, 

south of college 1 near bay; Coast Survey Report for 1354, p. 
•143_ 

R. II. Fauntleroy, MHistant Coast Survey, at Fort W oostcr, in 
¢ = 410 16'.9. >.. = 720 53'.6; Coast Survey l~eport for 1854, p. 
•143_ (Not used.] 

.J. S. Ruth, subassistant (Joa.st Sarvey; references ae above. 
[The observations at Fort Wooster are not used; affected 
by local attraction.] 

.J. S. Ruth, United St1ttes Coast Survey, Pavilion Hotel; Coast 
Sur...-ey Report for 185•, p. *143 . 

.J. S. Ruth, United State& Coast Survey, at Oyster Point, in 
<I> =4lo 17'.0, A.= 720 55'.7 (meridian of Yale College); Uoast 
Survsy Report far 1854, p. *143. 

C. A. Sehott, assistant Coast Survey, at Oyster Point, in 
~=410 16'.9, A.=720 55'.8; Coast Survey ReJJort for 1855, p. 
337. 

G. H. Mann, c. E., United States Engineers survey of harbor 
of New Haven, on College Green; MS. oommnnioation. 
[Not used.] 

R. M. llache,a811ist&nt CO&l!t Survey; topographfoal and hy
drographicaleurveyof New HaveI!Ha.rbor a.nd vicinity, from 
bearlnga of trigonometrical lines. Hydrographic obart 
No.1170. 



 

TIIE UNITED STATEB OOAS'l' SUlWEY. 

Oollect·ion of Magnci'ic Declinations, ctc.--Contiuuetl. 

1 
1817, October ...... __ .. __ .· 1 

2 1818,Auµ;ust---·······--··i 

3 ;:~~~~~~:::::::::::::::·1 
l 

1328, September.._ .• __ .. 

18\!B, Soptombc~ -· ·- ... _ .. 

5 1830,June. ---········· ·-·· 

f1831,May ··-··········-·· 
fi llBJL ____________ .. _ .. ___ _ 

1831, Novambor ··--···-·· 
7 1834,0ctobor •.••.. ·-···-·· 
B 1836, (Jctobcr ...•... _ ... _ .. 

!, 1841',Novembcr ......... . 
10 185.'), AugnHt3!. __________ _ 

11 11'.i:Jtl, Scpwru her I ...• _ .. ·I 
··· 1 

I 

l:! I 

I 
18.")8, Ma.y 12-14 

ALBANY, N. Y. 

iJl = 42.-; 3!F.2 

44 w. 
5 45 \V. 

fi 00 '\V, 

14 \Y. 

lG w. 
6 18 w. 
6 1e w. 

25 "IV. 

32 W. 

6 40 w. 
40 w. 
47 \Y. 

7 35 w. 
7 ;>!. 7 1V. 

3~,i. :.! \V. 

17.U\V. 

/.... = 73° 45'.8 " 7
• of Gr. 

(Sta to Capit-01.) 

11 
I J De ·witt, iu ~ = 42'" 39', >. = 73· H'; Sill .. four., "01. XYi. 1829. 

11 

I I 1 Goolo~ical Ht~port, Stak of N·ew York, aud Sill Jour., \,,.oL 

I r xxxix. 1840. 

J 
RL·~entis' Report. 

~ Ho~onts' }{cport, auU Sill Jour, ~'o!. x:xxh~, lt\3t!. 

ltegnnts' ltcport. 
C. A. Schott, assist.ant Coast Survoy, at Greenbusll, in 

tJJ = 420 37'.B, A= 730 441.3 i Coast Survey Report of 1855, 
p. 337. 

Kal'l :E'riesad1 1 in Dt:riuhtc dcr Kai. AcaU:VUmua, ,~ol. 29, 1858, 

1::!·1 35' when corroctod fur diurnal ·variatjun. 

I G. ,V, Doau, aHs.istaut Coast Survoy, at Dudley Observators. 
J in(/>= 42 '3~1 1 .8, A-=---= 730 4~'.Q; Coast 8t1rv13y U.oport of 18[)~, 

I I'· !!II. 

OX~'OIW. CHENANGO COUNTY, N. Y. 

"'=42" 2fl'.5 ;,,, = 75r: 40'.5 W. of Gr. 

-I -

1792 to 1795 .•..... .. w. 
I 

E. n. \V. Call, snn·cyor,_ in a lotter to tht:l Sripcrintcndont of II 

I 
2 1817. -· ·--· ·--. ·- .... 
3 1828,July 7 --··-·· ... 4 ~o 

I • 183j,Octobcr9 ·-·--· ·····-: :i 52 

5 1836,0ctober5 --·--·······i 09 

6 1837. -- --- • ·-· •••. ·- •.•. - .. ] 30 

7 1838.Jnly a .••.•.. ·-· .. --1 30 

\ 
8 1849, November 117 ..• -· •• ··1 11 

9 1857, Apri14 ............. - ........ 5 44 

10 1858, Febrmuy 4 .......... 5 47 

11 1858, December .• - •••••. - .. 5 50 

12 1873, Deoomber 1 fl 52 

13 1874, Ma.y 29, 30, June 2, 3, G 55. 7 

4,5, G. 

·-- ------

H. Ex. 100--11 

\Y. 

\V. 

w. 
w. 
,v. 
w. 

w. 
w. 
w. 
w. 
w. 

w. 

tho Coast ~t1n·e:;·, dated Docember 22, 18!:18. 

! E. B. W. Cull, in <J> = 4~" 26'.5, ~ = 75·· 42'. I 

~ 1-!egents' Ruport, in ¢ = 42') 281
1 A = 7S'-=- 33' ; ali:ru 

) Loomif1' oolJc.ction, SilLJour., '"u1. xx.x.iv, lt~atl. 

Sill. Jour., 1838; also lWJ!nits' J{.(~J>0rt of 1&19. 

Prof: Ki 
At Gullfor<I, in <I>= 42° 24', >. = 75° 26'; Rcµ;ont.8' l:uport; Sill. 

Jour., 18.1R ; when r£'iforret1 tc.l Ox.ford, 4° 27' \V. 

} E. D. W. Call, aa ab01·e. 

Enving Taintor, local Rnrvoyor (a1,imnth tleh,rmiued from 

obserY::ttions of Polaris)T 

Dr. T. C. Hil~ru«l, observer for Unitml States Coast Survo,y, on 
I.till about throe-fourths of a milti north of railroad-dop<>t; 

MS. in Coast Survey archives. 

~---- ----~-----

I 
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82 REl'OltT OF TIIE SUPBltlNI'ENDENT 01<' 

Cullection <>f Jllagnctiu lJeulination.~, ctc.-Coutiuuetl. 

1797. ···-· - ·-·-·- ------ 0 

2 1~37. -·-----·--- --- -- ----

311839 ______________________ _ 

lB~'>- •••••• --· ..•••• _. --·. _ 

I 

1

1859,June .•...• ___ .•. __ . -1 

611872,Juuo 11 ..•••• __ . _____ , 
7 1873,June 3, 13 ____________ \ 

- I 

2 

a 
3 

111793. ----------·-----

' I .,, .... " ... , ........... . 
3 

1
1862,Aup;ustG,7 -----·----\ 

I 

BUF1!'ALO, K. Y. 

A= 78'' 5ar.3 W. of Gr. 

(Light-huut"c in tlie harbor.) 

00 

2.'.:1 w. 

1;) w_ 

2.) w. 

50. 5 w. 

52. I w. 
a~. 3 w. 

43 E. 

30 w. 

w. 

.Amry Atwater, surveyor, cast end of Lake Erie; MS. colleu
tlon b.v Charfos \V"hit.tlesey, cotnmunicatcll to the Coast Sur 

vey March 26, 1860. 

IL'\\'. llaskins, rJl = 42° 531
, A= 78° 5:l'; Prof. E. Loomis' cul. I 

lection, Sill. Joar., vol. xxxiv, 1838. ! 
.tl t Fort EriP, <!> =::: 42::.i 5.t', A= 7130 5fl'; United Stutes Lake Snr. 

vcy chart. 
Ca1>tain Lefroy, G-eu. Sir E. SalJine·~ Cont., xiii, in Phil. Tran.s. 

Hoy. Soc., 1872. 
Lieut. W. l'. Smith, Uuitc<l Status L;iko Survoy, </> = 42° 53', 

A-= 7.::P 5i".i', uoar tmuth pier i Report of t116 United StutcH 

Lake Survey Uy Ca1>La.iu :lleado, .Ap1mmlix B, Dctruit. 185!1. 

f Capt. A... N. Lc~t\ Uuittttl Stated Lake Survey, .q, =- 42'.J 53', 

A= 7t:'JC' 5b'; maguetic re~mlts, 1870-'73, u~port of tho Chil'i' 

I ( of Eugineers fur ld7'.l, pp. 1195, 1197. 

ERIE l'A. 

>..=goo 03'.4 \V. of Gr. 

(Courl-houso.) 

Andrew Ellicott, in ¢ = 420 -081.2, A- 8o·::i 05'.2, stone monu

ment corner of rara.tlc aIHl Front streeta; .American Alma· 
nae of 1861, p. 54. 

Prof. A. D. Bache, magnetic survey of Pennsylvania; Cons~ 
!Survey l~port of 1862, p. 213. 

C. A. Schott, assfata.nt Coast Survoy, samo place aa a.hove, near 
~fr. Hec1l'8 honse-,ReYenth street, rj} =::: 420 -07'.5, A= 80° 05'.3; 

Coast Survey Report for ldH2, p. 212. 

1873,Junc 11, 12 ..••••..•.. 1 2 00. 7 ,V. Capt. A. N. Lee, United Stat<1• Lake Survey, in of>= 420 o~·,2, 

A= 1:50° 051.3; ma~nctic reau]ts, 1870-731 ltcport of Chief of 
Engi11eer" for 1873, pp. 1195, 1197. 

I 



 

1.i'ITE UNITED STATES COAST SUiffEY. 

Collection of ]llagnetic Declinations, etc.-Continue<l. 

OLEVELA.KD, OIIIO. 

</> =4P 30".3 

179fi, September ..••••••.•. I ~ 00 

! 
2 1830 •••••••••.••. ··-· ••.••. / 20 

18'.ll, Au,:znRt. ________ . 1:1 

18:!4 (w'.ntor) ..•..•..••... ·I 50 

1838 (wmtcr) ..•..•...•...• : () :lj 

1R40 ...••.•....•..••.••... ·i 1 19 

:~;~· ~:~~ .1.:: ::: ::::::::::I 0 O:J. 2 

0 :m 
I 

18:19, Jn ls.............. o 4" 

18G5 ................. . 

trt'71, Novombflr 9-11 

E. ] Ang. Porter and &th Po:t•e, in 1> = 41" 30', ~=SP 40'; MS. I 
1

1 • c.om~ile<l by Chnl'fo.s 'VhittlesPy, March, 1860, Coast S1uvey 1' 

arclnves. 
E. 

E. 

I Ahaz :Z..IercLaut; J>rof. E. Loomb' collection, Sill. J"our., vol. I 

I 
xxxix, 1840. I 

F..rl win Foote; ~18. compill~d hy Charlm;:i '\Thittlesey, 1860. ( 

E. 
E. 
E. 

F.. 

E. 

I 
Ahaz ~fcrchant; Prof. E. Loomis' co-llection, as above. ' 

, Aha-z llerclmnt: rcfcroncc aR almYc. j 

j Prof. E. Loomis;, I>hil. Tra11R. J{oy. Soc., 1R72, General Sa hi m's i 

I Cont., xiii. [Kot used.] I 
! ,f. N. PiHA.hll!'Y; l\1S. compifod hy Cha:rleR Wllittlese:r. IBGO. I 
, From a cha.rt of surycy of North and Northwest Lakes, Topo-

~ 41 1.5. 

! gTap1lical En¢.neers; bencon-light, in qi= 41° 31'1 >. = Bl·J I 

W. I Lieut. W. r. Smitl1, Topo~:ravl1ical Engineers, in q, = 41° 30', , 

I
I ~~=~;d::l~'"~~~ o~\~l~~:~~:~:~:~'.;;r:i ~::t~s~:.~ ::~~: 

west Lakes. 
E.('J 1 MS. (December, 1865) by W', F. Raynolds, major of Engincors, 

\ as above. [Value not used.] 
·w. I E. Goo<]follow, assistant Coast Survey; CoastSnrvey archives: 

! _:Lt 1fa1-ine Ilos11ital, in q, - 41c 30' A. /.. ~ 81 o 41 '.5· 

10 1872, June 17, 18 .•.•••.. 44. !J "'· Capt. A. N. Lr:c, Uni toil St.ates Lake Survey; ltt•port of Cl1ie·f 
of Eng-inecrn for I ~7:~. 

11 1873, Jnue JG, 17 ...... .. 0 5<l. ~) "..-· Capt A. K. LPC', Dnitfl<l Stnt.P-S La.lm Surv«3y; rcfcrunce as 

I 

I 1"10 ..•••.••..••..••••••... 1 ; 48 

21182-2. ··-····-· .•..••.•••.. 

182>3 •.•••.• •••••• ·-·· ·-···· 
18.1;; •••••••••••••.•••••••• 

J ~ 1840 •••••••.••••••••••••••. 

l 1840 .••••••••••••.••••••••. 

3 13 

2 50 

2 IO 

2 00 

:->tt 

6 

7 

1859 .......... _.................. 0 42 

8 

9 

18fl5 .• ••••• ••• ••• . ••• •• • . .. 0 40 

25.2 
1872, Ma.y 8-29 .•..•. ······1' O 
ll'T.l, May 5-17 •••••. .••. •. O 17. 3 

ahon". 

DETROIT, MICII, 

E. 

E. 
K 
E. 
E. 
K 

f 
E. l: 

E.1 
E. ! 
E.) 

l 

/\ = 83'· 03'.0 W. of Gr. 

.J. ~Ianaficld; Jlrof. E. Lo-orois' colloctiont in Sill. Jonr.1 v-ol. 

xxxiv, 1838. I'osition assigned1 ¢ = 42° 301
1 .\ =82') 58'. 

L. Lyon.·········· I Prof. E. Loorni•' collection, in Sill. Jonr., 
L. I.yon .........•. J 
Goolo~ica.1 H.Pport. I vol. x:xxix, 1840. Position assi~ned, 
Gcolo~ical I:.oport.) tP= 4zo 24'1 A.=B2° ~8'· 
Prof. E. Loomis; Gen. Sir E. Sabine, rhil. 'l'rans. Iloy. Soc., 

1872, Contrilmtions, No. xiii. 
United Stat.is Lake Survey, MS. eommunicatt'll by Col. W. F. 

Raynolds, United States En~inC('rR. Position, <P = 42D 20', 

A=83° 03'. 
Unito<l StateA Lake Snrv<'y, Gen. G. n. Comstock, u. s. .A.., SU· 

perintondent; Y..eport of the Chief of E11g;i11oer• for 1873, 
pp.1195-1197; ()apt. A. N. Lee, TI. S. A., observer. Position 

a&ligncd, ~ = 420 20'.0, A =83o 02'.5. 
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84 REPORT OF THE SGPERINTENDENT OF 

Collection oj Maunetic I>cclination11, ctc.-Oontinuetl. 

168G ..•••.•.... -- i 
I 

1691. .. - .. --- - •. -- - --
I 

3 1723. . -- .. -... -. -.. -.. -. -. 
1750. ·---·-·····-··--···-· 

5 1755 ·--·--···---
1775. ·-···-·····-·-······· 

6 17~!1. ··-- .• ·----- ·---. - -- ' 
7 1824. ·---·-··-···-··-···-··' 
B 1831. 

I 

·····-············-···I 
9 1837. ·············-·····-·· i 

I 1840,~Jum-1 Hi to ,Jnl,\ 11 

I 
10 I 

I l I H 1()
1
,J uly lA to Octol1e1· lG 

I 
l 

11 1841. ·---·-------···-·· 
1842, Se.ptembor ....... 

HM4, .rauuary .... --- . ----. 

ltl44, Au:::1rnt 20-W .••..•. 

12 l~·H,An~nAt:H ....•..... ; 

( 1H4fi, April :HJ . -- •••••••• 

I I ]H If., ::lflLy 4 ..••. - .••..•. 

I 
14 ) 

1 
I 
i '™'M°' H 

NEW YOI:J.{, N. Y., AND VICINITY. 

¢ = 40'' 4:J'.7 ~ = 74c ou·.4 \V. of Gr. 

1:1 

" 45 

4;, 

:lO 

i; ')-) 

5 00 

:JO 

40 

''° 40 

OJ 

;)'.j 

OG 

32. 5 

(X t'W York City Hall.) 

w 

w. 

w. 

w. 
·w. 
w. 
\\r. 

w. 
w. 
w. 
w. 

w. 

\V. 

w. 
w. 

lludsou, on hiB third \"O.Y:l~e, ntm[' the Jursu_y shoro, a liitle 

below tho mouth of limlson River. Tht' clay before ho 

fonnd ll{)t abovu 2J \V. [See ro:furenco OOlow.] 

Hutll'.lon, on his third voya.gu, a few miles UJJ the Iludaou 

R1 n~r. This observation may have boon mado on shoro. 
J>1·of. E. L(}()mis' collection 1 in Sill.Jour., vol. xx:xix, 1840; 
extract furnisLed by Prof. J. Sparks from 3d vol. of Ptfr-
chu . .;' Pilgrims. [Ob::icrvation not used.] 

l\lr. \Yollos; Prof. E. Loomi~' colloction 1 iu SHI. Joor., vol. 

\ xx xiv, 183.:l. 

: On Staten Island ; Geological Survey of Now York, 1858, 
/ E. Dnxbury's patent. 

' .bir. Al
6

xanller. _ Prof. E. Loomis' coUecti-on, iu Sill. Joor., 
(].Burnet ...... } 

Mr. Evans.·-··- ~ul. xxxiv, 183~. 
J. ~--.,v. Des Brtrroa' Atla.nticNeptnne, London, 1781, at Sanely 

Hook, New York Uay. [Not rn~ed.] 

Prorf\ssor Loomis' collection of 1838; also Enc ye. Met., 1848. 
Blunt's map; :Prof. E. Loo-mis' colluction of 1839. 

Uapt.:"tin Owen; Prof. E. Loomis' (}ollootion of 18313. 
l'rnf. .T. Renwick, Columbia Coll ego; Prof. E. Loomis' collec

tion of 183~. 

Lieut. S. C. Howan 1 U.S. N. 1 for United Stato.s Coast Survey, at 
Iloward, Sta.ten Island, in <t> = 400 a7'.6, >-. = 74° 0~'.4; MS. 
in Coast San·ey archivos. 

Liout. S. C. Bowan, U.S. N., for United 8tatcs Coast S11rvoy1 at 
BPrgon Neck, in <P = 40° 45'.8, A.= 74° 02'.6; MS. in Uoaat 
Sun?e.y a.Tchi \'"OB. 

: DouglaHs' ma.1> of New Jersey; Coast Survey a.rchivos. 
Coast Surv~.Y detormination (olJJoo1erver not stated) at Sa.n<ly 

IIook, in cf,>= 40° 271.7, A= 74° 00'.2; ltlS. in Coast Survey 

a.rchi~os. 

f• 51. l W. Lieut's. G. M. Bache and J. Ilall, U.S. N., for United Stat.ea 

fi fiLO W. 

H l:l. l W. 

Coast Survey, at Sandy Hook (same placo as in 1842); MS. In 
Coast Surnis at·chivos. 

P1·of. J', ltenwick, for United Stato:R Coo.st Survoy1 a.t Sandy 

' Ilook, in</>= 100 27'.7, A= H 0 00'.2; Coast Survey Roport 
: for 1854, p.144*. ; 

~ Prof. J. Renwick, for United States Coast Survey, at Columbia I 
! Cullo~c. iu fJ> = 49'-' 42'.7, A:::;; 740 001.5 (old position); rofer-

Hnco n.s nbove. 
C 25. 3 W. Prof .• T. Itenwiok, for United StateBCoast Survoy, at Columbia 

College ; reference BM above. 
!i 11!1. 7 \\'. Dr .• T. Locko, for United Sta.trni Coru!t Survey, at Bloomingdale 

Asyh1m, in <J> = 40° 50' .3, A = 73° 56'.7; Coast Survey Re
port for 1854, p. 144'\ 

:-; !l4 T W. Dr. J. Lockn, for Lnited Sta.tns Coast Survny, at :&lonnt Pros-
pect (form~rly Flatbusb), Itrooklyn, in <f> = 400 40'.3, 

A= 7:.3° 581.-0; reference as a.hove. 
i Othor observations at this pla.oo ar-0 givon in tho lWge11ts' 
' lteport of the University of the State of New York, viz, 

Oct., 183t, 4 25 W. Dec. 2-~ 1840, 5 00 W.) Ail8lgned 

Oct., 1B35, 4 45 Dec. 30t 1841, 5 12 I poeit.ion 
Oct., 1837, 4 4:; Jloo. 30, 1842, 5 10 ~.;, = 400 37', 
Dec. 18, 1R3P, 4 4:; Doo. 20, 1847, 5 30 j .._ = 730 58,_ 
Jan. 4, 1840, 4 55 Oct. 261 18-18, 5 15 J 

3:1.1 ,V, Dr. J. Locku, for Unitml StatflS Coast Survey, at Newark, in 

t}1 :.."'.:::'.: 40 '41'.11, >.. ~ 710 07'.~J; Uo,.1st Survoy Report for li;54, 
J). 141""·. 



 

THE UNITED STATES OOAST SURVEY. 

Cullection of Magnetic Deel·incttions, etc.-Coutiuuml. 

NEW YOiiK, N. Y., AND VICINITY-Continued. 

15 1847,0ctobcr JG,20 

( 1855, Au~ust 7 ...... . 

I 
JG i 18J5, August 8 l 1P55, .August 11 __ _ 

1855, An~t1st 14 .. _ .....••. 

17 1860, S<'iptember 21, 2-2 

1872, Octol.Jflr 31, ]';" OYf':m 

hl:-r 1 n11'l !!. 

JP 187.l, Non~mber !'i, G, -;, fl 

"'=-' 40' 42'.7 1'. = 14' 00'.4 W. of Gr. 

(Xcw York City Ila!LJ 

5 41. O \V. R. TI. J.'anntloroy, assistant Coast Sun·-.\y, at Lf'gg:et. in 
¢ = 40-i 4:3.'.D, A= 73'' 5W.4; rcforoncc as alJ.oYc. 

3D. fi "-__,,..· C. A. Schott, assistant Coast Snrvf'y, at Governor's lsl.nnd, in 
<Ji= 40' 41'.5, A= 74° 01'.0; Coast Stuvoy Re1>ort for 1;;.;,, 

]l. 337. 

o:i. 1 ~Y. U. A. Schott, atBeuloe's Island, in <f> = 400 41'.1, 1'. = 740 IJ'.!'.7; 

reference- as abov·c. 
28. O W. C. A. Schott, at H.oceiving Reacn ... oir (now in Central Park), in 

cp.:::..::. 40° 46'.7, A= 73-Y 5~'.2; reference a..'i above. 

Ii 11. 2 W. C. A. Schott, at Sandy Ilook; poRition same as in 1844; refor-
ence as above. 

G 44. 0 W. C. A. Schott, at site of :Mount Prospoot, now Brooklyn (new) 

water-works, iu ~ ;..,.__ 4oc 40'.3, A:;:::..;.. 73° 5B'.0; Coast Sarvoy 
Heport for IB60, p. 352. 

r< 4:-1. t- '\\"". A. II. Scott, United S.tatP.s Coast :SurvP.y, at.Central Park, wost 

7 09. 0 "" 

of ~IaU, in q, = 400 .JG1.'2, .\ = 73c 5R1.2; MS. in Coast Survf'y 

archives. [Not useU.J 
Ur. T. C. llil~ard, ohsen·cr for United StatA:~~ Coast Surve-y, at 

Sautl.Y Ilook i st.a,tiun as iu 1844:; MS. in Coast Sarvey 
archi,~cs. 

HAT BOROUGH, llfOl:ELAND TOW.NSIIll', ll!O.NT!l01'1ER Y DOI :_r,; TY, l' A. 

3 

4 

7 

A 

!l 
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l!I 

13 

14 

i 15 

16 

17 
18 

!Gffi_ 

1600. 

1700. 

1710 ..................... .. 

1720. ___ _._ .. __ ,, ____ --- -·· 

17:Kl. --- . -- - - --- - .... --
1740. ,, ________ ,, -------

17:.0 ................ . 

1700 .................... .. 

1770 ................... ' •.. 

17flll ---·--------
17!l{L ............ ,. ....... . 

1800 ...................... . 

1810 ...................... . 

!~ ...................... . 

18.10 ..... - - .. ------- - •••••• 

1840 ............ ., - ., •••••• 

1850 ..••.•••••••••••••••••• 

8 15 

7 55 

7 2S 

7 00 

!) 35 

4 00 

50 

2 00 

2 27 

00 

3 50 

4 25 

w. 
w. 

"'· w. 

'"· w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
·w. 

"'· w. 

A= 7!>'' 07' \Y. of Gr. 

l 

I 
I 

; j Ta hie commnnicR.t.od to thr. Snperintornleint. o:l tbf' Coast Snr-

1 I vey in a letter, bs Mr. E. w. Benns, dated nathoro', ~:larc11 
, [ 1, 1852 (soo Coast Survey Report i'oT 18551 p. 31~). !It iR 

not to he prcsumocl that this ta.ble presents direct ohscrva
l tions, as the reg-ularity of decennial values sufJ\ciently at-

i 
I 
I 
I 
I 
) 

t~Hh~; bnt it is n.otdouhted that it rest.s upon reliable (\bser-
Yations of nnmerons bearings of old (a.nd new) lines w!!ich 
were suhmitted to some pro.coos of intcrp-olation, prol.>ahly 
~raphicnl.-Sc11.] 

'-------------~----------------·-----------------~----------
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8() UEPOUT OP TIIE SUPERINTENDENT OF 

Collection of Jllagnctic Dcclinltiions, ctc.-Oon tinned. 

1701 

2 1710 --. -.. ~ .. -. - .. -... -... 

3 17!""){). ··············-···-·· 

5 1703 ..................... 

I 17!)3 

[, 180;:! .•• -- •• ··-- ••.•. - -- ••.. 

(lf<OI l IHIH ···-············ 

I lt'l3 ·······--·-········· 
I hll3. ·-···---············· 
1':l7' ·----···--·· 

!l 1~40,.fnnn ·--···-----·--·· 

10 1841,,Jnly ~O n111l Nov<·m- 1 

her 1. 

11 18·1~.May2.1 ·······-·· 

12 1e5.:J~Sc11tmnhcr 5 . .•..•... 

J 3 1862i A n1~n~t 13, Hi .•.. 

14 1 F-17~. Octnhrn' rn, ~fl, 21 

: 

" 
e 

2 

2 

2 

2 

~ 

:• 

:10 

31) 

115 

ao 
30 

30 

illl 

10 

2;) 

27 

:-):.: 

;i-i 

PlIILADELPilI.A, P.A. 

"T· 
w. 

w. 
w. 
·w. 
w. 
'IV. 

"\Y. 

w. 
w. 
w. 

w. 

A= '75U OD 1.0 w. of Gr. 

(Stato·houso.) 

' 11,:v ltlr. Scull, as stated hs G. Gillet, Sill. tTour., YOL xxiii, 1833. 
[Soe :th~o Coast SLtr\".PY ]{eport for 1855, pp. 313, 314.1 

1 
'rh. \YJiitJwy; Prof. E. Luon:1h1 culled ion, iu Sill. ~Tour., -v•11. 

I xx:xiv, lt-<38. 

: I\:alrn's Trff\'f~ls; rC'fe-rcncc as abovf', 
:' Tl1. Whitney; rd'erC'nce a:'! nl)QYf'.. 

. Hy )fr. Ilrouks; Sill Jour., voL xxiil, lt!:l3. 

J~y ~fr. Howell ; rcfcrcnco as a-hove. 
J~y scv-C'ral men of ~cinncc; refcreuce aR a.bO't'"I\. 

, Th. '\Vhitn<'y; l)rof. E. Loomis' co11oction, Sill. Jonr. 1 Yol. 

xxx:iv, 1838. 

i D. McClure ; reference as above. 
! By llr. Whitney; Sill. J-0ur., YOL xx.iii, 1H33 .. 
· \:\. It. .J1)hn;,on; l)rof. E. Loomis' collection, Si1l. ,Tour., vol. 

:xxxiv, ld:~t3. 
J)r. A. D. BaclH', rrt Girm·,1 Collf'gn, rf> = 39° 581.4,).. = 7r,o 101.2; 

annual chang1) from differential observations between lRtO, 

,Jun~. and 1845, llecembor, = 4'.4 (Con.st Snrvey 'R.AportR for 

18.50, Jt. 235, and 18GO, JJ. 311); snbtraeting 5l.3 from his obseir- : 
vatfon, 30 S:J'.7 July 20 and November 1, we find 3° 48' 

for June, 1840; again subtracting26' from Dr. Lockets ob
scrvntion1 3'1 51'.1 in liay, 1846, we fint13C"J 251 i mean adopted, 

30 37'.1 

fi:t 7 \V. Dr. A. D. Bache, at Ginird College; magnetic survey of Penn- 1 

A_ylv::mia; Con.st Snrvny Report for 1862, p. 213. 
fit. 1 W. ! Dr. J. Locke~ Girard College magnctical observatory; Coast 

I Sarvoy Report for 1854, p. 144*. 

3l. 7 W. C. A. Schott, as•istant Coast Snrrny, near site of magnetical 
observatory, Girard College ; Coast Survey Report for 
18~5. p. 337. 

00. O W. C . .A. Schott, assistant Coast Survey, at site of magnetical 
ohAf'.rvntory 1 Girard Co1lege; Coast Sut'vey RepoTt for 1?62, 
p.212. 

;, 27 MW. A. JI. Scott, United StateA Coast Snrvoy, at site of magne.tical 

______ _I __ o_b_sc_r_v_a_to_r_,_-._G_i_ra_r_d College ; MS. in Coast Survey archiveR, 



 

TIIE U:NI'l'ED 8TATE8 COA8T 8UUV.EY. 

Oolleetion t!l Jlag1wtiu Dculinations, ctc.-Cuutiuuctl. 

i 
1792. ---··-· ·- ------·-----1 

i 
1 

I r170-~---···---·-
, 

1 lmL_. ____ --·----··--·· 

! 

211809, De.cmulJcr .. --- .. -- .. ' 

:1 11~41.0 __ • --- .. - - .. - -·. --- ·-

: i ~:::~~!;::::::::::::::::~ 
G' lt:iG,Auµ;u•t 14,20 ·-··---· 

1857, Marchi) •••...•..•••. 

1860, Aagust 16 to Scpteru

ber 2G. 
1862, .A.ugu.st ltl, l!) . _ ..•... 

10 1863, June 18 to July 28 

11 1866, N ovom.ber l. ... 

12 j 18iJ7, January to Decmnheri 
13 : 1B6~, January to Dbcen1her: 

H 

15 

10 
l7 

18 

2 

Jr361J, Jauuary to Juue, iu-
clusive. i 

lfi70, June 13, 14, 15 .•...•.. ! 

1871,Jullc 14, 15, lu. __ . --- .' 

1872,.Tunc 1·1, 15, 11---·---·! 
187J,JutJo H,16,17 _______ ·i 

1 
Jun613,15,rn. _____ I 

1874, ) . ; July20,21,2'l . _____ i 

11732 ______ ------
1 m2 -······---···--···-·· 

1175. -------·-·-- -- ·-··-- .. 

1823-24+••••• •·••W•• •••• ·•• 

1832,.Tnno 9, ll._ .. -- . --- .. 
1856, St>ptember 11, rn ...... 

W .:..SillNGTON. V. C. 

>.. = 17""· 001.fJ \V. of Ur. 

(U11itutl States Ca]lilol.) 

51 E. 

lH E. 

10 1:. 

5;; w. 
2U. 2 ·w. 

2:J !J w. 
" !H w. 

21. j w. 

24. t- w. 

2(). 7 w. 

:m. 4 w. 

41. e w. 

44. 2 \\'. 

4'3. 1 \V. 

2 51.2 l\1 • 

2 53. 0 w. 

53.G W. 
... 56, 9 ,v. 
3 00. u w. 
3 00.1 w. 

07.4 w. 
3 05. 2 w. 

.Major A. Ellicott, surycyor-_cc'nPral; inscription ou fourth rnil1·

at.onc northwesterly from cast corner ot' ])istrict; rf'ported 
by <J. Matlliot. [Supposed affected hy lo.cal dt._•yiation; 11ut 
USC'd.} 

A. Ellicott; im~cription on iirBt mil<>-stouo nort11westcrl:y fro111 

ea:st corner of District; reporte<l. hy J. \~nessner. 

A. 1--::lhcott: in:-.l'ription ou east corner stoue, llistrict; reporkll 

h,.-..- J. "ricssuer. 

N. Kiu~; Prof. E.Loorniti' culh~cliou, SLll, .Jonr.,vol. xxxiv, t1:1:1t:. 
' .J. 1\-L Ciilli~~. ""G. S. X.; Cnpit.ol Hit:, north of Capitol; :-;en. lloc 

2d sos., 28ih Cuu:r., lt<-H-43. 

J.M. GillhJ.::i, U.S. N. ; rcfr-re·ucc as alHn-c. 

C .... L Scllott, a..~8hnant Coast ~nr\'oy; Co~u~t ~urn'.\' l~t>port !or 

lt-3:-1, p. 3:H, on Capitol lliU, near GillisB at.atiou. 

C . .._\._. 8'chott, at (oll1) C:oaBt Surn·_y 01licc, Capitol Ilill; al~u :! 

01 1 W., Augu8t J.1, iu })ark c-ast of tlrn Capitol; Coa~t Sur. 
ve.'· Repcirt i;.r l~:.c 1 p. :Hi. 

\V. Hea.U; n•·;ar Capilvl, r5outh ~i!lc.• ; Coast Survey H.L-pt>rt fur 
lt'SJti, p. 196. Connuunicate<l l>y oln-wrYcr. 

; C. A. Schott, nt (old) Coast Sun·cy OJlicc , ¢ = 3b• 53'. l, A~ 

77 00'.5; Coast Survpy lkport fur lt!GU, p. 3,:)2. 

C. A. 15cliott, at (old) Coast Surve.y Ollie•'; CoaHt SUIV<'Y lt<'· 
port for l~G~, p. 212. 

C. A. Schott, at (ohl) Coa~t Sun·e-y Officl"'; Coast Survey RL" 
port for 1863, p. 204. 

Prof.W. llarkness, 1..:. S. :N".; United States N:n~aJ Obsen·atory 

grou1Hfa, in <Ji= 32.o 53'.7i A= 77-· 0:~ 1 .1; Srnithsoniau CoIJ· 

trilmtious to Rnuwl-ec1g-e, No. 2:mi p. CH, '\Y:u~hington. 187:1. 
) C. A. 8chott, at magnetic obsen·atory, Cl)r. 8( 1c0111._l strt"ct ca~t 

l and C street sont.L,Capitol Ilill, in <j~ = 3ti<-' ::i:Y .l 1A=1i·-' Ofr .2. 

: j ~~~:~~-y Determinations, Coast Surv-e_y Report for l~li!), i1p. 

l C. A. S-.Jllott, ut magnetic 01.Jsi:rvatory- 1 corner Socnml aml C 

I

. J' strect8 southea~t; Co~u;t Survey lk>port for 18701 ApIJell· 
dix So. 14. 

} Observer m1tl lucality aH before: MS. iu Com•t Sun·<'y ardii \"l'~. 

CAPE IIEXltY, V ..i. 

4~ 

40 

5 00 

I :12 

0 45 

28 

A=7GO 00'.5 W. of Gr. 

1Llg\Jt..Jiousc, lo:,;.) 

w. 

w. 

w. 

w. 
w. 

"'· 

,Y. Ilox:ton, MVllll lllilt\8 from Cavo }f('1lr,\", ill r/l ~:.. :J6 ,')t)'; 

llanstoen't1 Maguethnmrn d.Hr Enle, lt<HJ. 
Dou~lass' llititor_v, in rJ. = 37° 07', A ::::... i~.., ao· , l•ruf. 1•:. 

J_,oomis' oollection, in Sill. ,Jm1r., vol xx:xh·, lt'J.::. 

J. IP. 'V. De-s Burres' .Atla.utic N1..•11tunL•, Louc.1un, littl. ! ~..._it 
used.) 

Htato map of Vir;.dnia, of lK,n, hy ll. Hoye. t !S"ut Util'<L J 

Prof. J. N. Nico11ot; Coast Surv•.'X Ht~1•01t for 1~,i.J, p. ::1n 
C. A. Schott, aa~btaut <Joast. Sm·n·y, iu 1, -- :ti;' r~:,'.t>, A -

7G' 00' . .J; Gu-aNt. Survt•y Rc11ort fur ltl:J.G, Ji. ~27. 

87 



 

88 HEPOl{T OF TllE SUPEIUNTENDENT OF 

Collect-ion of 11lag11ctic JJccUnntions, etc.-Uoutinuetl. 

l74:!_ 

1715. ·••·•• ............... . 
177'7. ................... .. 

2 1784,}'"bruary ............ ' 
:1 17H5, Octolier ............. . 

I 
1 

l 8~..J-25_ - -

1837 ...................... . 

1841. May. 

lt-(47, October. __ .·-- ••••... 

18.J.9.Avril 1 aud 2!! .•••... 
1 

hrH, ML1y 21, 2~. :!tl ........ '. 

----------~-· 

I 
1817 ..................... ·1 

f 18:18 ...................... \ 

2 I 
l1s311 ..................... . 

:1 185"2, A J>ril 21l-28 ......... . 

1857, Ma.y 1 a.ml 2 ........ . 

1874, March 8, 0, 10 ....... . 

~ 

CllA.l:LESTON, :;. C. 

(St. Michael's Church.) 

"2:' IC 

·I~ E. 

4rl E. 

lG E. 
4:> E. 

4:1 K 

5·1 E. 

1~ E. 
lG.5 E. 

En~liRh l>ilot, puhlislwtl -Oh Tower llill in 17\M; extracted 

from a paµor by Audrow llughe8. [~ot 11setl.] 

Des Barres' Atlantic Neptune, Lomlou, 1781. 
From a chart; Prof. E. Loomis' oollection, in Sill J our, vol. 

xxxiv, 1838, proba.bly the same as that :;!;iv cu iu tlrnNeptuuo. 
[Not usod.] 

I Joseph Purchell, 1mrvnyor; soe pamphlet 1).Y Charles Park~r. 

\ Clmrleston, 1819. rouservatio-n to!aill to come from a reliaUlll 
source.] 

I.i()nhmant Sherburne, U. 8. N.; Ulnnt'H- c-hart of 18'..!4-2:-1. 

Ua1lta.in Missroom; 11rof. E. Loomis' collection, iu Sill. ,Tour., 

vol.xxxiv,1~38. l•osition~=320 "11',A=7[}0 571• 

Ha.rnet; Phil. Trans. ltoy. Soc., vol. for UWJ. 

Cl.rnrlus Parker; i:me hitt paw11hlot (CharleMLon, 11HU). 

C. o. Boutelle, assh.,tant Coast. SurYcy, at Ureach lnlot, iu ¢ = 

3:2() 46'.3, A==:--' 1n·:1 48'.9, Sullivu.u's Isl&nd; Guast 8urv-0y lfo

port for 1851, p. "'1!5. 

0 5b. l E. C. O. Doutello, assit:itaut Coast SnrYt'y, at Fort Ma.rslml1 1 sa.11HJ 

1msition as fu1· Breach lnlpf.; MS. in Coast Survey archives. 

~·---------~---------------

SAVANNA.II, GA. . 

<P = 3~'' 04 1.!.l .\.=BP 05'.5 \V. of Gr. 

(SaYa.nnah Exchango.) 

E. 

.J 0:1 E. 

~ll E 

40.3 R 

27.5 E. 

:l8.5 E. 

------------------

1 Decqn()rcl's ·rraitu du Magn6tiisrue, Pal'is, 184(i; Curtoa du D(). 
1 pnt, iu ¢-= 32° 04', A= 801J 40'. 

'. Gcolo~ica.l tml"vcy, iu rJi = 32° 05',}.::::::: 81° 07'; Prof. E. LwmiH' 
collection, in Sill. JouT., vol. xx xix, 18,to. 

Dr. PosC'y ; referoncc ns ahovo. 

: ,J. E. llilgard, assistant Coast Surve:y, iu r/J = 32° OJ'.0, A= 
81° 051.1, on .IIlltchiuson 1s Ialnn<l; C-0ast Sun .. ey Report for 
1854, p. *145. 

1 
C. A. Schott, assistant Coast Sarvey ; position a.s abo,•e; Coast 

Snrn>y Report for 1858, p. 192. 
If. Blake and C. Tappan, Unite(! States Coast Snrv~y; position 

on Hutchinson's !Bland, ()pposite Savannah, as above; MS. 
in Coa.E!t Survey archivea. 



 

TllE UNlTED STATES COAST SURVEY. 

Collection of Magnetic Declinations, ctc.-Oontiuueu. 

KEY WEST, FLA. 

<f>=2·F 33'.5 ). =SF 48'.5 W. of Gr. 

(Tift'" ohsorvatory.) 

I 

1~2D, February ...... ·--·-·I 25 E. W. A. WLHdlC':atl , from n map of J<~lorida. hy t.lw Tt>1•op-.lph 

ical Eugiue•~rH, uf lti4G. 

1~q;J. ... -·-·-·-······-···· ti 02 E. Hnport ofG01uma1ukl' L. }if. Powell, 1;. S. N., at CUl:itoni.lu111~t·. 
,r. IL Ililgnrtl, asHiRtant Con.Ht. 811rv1~.r. at Sand l\:t'.Y, in¢:.:....:: 

240 271.2, A= t!F :.>:~ 1 .l; Coast Survey l{eport for 1854, p. *145. 
:I I '"4!1, Auµ;u,;f 1!1-21 ....... . 

1360, Pebrunr.v, :March. 

J 111ie, aml Dec~mher. 

l~Cil 1 ~'ulJruar;v, l\laruh, 

.April. 

1862, monthl_y, !tioy to De· 

emu her. 

1.-563, monthly, Jaauary to 
Duc..:11nbcr. 

18(i4, monthly, January to 

December. 
1365, mouthJy, Jaauary to 

Deccmln.-n-. 

18h6, January to April, 

LO inclusive. 

I i 172G ................... .. 

:1 
17:.1~ March aml April 

1815 .. --- -------- ----------
' 4 ! 1816, Ani;nst .............. · [• i 1857,Ja.nuary 2tL ..•••••••. 

6' 185d ....................... , 

_I_ I 

IL Ex. 100--12 

2P. ~ E. 

4G.ti E. 

•H.~ E . 

3!1. U E. 

36. ~ E. 

~9. ~ E. 

Jlrof. \\1. l>. TrowLridge, us~ibtaut Uuitcd States Coa.st Survey; 
sulmcquc:nt ubsern;r, S. \Valkcr: Uoast Survc~v Re-port for 

l~tiO, p, 3·1U. 

Tho ahoYt· ohr-H.in·ati•lll:-; bdWL·\'ll l~(i{J a.uil lef;() inclU81't' 

~ ·wer(' taken at tlw Uo01t1t. SurY'-'Y mag:11dic ohHer\~atory al J{t·y 

\Vtjst, in </>=:.!r3a'.l,J\=f::l ·k·.5. Tl1ere1mltt:!arecon-ecttd 

for daily Yariation. 

ll.J..VANA, Cl'll.A.. 

24 E. 

30 E. 

7 00 E. 
5 30 E. 

5 15 E. 

5 45 E. 

Matlww8, in l/J =2:r O'..?', '),, = ~1" 41';. -euc:yc. :bletro11., lf'48. 

J. Harris, o-ff Havana, in lj> =2:-r OH',~= R2'' :12 ; Phil. Trans. 

Roy. 8oc., vol.yii (abrid~d), 17~4--34; also Eucyc. Motrop., 

1848. 
Encyc. Brit., 7tl1 edition, 18~2. 
Bent!Py, Encyc .. llrit., 7th edition. 
Karl Fl'ieso.ch; lmp. Acarl. of 8ci., Vienna, "'·ol. -x-xix, 1H5'tl. 

From a map uf Cuba, 1800. 

[Tho l!ilorro light bin ef>~- 23° OW.Jr~ =82° 21'.4.] 
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90 REPORT OF THE SUPERINTENDENT OF 

Collection ef J1fagnet-io Declinations, ctc.-Continucd. 

lUfi()_ •••••••••..•••••••.••• 

17tl0. - - - . - -- .• - .... - ••... -

17:12, Marcll and April. 

~ 1789t-017!1:J. --·-' -·. - .. ' 
2 

{1w1 t-01192 ............ . 

31 IHOO ...................... . 

111"1~ .. 
I. 
•l i l •~~1 
1 L:<ec 

(_1 ' i.~:J:..! 

, 1.•:;.1n .... 

i t,::~17, !Jclolwt 

!} 11~47,L~pTil •••. , •••••••.••. 

10 1857, March :l .............. i 
11 I l~fiti .......... ·-·-·--· 

17:.?0. 

2: 1708 ..................... .. 

I 
3' 179{i. ..................... . 

ltl06. ---· -- ......... " ·--· 

I

! ~ ~:~~. ~~~~~~~~-;~::::: :::: 
7 18S~.April6,7 .•.•...•••... 

a 1872, February ............. . 

i 

~I 1870. ____ ···-··-- .. ······-· 

---

I I 17!!6"'1727 .. - . -· .... ··- - .. I{ 1769 ...................... 
2 

17ti9, :March 15 •••....••••. 

:J I~;;~::::::::::::::::·:::::. 4 

r. ll:ll!.l, .April 21. -- ... ----· ... 

6 l8!)6.1 .Au~nst7a.nd ~ ______ 

1861- ..•. ______ ., ______ .... 

li.INGSTON, TORT ROY AL, J" AMAICA. 

30 E. 

A =76° 50'. W -of Gr. 

In Jamaica) ~cording to J, Ho~rtson; Phil. Traua. Uoy. Soc., 
li<Oli. [Not used.] 

..A.e-conlin~ to Mountain's chart, conatr·ucted in the yea.T 1700 
from Dr. Halley's tahlo.s; Long'li llist0-ry of Jamaica; E. 

Ilallt')o''s chart for 1700 gives 7° E.; G-rnenwicl1ulJserYatiuus 

for 1869. LNot use<!.] 
tor. 05 

5D 

E. At D1ack River; J. Harris; Phil. Trfln~. Roy. Snc., 173:.J. 

E ~ E: ( ~ .J. Leard ; chart of Port Royal. 

4 

~ 

5 

45 

:Jfj 

:ill 

JO 

;J4 

13 

30 

I" 

E. J. RolterttoJ011; Phil. Trans. "Roy. Soc., 1806. Yarintinn iu Ja

maica sniU to have been couet.a.ut for 1:-JO or 140 :,)'Uars. 

K 

E. 
E. 
E. 
E. 

E. 

nc h·Ta.ckan, iu r/J-: 170 55', A=7ti0 fJ-~l'; Recftttcrel'~TraitUd11 

Ma.gn6tismu, Parhs, 1846. 

Dt:J Mayno1 in "1-= 170 551 ,).. =- 76° 53'; llecquerel, as u\Jove. 

Owen; Bocquerel, as above. 
Fuster; Dooquerel, ws abovu. 

.From n map of Kingston of 1854. 

Milne, iu rjJ = 17° 5(i', i\=760 51'; Coutribut..ions Lo Ten. Ma.~., 
No. ix, by Lieut. Col. E. Sabine, l 1hil. Trans. Roy. Soc., 181tl, 

part li. 
:~ 4() E. :U.arnett, in '1>=17·> 5& ,A=1'Ci0 51';. Contributions to Terr. Mag., 

No. ix, by Lieut. Col. E. Sabine, Phil. Trans. Roy. Soc., 184!.I, 
partii. • 

4{) E. Karl Fricsach ; Imp. Ac.ad. of Sci., Vienna, vol. xxix:, 1858. 

4 57 E. English Admiralty Chart of Jam .. ica, No. 446. Variation in 

1866 nearly stationary. 

NEW ORLEANS, LA. 

<1>=2!)11 57'.2 1'.=9<1o 03'.9 W. ()fGr. 

E. 

:llJ E. 

Oli E. 
0:1 E. 

20 E. 
8 00 E. 
7 51.5 E. 

00 E. 
5~.3 E. 

(Custom-house.) 

.U'ather J.,ayul; I>rof, E. Loomis' collection i Sill. Jour., vol. 

xxxiv, 183B. 

Gauld; G:;uld's Survey of th() Delta; lW added to ileclination 
at T111ss a, I,.ontre to refer t-0 New Orleans. 

A.G. Illanchard, city surveyor; changell" E. from 1796to1870. 
Lason; from 372 observations; Prof. E.Loomis' collection, Sill. 

J our., vol. xx.xiv, 1838. 

l<'r<>m information in General Land-Office. 
Karl lfriesa.ch ; llerichte der Kais.. Aeacl., Vienna, vol. xxix, 1858. 

G. W. Dean, assistant Unitell StatesColll!t Survey; near Canal : 
and Basin streets, q,, =-290 571.4~ A=90° 04'.4; Coast SurYuy ; 
Report of 1858, p. 1!1'2. 

Jd. J. Thompson, State engineer. 
Dr. T. C. Hilgard, observer; Bache-J<'und Magnetic Survey; 

MS. communication. 

VERA CltUZ, M.EXlCO. 

!?=1~0 12' 

2 15 E. 
fi 40 E. 

2tl R 
3(1. E-

10 :n E. 
!I 16 E. 

17 E. 

~ =96° 09' W. of Gr. 

Joseph I!a.rrio; Phil. Trane. Roy. Soc. (abrid~ed), 1824-34. 

} Encye. Brit., 7th edition, 184!1. 

Don Ulloa ; Encyc. Brit., 7th editiOD. 

Malony; Enc_vo . .Bl'it., 7th edition. 
Wioo; Encyo. Brit., 7tJi edition. 
Au~st Sonntag, in rfJ ~ 190 12'. A~ 96° 091 

; Smit.heonia.n Con
tributions to Knowledge, W1111hlngt<Ju, 1860; also Coast 
Survey Rcp-0rt of 1856, p. 214. 

8 211 E. English Admiralty Chart, No. 523, oorrooted to 1861. 



 

TIIE UNITED STATES COAST SUl~VEL 

CQllection Qf JJfagnetic Declinations, etc.-Uontiuucd. 

1769,Jnnc ........... ~··~···· 
2 1769, December •..... 

3 1803, December ··-·······-
IRW .................. 

1856, Deoe,,1bor 10-17 ... 

.; 18.1)8_ ·-- • -- ---· --·---· --

7 1860 ..................... . 

8 18132 .•••••••••••• •••••• .••• 
9. 181;6 ...................... . 

~~I~::::::::::::::::::::::~: 

i 1744 ...................... . 

2 1791,.April29 ...•...•.•... 

3 1822 .••.•••.••••••••••...•. 

4 i 1828 .••••••.••••••••••••••. 

fl 1837. ••••••··•· .••.•••••••. 

5~1 
lj ~:::::::::::::::::::::::: 

I
I lEH I. ..................... . 

6 1800, May 30 ..•••..•...•.. 

I 

CITY OF MEXICO, MEXICO. 

5 20 

5 35 

8 08 

8 35. 2 

E. 
E. 
E. 

E. 

A=99° 06'.0 W. of Gr. 

Don Alzato i Ila.nHtoen 's MagutJtismns der EnlP, lt"'.19. 

Don Alzate ; reference as aho\c, 
Alex. von JI nm holdt ; referen<'R a.s abovtJ. 

Velasque~· Teran; F.Diaz Covarrubias, Trat:ulo tlt' T<~l'°· 

grafia y Goodesiai M6xico1 l t!(lO, torno 1, p. 221. 

46 E. Ang. Sonntag; Observations on Terr. Mag. i11 :Mexico, ~mith-

2-J. 3 E. 
30 E. 
20. 5 E. 
08. 5 E. 
O'J. 3 E. 
IU. 0 E. 

sonian Contributions t-0 Knowledge, '\\,...aHllinl!ton, 1:-"flO aliw : 
Coast Survey Report of 1~5f.i-, p. ~14. 

Alnmazan; :F'. Diaz Covarrubias' TratadCl, n.p.;, nhon=-. 

Salazar Ilarregui i Trntado, as above. 
Diaz Covarrubias ; Tratado, as almYl» 

~Ponce tlc Loon; Trata<lo, aR above. 

Fcmnnclc:r. y l>ia..r. Co't'!Lrrubia.F!: Tr.aL·ulo, a.A :i.bovP. 

.ACAPULCO, MEXICO. 

"'= 16° 50'.5 A=99° 52'.3 W. of Gr. 

(South of Fort San Diego.) 

7 H 

8 40 

9 07 

B 23 

8 1:1 

8 17 

B 17 

E. I ~nson; Ilansteen's Magnctismus-der Ertle, !Brn. 

E. ! Don A. Mala.spina,observed Oil lam:l; Berliner Af'ltrmiomiRc1if'R 

I 
J ahrbucb, vol. 53, for 1828. 

E. Ha.II; in cb = 16° 50, A= 99'- 51'; Jt.:•cqnPrd':-< Trait{· •hi Af:tU'-

n~tisme, Faris, 1846. 

E. I Beechey; Becquerel, as nho"l"C. 
E. Sir E. Belcher, San Diego Fort, in </> = HV'· 5<1 .!I, A --:-- n~r 5~' -~: 

Admiralty Chart of Acapulco. 
E. Sir E. Ifillcber; Phil. Trans. Roy. Soc., IB43. 

E. Du Petit Tbouars i Voyag-e of tho Frigate Venn~. 
E. Duflot de Mofras' Exploration of Oregon. Paris, 1tl44. f Proh 

ably Du Petit Thouars' values; not u:;i,ed.] 
E. Prof. W. Harkness, t_T. S. N., in <P=16'·' :JO'.l, ~=-~~)c 5~'-~J; 

Observations on Terr. Ma~ .• Smithiwmia.11 Contrihntioni; to 

Knowledge, No. 239, 1873, p. Ul. 

---------------'-------'-------------------------·----· 

1775, November .•...• ·----- 49 

2 1790, October 3 ·-·--------- 7 49 

1791. Dooember .•.•.•.••. · 1 7 49 

3 8 00 

• ::: ::::::::: :::::::::::::I 7 00 

i 

5 1837 .••••••••••••.••.•••••• ! 7 02 

i 
6f 1849 ...••...•.••. ·••··••· .. i 7 15 

1849 .••••.•••••••.••••••• ··/ 6 55 

7 1800, May H ··············I 5 56 

rANAMA, NEW GRANADA. 

A=79" 30'W.ofGr. 

(Flamenco Is!Jlnd.) 

E. 
E. 

E. 

E. 

E. 

E. 

E. 
E. 

E. 

Enoyc. Brit., 7th oUition, IE't2. 
Don .A. Malaspina; Be1·lh1cr Ast. JnhrbuC'li, Ynl. ;1:s, f~1r ii;:~~. p. 

188. 
Encyc. Brit., 7th edition, lt\1.~. fl'rol,ahly Hann· a.:-: pn·<"t>llin:-:. 

authority ; not use<l] 
Encyc. Brit., 7th edition, 1842. 
Hall, in 4> =so 5811 ).. = 7W' 21'; Ittlcqneret',.. Traitl· tln Magnl'

tisme, Paris, 1846. 
Sir E. Belcher. in rp = 8' 57', f. :::;:::. 79'. 2fl'; r'1il. Trans. Ro-,;r. 

Soc., 1843. 

Hughes, Brit. .Admiralty Chart. 
Maj. W. H. Emory, Moxicnn Horrndary Snrvoy, in t)J =---:-: ~0 ;.11

, 

A= 790 2W. Seo also Uoast Snrvoy r<""port for IB!"")(i, ]>. 223. 

Prof. W.Harkne.Rs, U.S. N.,iu !Ji =8') 5:11
• A.:.:::..7W' 3-0'.5; 8mitl1 

aonian Contributions to KnowJet.lg:e, No. 2.'19, 'VaRhin~t.0111 

1873. 
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REPORT OF THE SUPERINTENDEN'f OF 

Collection of Magm:tfo Declinations, etc.-Continued. 

1791, April 12 ..... .. 

1821-2'l ................... . 

1828 ...................... . 

1837 ..................... .. 

SAN BL.AS, ll1EXICO. 

r,/J::::. 21- 321.(i J.. = 105'' 15'.7 W. of Gr. 

8 40 

11 or; 

" 34 

E. II Don A. Malaspina, oboetve<l on sborc ; Berliner Ast. J abr- i 
bucb, vol 53, fo1· 182fl; alM ~~nc:>yc. Urit., 7th (~tlition, 1842.: 

E. ' Ib.ll ; Enc.ye. Drit., 7th edition. \ 

E. Heechey; Beecl1ey's Voyage bl the Par-ific, 182!>-'28; alf3o Ut•C--

quercl's Trait6 du Ma~netisnw, l'aria, 184G. 
E. Sir E. Belcher; in .fjJ =~lo 3"2', A= 10!:'1(} 16'; PJ1il 'l'ranR. lilly. 

Soc., 1843. 
5 18;J9 ______________ •.. ----·. 00 

12 

E. Sir E. Be!Cher; Phil. Trans. Roy. Soc., 1843. 
IH4L .................... . 

17U2 ••••••••.•••.••••• 

l 79:t, Hecom bor .......•... 

~ 183\l ...................... 

1''41. .................. 

18!11, April~~ to Mt~~· 7 

18:13, Od.oher 15 .•.....•.. 

;; lBW, June t!i ...••.•....• , 

1H71, May 28-:m. __ ... _ ... 

H!'72, N(lYf"mhor 19'-21 .... 

E. I>nflot. de Mofras' Ex1Jlorntion of Oregou. raris, 1844. 

SAN DIEGO, 0.AL. 

<J• =:--,.; 32' 42' .1 ~ =117° 14'.3 W. of Gr. 

11 

11 

12 ~O.fi 

11 

12 28." 

12 31. 7 

13 09. ·1 

14 4fi. 7 

1:1 1!). 4 

fLa I,lnya, Point Loma.) 

E. Va.nconvcr; in q:. = 32n 391, >. = 117"' 171 ; Ca.pt. G. Vanconv-er's 

Vo:yag~ of Discovery1 et.c., 1700-95, vol. 2, p. 475, f..oncloo, 

1798; also Ila.nsteen's Magn.etismus clel' Er<lc, 1819. 

E. Reference AA aboYe; in qi = 32.0 42'. A= 116° 53'. Ohservefl on 

E. 

E. 

E. 

E. 

E. 

E. 

E. 

boarcl ahip on or near the coaat. [Not used.] 
SirE. Belche.r; in tJ.;=-32°41',A=117c1:11 ; Phil.Tre,n:A. Roy. 

Soc., 1241. 

D11flot tle J\lofras, J:l~xplora.tion of Oregon, T"aris, 1844; in cf> -

3'2° 39'.5, A.= 117° 17'. 

(i. Dn.vidson 1 aasista.nt Coast Survey; near Ln Pia.ya, in q, -
32<'' 421.2, II.= 117° 141.6; Coa.st Survey Report of 1856, p. "2'29. 

Lieut. W. P. Trowbridge, assistant Coast Survey; at La. Playa 1 

near tbe custom-1iouso; Coast Survey Iteport of 1856. 
Prof: W. Harkness, U.S. N.; in¢= 320 42', A= 1170 131 , at L::t 

rlaya; Smithsonian Contributiom; to Knowle(lge, No. '2.1!), 

Washington, 1873. 

G. Da .. ddROn, asAistant Coast Snryey; at N.(iw San Di~go, in 

</» = 32n 431.11 A=117° 091.7; MS. in Coast Survey arol1ives. 
[Not nRed; diRtance from La Pia.ya too great.] 

G-. DaTidaon anti s. n. Throckmorton, United StateR Coast 
Sarvl'y; near La Playa, in rp- 32° 421.2, A= 1170 14'.6, sta

tion of 1851 ~ MS. in Coast Survey archives. 



 

2 

i 
i __ 

I 

Tll8 UNlTED ST.ATES UOAS'l' SUR\'EY. 

Cullevtiuu ()/ Jllagnellc Declinations, etc.-Coutiuue11. 

"h10NTEIIBY AND POINT PINOS, CAL. 

>.. = 121'1 53' .6 W. of Gr. 

(CuRtcm1-]1omm.) 

I 
E. l Don A Ma .. laRpiua, B(•rlino1 .A-.t ,Jaln'lnwh ,-oL ;)'.\. fo1 1'"':.!1'-. 

1792, l>t~cemhfw .••••. 1:2: :.?:.? I 
Observation maJ.c on ~liorc. * 

E. VauconYer. in rp =;:: 36° 3ti, A=- J2l'J :.H Capt. Ci. VrrnconYPr·:-- · 

l"i~ I 1, Xnn'mlwr 13 ·-· .... 

1837 ·--·-· ··-··-- ....... 

183~. ····--··-··· ··--· ·-· 

1 c41. ·····-··----· ... 

ltl73, A H:::!n:->l :m, :11, .Sep-

temher 1. 

1:: ·» 

11 :m 

H I:! 

13 OU 

11 00 

E. 

E. 

E. 

E. 

I Voyage of H1sc0Ycry, etc., 17!•U-!l3. vol 2, p 31 Lonilo11, 

17Hl'l; also Hu.nste011·i:.:. )fa.g:11ntitimu;.; der ErdP, lt'l'.1. \Sot 

used.J 
Vanco1n~er; in rP = 31}~· :~fi' A= EH - ;,1 ·; Cn11t. H-. ~anf'OllYPr·s 

Voyag:e of Discoycry, <itc., vol. iii, p. 337; also 1lu11sth'It'c- : 

Magnctismns dcr En.le, 12UJ. Probably taken on sLorc. 
Du l'ctit Thouars; Voya;rc of the }'rii.;atL~ Y1.•11u~; near Mmi 

WrC'y. 

Sir E. Botcher. in 41 = 3t 361
• A= 121 r;:1 1 1'hil. Traws. Rn.\·· 

Soc., 1841. 

Dn1lot •lo i\ifofraR; Exploration ot On1gou. J'an1"i, lt·-l·l ; at Prt·· 

8idio, Monten1y, in cP = :!60 3fi', .A.= 121 sa·. 
I~. , Chart of the harhor of Mm1ten~y, ~Ul'\'Pyet1 b,,- Comm:uukr T.' 

! A. Dornin; position of fort, r.p = 3fi'-' 3ti .4. A= l:.!l' 5:.!:1 .4. 

14 31"". :~ E. ' U. Da:"fidson, asRistant Coast SurYE\\.; nt Point Pi1rns !lAtro 

nomical station1 .q; = 3fr' 37' .t:!, A= 121 f1:1· .:-1 : CoaRt Stu\"('_\ 

l~eport for 1850, p. 22-D. 

G. Daviaoon and S. IL 'Throck111orton. rmt1.•lt Stah~~ Coa:-ot 

Sur-:my; noar astrono1nica} ~tntiou, i11 ~f) "'~ 3fr :n.- .~. >.-=-=- 1~1 

55' .G ; MS. in Coatst Surn•y ard1i vco. 

~ Tlw Coa~1 SnrYt~~ ltt'port for 1~56, p. 2'2.!Jt giY"CIS the l~rroueous date 11~'0 

SAN FRANCISCO, CAL. 
l\ = 122° 27'.2 W. of Gr. 

(Presidio.) 

i 17!l::!, NoYom1>cr 20 -·-·-. · 112 48 Vnnconvcr;. in 41 == 37'' 1~1 • A=- 122° U~'; JlrmstP1•11 ·I'{ .Magrn' 

tisn1us der Erdct 18HI. Probably on shore. I 
l~l~. N o'\nmlier l ....... - . . . 16 05 

16 00 

15 27 

15 OG 

E. 

E. 
E. 
E. 
E. 

E. 

Kotzclmu's Voyago of ])iscoYery, 1Hl5-lt-l; in it.-= 37(> 4~'.k 

A= 122° 121.5. lNot 11.~ed.J 

Kotzebue. [Not used.] l 
Ikmdwy ............... Ilrc(1ncru1:.;. Tr.ail<· du 1'fa:..r:11(;ti:->1111·. 

Erman .................. J Pari8, 1~4G. 
Sir E. Tielcher f in f)J = 37:i 4~1 1 A= lfr.Y' 23'; Phil. Trnn~. Hoy. 

Soc., 1R41. 

Du Petit Thonars ; Voyngo of tho Frigati' Yomrn. 
15 20 E. Sir E. J~olclwr; in cf,, :.- 31' 481 , A =- 12'.Y' 2:l', I 11Jil. Traw;. Ho:r. 

J 1841, October .. --- ...••• -

l 1s12, .Tannnry ·----·-----· 

l:J 30 E. 

Soc., la41. 

Duflot do Mofras, :Ex1tloratiou of Ort',!!On, Parii-:, lfl;.t4 in 
C/J = 37c .f81.5, A=:: 12'2c 2.~ 1 .4. 

Duflot clo Mofras 1 as a.hove : at Fort Point. 

7 1849-50 ·-··---··-··· ·-·--· 

15 30 E. 

15 40. 8 E. Uomn1andor· Rina;gold, D.S. N., at Alcatra;, L:da..nd. harbor of 

8 

9 

10 

11 

jj,l 

[ 1852, Fo-br-11ary 18--2R ........ 15 27. (i 

18:&, March24 ...... ··----- 15 28. 8 l 18.'\2, April 21. •••••••...•. 15 27. 8 

lR:"&, MAy2R .•••••..••.••• 15 31. 1 
10061 J11ne 2G ................ w 25. !_i 

18'71, Dooomber H, 15, 16. _. 16 23.1 

18'12, Ootuber llG, 27, 29 .. __ . rn 25. 7 

(113'73, .Tune. - •.••• - .•• - . - •. rn 2[;. 9 t 1873,.A.ngnst .••••..••.••. rn 24. 2 

11373, N<>vember 12 torn .. 18 26. 2 

LB74, January 10-14 ••••• __ . 16 21:!. l 

E. 
E. 
E. 
E. 
E. 

E.(?) 

E. 
E. 
E. 
E. 

E. 

San Francisco. 
\ G. Davidoon, assistant Coast Survey; in q, ::-- :17"-i 47'.!J, >.. =-· 122 
{ 27'.2, at Presidio; mean of da.ilJ maximum and minimum . 

J 
Coast Survey Report. 185G, t>. 2:2!f, and l-1S. in Co:lAt Surn'.\ 

a.rehi'V"es i mmm 15° '28' .8 E. 
Prof. W. HarkneSR, U.S. N._; in <J; :-."::":i7· 111', .>. = 1fr2') 21'; 11.'!l~t 

~idc. of Yerba Bncna Island; Smitli:iOll ian ContrihutionP to 
Knowledge, No. 239-, Wasf1iugtou, lb7~i. 

G. Dao,·idaon and S. R. Throckn10rt.on, United ~tat<'R Coast 
Survey; atPrusidio 1ttnticn ot' 18!32; :llS. iu CoaAt. ~nrn•y Rr 

chives. [Not nst~l.J 

} Reference a• nbo..-e. 

G. Davitlson and W. Eimbook, Unit>~l Stat,,K Coa#t SnITl') .. :ii 

Presidio ; l:lS. in Coa.Ht Survc-y archives. 

Reference as abovo. 

'------------'--------~---------------------·-----
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ltEPOHT OP TllE SLTEHINTENDE~T OP 

Collection of Magnetic Declinations, etc.-Continued. 

CAPE DISAJ'l'OINTMEN'l', COLUMBIA RIVEU, OltEGON. 

"'= 46'·' 16'.7 ;.. = 124'- 021 .0 W. of Gr. 

(South •horc of Baker'• Bay.) 

I 1 1792, April 27 1 l>l E. Vancouver;* in O = 46C 14'1 A= 1SJ3° 591
1 near month of Co

lu.mbia Uiver; Ilanstcen's Magnotismus der Erde, 1819'. 

I :: ·:·:·~ : I 

20 

rn 
I 

E. 

11 E. 

VancouvAT's voyage ;t refot·enco as above; ln ijl = 4fi'' lW, 

l\ = Ul:l0 53'. [Value evidently too high; ne>t used.] 
Sir E. Belcher; in <P = 460 171 , A == 124c. 021 

; Phil. TranR I~oy. 

~ 1842 .. -··-----·-·---. -----·1 20 00 

20 l~. l (1851,July!).-!J ···--···----, 

E. 

E. 

Soc., 1841; on Baker's Bay. 
Dufiot de Mofras, Explora.tion of Oregon, Paris, 1844 ; -at 

mouth of Columbia. River. 
G. Davi!" 80Il, assistant Coast Snrvey; in lb= 46("' Hi' .7, A= 124r' 

021.0, near hooch of JJ;aker's Bay, Cape Disappointment; Coast 
Snrvoy Report of 18!i6, p. 230. 

1 l i 
4 '' 

I 
1

j1'351,July 14--19 .•.....•. 

" 

2 

3 

6 

7 

9 

10 

20 

l 
lK:lH. _ -· ................... [ 21 

1 ( I B7:1, Octobf'r 24-27 . -- -. -1 21 

I 
i 1873, October 19-23 ...... i 21 

l I 

4;;_ :J E. 

00 E. 

26. !) E. 

4G. 0 E. 

P...eferenec a.s above; on rop of cape, in ¢ = 46'> 161.61 A=124-: 

02'.0, at astr011ornical station. 

I
' Com.munica-tion by S. Garfield, sntteyor-genera.1 Washington 

Territory, dated August 24, 1860 • 
: 'V- Eimbeck, United States Coast Snrvcy; near bea~h of' Ba-

l
, ker's Bay, in <P = 40° 16'.7, A= 124° 02'.0; MS. in CoaRt 

Survey archh·es. 

'I W. Eiml>eck, United Sta.tea Coo.st Sun-ey; at old astronomical 
station, t.op of cape; MS. iu Coast Snrvey archives. 

~ Vancouvur'8 obf;lff\·atiou8 uu1tlu on board 1::1hip. 1 Observation by Broughton. 

1804. -- .. ·---- - .• ,. -- --- - 2() 4ii 

1824 ·--- •• ·-· --- ·-- ·--. - .• sr: 30 

1827 .5 ••••. - - ...... - - .. - •••• - . 2~ ;JO 

i 
~8 

::-.~~~ ~~-:-::~~~: ~~~~:-] 
rn 

2!l 16 

28 37 

183!1. •• ·-· ·- •••• ·-·. --·· .•. i 2!! 3'.I 
I 

184!1.5 -·-··-. ··--·--··- .••. ! 28 53 

1851.0. ·-· -···-- ·-······ ___ ! 2!) 11 

1BC7, August 18-00 ..... ···i 28 4!l 

I 

I 

SITKA, .A.LASK.A. . 

.I.= 1350 W'.7 W. of Gr. 

(Parado grounds, Sitka.) 

E. 

E. 
E. 

E. 
E. 

E. 

E. 

E. 
E. 
E. 

Liseianaky; .Becquerel' fl Trait6 1\u Magn6tismfl, Paris. 184fi; 
position, ¢ = 57° 03', JI = 135° 30'. 

Kotzn-hne; reference as above. 
General Sir E. Sal.line's Cuntributiona to Terr. Mag., No. :xiii, 

PhiLTra.ns. Itoy. Soe.,1872; position 1 r/>=570()31, >..=1351)231 • 

Enuan ; UC'-Oqucn1l's Trait6, as above. 
General Sir E. Sabine's Contribations to Terr. Mng.,, No. xiii, 

as above. 
Het"erence a.e aOOve. 

Sir E. Belcher ; in <P = 57° 03', ~ = 135° 22' ; Phil. Trans. Roy. 
Soc., 1843. 

' ~ Geuoral Sir E. Sabine's Contributions to Terr. Mag., No. xiii. 

A. T~ Mosman, aasista.nt, Coast Survey ; at old Russian observ
atory nn Ja1>0nski Ioland, harl>0r of s;tka; Coast Pilot of 
Alnska, United. States Coast Sur-vey, 1869, p. 120; ns!dgned 
position, t/J = 57ei 021.9, A= 1350 20--.0. 

----------··- ··--·---~----------------------------· ---



 

TITE UNITED STATES COAST SUUVEY. 

Cullcctiun of Magnetic Declinations, ctc.-Continned. 

CAYl'AlN'n lL\lWOU, VNALASKA ISLANDS, ALEUTIAN ISLAND, ALASKA TEll1'1TOllY. 

17~2. ..................... ! 
2 lt!Ofj. ..................... 1 

I 
icts ....................... I 

lc·E• ....................... \ 

I 
lcv7, Scptcrulwr ~.~· ....... I 

! 

7 lc70 ...................... 

1 l>J7:J,May ........... , 
...... 1 

4>=53''52'.6 »=166"31'.5W.ofGr. 

l!l 

19 

rn 

1~1 

~>() 

w 

HI 

1~ 

(Greek church, Iliouliouk Villagt\.) 

00 E. 

~--t E. 

51 E. 

;10. ii E. 

00 E. 

H. t E. 

4;, E 

;,[;. 7 E. 

I Saritcheff; ol<l chart; oommunicat<>d by Ur. W. II. Dall, actiug 
I assistant Coast Survey Novombcr, 1873. I Kotzebue; SaritdwiT's Atlas, Chart No. x:v; in lfJ=53: 5:'t', 

.
1 

A= 16()0 43' '. at cbu~:1 of Iliouliouk Villa=:e ; eummuuit:aled 
, h> Dr. W. Il. Dall, lH 13. 

! Liltkc; "Cnalaska Island. in <P = 53~ 541, A= 1660 301 ; G~neral 
! Sh E. Sabine, Phil. Trans. Roy. Soc. ; Contributions tci Terr. : 

I 
Mag., No. xiii, 1872, . i 

, Chart No. 8, I:uss. Ilyd. Ofllce, Captain's Harbor, q, =:hl" :>:!',7, 
II >-=16u' 24'.0: communicated by Dr. W. n. Dall, 1873. 

I 
Tobcnkoff; Chart No. x.x:v; at (•.hurch of Ilioulioulr. <P= 5::\C' 52· .0, 

>-= l6W 1 25'.0. 

j A. 'l'. Mm;;rua.u, assistant United Otates Coa.at Survey; at C:tp· 
I taiu'e lladmr, cjJ = 5..1'' 53',!t) A= 16Gr· 3-0'.4; AS8i8taut, 0-. Ua~ 

\ -..-idi:mu'e expedition of 1867 ~ MS. iu Coast Survey archives. 
I Kadiu; MS. chart, Captain'• llarl>or; comnmuicated lJy Jlr. ,V. 

IT.Dall. 
W. II. Dall, actiug assistant CoaBt Survey; at church of Iliou· 1 

liouk,in rj.l=C>.'3'' 52'.fi,A=lliG' 31'.<J; MS.in Coast Survey 

archives. 

The followiug magnetic declinations lul\c not yet lJeen iucorporated in discussiom;: 

l•m ... Jb,, 
2 I 18&7, s.,ptorubcr lti-W .• ... 15 21. 1 w. 

w. 

:i 

1 

lHGU, A ngnst t<> December 

4 ' 1861, Jamtary t-0Dooom\Jer. 

511862, January to December j 

IJ 11863, Juunar.y toDeooml)cr.[' 
7 

1 
lt'ill:_:fanuary toDeccllloor.

1 ~ l 1~1Ja. Jul)' ;:2, 23, 2~, 23 \ 

!) 1 l~7:J, Septum lJer 2, 3 . . . j 

17 

17 

1? 

rn 
1~ 

18 

I~ 

;i7_ 1 w. 

50. 2 W, 

00.fi w. 

O:.!.. 3 \V. 

03. 7 w. 

Oil. 1 w. 

5(),() w. 

EASTPORT, ME. 

h =G6o 59'.2 W. of Gr. 

(Fort Sullivan.) 

From a chart; Prof. E. Loomis' coll<Jction, in Sill. Jour., vol. 
xxxiv, 1838; at the month of St. Croix, in 4> = 45° 051

, A :::::.:(i7n 

12'; reduction to Eastport about- 5'. 
G. \V. Dean, assistant Coast Survey~ at Calais, in¢= 45:-- 11 1.l, 

A= 67° lC'.8; Coast Survey Report for 1858, p. 191; re
duction to Ea8tport -12'. 

G. B. Vose, observer for United St.ates Coast) g .g -;; 
Survey. I :!l 00 

G. B. Vose nnd S. Walker, obscrvera for Lnited ~ :;; ~ 

l
"" ~ StateB Coast Snrvoy. t: ~ ~ 

S. Walker. R. Il. Talcott, E. Goodfellow, o-bserY· & .,... c;i 

~ ....... 
ers for Uuit-0d States Coast Survnv. i ;i:; ._o 2 

It:. Gooflfollow, a.ssjstant., Coast, Snrv .. •y. I ~ : ; 
E. Uoodfollow, A. T. hiQsman, a.ucl II. ,V. H.icliard. r: :;; O 

:::! ~ ..... 
son, ob~orvcr::~ for UnituU St.at.oa:; Coru:it Surve:.Y· J rn ~ ~ p 

II. W. Riulmnlsuu, uhatirver fur UuiWtl State.to ~ <" ~ ~ 
Coast Survey. ~ 

Dr. '.r. C. Hilgu.rd, obsurver fot· Uuitc~l St.,ates Coast SurVll.Y ; at 

}..,ort Sullivn.n ; MS. iu Coust Survu_y archives. 

IIANOVER, N. H. 

1765 .•..••...•. ·····-······! 
1810 .... ·········-· ...... .. 

18'J9 ..................... .. 

1873, OclobCl' 4, (i, 9, lU, ll .. 

A=72° I~' \V.ofGr. 

(Dartmonth College») 

7 00 w. 
4 15 w. 

15 w. 

10 49.6 w. 

\ { Prosidont WhMlock · lll !I>~ 43 41', A - 72' 10 , J>rof. E. , 
I 5 Loomis' oolloctiou, lil Sill. Jour. vol x.xxH, 1838. . 

Prof. Young ; in ~ = 430 42', A = 72° 10' ; Prof. E. Lon mi . ..,· col- I 
Iectiou, in Sill. Jour., vol. xxxix, ld40. l 

Dr. T. c. llil!(ar<l, observer for Unitoo Sta.tc• co ... t Sur-'•,\' ; I 
M8. in Coast Survt'y arcllivoa. 

1 

D5 



 

96 HEPOlt1' 01•' TllE SUPEI~INTENDENT OF 

Golle(Jtiun of Ma.gnetio .Declinations, etc.-Continuetl. 
CIIESTEltFIELD, N. II. ' 

ll:ll'J .• ·-· .... --- •.. - . - ·----· 

ltil3 ·--·· - ... --- .......... .. 
rn11.. ..................... . 

~:~~~~~: ~: ~ ~~ ~:~ ~~ ~~ ~:: ~~~~-. ! 
1Hl7 ...................... .. 

1Pl8 ........................ . 

lblD •••..••••••••••••••••.•• 

lt20 .••... ·---- ..... -- ·-· •.. 
ld21 ................... --· .. . 

lt!~-! .••... ---------- ····-···

lt'.:!3 •••.. - - - .• - ....• -- - ..• - . 

ll"l;.!-1 •••••••••••••••••••••••• 

l:-1~!:") ___ . -- -----. ---- -- • -- -

lr-:~fi ••••.• ·--- ••..•. ·-· -- •.• 

l,-:~7 .••... ---·-. ··-·--- -· ... 

l"~U .................... .. 

l~:.m .......•.... 

1~:~1- ·- .. - . -- - - . - ... -- . - . 
11:1;).;.? ______ , ................. . 

1833 ...................... .. 

l":H .................. . 

l~t5 .••....•.•.. ···········-

1~3«i .••••• ·---- ..•••••.••. -· 

ll"":TJ ..•••..••••••.••••••.•• 

·--------·-------

2G 

23 

n 
07 

u:i 
02 

uo 
U3 

00 

6 07 

6 12 

6 30 

fi 40 

fi :K1 

6 3J 

·15 
{; 5:! 

7 00 

or. 
10 

7 15 
7 30 

3:-i 

40 

4.5 

"' 05 

>.. = 720 231 \.\r, of Gr. 

I 
,v·. 11 
w. 

I W". 

w. I w. I w. 
w. 'I 
\\T. I 
"\Y. I w. 
"\V. I 
w. I 
w. ( Natlrn.u \Vilth>. 
·w. I 
w. :1 w. 
w. 'I 
w. I 
w. 11 
w. 
w. ,I 
w. 'I w. 

I w. 
w ') 

w. ) A.C.Twiuing. 

*' l1'rom Prof. E. Loollli& collc(jtion, in Sill. J our., vol. xxx:iv1 1~5; position a<i1:1ig1HH1, ¢1 _ 42'' 53', 'A.::.... 72', 20' 

TORONTO, Pl:OVINCE OF ONTAIUO, CANADA. "'= 43" 3W.4 A= 79° 23'.4 w. of Gr. 
(Mag-nBtical und l\1etoorolo¢ca1 Ohsnrvatory. ') 

---------

lrl-11 ....................... . 

ll:"!4;i. -- .. --- • - - •• --- -- - .. - - • 
14.3 w. '1 Vol i. Torouto Ohsen·utions, p. x.i 
18.~ W.I 

1H4:J ............... ._ ...... .. 

1~4fi ..•••• --- - ... ---··. -· ---

18,17. --·---- ••. ·----·--·. ---

lo1:!. ..................... .. 

184U ....................... . 

18JO .................... - .. 

!83l. ...................... . 

185:1 ...................... .. 
1854 ..................... .. 

2!J. l w. 
:JO.~ W. 

3:l.2 w. 
:i:i.1 w. 
36.9 w. 
38.6 w. 
40.9 w. 
46. 1 "\'7. 

1 48. 0 ,..,. 

i 1855.................. 52.3 w. 

i185G....................... 56.3W. 
I 1;,;;1...... .................. 2 00. 5 w. 
i 1.358 ..... , .................. ~ 04.5 w. 

I~~~:::::::::::::::::::::::: 2 ~~:: !: 

I i~ i + i :::· : £ l ~ 
I tB«> ........................ 2" 27.f> w. 

! Observations in July and August-·· 1 
~ Obscr~a.tious in February, March, ConootcJ. for auuual and 

April, June. ( secular variation. 
i Qb50rvations fr-om A.n~ua(, to Docem- j 

bt.~r, both inclusive. J 

11860 ........................ 2 !19.8 w. 
186d ........................ 2 33.2W. i . . ; 

t te-69 ......... ~ .......... ~ •• _ •• ~. ~ 37. l \V'. l l Abstra.cte and re~ults of ma.gnot1cal a.nd meteorolo~'!Ja.l uhser•va-- : 

I:;;~:~::::::~::::::::::::::: : :;:: ;: ;/{ :o;;~:::i:~;;:·_~~~crvntory, Toronto, Canada, froru 1841 I 
I \ 

• Reault" published by I.}. T. Kingstou, M.A., dir•icl.or of the M,.gnetic Oh!Crvatory, in the C~nadi;.n J-;;-;;-;;;-;,:1, "81>6Ciallyfrom two com
nHmicationa1 ° Monthly a.bsolnw values of the maguetic elomonta a.t Toronto from 1856 to 1864 inclusive" i and u :Monthly abavlute v&luee 
<>f tho magnetic elements at Toronto from 1865 to 1868 inclusive. wit11 the llllnual me&n• from 1841 to 1~8 ''. 

t io 19'.1 in the pnblicntion of 1875 



 

THE UNITED STA.TES CO.AST SUU.VEY. 

Collection of Magnetic Declinations, etc.-Continued. 

B.A.LTHIORE, :MD. 

cjl = 39.D 17'.8 >. = 760 37'.0 W. of Gr. 

(Washington Monument.) 

,-1 rlEOB ..... -.------~~--=~~1- 0-:~-W. 
-1· 

~ D. Byrnes; from numerous ohs~rvations in ]~altirnore in di1ft.r-

I 
e-nt localities; Sill. Jour. 1 ,-ol. xviii, 1830. 

2 

3 

4 

:; 

6 

T 

I 

2 ! 1840, .A.ugust 27 ··--··-·--·: 

1847, .A.pril 20 ...•...•.. --· 1 

4 185G, September 13 ·-------

2 16. 5 ·\v. 
2 18. 6 1V. 

~29.3V{. 

Dr . .A. D. Bache, Coast Sun·ey l\eport for ff62, p. 213. 

I 
Capt. T. J. Lee, U.S. E., a.ssistant Coast Survey; at Fort ~fr. 

Ilenry 1 iu cf>= 39° 15 1.7, >.. = 750 34'.8; Coast Sun·('J Report 

I
' for 1854, p. J 44. k 

Charles .A. Schott, assistant Coast Survey; outsitle. l'ort M:{)-
1 Henry, in 4> =3U0 15'.8,). = 7(}-:i 3S'.l; Coast Survey lteport 

I or 18ss, p. 191. 
-----~ 

WILLI.A.MSBURGIT, JAMES CITY COUNT¥, V.\.. 

I I 1!1694 ....................... , 

~ ~~~~:::::::::::::::::::::::/ 

1 1796 ......•................ 

2 1806 .••...•.•.......••. ·--· 

3 1809.--··-··--·---·----

I 

"'= 370 16'.2 

5 00 

0 50 

0 33 

w. 
w. 
E. 

>. = 160 42'.4 W. of Gr. 

11 Biohop Madison, president of William aull Mary'• Collei::o, 

I
I ( in¢= 370 15',;. = 7tl0 35'; l'rof. E. Loomis' collection, in 

J Sill Jour., vol. xxxh-, 18~8. 
! 

NEW BERNE, N. C. 

~ = 35° 06' 

2 40 E. 
2 00 E. 

45 E . 

>.. =-";7° 02' W. of Gr. 

} 

Jonath. Price; from Prof. E. Loomis collection, in Sill. 

Jour., ""ol. xxxi'\"'", J8a~; posit.ion assigned, 4> = 350 20 1, 

A= 77° 05'. 
. ··-·-~----------~-----------------------~ 

1809 .•..••. 
-----·---·----·I 

I 
1814 .•••••• ·-·--· ·---· •.•. ·i 

1835 .•••••• -··--· .. ·-···-·.I 
184-0 ••.•••• ··---- ·--·· ··-··' I 

1843. ··--·. ·-·--·. -·· ··-· --1 
I 
I 

1047, May 21-:JO .• - -

1857, February 14-18 .•••.. 

MOBILE, AL.A.. 

= JJ> 41'.4 >.=Bsc 02'.5 w. of Gr. 

0 

8 10 

6 30 

7 12 

7 05 

6 :>6 

7 04.1 

6 52.2 

(Episcopal Church.) 

E. 

E. 

E. 

E. 

E. 

E. 

E. 

J. H. Weakly; in ¢ = aoc 40', A= EBO l l' (probably a mi•pri11t 
for SSo 01'); Prof'. E. Loomis' eollectionJ in Sill. Jour., vul. 
xxxiv, 183~. 

Kent; Encyc. Brit., 7th edition, 1842; for Mobile Bay, in 

</> = 30° 13', A = 88° 21', 

J. H. Weakly; Prof. E. Loomis' collection, in Sill. Jonr.1 '\""OL 

xxxh-, 1838. 

Chart of Mobile Bay by E. and G. W. nlnnt; Coast Snrwy Re-
port of 1845, p. 42. I 

Commander L. M. Powell. U.S. N. (in a report): at Mobile 
Point light, q, =30013'.8~J..=1390 01 1.5; reduction to Mobile 
City insensible; Coast Sur..,ey Report of 1855, p. 31!:!. 

[ R.H. Fauntleroy, assistant Coast Surrey; at Fort MorA"an 1 ill 

I 
.p = 300 13' .8, ;.. = 880 01'.4; Coast Sarvey Report of 19;;.1, p. 

*145. 

I
' E~::~!s:i::~~:~:::.·:~t :o;0:t 4~,~:."::,: ;:0 ~;~;:e c~·; 

Survey Report of 1858, p. 192. 

H. Ex. 100--13 

97 



 

98 REPORT OF THE SUPERINTENDENT OF 

Collection of J1lagnetic Declinations, etc.-Contiuueu. 

lHIH ___ _ 

ltl35 .. -- .. - .. - . 

18G5, A.p1·il l"; 

! 1 1819,Jmwl7 ________ _ 

2 183J. ·····----····-·· 

1835. ·---·-· ... ···-·· ···--· 
1~36, October 31 ·--------

1b72, Jnl:y and An gust ·--

!_ 

--------·----------
I 

i•69J. -- . -... ---· ·----. -·---. t 
i I 

2 lt78l, September H .......... 

( 1792, Aprll 18 ............ 

I 
I 
1179'.l, April 19 ........... ., 

! l 1792, April 22 ............ 1 

FLORENCE.ALA. 

rJJ = 34° 47 1.2 A= 87° 41' .i '\V. of Gr. 

33 

2P 

2-1 

(Coast Surwy station.) 

E. ( .r. R. \\"eakly; Profes~or Loomil'l' eollef'.tion, in Sill. Jour., yo]. 

E.) 1· xx xix, 1838; ro~ition aRsigned. ¢ =,._ 340 jO', A.= Bio 47'. 
E. A. T. "l1osman. as.sistant Coast Survry: ::us. in Cn~~t RtJTn':y 

j archi~cs. 

SAIXT LOCIS, ::IHJ. 

A= oo~ 12'.2 \\ .... of Gr. 

(\Vasbington UniYersity.) 

10 47.0 E ..... : ::\1nj.S.H.Lon~;at.St.Loui~,in¢-:.:...::3t 0 3{) 1 ,A=90°06'f:-ibont 

5'in error-8ch.]i .Account of an Expedition from Pittsburgh 

to the Rocky Mountains in 1819uud 1E20, byMcij. S. II. L')ng, 

Jlhiladelpl1ia, 1823. 

4\.l J-:. 

00 E. 

23. l E. 

37. 8 E. 

Colo11el Nico1lf,; rrof. J<;. I.oom]i,' r:ollecti1•n, Sill . .Tour., Yul. 

j xxxiY, 1838. 

) Colton"s General Atlas, New York, 187:J. 

Karl :.Friesach, Uericlite tl~r Kai. A.cad. der "\V"iss.., \""ienna, \ol. 

xxix, 18:JB. 

Ur. T. C. llilga1·d, ob.ser~er; l~ach~-Fuud Magnetic Sarvey; 

MS. communication; two station~. south aml "\Ye~t of court
house; first on Compton Hill, in¢= :J8C 371.l,). = 900 14'.0; 

sccoud near City HoRpital, iu <I> =38:'.) 36'.5. I\= 9Q0 12'.7. 

... Thi~ value is probably somewhat too great.-Sch. 

CAPE ME:<i'DOCINO, CAL. 

= 40° 26'.3 ;.. = 124n 24'.2 W. of Gr. 

2 00 

11 24 

16 00 

15 00 

16 00 

/Ca.pc }r!endocino light-house.) 

E. 

E. 

E. 

E. 

E. 

I I 

I
. Carreri, C. llanstee11'sMagnetismns dcr Erde, 1~19; in op =40° I 

~1ll 1)... = 1240 291• [Declination possibly much in crror.-Sch.1'* 1 

I 
La Pbrouse: C. Hansteen 's 'Magnetismus der Er1le, 1£119; same l 

positiou assigned.* 

( Capt. G. Vanc-OU"\""er; near the cap£\ about ten leagues from it; 
! it bore N. 36° W. [This would put him in about q, =3~o 

1

1 

58', A~ 1240 121.-Scb.] Va.ncon,~er's Voyage of Discovery, 

etc., 1790-95, London, 1798r vol.1, p. 191. 

I 8ame authority, vol. 1, p. 198; on boarrl Fl.hip, in <fl= 400 03', ..\ =
I 124P 09' ; Cape Mendocino bore N. 2° W. four leagues from 

i Same authority, vol. 1, p. 200; in <f> = 400 32', >. = 121° 32'. 
I shore. I 

----------------------------- --- ----- -~-··-·---·--····---· -
* The latitude given wollld indicate that this navigator ref.era to False Cape :Mendocino (now called Cape Fortuna.a, in ii;,=· 40° 30'.-5, A..:=:;; 

1240 :12'.8-Sch). 

NOOTKA, V .A.NCOUVRR ISLAND. 

"'=49° 35'.5 .>. = 1260 37' W. of Gr. 

177~,April4 .. __________ __i 19 45 

2 t 1791, Auguot 16, 17 ________ i 
! ' 
I l 

3 '! 1792, Oct-Ober .... _........ lo ;i-i 

4 1863 ....................... 1 23 05 

I I 
·-----'----

(Friendly Cove.) 

E. Cook; in Re80lution Cmre, tjJ = 49° 35', A=l26D 37; Ha.nstcon·s 
Magnetiamu• der. Erde, 1819; alon Encyc. Metrop., 1848. 

E. Don.A...Ma.lupina.; oboorvedODsbore; BerlinerAatronomi.sches 
Jalirhucb, ·ml. 53, for l82tl. 

E. Vancon"t"Cr; iu 9=490 341
, A.=126°281

, in Nootka. Sound;' 
Ilanste<ln's Magnet1smns der Erde, 1819. 

E. Capt.G. ll. Richa.rds,R. N.; in Friendly Cove, d>= 49"35!', >. = 
126° 37'.5; AdmiraltyChart of Nootkn Sound, No.1916, 18ti5; 

magmitdc variation inereaaing about 2' annually. 



 

TIIE UNITED STATES COAST sunVlff. 

Collection of JJ1agnct-ic Declinations, etc.-Continued. 

PETIWP A uLO\KI, KAMTCilA TKA. 

;. =201° 19' \\.of Gr. 

--------------.------~------------------------ -- ---- -----------

I o 
1825.5 .................. . ' 4 l:l 

I 
I~. GPn. Sir J~. Salli1w·s ContrihntionR to Ten. l1ag., :Xo. xiii, l'hil. 

Trans. Hoy. Soc., 1872. [Tl1ir> i1' pr<•sunrnd to refe£" to Ca11-

) tuin Be('du .. "-y·s determinatiou Uelow.-Sch) ¢>=5J:::i oo·, 
! A =-20JO 20' 1\~. 

1827, July.·-· --- . --- . . 4 13. 3 E. . Bt:eche~·:5 YoJage to tlw radfic, 1~23 tu l8~tr1 London, 1 e:31. 

I 
[Mean of nine determinat ious ] 

1827.5 ··---------·· ... :i 43 E. i Ge1L Sir E. Sabine'sContribntious to Tf'rr. ~ag., Xo. :xiii. as l above. [Beechey\, value u.sed iu r1ref€rence.-Sch] 

211829.S .. • • .. • • • • • . • . • .. . • • . 4 04 E. ( I 
E. 

S i Hefereuce a8 aboYe. 
3

1

1849.5. •••• •• •. .... .• . . .... 2 37 I 

l--
4 1856, Oct<> Lor .. __ .. __ .... _ 3 24 E. 

1 

Admiralty Cbut X o. 2460. [Position in Eu eye. Brit .. 7tl1 e<li-
tion, 1f1 = 5~lo 01', A= 2010 17' \\._] 

--'-~~--~-~---

N. B.-This Asiatic station is included in thedjscussi<m on account of its proximity to tl1c \V-csten1 .Aleutia11 or Rat Isla.nds. 

gg 



 

100 REPORT OF THE SUPERINTENDENT OF 

The following table contains the empirical expressions for the magnetic declinations, derived 
from the preceding observations by the process explained above, for various localities, together 
with their latitudes and lo11gitudes. Total numlJer of stations 43, and of observations about 417. 

Locality. Latitu<le. [ Longitude .. Expression for magnetic declination. 

I Halifax, :N. s ___________________ _ 
: Quebec, Canada ..•.. ········--·~ 

York E'actory on Hudson Bay. __ . 

, PortlanU, Me ...•..•..•.... 
Hnrlington, \t ....... ·-----

44 :!9. 6 

4G 48. 4 

57 00 

43 38. 8 

44 >!S. 2 

1 
Rutla.nd, Vt................. 4:1 35. 5 

Portsmouth, X. II--·--·----··--·, 43 04.8 

'Newlmryport, l\Ia•s ·············i 42 48.4 
: Sa1em, :MasH ·-----·-··-·-·····--·: 42 31.9 

BoRton, Maes .••...•••..•••••.•.. ! 42 21.5 

Cambri<lge, lllaos .••.•...•...•••. , 42 22. 9 
Nantucket, Mass ............•.... i 41 17. O 
Pr<rriuence, R. I. ................. i 41 49. !\ 

-11 4n. o , ~~rtford. Con~ ................... 

1

! 
: );;t_,VJ. Ha'len,Conn ...•.••....•••. 41 18. 5 

'~~~:;:,·~\!".::::::::::::::::::::! 
, ~~i~~~~~:.~.:::::::::::::::::::.I 

Clevl•lancl, Ohio ....•••.••.....•.. / 

Detroit, Mich .••..•...........•.. ! 
Xew Ycirk,N. Y ................. j 

Ilathoron~h. ]>a ................... i 

Ph1l.arlelphia, Pa ................ ) 

Wa~hington, D. C ..........••... 1 

4~ 39. ~ 

42 26. 5 

42 52. 6 

42 01. e 
41 30. 3 

42 20. 0 

40 42. 7 

40 12 

::19 56. g 

38 53. 3 

CapP llenry-1 Va. . --· _ ...... ,. ... ·-I 
C ~al'leston, 8. C ..•.....••.•.••... i 32 

:-:.a-van11al1,Ga ....•••...•....••... 1 32 04.9 

46. 6 

~:::a~~~,!~~:::::::::::::.:::::i :~ ~:· 5 

57. 2 

Kingston, Jamaica ...•....•.•.... ! 17 55 

New Orlcaus, I,a .......•.....•... i 29 
YeraCruz, ).lexico ......•...••... ! 19 12 

:Mexico, "l\IPxico .••••••••••••.•.. : 19 
Acapulco, Mexico...... .. . . . . . . . . 16 ;,o. !:"1 

Pima.ma, ::\cw Graua<la. .......•... ) tl 55 
.San Illas, Mexico • • . . . . • . . . • . • • . . 21 3il. G 

San Diego, Cal ...•.....•......... '. 32 42. l 
l-lontetPy, Cal ................... i :m :iG.2 

San }"raucist;o, Cal. ............. _ j :i7 47. j. 

Cape Disappointment,"\\-.,.._ T ..... 

Sitka, idaoka .......•••....•.. 
r. nu.laska Island, Alaska.. 

4ti lli. i 

J7 o~. 9 

53 52. 6 

0 

63 35. 3 D = + 15.94 + 4.42 •in (1.0 m + 49.2) 

71 H. 5 D = + 12.67 + 3.84 sin (1.6:> m ..;- 4:U) 

' 92 2C. : D = + 5.08 + 14.12 sin (1.6 m - 79.4) 

70 16. G ' D = + 10.72 + 2.68 sin (1.33 m + 24.1) 0 , 

73 12. 3 ' D ~ + 11.16 + 3.76 sin (1.30 m ·- 2u.:l) + 0.18 sin (7.2 m + 138) 

72 55. 5 : D = + 9.'6 + 3.64 sin (1.6 m. - 19.6) 

70 43. O D = + 10.~9 + ~.56 sin (1.37 rn + 5.9) 

70 49. 0 D-= + 9.63 + 2.63 sin (1.4 m + 13.2) 

70 5'2. 5 ! D = + 10.22 + 4.04 sin (1.55 m - 6.1) 

71 03. 8 ; D = + 9.46 + 2.83 sin (1.3 m + 4.6) 

7l 07. 7 D = + 9.58 + 2.59 sin (1.3 m + 7.0J + 0.18 sin (3.2 m. + 44) 

70 OG. O ' D = + e.94 + 2.45 sin (1,35 m + 13.8) 

7l 24. I D = + 9.10 + 2.99 sin (l.45 m - 3.4) + 0.19 sin (7 .2 m .i.. 

72 40. 8 D = + 8.0G + 2.90 sin (1.25 m - 2u.4) 

72 Xi. 7 ' D = + 7.83 +' 3.16 sin (1.4 m - 21.6) 

73 45. 8 D = i 8.22 + 3.05 sin (1.44 m - 9.7) 

75 40. 5 
1 

D = + 6.19 + 3.24 sin (1.35 m - 18.9) 

78 53. 5 i D = + 3.40 - 3.41 sin (l.4 m - 23.3) 

80 o;;, 4 ! D = + 1.27 - 2.00 sin (1.4 m - 10.5) 

81 42. o i D = - 0.34 + 1.89 sin (1.4 m + 6.0) 

83 03.0 ID=-
7400.4, l•=+ 
75 07 \D=+ 
75 OY. 0 ~ D= + 
77 00.6 ID=+ 
7fi OD. 5 ! D= + 
79 55.8 ID=
Sl 0~.5 ID=-

0.90 + 2.22 sin (1.5 m - 15.7) 
6.43 + 2.29 sin (1.6 m - 5.5) + 0.14 sin (6.3 m + 641 

5.23 + 3.28 sin (1.54 m - 13.2) + 0.22 sin (4.1 m + 
5.42 + 3.J5 sin (1.55 rn, - 2'2.9) 

1.79 + 1.90 sin (1.5 m + 5.9) 

2.!l;l + 2.9.i sin (1.5.'l m. - 35.3) 

2.7:> + 2.38 sin (1.6 m + 15.2) 

2.54 + 2.32 sin (l.:i m - 28.6) 

Bl 48. 5 'i D = - 4.75 + 2.54 sin (1.4 m - 16.4) 

82 22 D = - 4.82 + 1.44 sin (1.3 m - 38.2) 

I
' D = - 4.6!1 + 1.95 sin (1.2 m + 16.0) 76 50 

50 03. 9 ll = - 5.68 + 2.52 sin (1.4 1n - 63.~) 

% 09 ]) :=- 3.77 + 5.89 •in (1.1 m - 60.5) 

99 0<1 i ]) -- - 4 30 + 4.59 oiu (1.1 m - 7G.:i) 

90 52. :1 i 1> = - 3.fn ! 1.gG f'iU (1.05 m - 7U. 7} 

7!1 30 I' U -· - 6 2E + l.:i7 sin (1.2 m. - 13.9) 

10.3 15. 7 n =~ - 5°60 +- 3.:37 sin !1.0 m - 87.7) 

117 14. 3 I D =' -12.M + l.fi4 sin (1.2 m - 180.0) 

121 S:l. 6 I D = - 12.82 + 3.54 sin (1.0 m - 142.!I) 

122 27. 2 / D = -13.~~ + 3.10 sin (1.0 1n -132.7) 
124 O:l. 0 IJ = - 20. '2 + 2.81 oin (1.2 m - 188.~) 

13J lil. 7 11 D = - 29.08 -- O.OLQ m + 0.00098 m' 
16G 31. 5 . D o~ - 20.oc; + 0.024 m + 0.00080 m• 

- -~-----------' --· 
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In the second talJle are exbil.Jited for each locality discusseu the ol>serHd and computed (by 
preceding formul:I') declinations expressad in degrees and fractions of a dPgree. 

Comparison of 111agnetic Declinations observed, and com11uted by preceding form ilia'. 

rla.ce. Placn. 

----·----·---------:--- ---· 

HaJifax, Noya Scotia. 
0 

1756. J :T 12, 83 

1775. 5 I 13. 58 

1798. 5 I 16. 50 

1818. 0 I 17. 47 

1s21. 7 1 11. 60 

1852.;:; i 18. 17 

11:53. 0 < 18. 83 

0 

!+1~. 25 
14. 05 

1:-i. 7G 

17. 25 

li. 32 

19. 41 

19.44 

1Rfi0. 5 i 19. 92 HJ. 76 

1866. 3 : + ;;, Oo 19. 97 
I 

Quebec, Canada...... 1649. 5 :+ 16. O -rlG. 34 

York Factory.--· 

P01_·tland, ~IA .. --·. 

16!36. 5 i 15. 5 15. 44 

1810. 5 . 11. 0 11. 25 

1Sl4. 5 i 
1~3l.5 i 
1834.5 ' 

1842.5 i 
18~R. 8 I 
1839. 5 : 

' 

11. 83 

13. o:i 
H. 23 

14. 20 

15 .. ')7 

Hi. 2~ 

11. G7 

13. 5i 

13. tl6 

14. 66 

15. 83 

1;). 97 

1860.8 !+16.47 ,-116.04 

1725. 5 i+19. 0 ! +19. 04 

1787.5 !+ 5.0 ].;. 4.93 

1"1~ .• ~-6.0 !-6.0G 

1s43. s 9. 42 I_ 9. o;:; 
1R57. 6 

1763.5 

1"775. a 
184~. 4 

1851.6 

1.u2;-i.95 
! 

i. 75 :+ 8. o:; 
8.50 i 8.14 

11.47 11.53 

II. 69 11. YI 

1859. r. 12. 33 12. 33 

l~tJ:t:l 12 . .Ji 12.52 

ll'6-I. tl 1 ~- 73 l ·~· 51-1 
1 ·6- "' I I" 71 : I'>. 61 
"""' I -· i -

1e60. 1 j 12. 12 I rn. 64 

1873. 7 1+12. 89 :+12.94 

Burlingt"u, Vt....... 1793. 5 !+ 7. 63 i ·i 7. 63 

l~l8. !'i I! 7. 50 I 7. fol 
1822. 5 7. 70 l 7. (ill 

1826. 5 7. 60 i 7. 94 

1€30. 5 I s. 1 i 1 s. 21 

1831.5. 8.251 8.29 
1&12. 5 E. 42 K 37 

1834. 5 8. 8:l I ~. :;2 

1837. 5 E. 75 ! K 7:1 

1645.5 9.371 0.33 
1 "85.5. 7 9. 95 9. g.j 

1873. 8 +11. 32 1+11.32 

Jmtland, Vt.......... 1789. a + 7. 05 I+ 6. :;1 

Portsmouth, N. H ..•. 

1810. 4 : 6. 07 6.14 

1811. 7 ·1 5.02 6.16 
1859. 6 .g, 82 9. 40 

1873. 8 :+10. 67 +10. 91 

1'771. 5 :+ 7. 77 

1715. 5 : 7. 75 

1850. 7 I 10. 5(} 

1859.5 '+11.25 

+ 7.78 
7.74 

10.6[\ 

+11.1!2 

Nf'.wbur_yport, );las8.; !ii~. 5 + 6. ";';) + i. 00 
1 

t7el.5 7.30 7.0:::! 

18;)0. i 10. Of! 10. 2i 

18:>9. 5 ,+10. 97 +JO. 81 

S.afom,:l.Iass ..•.•••. 17~1.6 ·+ G.!lfl fi.47 

RoRton, l\IasB 

. 1t·os. s ; 5. 9S 6. 3-:! 

! U:l O. f) l G. OU C 49 

I 1~4:l. 6 . 10. 24 D. 7.J 

1855. 6 '·o-10. 83 .;-10. 4-0 

1700. 5 .-+ 10. 0 ~- 9. !J.i 

170~. 5 

1741. [1 

1776. 0 

1782 . . J : 

11~a.;) I 
11"101. 5 ' 

18:~9. ~- . 

! 1P46. 7 j 
125.J. G 

n. 0 

7. 5 

7. 67 

7. 00 

v. ;;)0 

6. Ot< 

9. 10 ; 

9. 5'J i 
10. 23 i 

(i. C.2 

6 6 l 

7. 2:

!l. O:l 

P. ·J9 

10. o:. 
187~. 7 +u. ~:'! I ' 11. 01 

Ca.mltrillg-t\ :Mass . . 1703. ~ 
"j 1442. ;J 

9. 0 '"7 !l. 30 

8. 0 1 7. 70 
1757 .) 

17()1. ;, 

1763. 5 

l7FO.;, 

1782. 3 
178.1_ .l 

17~8- 5 

!PIO. 5 

1t-:n. ;""i 

1s4~. 4 I 
1~42. ~ I 
1~4-1. ~· ' 

J~4:'i. 4 

1850. t1 

1S:i2. 5 

1t54. 5 

1"55. 4 

lf'.5G. 5 

7. ~l:l : 7. ~R 

7.23 7.17 
7. 00 ! 7. J:l 

7. 03 6. 90 

6. 7!i 6. ~~ 
6. p; r.. 9iJ 

9. 15 

Q .• 10 

9. 57 

D. G5 

9. ;;;1 

9. :.10 

10.1:1 

10. 21 

10. \ll 

111.41 

10. l'O 

G. 9'.J 

9. 02 

!)_ l;) 

9. 36 

ft. 49 

!t.(i.!) 

9. 72 

10. Oi 

10. 20 

10.3:1 

JO. :l(I 

JO. 4t\ 

10. U:l 

1~67. 5 i 1-10_ 70 i + 1 i. no 

Nantucket., )faMM •••. 1775. fl 1+ 6. 50 , + fl. 50 
1834. ;'.j 

JR.'JP.!l 

1sa; I 
1843., 1 . 

1846. r, i 

e. 4:, 
9. 04 

g_ l..'"• ' 

0. 17 

ti. 23 

t:. fi4 

~. B'I 

9.11 

9.17 

9. 33 

1855. 6 ! U. 91 I 9. 8'.J 

181)7. 4 l.;-10. 33 '.;. 10. 42 
i : 

Providonoo, R. I • •• . 1<17.;, !+ 9. f.O i+ 9. 73 

1720. 51 9. 47 ' 9. 49 
1725. 5 o. 23 I 9. 14 

1730. 5 + E. 90 i+ B. 85 

Place 

;... 

Pro...-itlenc-e, lt. I.- rn;,_ ;) to. ti.i --;- ~- ::i!l 

Continued. : 17-t-0. :-) ~. :.l:J !-. 33 

Ilnrtfon.l, Conn. 

~ 174.i. ;-i 

: 1750. 3 i 

. 17.')j_ :J 

! 17GO. :-, 

! 17G;,. ti 

171i9. ~ 

177.1.~ 

17~()_:) 

171'.J. ;-) 

1790. 5 
I 

l"Hl.J.51, 
IFOO. ~ 

lBfG.:-i 

1810. 5 

1~15. 5 

lt<Ul. :1 

1~30. ~ 

18]5 . .:'i 

1r34l}. 5 

lf<41.J 

1!34Z ;J 

l!'-4:l. !i 

i.~~ t=.02 

6. tl7 ·r. Cfi 

7. :35 7. :!; 

fi. !JJ ti.~~ 

G. i2 fi . .33 

G. ~10 U. ':.!O 

G. 33 G. 15 

fl. 21 G. 12 

C. 2~ G. 1-; 

6. 11 G. ~5 

6. J7 G. 3:.! 

6. :;,) 6. ;r; 

(i. :i:2 f.i. 4(1 

fi. 40 ' 6. 4J 

ii. 50 6. 55 

6. 6~ G. i.i 

ti. t"l;i I. L6 

'i. li J. 45 

:. ;11 'i. 90 

~- ;i;.! 8. 45 

f. 6:1 ' s. 5.1 

t:. :7 c. ro 
1635. (j ·--i- !.\ 5:2 9. 42 

liF'.6.5 +- 5.4:2 + .:i.~~ 

1£:10.;; 4. 77 5. :25 

! 1~~4. ;J ~. i.i 0. CO 

! 1~~.?l'. 0 I 

1.r1.-1!). ii 

1_,..G7. G 

6. (l;'j :,_ jf; 

7. 2~1 I. :-i4 

-:-. ~:.J + 'i. :--.t 

Now llaYt:nJ Ctiuu .. : 17Gl.~) 
I 1";:;,. :i 

j 17~(r.3 

5. 7~ +- fi. 04 

5. 'H! :J. 27 

!'I. 2.) ri. 07 

.Albany, N. Y . 

]1<19. 8 

18::?."!.5 

1835. 3 

1f1:lG. :i 
1~:li. fl 

1~-10. ;-, 

1~4j. 7 

hH~.r, 

1855. t.i 

!'"1. 1"i 4. 77 

4. 4~ :>. 00 

;"). 2...: : 5. 3.J 

5. fit" :>. 71 

' !i. !t::! ' :>. '"" 
!), t'3 [1. r7 

C.. 17 G. tl:! 

ri ~fl n. :r; 
c. ;i~ ii. :i7 

7. o:, ':'. Ot' 

18lt'. G ~'· 7;, f). 7H 

1823. 3 u. ()0 ! 6. -07 

1R2~. Ci fJ. '27 ' 6. ~fi 

1830. '' : C. :JO G. 37 

1831. f> 6. 51 6. 44 

183'4. 8 i 6. fi7 G. 64 

1636. 6 i G. 7P 6. 77 

184-i. 9 i 7. 58 7. 57 

185.5. 7 1+ 7.91 '+ 8. JG 
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Comparison of Magnetic Declinations, etc.-Continued. 

~ ~ .g ~ 
"" ~ §. Place. ~ i 

I
I ~ ~ § a ~ § 

Place. 

~ o u I ~ 6 o ---------:---•------ ________ , •---1----------
1 I ~---;:--[ 

Albany,N.Y.-Cont"d' 1~56.7 !+ R5~ ·/- Ft23 KewTorl<, :X. T.- ! 1843.7 + 6.42 ,+ G.01 
I I ' 
J li'58. -1 ;+ K 28 t- 8. 37 Continued. 11846. 3 5. 56 6. 05 

Oxford, N. Y .••.•.••. I 1794. O !+ 3. oo _,. 2. 96 1B47. 8 5. 68 6. JG 
I 1 I 1855. 6 fj, 72 G. 7:i 

I 
!817. 5 I 3. oo 3. 31 

1 1· 1860. 7 6. 73 7. 03 18"..e. s I 4. 5o 3. w 
1 1S:l4. 8 I 3. 87 4.13 187J. 8 + 7. 6~ + 7. 63 

1
11836.', 81 4 15 4. 26 Ilatborough, ra. ····1· 1680. 5 + 8. 47 i+ 8. 49 

1837. 5 i 4. 50 4. 30 1690. 5 8. 25 8. 30 

1
18:~!-!. 5 j 4. 4;-, 4. 3G 

1

. 1700. 5 7. !)2 7. 94 

lS·itt. 9 ) 5. 18 5. 14 1710. 5 7. 47 7. 4D 

: li',57. 3 I 5. 73 5. 6t< i 1720. 5 7. 0() G. 95 

I' 1858. l I' 5. 78 5. 74 I' 1730. 5 6. 4:.l 6. 30 
lt!.>9.0 5.83 5.81 1740.5 .J.58 5.56 

11873. 9 G. 87 6. 94 

1

1750. 5 4. 9:2 4. 67 

I 1874. { 1·1· 6. 93 I+ 6. 97 1760. 5 4. 00 I 3. 75 

Buffalo, N. y ......... r 17.~7. ~. ! o. o~ 

1

1+ o. 01 1 1110. s 2. 92 2. 89 
18.n. ,, + 1. 4:.: 1. n i 1780. 5 2. os 2. n 
1839. 5 \ i. 25 1. 30 : 1790. i) 1. &1 1. 84 

1~45. 5 i' 1. 42 !. 71 11800. 5 1. !~2 I. 79 

1859. 5 I 2. 94 2. 81 ! 1810. 5 2. 00 2. 07 

1872. 5 [ 3. 87 3. SH ! 1820. 5 2. 45 2. 56 

1873. s \I+ 3. rn + 3. 97 i 1830. 5 3. oo 3. 20 

l7D5. 5 !- 0. 72 - 0. 7~ ! 1840 . .j 3. 83 3, 89 
I I 1P50.5 4.42 + 4.60 

1841. G 1+ 0. 50 + 0. 51 
ETie,Pa ····--· 

1862. Ii I 1. 55 I. 52 Philadelphia, Pa. • ..f 1701. 5 

1873. 4 .+ 2. 01 + 2. 03 i 1710. 5 

Cle>"eland, Ohio 1 ~96. 7 ! j 1750. 5 
• 2. 00 - 2. 10 i 1793. 5 

1830. 5 

18.11. 6 

1834. l 

1838. 1 

1e41. :i 

1845. 5 

1859. 5 

1871.~ 

187:!.5 

1873. 5 

Detroit.1 :Yich ~ .• -·. _. HUO 5 
1822. 5 

ts-it<. 5 

1835.5 

1840. 5 

1859. 5 

1865. 5 

1872. 4 

1873. 4 

New York, X. Y . . . •. 161;6. 5 
lfilll. 5 

1723.5 

1750. 5 

1755.5 

17!09. 5 

1824. 5 

18:14.:i 

1837. 5 

I 1840. 6 

I 1841. 5 
I 1844. o 

1. 33 L O:l j l802. 
5 

1.2~ 0.98 . 
0. 83 0. 87 11804. 5 

o. ss o. 69 i is13. 5 

o_ oo o. 54 I 1837. s 
u. 6:. :- u. 35 

o. 77 1+ o. :J!J 

0. 54 0. 7H 

0. 75 0. Bl 

0. 85 + 0.8:i 

2. 80 ·- 3 10 

3.22 : 

2. 83 i 

2. li I 
1. 97 

0. 70 

0.67 

0. 42 

0.2!1 

8. 75 

8. 75 

7. 33 

6. 37 i 
5.oo I 
4.331 
4.67 

ua I 

5.61 ·1 

5.45 

s.10 I 

2. 82 

2. 61 

2.31 

2.07 

1. 01 

o. 66 

0.2i' 

0.22 

e. 78 

8. 68 

7. 53 

5.85 
5. 46 

4. 30 

4. 64 

5.17 

5. 37 

5. 61 

5.68 

I 1840. s 
118'!1.7 
! 1846. 4 

'1' 1855. 7 
1862. 6 

j 187'!." 

Waohiugton, D. C ... 11792. 5 
1809. 9 

1841. 0 

lll42. 0 

1855. 5 

185(;. 6 

1857. 2 

1860. 7 

1862. 7 

1863. 6 

1866. 8 

1&67. 5 

le6B. 5 

1869. 3 
1870. 5 

1871. 5 

lS'lll. 5 

1873. 5 

1874. 5 

6. 22 + 5. Y2 Cape Henry, Va. 1732. 5 

8. 5 

8. 5 

5, 75 

1. 5 
1. 5 

2. Oo 

2. 4:1 

3, 87 

3. 62 

3. 90 

3. 85 

4. 53 

5. 00 

5. 46 

o. 24 

o. 87 

1. 34 

1. 40 

2. 40 

2. 36 

2. 41 

2. 44 
2. 66 

2 10 I 

2. 741 
:l. 80 

zss 
2. 88 

2. 89 

2. 95 

3. 00 

3. 00 

+ B. 6;3 

e. 30 

5. 25 

2. 27 

2. 08 

2. 07 

2. ]2 

3. 16 

3. 37 

3. 46 

3. 82 

4. 60 

5. 22 

6.14 

0. 08 

0. 25 

1. 54 

1. 59 

2. 25 

2. 30 

2. 34 

2. 50 

2. ~9 

2. 63 

2. 77 

2. 80 

2.84 

2. 87 

2. 92 
2. 9li 

3. Oil 

3. 04 

a.10 + a.os 
i 4. 68 '+ 4. 7-l 

Ca1m Henry, Ya.- 1809. 5 

Continued. 1832. 5 

1856. 7 

18U5. 8 

Charleston, S. C 1742. 5 

1775. 5 

1784. 1 

1785. 8 

182'1. 0 

1837. 5 

1841. 4 

1847. 8 

1849. 3 

1874. 4 

Savannah, Ga ...•..• 1817. 3 
183~J. 0 

1852. 3 

1857. 3 

1874. 2 

Key West, Fla ..••.• 1829.1 

1

1843. 5 

1849. 6 

I 1860, 7 

186L 2 

1862. 7 

1863. 5 

; 1864. 5 

I 1865. 5 
I 1866. 2 

Havana, Cuba .••••• [ 1726.5 
1732. 3 

1815. 5 

1816. 6 
1857. 1 

1858. 5 

Kingston, Jamaica .. 1732. -2 

1791. 8 

1806. 0 

1820. 5 

1822. 5 

1832. 5 

lBJa. 5 
1837. 8 

1847.3 

1857. 2 

1866.5 

i 
to. oor+ 
o. 75 l 
1. 41 1 

54]+ 
i 

3. !.~Jl~-
5. 25 

5. 751 
3. 75 

2. 90 I 
2. 40 j 

2.25.1' 
2. ~H 

0.97 j-
4.00 1-

4. 30 I 
3. 67 

3. 46 I 
1. 98 i-
Cl.421-
6. 03 i 
5. 48 I 

4. 7R 
4. 75 

4. 68 

4. 60 

4. 5G 

4. 5~ 
.... 4!J 

4. 4 

4.5 

7.0 

5. 5 
5. 25 

5. 75 

6. 0 
ti. 78 

6. 5 

4. 8 

4.9 

5.2 

4. 7 

4.3 

3.67 

3.67 

4. Y5 

New Orleans, La.- .. 1720. 5 ,_ 2. O 

1768. s j 7. 83 

VerA Crnz, Mexico .. 

1796. 5 I 5. 10 
1806. 5 ' 8. 05 

1840. 5 8. 33 
1857. 0 8. 00 

11:!.58. 3 7. 86 

1870. 5 7.10 

1872. 1 ;- 6. 00 

1727. o I_ 2. 25 

1169. 4 1~ 6. 57 

0. 03 

0. 34 

1. 71 

2. 40 

3. 69 

5. 06 

o. 13 
5. 13 

3. 75 

2. 95 

2.69 

2. 27 

2. 17 

0. 82 

4. 68 

4. lR 

3. 52 

3. 24 

2.23 

6. 57 

5. 84 

5. 49 

4. 81 
4_ 'ls 
4. 69 

4. 64 

4. 58 

4. 52 

4. 47 

4. 37 

4. a4 

6. 25 

6. 24 

5. 52 

5. 48 

6. 28 

6.26 

5_ 86 

5. 34 

5.26 
4. 86 

4.82 
4.56 

4.24 

3.88 
3.5$ 

3. 39 

5. 77 
7. 34 

7. 75 

8.1' 

7. 72 

7.67 

7.13 

7.05 

2.11 

6. 79 
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Comparison of Jllagnctic Declinations, ctc.-Continucu. 

--------~------·-·-·--~-

Plaee. 
"" "g E 

,,. " 
~ ~ s 

-------- --~- ~1 __ 8_· -<--------

Vern Cruz, Mnico-111•7G. 5 I_ .~ 5 I_ 7. 46 Sau ma •. Mexico. - - .i J;[I]. 3 i_ .~ 47 ,- •. 4G 

Continuetl. 1.:315. 5 l-0. G fl. GO I lfl:!2. O 8. fi'; E. G4 

I

' 1ern. 3 9. 3 9. 65 1e:r;.:; e. :;7 E. n 
rn>ll. u e. 3 e. 49 11839.:; ~i. oo '" 94 
1661. 0 I- 8. 3 :_ 8. 18 1841. 5 - 9. 20 - E. 95 

lfexico,Mexico .•.... 1· 176Cl.8 J-5.45 i- 5.51 Sau Diego,Cal. ..... 1 1792.~ -11.00 -11.01 

1804. 0 I 8. 13 I 7. 94 I' 1839. 5 12. :14 l'l. 18 

' 1E50. 5 8. 59 i 8. 75 M)I. 3 12. 4f' I 1,,. 5B 

1E5U. 9 e. 77 II 8. :it! 1853. 8 12. 53 ! 12. 6i 

1858. 5 8. 37 8. 53 I 1866. 4 I 13. JG ' 1~ 09 

1860. 5 8. 5() I P. 4() j 1~72. ~) 1-13. 3~ :-l3. Z9 

1862. 5 8. 
34 

I' 
8

· 
38 

Moutero:r, Cal. .. __ .. 1791. • 1-IO. 93 -II. 48 
1867. o . e. 15 s.1s 1793_ 5 l2. :n ( l L 7t; 

1868. 5 - 8. 17 ' - 8.11 I' 1E37. 5, 114. 50 ! 14. 29 

.Acapulco, :Mcxicu.... 1744. ri i- 3. 0 1- 3. 32 11::39. ~ 14. 22 : 1-4. 40 

1791. 3 I 7. 73 I 7. 20 I 1E41. :_; 15. 00 i 14. 31 

lt'.~2. 5 1 ~- 07 ,i t<. 74 i 1El43. 51 14. 00 ! 14. {)2 

182P. 5 9. 12 I 8. 8:> I k:iL 1 ' H. 97 : 15. 01 
1838. 0 8. 2!t ~ 8. {ll 1873. 7 -15. £l~ :-15. !Jl 

18(,U. 5 - 8. ;)7 i- 8. ~3 I 

l'anama., New Gra.- 1775. 8 - 7. 8 !\_ 7. 80 San Fra11ci•cc, Cal. I ~1:8:~ •. -5 "~1 i-~1;:, ~l~O i-1~;:_ ~.::O• 
nada.. l 790. 8 7. 8 7. t13 \ ..rv ..., -i 

1802. !.> 8. 0 7. 7G . 1837. !:J lJ. 17 ; 15. 27 

1822. 5 7. 0 , 1. -42 J 1t13H. 5 15. 33 ~ 1.J. 3.) 

~:~~: ~ ~: ~~ ~: ~~ I ~:~: ~ I ~~: ~: :~: ~: I 
18(36, 4 ·- 5. 93 :- o. 12 ,

1 

1e52. 3 1

1
-1;;. 48 -15. 86 

I : 

i .g ~ 
Place. 

I 
... " ..: .... !:< "' ?:: 00 

" ~ I ~ ::3 ---

Place . 

San F'ra.ncisco, Cal.- 18(;ti. 5 -Hi. 4:..? :- Hi. ~f: 

Continm;d, IP';"~. 8 lG. -t~ i IC. 41 

1873. G i lG. 42 ' Hi. 43 

lf.'74.0 ~-IG.47 - 16.44 

l'apB Disa}lpoin t- ! 1~92. 3 i-18. 00 - 17. 98 

meut, \"CT. 1e:rn. s ! I!J. 18 19. 10 

Sitka, Alaska 

1842.:; i 20. 00 ]9. ~(j 

1251. s ; 20. 5-1 

1873. 8 :-~1. ()1 

l~O·L G !-~fi. 7;; 

1824.:> 27. 50 

182i.::J 2e. 83 

182?. 5 2E'. 3~ 
]~30. 0 28. ~i' 

lt!38.5 

I 

2~. 6~ 

10:::3~1. 5 20. :,a 
1~42.;; 2~. 8A 

I 

' 

~O.:!tl 

- 21.67 

- :.!G.58 

2~. ltl 

28. 36 

2~. 45 

23. 48 

~~- 83 

'2e. tltJ 

29. 09 

18G7. G i-:28. 8":2 - ~~- !l3 

1i'51.0 I 2!:l. 23 

I 
1792. 5 1- l!l. 0 - 18. -;9 

1so6. 5 ·1 m 4 rn. :." 
1829. 0 19. 9 w. 20 

1~4f'.;, i ]!). Jl 20, 08 

1 ~41). 5 ' :!O. 00 20. 06 

1,-.r;o;. 71 19. 'HI HI. 3:3 

1~7(). 5 I Hi. i5 19. 2~ 

1~":'3. 4 l-HI· Oll - 10. t
15 

·-------------------------~-----------
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Tbc third table shows the number of observations at each place; the apparent probable error 
of one observation (including errors arising from want of identity of stations and from iustru
rnental defecfo), expressed in minutes of arc; the computed epoch of greatest easterl.Y deflection 
in the secular motion, together with the amount and direction of the declination at that epoch; and 
tlie computell anuual drn,nges at the epochs 18i0 aull 1880, expressed in minutes. 

T.t)Cality. 

Halifax. Noya Scotia ___ .·-- .. __ ........... -----
1.~nPht.>C'. Carnu1iL ____________ _ 

1'."ork Fa('tory ou Ilud:;nu lk1y .... _. __ ...... ___ . 

Portlarnl, :lle .. _ .... _ ... ___ . __ .. . 

il11rlh1µtou, Yt ............................... . 
l!utlan<l. \t. .................................. _ 
Portsmouth, X. H .. ___ . _ ........ _ ...... _ ...... . 

Sewbn1·Jpert, 3.l<u~s ·-- ....... -· .... ___ .. ___ .. _. 

SalNn, Ma~R··--·-······ 

Bost()n, MatW•·--- .. ·--·. -· .•.....•.. ·-- ...•.. 
1 Caruhridgc, Muss ... --· .. _ ........... __ .. ___ . 

~antncket,Mass ·-·---·----· ....... --··---· 

ProYidence. It.I·--·-···--·-····-·· ·--··--··· 
llartfrird, Coon----- ........... _______ ..... . 

Nevr Ilayen, Conn ............•..... ·-· .. _ .. . 

Albany, X.T ..................... . 

Oxfor(l, X.1. .......... ----· ..•••.. ----· .•........... 
J Hulfalo,X. Y .................................. . 

Eri€,Pn ·······--·--·-········--·-···-··-····--
Cle\·~lanU, Ohio •.••.•...••.•..•...... _ ...••.. 
Detroit, "l.IiclL. _ .... __ ... _ 

i Xcw York, X. Y ............................ . 
! lfatborough.Pa ............................... . 
! Philadclpl1in, Pa .••..•....................•.. --· 

1 'Va:sh.ingtou, D.U --·····-·-··---·····--·-···-·· 

1 ~~~~!~;::~-~~~ :::: :: : ::: ::: ::: : : : : :: ::::::::::I 

~~~3~~tL•·:••··············::···1 ~::: ~~~e:~'~c~~~- :::::::::: ::: ::: :: : : :::::::::I 
~J~xieo, l-Iexico ··············-····-···---···--·1' 
Aca1>nlco, iilPx:ico .... ····-· .••...•.•....••..••. 
Pauarna, Xew Granada .•............. ___ . -----. 
San Illa~, 1-f P.xico. _ ........ _ .•.....•.. __ .... ___ .: 

~~:n~~~\~~1 ::::::::::::::::::::::::::::::::::1 
San Frnucisc<\ Cal. .. _ ..... __ .................... . 

Ca1•eDisap1Juintrnent, '\V. T ··············-··--· 
Sitka, Alaskii ................................. . 
'Gnalaska Islarnl, Ab.Rka .•••..•..•........•.. __ . 

10 

10 

l~ 

l! 

30Ci 

6 

14 
l'!.! 

13 

11 

18 

lo(?) 

14 

19 

5 

5 

lO 

6 

11 

7 

8 
6 

7 

8 

12 

JO 

6 

1:) 

13 

11 

G 

7 

14 

9 

12 

11 

15 

6 

;::o 
6 

H 
l!) 

1;; 

2ti 

1:.5 

30 

17 

5 
QI 

13 

10 

6 

21 

9 

12 
18 

±17 

A mmal chan~e. 

1711 

l"iWl 

i 0 

l +11.;, 

+ t:. 8 

+LG 

-i-1. 7 

J7fi4 T ~.0 ·:·;:!.4 

1810 + 7. 4 +5. 7 

k07 
1 
+ 6. 1 -,-5. D 

17tl0 7. 7 +3.1 

li7fi 7. 0 +2. 9 

J'Wfi + li.2 

li77 + 6.6 

J7SS + 6. 9 

1773 + 6.5 

17~0 .,. 6.1 

li99 + 5.~ 
1801 + 4. 7 

!W4 + 5.2 

1~97 i 3. 0 

lf02 o. 0 

1793 

17i'l 

1801 

1797 

179"/ 

1807 

1786 

181:> 

17>-14 
180!) 

1797 

lRlO 

li'31 

1823 

1838 

1837 

1787 

1848 

'(192.5) 

(1903) 

(1893) 

(1932) 

1855 

1835 

- 0.7 

- 2.2 

- 3.2 

-t- 4. 0 

+ 1.8 

+ 2.1 

- 0.1 

0. 0 

- 5.1 

- 4.9 

- 7.3 

- 6.J 

6. 6 

- e.2 
- 9.7 

- 8.9 

- 8.9 

- 7.9 

- 9.0 
-14.2 

-16. 4 
-16.6 

-23.5(1) 
-29.1 

-20.2 

+5. D(?) 

.,.3.3 

+::.u 
-+ 2.6 

+0.8 

+a.4 
-r-4.G 
,-4.3 

4. 5 

+4.D 
---;-2. 8 

+2.3 
+:L4 
+2.4 

+4.6 
+4.7 
+2.4 

+4.8(?) 
+2.7 
+3.6 

+3.6 
+1.9 

·i 1. 9 

+3.0 
+5.3 
-j-3.1 

+3. t 
+1.9 

+1.3 
-1.9 

-2.0 
-1.3 

-3.4 
+1.8 

+3.4 

+o.9 

+I. 6 

I G.O 

-:-5. 4 

+2. 5 

+2.2 

+5.U(') I 

+2. 8 ' 

+2.1 
+2. 3 

+:1.0 
+4.3 

+3. 8 

+4.3 

+4. 7 
+2.5 

+1.9 
+:J.O 
+2.5 
+4. 5(1) 
+3. 7 

+J.9 
+4.7(1) 
+1.8 
+3.5 
-j-3.4 

-i-3. 4 

+3.8 
+3.8 

+l.B 

-1.7 

-1.5 
-0.7 

-3.1 

+2.9 
+4.4 

-------··~ -'-----'----'---------'------' 

Tllc proba!Jle errors girnn a!Jo>e will serve to convey some rude idea of the relative -ralue of 
each series ot' o!Jservations. The imperfections in the instrumental means of the older observations 
in many cases react unfavorably on the modern observations made with more precise instruments; 
the observations, for instance, taken by Hudson in 1609, in the vicinity of New York Bay, are 
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fairly cb:wgcahle with a probable errol' of :!:: 3° (a single 1·esnlt); tliose taken us Yancouver on 
our western coast, between 1792 and 1794, are subject to a probable uncertainty of :!:: P (eacb) 
Increased precision was obtained with the improvement of the azimuth compass anu the allow. 
auce for disturbing efl:ect of the ship's iron, and, for shore stations, with the iutl'odnction of the 
theodolite for determining the astronomical meridian. \Yith a portallle magnetometer (collimator
maguet), the instrumental means need not le:we a greate!' uncertainty than about one min t1te; but 
the actual probable error of any determination is limited by the accidental yariations in the mean 
direction of the magnetic force from uay to.Jay, making it desirable t.o continue the observations 
for three or more days, and correcting them for daily variation. The amount of the probable error 
is also uependent Oil the magnitude of the horizontal force. 

A cursory examination of the column containing the epochs of greatest ea,~terly excursion, the 
dqtlecting force proclucing the Recular change attaining then an easterly maximum, shows that the 
needle became stationary in direction, and then reversed its secL1lar motion, in the New Euglaml 
States toward t!JC end of the past century, in the Atlantic coast States to the west and sontu early 
in the present, and in Me-xico about the close of the first third of the present century. In Cali
fornia, Oregon, and Washington Territory, it has not ;ret reachetl tllis condition. 'Ye tlms ha\·e 
the following epoells for comparison: Halifax, about 1711; Portland, Portsmouth, Kewlmryport, 
Salem, Boston, Cambridge, Nantucket, aml rrovidence, about 1779; ilartfonl, New IlaYen, Xew 
York, Ilatborough, Plliladelphia, \Vashington, and ()ape Henry, about 1800; Charleston, Sa\·annah, 
Key West, and Havana, about 1800; New Orleans, about 1831; Yera Cruz, Mexico, Acapulco, and 
San Blas, about 1837; San Diego, Monterey, and San Francisco, expected about 1907 (yet •ery 
uucertain ). 

We are thus directed to the extreme northeastern States for probable indications of what may 
be expected to follow on the seaboard in more southern and western States. l~cspccting the 
secular movement of the needle, apparently a little more than a century passed before the influence 
which produced the turning of the north end of the needle westward in l\Iaiue (increasing there 
the western declination) was folt in Lower California (diminishing there the eastern declination). 
In Oaliforuia, Oregon, and Washington Territory, the eastern declination is at present still incrcas
in6, but with a losing rate. By the time the western elongation of the secular change is rcachetl 
in 1\Iaine, we may expect to sec the needle in the opposite phase, or at its eastern elongation in 
California. We cannot as ,yet follow this influence directly over the intel'ior of the Gnitecl States 
for want of early observations; the westernmost interior stations for whiel1 an epod1 could he 
made out were Buffalo, Erie, Cleveland, and Detroit; these gile the average turning epoch 17!JJ. 
It may be quite practicable hereafter to trace out curves uniting all stations where the needle was 
stationary at a given. epoch, and again at other epochs for regular intervals of time. say of ten or 
twenty-five years. 

Returning to the first table, the constant in each formula woultl represent the normal direction 
of the needle about which the motion constituting the seculal' change would be performed in 
an average cycle of about two hundred and seventy years, and with extreme deflections on citht'\l' 
side of it equal to the coefficient of the periodic term, all under the suppositfon that the law of the 
secular movement was truly expressed. It is no doubt much more complex, an<l besides may fail at 
any time; yet, as far as our pl'esent experience reaches, and within the inter•al when the first 
reliable observations were made to the present time, it is found trustworthy. 

H. Ex. 100--14 



 

106 REPORT OF THE SUPERINTENDENT OF 

Table of decenn-ial values of the 1Jlagnctic Declination comp1tted from p1·ecedi11g equation8. 

These tables ha>e been constructed to facilitate the reduction of observed declinations from 
one epoch to another; they \Yill be found specially useful when olt.l liues, ruu by compass, have to be 
retraced, and for the construction of isogonic charts for a given epoch. 

Blanks occurring in the table indicate no or doubtful >alues for the corresponding times. 
values given to the nearest tenth of a degree are less reliable than those giYen to buudredths. A 
+ sign indicates west, a - sign east declination. 
---------------------------------~~-- ---------· 

I 

7. 5 i ! 

7. 4 G '} I 7.0 
1. t< 1;,;, 7. 4 

<. 4 7. 0 7. ti4 

9. 0 1. ~ e. 38 

e. 95 

I 

g 
8 

····-·1··------

··-···- , ........ , ....... .. 
I • 

8. !) 

e. 4 •••••••• 1 •••••••• 

7. 7 

fi.!) 
··---- i 

fi.3 •••••••• 1 

. I 

G.12 -J 5. 4 ; 

t;, 24 

r.. 37 

6. 45 

6. 73 

7. 43 

e. 31 

5.2 I 

5.16 

5. :l4 

5. 4(; 

5. ~o 

G. 24 

6. 77 

7. 36 

-; fl. 1 

5. 5 

5.1 

4. H . 
1. 7 

·I.' 
5. u 
5. 4:1 

5. fl!l 

6. G7 

7. 41 
f\.18 

-i H. 9 ____________________ ,. ________________ _ 
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'l'aule of decennial ·1,alues of the Magnetic Declination, etc.-Oontinued. 

-------~I ~ ~ I I' ~ ~ I ~ ~ : ~ . ! . ~ ~ ~--- ~--- ~ -
Year : ~ 1

1 

:z; z I d rg ~- t; g j 2' .: ~:y ~ l 7[ ~ ~-
(Jau.1). : ~ "8 ..S ! ~ I ~ =5 I ~ ? j ~ ..=;:i i ~ ~ § ~ g 

1..§12 ~:Jil~ t:l~1::.1.§:~ ,;:::.., ~ ~ ..... ~ 
______ 1 < l~~j~I ::3 ~ I~ e S I ~ _ 1 8 5 £ ~ :§ 

'"i910•.:_ •• _._::_;•_·.~_ .. _ •. ·.:_!,·.·-····,··-··L_:_ .• _~_ .• _._ 1. ••< e I 0 u,~, ,0, ! ••2 ·J····• 1 r:··· .. 
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1700 ........................... . 
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20 .......................... .. 
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1
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1800 ...... -..................... -6.0 -7.5 -9.1 -7.7 -7.8 -7.8 -7.9 1-ll.1 '-12.0 \-13.4 1-18.1 '-2ti.12 j -19.3 

10 ..•••..• : ................... -5.7 l-7.9 -9.5 -8.!l -8.3 j -7.7 1-8.3 1-11.3 i-12.u 1-13.9 \-18.4 i--27.11 ! -H.7 
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40 ............................ -4.6

1
-8.H -9.4 -·8.9 -8.91. -6.96 i-B.!14!-12.:.lO

1

-H.44 i---15.38 -19.72 -21<.8F -20.2 

50 ............................ -4.21-7.94 -8.YO -8.76 -8.79 -6.tijj -8.97j-12.54·,-H.951-15.7e -20.29 -2!1.-0F' -20.1 

60 ...... ............ ... . .. . . .. -3. 81-7. 61 -8. 25 -8. 48 -8. 50 ~ -6. 3J •

1

-8. 89 !-12. 88 -15. 42 i-16. 11 -20. St -29. 08 i -19. 7 
70 ...... •••• ........ ....... ... -3. 4 -7. 15 -8. 04 -8. Oti '11 -6. 0 -8. 7 1-13. 20 i-15. 79 1-·lU. 3fj -21. 46 -28. 81' '1 -10. 3 

181'.!0 .................................... -6.G2 -7-._46 -7.5 ................ ,-13.501-16.0A i-16.52 -22.00 -28.5 . -13.6 
, ! I : I 
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Neither the Recular change of the magnetic dip,* nor that of the horizontal intensity,t can as 
yet be treated by the use of a harmonic function. Heliable observations for dip hardly date back 
to the year 17!:10 on our westem coast, while on the eastern coast there are but very few ol>scrya. 
tions earlier than 1833. Respectiu g the records of horizontal intensit,y, there are but a few in the 
United States prior to 1830, and all the earlier observations are expressed in relative measure.f 

' See preliminary investigation, in Coast Survey Report for 1856, Appendices Nos. 32 and 3:1. 
t Seo preliminary investigation, in Coast Survey Report for 1861, Appemlix No. 2'.?. 
+Ju 1833, Gauss sliowed liow th0 magnetic force cou1ll be expressed in absolute measure. In 18:-IG, l'rofessor "\Ycber 

applied the principle to tlie small portal>le instruments; in 1838, he used tlie collimator as proposed us Sir G. B. Air~-. 
l<'or reference, the English reader may consult vol. II of R T3.ylor's Scientifir. Memoirs, Loudou, li:«11. 
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APPENDIX No. 9. 

REPORT ON RESULTS OF MAGNETIC Ol3SERYATIONS, BOTH ABSOLl~TE AXD DIFFEREXTL\L, AT KEY 
\YEST, 18GU TO lt'fiG. 

Result8 of obscrrations of ten·cstrial magnetism at Key 1rcst, Fla., made liei/l'cen 1SGO and JSGG, 
undei· the direction of Prof W. P. Tro1clJridge and 11Ir. /3. lFalkcr; discuslicd and reported liy 
Charles A. Schott, .Assistant ~Cnite<l States Coast Surrey. 

DECE:.\IBER 20, 18i±. 

The series of magnetic obsen·ations, both with portable instruments for absolnte determilla
tions and with fixeu or self-registering instruments for differential determinations, was commcncet1 
in February, 1860, anu continued to April, 1866, inclusiT"e. The obseryations at K(>y \Yest are 
therefore contewporaneous with the magnetic ousenations taken at Eastport, l\Ie., up to tile close 
of the latter series in July, 18uJ.* The Key \'lest series embraces half of an eleven-year cycle. 

Tile Key West l\Iagnetic Obsen·atory is in latitude 248 33.'1, a1Hl in longitude 81° 48.':I ,y, or 
Greenwich. The island is about eighty-nine nautical miles K. 20° E. (true) from Ila\ana, Unl>a. 

Tile Coast Survey l\Iagnetic Observatory was established by Prof. vY. r. Trowbridge, assil't
ant Coast Survey, in January, 1860, and left in charge of 1\Ir. Samuel 'Yalker aud l\Ir. G.D. Allen. 
In 1861, it was successively in charge of l\fessrs. Allen, '\alker, aud J. G. Oltmanns. In 1862, it 
was in charge of l\Icssrs. Oltmanns, F. F. Nes, and 'Talker, and rnmained urn1er the latter's direc· 
tion to tlie close of the work. A full description of the obsen-atory and of the self-reg'il'tering 
instruments (inclnding their adjustment) is gi\'en u_y Professor 'l'rowbril1ge in Coast Surn~.r ltPport 
of 18GO, Appendix No. 26, pp. 326-349, to which the reader may be referred for matters of detail. 
The Brooke's magnetograpltst were first mounted in the Smithsonian grounus at \Vasltington. (For 
a description of this obsenatory and instruments by Assistant J. E. Ililgard, sec Smithsonian He. 
port for 1859, p. 385.) :From here the instruments were transferred to Key \\est, and returned to 
Washington in 1865. After undergoing considerable repairs in September, J8i3, they were loaned 
to the Union UuiYersity at Scheuectad.r, N. Y. 

Tbey consist ~f a unifilar deelinometer, a bifilar magnetometer, and a balance magnetometer, 
witli the necessary revolving barrels, clocks, and photographic ontfi t. The photographic traces for 
changes iu declination ancl horizontal and \·ertical forces were read off and the hourly .-alues talmlakd 
The i11struments for absolute measures were magnetometer C. S. Xo. G, used between Dec('mucr, 
1860, and J\fay, 1861, and magnetometer 0. S. No. 2, used before and after that time, for dPclination 
and horizontal force; dip-circle 0. S. No. 9, used between February and June, 18GO, and clip-ci11'1e. 
0. S. No. 8, used between July, 1860, and May, 1861. After this date, No. 9 was again euJplo,wd 
for dip. "With some exceptions, in the first tllree years tlle declination, dip, and horizontal iutcu
sity, in absolute measure, were determined on four days about the middle of each month. 

Tbe results will be given in the comlenserl form of tables, accompanied by such explanatious, 
illustrations, and comparisons as the sul~ject demamls. For comparison with tbe Key\\'est results, 
similar ones ohtaired at 'Washington, Philadelphia, Toronto, Eastport, or other stations, will l)e 
gfren. 

The results from the absolute measures will be given first, followed uy those from the differc11-
tial measures. The computation of the former was made by :M:r. J. :l'tlain aml l\Ir. E. ll. Courte
nay; for those of the latter, I bad some assistance from l\lr. F. Hudson. 

~ 8ee Co:tst Survey Report for 18G:J, pp. 16G--174, Appeu<lix No. 18. . . 
t Descri1ltion of an apparatus for the antomatie registration of mag11et-0nrnterR arnl rnekorolog-1cal mstr11nw11ts ~,~

photography, hy Cha.rlet< Brooke, M. n., Tmns. Roy. Soc., 1847. Sec also Silliman's Journal of St. :llld ArtR, vol. IX, 

No. 27, May, 1800, Art. xxxii, On the application of 11hotograplly to tlw ~elf-registration of maguetieal and metcornlog
ical instruments, by Ca.pt. J. II. Lcfroy, R. A., director of the observatory at Torouto. 
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Abstract of monthly results for magnetic declination at Key West, 1860 to 18G6. 

The first column gin~s the result as observed; the SPcond, as coYrected for daily \ariation from 
the taule derived from tlie dift':reutial olJservatious; the last column conbtius the number of da_ys 
of ol.JserYation. 

------- ---- --------- --- -

Observed. Corrected. , Days. Obsernd. CorrectPd. Days. 
I 

i 
liCO. 1BG-l. i lo 0 

i FelJruar,rlG, 17 .. -r••-· 4 ~7 . .'J E. 4 57. 0 E. 2 ,January 11 to 21 -·--··· I 4 3J. 0 :E. 34.1 E. 5 

Marchli' ....••........ / 42. !I 44. ~ February 10 to2L ..•.. ., nu :J4. 8 

: .Tnuel.2, 4 ............ 1 4:1. 7 45. ~· 3 March JO to 2il. .•...•... ! :1.J. 2 34. G 4 

i Dcc<i,m IH11· 11 to :11 ---· I 4:i. :i 45. 4 J4 April 12 to24 ........... : 3.J. 4 34. 7 

l '61. 
May 10 to20 ............ j 3:1. 7 31. 3 

June 10 tol8 ........... ; 33. 8 34. 7 
Ft·hrnary ~7, 22 ........ 4·1. 7 E. ·1 44. 7 E. 2 

tJuJy 11to19 .. ··-----· -! 33. 7 33. 7 
!'larch 1 to 9 ·-------- 4:i. 5 44." 

I 
7 August 10to19 ......... I 34. 8 3~- 1 

i ... ..\.pril 5, fl ............... 4·!.1 44. 4 2 ~<1 pte-rnlwr 10 to 20 -----( 34. l 34. 6 

18~i~. October 10tol9 •••.•••.. : 32. 2 32. 5 
I 

:\fay 30. ilL. :l!l.'7 E. 40. (i E. 2 November 10to19 .••... 1
1 

31. R 3'2. 0 

June 1 to 2~ -------1 40.5 40. 3 10 December 10 to 20 .•...• ! a~. 2 3~- 2 

l July 12to 19 ............ 41. H 40. 1 4 
1E65. I 

Au.~nat 11to2(l ....•. 43.1 40. 4 G 

September 10 to 19 . 40." 40. 7 4 Jannary 10to19--------'. 4 31. 8 E. 31. 7 E. 

O.r.tohcT 11 torn ... --- . 40.1 3!t.(j Febrnar;v 10to18 ...•.•. ! 30. 7 30. s 

No-v()mber 10 torn .•• 3!). 0 :m.1 )larch 10 to m .......... 

1 

31. 6 32. I 

I>ec(•ntl,cr 10 to l'J 33. u 3e. 7 April 10 to JD ........... 31. 5 32. 2 

Ji.lay 10 to l!L ••.••..••.• 
1 

32. 9 33. 3 
l"G3. ~Tune 10 to 20 ·--------·-i 30. 8 31. j 

,January 10 to2C ....... 3F. 0 E. 4 3M. 3 E. July JO to 19 ...... ······\ 32. 2 32. 3 
I J•'ebruary 10 to 19 ..•.. 37. 3 :l7. G 5 

'1 Augm03t 11 to2D.---····-j 32. 1 32. 3 

.!i:Iarcl1 l0 toln .••..•.. 37. 2 37. 8 5 September 12 to 20 .••• --1 30. 5 31. 2 

,\pril 10 to 20 ..•...•.. :3fj, 5 37. 8 5 October 11to20 .....•. ., 2H.1J 2g_ H 

: :\fay 11 to20 ........... 33. 8 :17. 4 4 November 10to19 .•.... \ 30.Q 30. 1 

.hnw 10 to ~o ..... ·--·- :{7. 4 37. 5 4 December 10 to 18 ·-----1 80. 4 30. 4 4 

' ,Julr 10 to 21 .......... 35. !) 37. 3 4 
t lRfiti • I 
: .Ang:ust 10 to 20 ...••.• 35. 0 36. 5 4 I 

Septcn1her 1(1 t<i 21 •••. 35. 3 36. 8 4 January 11to18 .....•.. : 4 29. 9 E.i 4 ~9.9 E. 

October 10 to~O ••.•••. :l4. 6 3;). :5 4 Fe brnary 11 to 19 ....... I 2(1 8 2!J. 8 

No~erob(}r JO tn20. ___ . 3:1. 1 33. 2 4 March 11 to20 ..•..••.•. i 2fl. 3 30. 2 

December 11to2~. ·--·I I 
34. 7 34. j' April I1to17 ........... : 28. 8 2~. :i 

I ' ----

Taking the weighted mean according to number of days of observation for the first year, and 
the monthly means for the other years, we obtain the following resulting declinations for each of 
the years of observation: 

Epoch. 

leG-0. 7 

1e6t. 2 
1~6~. 7 

lf<63. 5 

1~6.J. 5 

18&5. [; 
1866. 2 

Mn.i:~·ut•tfo tlc· 
clination. 

4 4G. 6 E. 

44. '' E. 
:39. 9 :E. 
3ti. 8 E. 
33. 9 E. 

at.SE. 
ll!l.8 E. 

Days of obscrration. 

i 
j Fr-om 20 days of ol1serva.tions in li\~brna~-, MarclJ, June-., antl Dcccn1bcr~ 

From 11 d"Y" of ob•ervaliouo in Fehmary, :March, and April. 
From 39 'lays' of observations jn May to DecemlJer incln~ive, 
Jf'rom 53 days of observations, monthly means. 
Fr()nt 51 days of obaervat1ona-, monthly means. 
From 48 Oays of obaervations, monthly means. 
From 16 days of observations in Jannary, Ftibruary, Marcb, and April. 
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..:1nnual f:/Tect nf tlw secular c.:lt1rn11e of tile declination. 

From the abo,'e talJle, we iuferthe meau declination -4CJ 37'.G for the llll'aH l'Jrnelt 1:-ili3.17; autl, 
assuming tile auuual iucrea:,;e =a= 3' + dii, we find, from the seYen conditioual l'(I ltations, 

0 = + 0.69 - 2.77 da 
() = + 0.0!) - '..!.27 da 
o = - 0.01 - 0.77 da 
0 = + 0.71 + 0.03 dn 
O = - 0.(il + 1.0~) da 
O = - 0.01 + 2.03 da 
0 = + 0.39 + 2.73da 

the normal equation 
0 = - 1.G7 + 2G.04 rla 

hence, 
Ila.= +01.0G and ff= + 3'.06 

Supposing the secular change uniform, and the annual ''ariatiou of i:mrnll amount, the formula 
J) = - 4P :W.6 + 3'.06 (t - 18G:U7) 

represents tlle obsernitions quite satisfactorily; the computed ,·alues in the order of time being 
- 40 46'.1, - 40 44'.5, - 40 40'.0, - 40 37'.5, - 40 34' .4, - 40 31'.4, and - 4° 2!)' .2 respectin~ly. 

The annual c1rnnge ueduced from tlle differeuti;tl obsern1tions discussed forth.er on is, 
ff=+ 3 1.07 

Tllis yalue is slightly affected by development of torsion m tlie suspension·skciu; its n1luc for 
successh'e ,years sliowiug a llimiuution. 

Annual t:ariation of the declination. 

Year. 

llltiO ........ .. .... ...... . 
1 ltltil.. --- -- . - - .. -- . H.7 
1 

186-::L ··---· •. ~-. ---
JBG3 ............... :Ji<. 3 

4° + minutes in table (E.). 

~ -~ I ~ ~ - ~~=-~ E I ;: := I 
E I c- o j 

~ 2 I ~ i ~ I 
, 1 I 

H .. 2 ·----· .• :. .... 45.9 1····--: ...... :--·---:----··I : 4.J 4 I 
---·-- ·----- ·----- ······,······ -~~~~:! ... ~--i 44. 5 H.4 

37. 8 37. B 

:H.D 31. 7 

:12. 1 32.~ 

30. 2 S?<J. 5 

40. C ' 40. 3 40. l 40. 4 40. 7 39. G 3~. 1 ; 3,_ 7 i 
37. 4 . 37. 5 37. 3 36. 5 3G. 8 I 3.G. 3 3J. 2 ; ~H.' I 
34. 3 3-t 7 3:1. 7 35. 1 :-i-1. 6 ' :32. ~ 3~. () ; :12. 2 ~ 

33. 3 31. 5 , 3:!. :1 , :i:i. 3 31. 2 
1 

!!'J. 8 , :m. 1 I :m 1 : 

,······;······1'······,'······ ······1i·---··11 .•.... ll······1 

It is best to a>erage the abo>e for four full years commeuciu~ with J\Iay: 

j lot/~1 ~,& g· 
Year. · · - - 1 E s '""' 

: --- - - ---1 t. t : ~ p I ~ ! ~ f ; , 
i leu:i. J. ... . • ... .. . . 4-0. 6 i 40. 3 i 40.1 i 40. 4 

1

. 40. 1 39. G , 39. i 3e. 7 38. :i 37. 5 37. s :i;. r 
'. lSG:J.L .••.••••.••• 137.4 37.5 i 31.3 i 3G.5 30.8 3J.3 ! :J5.2 34.7 :J4.1 :J4.t:' :Jl.ti a.J.7, 

: It!t14 .• ~-------------i :u.:~, 3-1.113:1.71 J3.J I :u.u 1 :l2.a 1 32.013"..!.~ 1 :11.7: 00.s :1:.!.1 :i'2.::! 
1 

, lBfi.1. o .. _ ............ j 33. 3 , 31. !'i : 32. 3 ! 3:2. 3 \ 31. 2 ! 29. s i :10. 1 : :~<). 4 ' w. !i ~ 29. 8 :m. ~ 2~1. ;i : 

1-;-'-!-1-i-1-•--'---1 

llleau .......... 
1 

3G. 4 J 3G. O i 35. 911 

3Ll. l / 35. ll ) 34. J i 34. 1 I 34. o 33. 5 ' JJ. 2 3:1. 7 33. ,; ~ 
Oorrcctiouforscc-1-1.4 i·--1.1:_-0.tl

1

-0.61-0.4 :-0.1 1-0.l ;-1-0.-l. [0.6 ,+-0.!J 1Ll ,+1. l I 
ular c\Jange. II i I ! : i : ; ! 

! [:H.7] ............. j 35.0 34.9i35.01~135.4 I~~ :J.14: 34.l .~:;--;.:-~ ' I I I ' I I ; ' i Ditfer. from mean. -o. 3 !-0. 2 !-O. 3 1-o. 8 
1
-o. 7 I +o. 5 i 1-0. 5 1+0. :1 : 0, G 1 o. 6 -0. I , -0, :1 j 

-----~--------~ --------·- - - -------------------------·-----------
A+ sign indicEJ.tes detkction from the normal position to the west. 
A - aign indicates deflection from the normal position W tile ca~t. 

During the colder part of the year, the needle is deflected to the west ; during tlie 'rnrmer part, 
to the east; with a total range of nearly 1'.3. 
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In the following tal.Jle, I ha,~e collected for comparison tlrn resuiis for auuuu,l •ariation of the 
declination for some statiotts near our Atlantic coast. 

The results for Washington, D. C., are combined from obserYations h;y Lieut-. J.M. Gilliss, 
G. S. N., made on Capitol Hill* during 18-10, 18±1, and 18±2, and my own observations during 18()7 
aml 1868, not far from Lieutenant Gilliss' location (Ooast Survey Heport for lSG!l, p. 203). Their 
relatiye weiglits are 10 to 1; his observations beiug daily, mine only for tliree days each month. 

The results for Plliladelphia are from Coast Survey Report for 18li0, p. 311, and for the stations 
Toronto,t Canada, aIHl Eastport, :\Ic., from Coast Survey Report for lSG."), p. 170. 

OlisCl'red annual rco·iation of the <lcclination at stations near our ..-ltl<uitic Reaboar<l. 

~ itHlicates deflection to the west. - inclir'ates deflection to the east. 

~ 
~- ! .... ; 0 ~-

I 

:'.! ~ ~ 
,__ z ,, o~ ,_ 'L 

~ 5 ~ ~ :x j ' ~ 

~ 
;..., ;::. ~ ~ ff} "" ,; 

~ 
~ ~ .; ;; as 

~ 

" 
;?:; ~ ;., 

~ " ;...-, 
)hJutlis. i. " g ~ " 0 i c 

~ ~~ ., "' ~ 
;-, ~- G"t "'· 7 

_,. 

b: ... '" s ,_ 
'" :§ ·- ~ 

t ~ 

'"' ~ " E " i --;,, " Xi .. c M f 
~ 

t· "' == ~ 0 5 ·a 
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; I ' ' .January -·--·· ------ +o. (i - o_ ti +o.:. +u. I o. (l u. u 0. () +o. I -i 0. I 

}"'\.,hrnars ·-··-······· ·····- -i·O. (i : -O.:l -CO. 4 -0. 3 --0. I +O. " ' 
-0.1 --0. 3 -0. () 

March ·-······-··· ····----- : -0. 1 - 0. :! -0. 1 -0. 0 
' 0. 1 -0. 3 -0. I -0. 4 -0. l 

April ····-- ··--·· ·····-·-- -0. 3 +u. 1 --0.1 -0. 0 I -0. 1 --0. 2 0.0 +0.2 -0. () 

1I:iy -----------· ·- ···-···-- -O.:J 0. 4 -i 0. 2 -0. 1 -(J. j --0. 2 -0.:l -0.H ---0 . . , 
tTune •.•••• ·--·-- .. ·········· -0. 0 +o. 1 -0.G 

' 
-0. 5 -0.3 --D. 7 ~u.;:; -0.0 . o_ 4 

' .Tul:-o· --0. 3 ' --0. 2 -1.0 -0. B ! -0. 1 --0. 4 -0.4 -1.3 o. 5 .. ···-·-·-·· ····-······ 
August ··-··· -···· ·······-· -0. tl -0. ' -0.~ -0. 2 +o. 1 ' +o. 1 0. 0 +-0. 5 -0 . . , 

' ' Sep tern her -0. 7 i +o. 4 -0.0 +o. 7 +o. 4 +o. 1 ,o. 4 ' +u.G 
i 

0. :; ··············-·· 
Octoher ·····-···· .......... --i 0.5 -I 0 ,, 

! -0. 2 i 1. 0 -J-0. 2 
II 

+o. • 5 -+ o . G i 0. 4 +o. 4 

No-n~mher +o. 5 +o. " I +o. !l +0.3 +o.3 +o. ·l +o. 4 +l. " ' +o. r; ·····----------· ' 
: December ...... .............. +o. 3 ~-0.3 +o. 7 :: +o. 3 +o.o -0. I -+ 0. 1 -f 0.2 i +o. 2 I 

There being at present no indication of a periodic change in the annual Yariation, nor a depeud
t'nce ou the amount of seenlar change, the column of mean values may be taken to represent 
fairl;y tlie Jaw· for our stations: it is the same as for Kew, St. Helena, Cape of Guml Hope, and 
IIobarton.:j: The average annual range is about l'.2; and, roughly speaking, the north end of the 
magnet is deflected to the east wheu the sun is n.orth of the e(1uator, and defleetell to the west 
when south of the equator. 

"Pub. Doc. (Seuate), 2<l sess. 2t;th Cong., 184'1-4G, vol. x, Doc. No. 172, Wasbingtou, 184G. 
t Toronto :Magnetic Ohscrvations, vols. 1and2, and pamphlet on Monthly Absolute Values from 1:;56 to 1861, by 

G. T. Kingston, tlirector of observatory. The two columns for 1805--71 aml for mean were added while this report was 
going through the press; see abstracts and ro1mlts of magnetical and meteorological observations at the Magnetic 
Obsen·atory, 1841to1871, inclusive, Toronto, 1875. 

+ Terrestrial!arnl Cosmical Magnetism, liy E. Walker, M.A., Cambridge, 18GG, p. 76. The apparently anomalous 
character of the Dublin resnlts would seem to he due to the disturhing effect of cba.nge of torsion, the same as noticed 
in the differential obserYa.tions at Key \Vest. 
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Ab.~tract of monthly ·valueN j(ir 111agnetfr dip nt 11-ey lfc8t. 

The mean resalt from February to Jnnf• (iuelusin'), 1800, refer to Jl("("dles 1 arnl 2 of clip-circle 
No. 9; those for August and .DecPmher to 1w1~11les 1 and 2 of dip-circle No. 8, as well as those for 
January, March, aud May, J~fll. 111 J'lfard1, 1860, olrnerYations were matle 011 two days; in Decem
her, 18GO, on fixe clays; in January, 18Gl, 011 three, in :l\lard1, on four, allll in J\Ia:y, on three 
days; in the remaining four months, on one day e:1ch. From ::\Ia~-, 18G2, to the close of the sl.'ric>s, 
needles Nos. 1 and 2 of dip-circle No. D were ut,:ell n·g·nlarJ,,- 011 four days each month (about thf' 
middle). 

1\.tonth.'1. 

.Tauuary .••.. _. 
Ftthrm1ry _____ _ 

1'tfa.rcl1 ·····················! 
April ..................... . 

Mar-----·--······--· 
Juuc ••. - .•...•........•.... 

Non·mh('r .........•...... 
i 1'C"cern llcr __ _ 

Alltmalmeau ....... . 

l~fiO. 

;; P + miirntcs iu tahh~. 

1:-':fil. ! lf-fi;_-- lr'li4. 

----- ; ____ :---~-t --- --- --·-·-
/ i 

4:'.:!. :~ 

:17. 4 

3fl. 4 1- •••.••... 

..... ! ........ . 
3fi. 9 

3,1_7. -···;;,·~-1 
3;;.e'~i 

~!l p 

2r-:. 0 ' 

3U. I : 

:n.1 I 

30. :! 

:1:i. :~ ' 

:l2. ~ ' 

I 

I 
----~-~-- --

34. u 
3·) q 

30. !) 

:JL 1 

3·J. 2 

:10. 3 

:lo.~ 

:lo. o 
30. 7 : 
:11. l 

29. 7 

JO J 2t". 3 

!J~. " 2C. r. 
: 

~[1. 2 27. ;, 
: 

21. (l I 2\J. ~ 
2.q, 4 

I 2tl. fJ 

30. 1 i 27. :I 

::JO :1 2n. :1 

~!I. " 2~l. 7 

~8. :~ 2f}. H 

:-w. 4 31. l 

30. 7 2:3.0 

Annual c..ffcct of the IJr'Clllar 1-lm11gc in t/11· di11. 

1~1ru. 

2fi. 4 

21'. ~ 

' 2!1.~ 

' ' 
1 

30.:l 

.......... 
J ........... 

, .......... 

' j·····-···· 
1··-·····-·· 
i·····-···· 
I 
1-···· .. ··-· 

The average dip referring to the epoch 18G3.44 is 5P ~n 1.!l. B.Y the aid of Reven conditilrna1 
equations, we obtain the m11111al cha11g1i J (I = - l '.G; hence the dip for any time hetwef'n 181i0 
and 18GG, 

r1 = + [)JO 31'.~.I - 11.G (f - ISll:U) 

The computed Yalucs for the rc:-;pecth-c epoch:,; in the order of limn an• as follows: 04° + ;1(1'.G, 
3!i'.4, 33'.0, 31'.7, ;~O'J., 28' . .'i, allll '.!7'.4 rcspectirel5·. 

For comparison with other stations, it ma.rue noted t!Jat at 'Yashi11gto11 the tlip also dirninishetl 
between 1860 and 18GG at au a\·ernge annual rate of 1'.1 (Coast SmTPy Heport for J 870, p. 108); at 
Toronto, the annual dim iuution between 18()0 and ISHG mis 0'.tl ; an<L at E:1stport, hct1n~c11 1 SGO 
and 1864, it was 1'.7. 

Respecting tbe annual Yarhttion in the dip at Key \\'<•:,;t, 0111· scriN• is too much hrokn11 :tlJ(l too 
short to yield any result. At Toronto, t.ltc range of tlw ammal v:iriatio11 :ippear;;; to hP about:.!': 
the dip being less in fmmmer and greater in winter.* 
----------- ---------~-·· ·---------- --------- -----·------··-··--- -------- ---------

H- E. \Valker~ TPrrestrial :uHl Col-l111ical M;1~111.~ti:-.~11~ ]:~(i(i. p. li7". 

n. Ex. 100--15 
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Ab.~ira"l <!F montlify t'a7ucs .ti>r ltori.:ontal 11wvnctic fotcn.~if!f at Key lrl'.~f. 

For December, 18GO, .Tanuary, :March, aml 1\lay, 18Gl, magnet U,; -wm; m;e1l in the measures for 
inten11ity; hut, before and after tliiR interval, magnet Il was emplo.ve1l. Tlw, nnmhcr of rletermina
tfons for the 11orizo11tal force generally embrace several days each month. From May, 1802, to the 
close of tlte series, the observations regularly extend over four days, with morning and afternoon 
sets, giving eight Y:tlneR for the horizontal force each month. Oscillations and deflections bemg 
taken, the magnet mornl'nt of the n1agn<'t was al,.;o 4-letlncetl. The unit8 of measure are the grain 
~nd the foot . 

.A correction of +0.01;1 has been appliecl t~:> the \'alues resulting from ()6 in order to make the 
results homogeueons with those frow magnet IT. Thi>; correction was ileducell from comparisons of 
values in March and l\lay. Tlte n~lne 6.7'.!!J for February, 18GD, is omitted from the table for want 
of aceord. 

lftiO. l8Gl. I l~G2, I 18G3. i 1801. 1B65. 1s1m. 

~,January .......... . 6. 75:l 

Fehru:try. :'"--···---- --·"··-·-·-! 
;~larch.... •.•......•....• tJ.7iiG (i.74;""1 ..•••.•••••. 

1 i .April ............... - ......................... ·-··········\ 
1\fay ........•.•.. .. ..••.••. fl. 751 6. 74H 6. 741 i 

.Jun<'........................ G.75G ••••••••.. G.74G 1 

.lul>·---- ... --.• --.-_-_·.·.i.-_-_-_-.-.-.. --.. -.1, fi.7-141 
1 .An~u~t---··--·--···--·-·- 0. 743 I 

September .••• -.--·--···.. . ....... i I U. H3 · 

Och1ller .••••• ------ ·---- ···-----~:~~--~~~~~~:! O. 7:1H 

NovPmlwr ..•••• ••. ·····-··· •••• , G. 74:J 1 
T>Pr,,1m\)f'r _ G. 741l 

1
- ..• _ ~ ~ ~ ~ j fi. 7:n : 

YBar .•.... 
-~)-;--,-. 1----

(J. i.>- G.,4J 1 G.742 

+ 

i; 74.i : 
For l~li".!.;, 

--- ----------
(). 739 ; 6. 741 i 6. 733 l (), 728 : 

u. 742 ; IL 741 I u. 741 I G. 726 I 
6. 743 6. 743 i u. 'l"J~ I G. 722 ! 

::~~~ ~:~:~ i ~:: l ...... ~~~~-1 
6. 710 6. 7331 6. 7ll7 

11······ ·-·-··1 
G. 740 fi. 735 ti. 726 i·-----·--··-
0. 740 fl. 7:l.'""1 Ci. 72.:t 1·-·---------1 
6. 738 ! G. 7:17 I 6, 727 .••••••••. "I 
U.13fil U.730) r..'ml.- .......... 1 
I;. 737 ! u. 7:11 i c. 728 .•.••••••••• ! 
6.112 i G.73" i U.730 ··---··- .... ! ____ , ___ ----, 
c. 1.io r G. 7:t)'( 1 ri. 7£?9 

1 

(}. 12~. 1 

I ~ : 
!----~ 
! G. 7'.!'.I I 
j For 18G6. ~1 i 

The average horizontal force JI= G.7:3!1, a1Jswel's for the middle epoch 18G3.5. 

Anmwl cjli~ct of the sccnl<tr chanffC in tlie hori.wntal intensity. 

Compariug ench annnal mean with the above value of 11, and forming conditional equations, 
we find the annual changt'. of H, Yiz, J JI = - 0.004G, equal to - n'ow of H neal'ly. 

The horizontal force at J\'('y West, between lSGO and 186G, may be expresRed hy 

H = G.739 - 0.00:16 (t - 1863.5) 

The diminution of tlie horizontal force is small, yet sufficiently well indicated. It is, however, 

contrary to thl' obsen·ecl e1foctat vV.ashington, where J 1118635 =+ -8~0, theinereaseh:wing commenced 

about 18fi3. For Toronto, we have J Jl18635 = + j~ij' with tlie minimum epoch 1860. .At E:ist

port, ll appears to l1arn reached a minimum about 1862 (Coast Survey Heport for 1865, pp. 172-173). 
It is therefore prohahlc that at Key West the horizontal force is tendin~ toward a minimum 
value. 
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Annual varict.tion in th" lwl'i:::r1ulal i11te11Nif.11. 

AI'rnugi11g the value of II between l\lay, 18li~, aml _/q1ril, l8Wi, i1ll'lnsin•, allll taki11g tl1e 111t·a11H 

of corresponding months, we fiu<l thelll to be as follows: 

i Corr~ct ioll 
' for H(~<·ular 
'drnu.:.!•'. 

.lm1e. •. .• • . {i, i::u; ! 
July---·--- ti. 73G 1 

Au~1u3t .... ' 6. 73ti 

IS-1..•pt(lru her 1 ti. 73(i 

October___ fi. 7:1'2 

00!! l~fi:2',"G:;.·1;~_'fi.-l, l\o\"t>Hll1\•1' ti. i:t ... ~ 
- . 1H•~ l >t~('1_•111be.r.. G. 7'.l': 

-.001 tr:1;:~.'fi~.·t;~,.-~i1 .. Jau1L.al',\' __ (i.7:~t. 

- . 001 Ft· lnuar.Y . 6. 7:1'7 

- . 001 :\J::in~h ti. o;-:n 

.\11ril __ 6.7:1.:1 
1 

t 'orl'l'>'iio11 

f~11· :-11·• ul.tr 
chdn;_;,t·. 

.O!Jl 

- .ut11 
- 001 

+ .11!,2 

_.; .Oll:.! 

The 111ea11 va-luc being G.73G, tlie imlicatious of an annual nu'iation arc a Hlight increaHP of II 
uetweeu DecemiJer and Avril, and a slig·ht decreal'>e l1etwee11 1\lay :11id :KoYember, but the ;.;cries is 

too short to he trusted for so small a range as .OOG, or _!1
0

: moreonff, at Philadelphia, Toroutu, 
llU 

au<l Eastport, tlie horizontal force is greatt·r ill sm11111cr tha11 ill wintel'. 
The resulting ausolnte memmres for tlw rnag11eticdeeli11atio11, 1iip, am! i11tm1sit_y are gi\·l~11 in tl1c 

following taull', re1luced, if not already referring to tlw miilllh.~ of eacb year. The vertical forcP is 
found by Y = II cosec (1 1 aml the total force h,y P = 11 sec 11. 

Gellcral table of results from absolufo mc(t8ures of tlit~ ·11w5111clic dee/ inat ion, tl ip, 11ud intc11.,ity. 

--------------------

Ji:1wch. 
: 

D II ]" F 

--- ---- - -

11'\fiO. 5 - 4 -l7. ~ ; • ..i :17.1"' f;. 7:1:.! r-:.::!"'tl ll.!i(;;j i 
! 

lt-:f.il.!"i 4:J. 6 :JH.:I • 74..: ~7.,.;; . j):1tl 

i J8G2. J l 40. 5 :n. a .'iH . ~!".':..!: . G-..?fl 

li"t13. 5 3tl.t<- : :n.2. i . 740 . ~77 . 01~ 
l 1"64. 5 a:t !J 

i 
2~. 0 . 7J~ l . 27t= .,"Wt' i i I I 1865_ 5 :11.5 2K H • 72!} . ~ti7 . 5rc~ i 

I 1t-l66. !:J - 4 28. !) i 54 28. ~ 6. 723 l 8. 261 11. sti!I 

I 
l ! I ! l 

The vertical aud total forces appear to diminish slowly. The total force at Washington nl>out 
1863 was very slightly increasing, at Toronto it was stationar,\', and at Eastport* dimiuisliiug, as 
at Key West. 

The d(tfercntial mea.mrcR of the clrangfw in the magnetic declinatfon from Bnml.-c'.~ automatic rc!1istra
tion at Key 1r est, 18GO-GG. 

'l'he followi11g tables contain the hourly (Key \VeRt mean time) re:111i11gs of tlH' pbotograpliie 
traces of the nuifilar <leclinometer, combined into montl1Iy mean YalueR. 

The tabular numbers arc expressed in scale-diYisions, co1111tiug from an arliitmr;v zPro, one 
division of the scale heiug 1', or, with co11si<lt>1·ation of the ton;iou of the suspensiou-skein, 1'.00:'l. 
Increasing scale-1livisions conespond to incri~a.~ing caNt dec,li11atio11. 

Occasional failures in trac£>s (whole tlays) or parts of traces (011e or 111orc lwurH} arc uot furtht•r 
uotice<l, siuc(~ they can but lit.tlc affect the mouthl.v uwans. For the month of Non:>mllPr, 
1865, a special correct.ion of-:Ui8 divisions+ became neceiu;;-u·y, a.ntl the hourly rneaus set tlowu i 11 

the talJle are so corrected. Tim canse of this tlisturiJauco doe,:; not clearly appeal' iu t11e 
record, but seems to lie com1ectell with the lauding of heavy gum; iu the Yicinity of tl1e oliwn·ahll'y, 
and their subsequent transportation past the ohserYatory. 

"Coast Survey J!eport for k!Hf>, p. 173. 
t It is found as follows: _Five precedi11g )'t•:irs give tlifferonce hetwet'll ( ldoher :rnd Novt>ml>t>r mll:rn• -..tli diviHio11s: 

hence, for November, 1865, 50.:W - 0.4G = 4!1.\1:1; similarly, from t-ht> difft·n·11cu of t.l1e Novc111Ler aml l>ecnnl">r lll<'an~, 
50.16 - 0.08 = 50.08. The mean 50.01 is tho interpolated \'alue for Nov cm her, 1SG5. The ohservcd rncau value b G~.li~; 
hence tho correction given above 
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Jlonthly rnean.~ of hourly readiuy.~ from the plwt11gro117tie tl'aees of the fixed deelinorneter tit J[ey ·west. 

--------------··1-·1-1-1'_1 _1_1_ ! i : i"' I I ! I I I I I ! I ~ 1-;j 
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Jlxaminatfon oft ltt? 11cr111ane11ey ·in the direction of the l-ine of dctorsion in tltc s1MJHC11sio11-skein. 

'.rabulating tlte annual rnea.ns, March to l<'ehrul)r;y inclusi,-e, and forming the differences, or tLe 
apr1arent effect of the secular change, we have: 

While the apparent average annual diminution of the declination, +3'.07, agrees well with the 
(uniform} value +3'.06, given by the absolute measures, it is evidently sul~ject to change, being in 
a state of diminution, quite rapid in the first fin.1 monthR. Tue torsion in the suspe11sion-skein was 
tberefore undergoing considerable change iu the first five months, and had not come to a stationary 
condition even after the lapse of six years. That the permanency of the line of detorsion cannot be 
depe11ded on during a year for measures inYolving so small an amount as a fraction of a minute 
appears from the consideration of the annual variation as made out from the ahove scale-readings 
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after omitting all of 1860 and of 18GG. \Ve find from the fiTe complete ,rears 1861to186.'i, durmg 

wl1id1 thc monthly effl'ct of tlw a11parcnt Hecular cliau !!"C amounted to ~.!•() = 0.24 divisions: . ' - l:! 

J.%1-{;;;_ - - . - .. -- .. / 

CotTO<'tiou fol' ~-Wt'- r 

ular l'liaugl'. __ _ 

Cnrre<~tml .. - - .. _ 
})iff. frmn nrna.n .. 

~-

A + sign indicating a tletlection to the west, tliese numbers are conhary iu sign to the true 
:111uual ,·ariatiou, and are tl1erefore the effect. of den•lopeu torsion, which, from the regularity of signR, 
appean; to have a11 a1mual period tlepemling ou chang(•s of moisture au<l of temperature. 

};'eitlwr the effect of secular ch:.mge uor of cbange of torsiou need bo further considered in tl1e 
discussion of the <foi/y Yariatiou. 

To co11\·ert differential i11to absolutl> measures, we ba\·e, for tlJC middle epoch oft.he whole series, 
tLe awirage l'l'atli11g of tlH~ scale 57.5G, aud the aYerage declination computed for this epoch from the 
preceding formula _Jo 3S'.5i:i; heucc, very uearl,\', ibe relation 57 scale· divisions correspond to 40 38' 
east decliuatiou. 

Tlte direct mou thly cornparisous of Uie fixed aml portable decliuometers flli·nish very nearly 
the same i·elation. 

JJ-iseussion of the disturbances of the 11wgnetic declination. 

H we n•cognize all d1wiation;; from the normal, belongiug to a gh'en time of the day, mouth, and 
ye~u, which l'Xcee<l a certain limit, as disturbances, we may determine that limit by the applica
tion (lf Peirce's criterion* for the rejection of doubtful observations. In this case, we must substi
tute, for" doubtful observations", the wonls "observations following a different law from tlJat sup
posed l>y the theory of probability". It is m·ident that no strict limit can be given, since we have 
no means of identifying disturbances as such except by tbeir apparent discord witb tlJe observa
tion11 belonging to the same hour, month, and year. The disturbances, however, follow a imfficiently 
distinct law to render this a matter of small moment. To take account of the variability of the 
disturbances in the daily, annual, aml seculiar periods, the limit of the criterion ex was determined 
from diffon~uces from the normals at 01• a. m. in January, at 2h a. m. in February, at 41J a. m. in Marcl1, 
etc., aud at 101• p. m. in December, for each year separately. To sav(l the trouble of squaring the 

difforences 1·, the formula ei=l.57 --(·l 1J'
1
-)- may I.Jc used in the place of e2=[_t'"J

1
• From fift"<"-tllree nn- n- J 

months treated -in tllis manner, tl1e limiting deviation from the normals was found to be 2.G scale, 
uidsions, or minutes. In the discussion of the Girard College magnetic obsen·ations, wliere a simi
lar process lrns hem1 appli1•d (()oast Snrrny Report for 1859, p. 280), tlte limit was 3'.(1; and at Toronto 
General Sir E. Sa.bine raised the li111it to .'i'.0. It has already been indicated that Ute limit is a 
function of the eleYen-;year c,vele. 

•Coast Snrvey Heport for 1H.ri4, pp. l:ll-138, itml Goulll's Astronomical Journ .. 1, No. 8:l, Cambridge, April 24, 11'.lf:.5. 
The criterion was first used for thi8 imrpoHC in rny discussion of Dr. Kane's magnetic obscr"atious at Van Renfll!elaer 
lfarbor, SmiLLsoni:.m Cout1·ibutions to Knowl•,.lge, vol. x, 18!'>8. 
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.-.1. 7 :iF. 2 ;;9, 7;fil. 3 fit. 0[.1t!. 7 :iC. fi!!i-5. 5 .i:i . .!I !""3. Oj:"16. ~ -,-;, 1 :.-.-;. 4::-/i ,.;!."•."'· \-)~. ~;i .-11'3. 3/1~. 1 j."1'i. ':' 

Ji't•brua.ry ••• ·- •..••..••• __ • ·-·. -- . - /5i. 3 !II. op7. 1 :i7. 2,~)7. 1 l,.:H. 4\.17. :i 58. 4j..'19. a .)!t (j,
1

5!~. 1 r57, 7i5G. 5 ·:i5. g ;,ft. 1 ;~fi, :1;:-,1>. ;-,':-ii.{\.;-,;. ~··1:,1. 1~1:-17. 8!.17. 7;~)i. ff;J-;. ~ 

March ........ -· ..•..• - ••.•......••. jati. !Jl!">G. R1!"'17. o 37. 1.57. 111:·n. 6 ."i8. 4 .\9. :i);)ti. 4 1

58. u)5':". 3\.iG. ojs4. 6 :>4, ti 54. ei.>:i. 4/.l;i. f.'.,:ifi. o·.-.,;_ 1 .--u. ~bo. s!:,n. nb6. ~~ ;:,ri. H 

A]lrl'l 1•6 I'"' •['" (' ',{\ 9''(' n·57 • co - ·9 '"I'" 6 '" 0 er Q•-· . .,,,' ~ ,., 9 r l 21·-. ,,,_, r c- -. -r I -.. · 1[-,- Q ,. •• !u· --- . , •- • - ,. •. -·•. - ••• ·- ••• - .• - ••••.. ;) • • I. ,I,}~· l • • 1
1
,)" • •• .,) ,lo. ' ,) •"'Ju,. ,),, 01•lV • ...,

1
,),), ,.. 1,)'J;, d •V, ,)• , ,)"I •• ~,.);).~I olJ, t'\ ol\J, ) •"'• .) ~. ""oJ\J, <:J,,11,/, 11.)ti. •~ 

M • 1506'1° r.:570:,,. .... )-- • 9 ' ( r. ~,,. ... " 1
r. - - > !-.-I'::: ___ : __ , 1 ,..,))-~r;i-. f_ ... ·~ ,_ it.f · -- · -- - - -- - . - - - --- · ·-· · • - · · -- · · .~. 4, . i">G. ,) . !')1, 1

1

.iB. 31fi0, l fl • 8:59. 1

1 

.. 7. 4
1
.w. 1.J4. 9·1 .)4~ 3 ,14, (} ~1·1. Oi.>4. K .. ,.1 •• 1 ,,,,_ -'"'~·1.;:1, .ll.1h. :..

1

.)ti .• 1,.1h. \ili. i f:>G. ,, 

June-···-- .... -····--· ....... ·-· ...... 5.5. 91.:;.">.~/:iG. 2.".iU. 3157. or~. l,:l!•.o iV. 1f57. 956. 51.15. 3:;~. aJ:i3. 9,-14.0!'14. :i::i4. s·,.-,:;_ :-J.1;,_ 71.:)5. 7::i:i. 8·,J6.1

1

-ru.3;:it;. 4 ;.o. 'l 

J I "'~ ,..,. :-<:: '""' 1, .. ( !:- r:( I :'" -r:: f.. i_ .- 1- :_ i- I • - :.,., • L--- L-- --- 1:'". :,.. ( u y .••.••.......•..• - .••... _ ..•••. .>.>. 9 '''" 81~.>. 8;.1u, I ;.16. -t.17. J;.19. 3 .iJ. 4
1

58. 3 .>7. 1 ·''- 7 1.'4. 6;,,4. 11 .. l. Oj'"I. J!,4. 4.>4 • .l "•" ~ .. 1.>. .1 ...... 6 ""· 7 ""· ~ .. ;t,, 0 .. ,, .. -' 

Augnst. ·- ..• _ ...... ·~·. -- ... _. _. ~ .. ~~- 8 ;:· :!:~· B1~· s;~l6. 4 1~7. £~~ro. (~/~~· ,.1~7. 71:5. ~11~4. :i::.a. !i'::'- 0 1

1
1~3. ~1!~~l 7I·;4 .. f (:~· o .~:l. ~!·~~- :!;~~· ~~·~· 6!~~- ~

1

i~~- ~;~:· ~ 
September .. - ..••.. -- ...•. - -- • -- - ... 1.>. 21·•·•· ~ 156.1 .ill. 01.j.(). G <"J7. 5F18. C1!.)J, O;.>l::L 11.>6 .• • .. )4, ti1.•3. ·>i.1~l. 1 ;•3. 3,~14. 1 .14. ~If ~.1. ;~ .1."i-. ~1 .1._1. :..;.1.1. ,_,.,,•a. G"'·'· h1 ~1.•. l11 ... 1. ti 

OctAJber ..... ___ • ·- •••..• ·- .• __ •.•••. 55. 2 55. 11)
1
!3<1. i~ .'"-5. o!a5. 3 ;)5. 9'fJ7. 3b1. oi5c. 71:-tS. t>'.54. ul:14. -01.1-t ol;)4.1k)·t :(1,1. 4h4. 4 :14. fii.14. n!:l:1. 1 i:~~). 4 .1~. ~.r.:-1. 4:~1:.. 4 

N L- • r r ' J, :, - "" I· , j, · I, • :,, Ir r :.- i. , i_ - -r J., ,f., ,!., r -- ·-• (J_ < overt:iuur ........... _ ......•... ·- ..• 51. '-' .•4. l,L>4. 4 .>4. 7!.>5. I ,,4_ 9 .i.>. 4 .ITT .• 11.)(). 415«> •• $' .• ...,>. 21.)4 .• '> ,)4. 2 54. L1-i. 0 .•·t. 2,· 1·1. i ..•• ).I .1.>. ~:.J.>. '-'i·"J. ,) .l.•.1 1.l. •. ':.·'4 .. l 

D b - 1- k I. ,!- - r i-· QI, ,_ , I" I- , '-- -- - -- o·- , __ i,. '" 31,, o'- -ecem er .......... -... ·- - . -· .. - ~ ... 14. 3 54. •r•J. 9 .• )4. 2'54. 3 ,)4. 41··4. 3r~). -1'-i6. 11'\ll. 9 56. 91-"" 9 .>4. E' _,4, l,.;J, .... 1. fl "1. '" "·"'· .i;. 5,0J. r.,., .. 4 """ i""" ,,,4,' 

J • lBti
4
• •4 1 "3 81"3 81'4 OL4 11•4 3 .. 91-· 4 rr -··- s

1
·- ol,, ,11'3 'l "' 7-" J," 4I-' .. '-1 .!., 01 __ IL !·-· o·-, 1<''4 , Q.llU ... t'Y--· ..... , ........................ ~1, .io. l~l. ,.I. J.•). ,J, r·~•-..,..l"· .n..r. 4;.)j. ,)1. ,,J':l,'.1,)o_., ,)..,. ,1_,,f

1 

.• ~.1. 1.1'i.,_,)·.;1.l;). , .• i~). ,.I~). r••l• ,·•. ,.> ·' 
, ,, - I-. I,, I •I, -r. I• '·- r' '.,, 1- - " ' .. ,,,,. ,' .. ~',, !, ,\, le ·- ,,'. Februsry ........ - ........... -- ......... ~1. 9

1
~13. f1~3..6153. 8:'i4. 0 54 .... j.>4. 1 .•.•. 0 .ITT. Oi.ru. ,1 .)G. 3 .1.1, 0 .,4. 0,.,3_ 4 .J3, I .1.J. ""i·•.J. ,1,.•.!. e-:

1
.)·1. o.

1
.i4. ,,,;:i4. 4

1

.,4. 4~._14. -(t U 

M h '3 !' •3 71•0 - •3 9·54 4 '-' ..!·5 1· ;r 1k~ Ql•5 r4 41-3 ~ -~ ,I-~ 3- • 7 "' 3'"l 41'3 4··3 G •3 k/'3 "':J 9 -; O•"'l ' arc ............ ~····--·--··-···----- 1 a. .. 1. 
1 

.. .>,J. '[3.: ... 

1

.1 ... ;.)J;"· ), 1. 
1
.IU .... i·' .. 1. ,;J .,....,.~,}1'1 .... , .1:... a .. J •• , .... . ,.,. ;) ....... 1., .>. ,., . ,L),., 

I 
I~ r; ... r:: ... !!": r:: ·1-1"'. :.•r:'. r::;r: '1- • ~., !,_q. 1~. '· •• J.- - ', -. _:,,,. I_ .r) ... ' J.. I/". •. -• 4'·,.. ..• 

Aprl ------ --· ·-· .••... - _ ..• _. -- . -·/ .... '!. 4,~3. 3i;t3. 3ito'J. hl4. 0 a4. 6 ;:,..,. BJ·•<>H1,,J4. 7: • .,1. 8 .l ... 9,;l_ 41.1~ li'<>l. 1:.11. 7 ;>1. 7 !'i:... 1.:.J.t l;.l3. -J:.J . • J!.i.~. 4j.i3 .• l.: J,I. ,..1.I, •> 
•r:: r.: 1.,, r:: !,.,. r:: 1.,,,,, ::'".., '1., ior:: ,., 0 i~ . • r. f 1,, n- _1. 0 ·-.1 -L.l 1-.-. --.i:-., -1-o > •• ;;i; .• May .••• - ..................... ··-·--153. 0 53. 01.)3· 3Ll3. 3;"·'· 6 .• •4.3/a.:>.1,);J.3,.)4..4

1

53. 4 .>-2 .. ll.3.ll. O,.lO .. ~")L _:-.1. ,.,.),_, 3 .. 1 .... '"'-· f:.1_. ij"1_, •,·•- ~ .1:l., 1 .1o~. l 
,.., ,., -,.,_ ! 1/r... r..."' !- !r.:r:: -... ~.-. :r::: •. ,Ir - _:,,o :-~· .. 1 (:_ ..,!,., r··f ,,;~~ '' '"~i 7\' , J'noo • ··- ...... _,.. ·-· ....... - . --- • ·- 53. 4.53. 8 ~3. ~ 54. 154. 6 ~5. ,,,,,6, 6;JU. e•.l;:>. I o4. 4 .1 •. 8 .. 1. .ll.>(). JI,_~).~ !il. 1.11. "··'- .1 .. 1_, .I ... 1. __ ... 1. 4,. .. "'l'.J. - . . .' .!. " 

J 
, ! "'"' , j • i 11 i- ii:: I ... or:: :,.. - '"':" ',.. ' - • :"" ir-,.1 : .. o -!r:: 7i'"'•J o~~~l 11··1•J o!-·• 0 

11ly ................................ 53. ~3 5.1. I !i3. 2~- 9.53. 4154. 7,56. 0 • .>5. 91.l4. 8.J.'l. - .>l. 8.>1- 1
1
.oo. ,.,;().I> 50. ~ .. >l..l.11. 9,.1-. 3,J •. 'i'i2. :-~- /" · ," · -.-~--

August •••.•• ·-- .••••••. _____ .... _-~-· m. ~ r.:i. 2,r .. 'I. ~.ri:i. 9j'r.s. 1i">6. 71">6. 7154. 61
52. s 51. 2 ;,o. 4 1 ~10);.o .. 1·,;;1. o 51. 8 ;;;i. 3 ;;I!. s

1
·s11 81!i2. ~(53. 1):,3. "':,:i. 311:,:i. 1 

Jr:: Ir:: r.: r... ',.,. .-r-: !,.,. !r.:o .- ;r: .-.:- 1_., ·.. '"'<l , .. J .:,. -..- Ir." qi,.,,, ()J.)'l 0 )•I F' "i'> 7 
September .... __ ... _ .. ,,. .. _ .,, __ •. 52. 9

1
-53. 2 53. 11,13. 4 ..• i3. 3-~4, •• 1.i6. 1 . ., ... 2 .... 1. R1.•-· l,»0. 9,,;o. -•·'°· ~,-•'- o;.,1. 7 .. J •.•• 1.'i3. o.;··12. ";·•l. 2

1
,,_ · 1."3. :·" :· -· 1- •· 

OeroL- •n 5 •~ r • 0 61·~ "•n 5)•3 2154 ) •42!•3 4' "2. • 1' J 4':;o ~!-1 'l151 ·'•<> n'i2. 2'" • "'' •·-·i 4 -3 l ·.i <>!•f.! 9 5° 9>-;2 7 .,._,'l" ........ ·-·--···· .. ···-·-·~·-· <>~ .. ~v ...... J(..r""" '"'""··J<>~. •' • ' . ;:, ' ;·h· j') ·•'a. i • I·) .• , . ':·1 .... ..,. ~.i,..) ... 1 .. 1.. /'>.. : •"-;·-·:·-·11~. 
N<>vember _ ......................... 52. 2·

1

152. 0
1
52.. 3!52.152. 4152. 6 r.:i. 2154. J i54. lj53. 4•

1
!52.. 4::ll.1/~'°· 9:50. 915!. 2:"1. 5.52. u152. 3:52. 7!!i2. 9p3, o,

1

•:.i. Oi52 8 :>2. 5 

Deoomber ........................ 52.152. oi52..0 52.2'52.3 52. 4 "2, 5 53.6 :>4.7154.o "2. 8151. 530_g·;;o. 8'51. 4 51. !152. ~~2. ~152 r:53. o·::.3. l rfi. 9•52 5 52.11 



 

120 HEPORT OF TUE SUPERINTENDENT OF 

JJJontl1ly uormals of hourly rr:ndi11g.~ of tlw <lcdhwmetcr, ctc.-Contiuue<l. 

-""'"''" - '" 1~:•: "'1::.;i'" ., : i,;;i~lf :""i'" l"):j"\""i'M ,.,,If 
.T anuar~ ·-_ •. _.~~ti[•._ .............. )r.1);1 R[>2. oir.2. 11.'JJ. !.J)~- 2

1

1:;2. :1 >2. ,,/"•l.l; ··~- c'-.1 1;)•0. ~·51. O :>J. 3:>1. 41:;1 6::>1. ~:32. 1102. />2. )52. GI :;2. :;i52. o' 51. !l 
Ft~bniary .. - - - - . ·- - .. ·-· .... - .. - :.1. (;1)1. G -,1. 8 ",]. 8 .>1. 81>2. 0 ;')2. :JI~)~. :-ii J.2. 1 iil. 7 .)f. 2 JO. 7'.:i-0. 7130. 7130. 7(10. ~?~). 9:51. 2,:ll. Fr2. 0151. 9 !12 ll!ll. 9 51. 8 

April ..••••..•.. _ _ •••... :a. -i :JI. ;l.'il.9 :JI.9.)2. 2 ·.a.o ;-,4_ 0:1:1 7 J.~. r, -~i.1 =-~ 01-1n.2 lH. fl48 61-t8. 7 ~!l. o 4R 6150. o:;o. 31!)0. 7 51. o 31. L51 3 51. 3 

~larl':h • __ . . _ _ _ :!"•1. 7 1.:ll HIJL 1-:'! 1 ~.2. o

1
-.~- l: )2 3

1

·,3_ ~ 1 :-:t:l 9 -.:3. :'1 1 ·i~. 4 J.l 4 \"tll. :3rH1 si4!J 6 "I(). o
1
5o. 5

1
50 8 51. o 51 2:51. 6

1

51. 7 51 R 31. h 51. A 

I I I I l I I I I t I ) 
1\Iay ....•••..•.• _ . __ .. _ 1;.1. 01-)r. 5 51. 1;:n. 8 J2. 3:>3. 71J.4. ~

1
1 54. 9113. fi tl. 5 rn. 914!l. 1 4-t<. Oi..tt-1 9 l!t. 31~9 \l ::io. 5 .. o. 7,511, 11:-,u. 8 ::t0. 8l:lt 1151. 3 51 4 

I I I I I : I I 
June . . •• • . . . • . • . jrd. n:;-;:1. 0

1
50. 91:.i.1j1:J.l. 7:}~. 7 .-.~J. !} 5t 01 "i2. E-1i 1. 2 19. 9

1
18. H 4.S. 5! P. J 141". ·•: w. l 1·Hl. 7(i0. 2/m. 2

11

tio. 4
1
so. 7 50. f>

1
50. 7 50. 11 

Jnly . _. . . . . . . . • . . . • . . • . •• • • • 49. 91.->0. ;.,:-~. 51.-.n. ;) :.o. 8 ."i.2. ['1·"•:1. b' 53. 81'>2. 7''JO. 91 rn. htt:. on. s: n til4~. l/4''3. 6
1
·W. 4 J49. 8:49 ri ao. 1:50. 5j.JO a

1
50. 5 !"">fl. 2 

Angtu~t ••.••••...••.••••...••.. _ ;.o. 3 50. 1 150. 4(:i-O. 6- 11. 1l,1~.21.)4. 3 54. 6 >3. 4 ·)1. t -.o. 014!!1. 7 J7 0 1 1~. !Ii l~. 4. 10. 0 30. 11:;0. 5 ::iO 7150. 5 50. fi :iO 4 50. 2 50. 4 

~e11temh•·1 .••... --- •...•..•••• __ •. !"iO. 11.->0. 9i.:>L ~ . .-.i. 4 J.t. 21.:>i. 9):-~. 2r),'3 {·12. 0
1

1--0. 7] rn. li4fi. /iti. o1:.i~. 5 rn. 4/.J~l. 915<'- 1 '.r}(l. 2 !'iO. J\5o. 4 50. 6 50 7:50. 6 50.;; 
October • • . • • .. . • • • . . ..•...•.••••. 50. til50. 7

1 
)0. 6,50. 6 ;"Jo().1:)50. 4

1 
J.t. 7

1
!"•1. R1 ;)0~ 9 ~9. g 49. 0 114~. 6 4~. ~, 49. 7;4!1. n1·-0. 5i!"'-.O. 3

1

1!0. 3 50 5.50. fl 50. 91:io !l/50. 7 51. o 
Novf:'lmbi:-r* .•....••.••..•.....•• 49. 2140. o14a. n:rn. s 4~. s 49. (}l·HI. 4 .-,o. 4151. ol:Jo. 9f>O. 2 .'>o. 3

1
.-i0. 2ro. :+·.o. s

1
:Jo. 9!:in. !il5o. 1 :i0 rillo 4 .10 2 m. 9l4!J. 4 4!1. 1 

D1•eemher !RIO. ···------- • 4n_71rn 5 149.214!1.~H ~IU.6 14Y.T•U 5( <:;'2 .TI.b:>ll yu 5

1

49 TH 8

1

49 2i4U ,,1

1

,0.l('O 41>0 650 6
1
:-,o y.o.4(0.0 

.Tanuar\ .• . .•. --14!1. 3149 1 i4R 'l.49. 0 49 1 411 2 4'1 :151! 4,:\ I.~ ;2. ;,l;,J. I 4!>. 4 4~. 0
1

47. ;,I 17. 7 4~ 4 49 I 49 ;, 49 7,:.o. J.n. I 49 !1144. 6 4!1 4 

F~hrna~y •....... __ ............. 48. u:1e. sl41u1 m 9 4!1. o/'4e. ~f 49_ 0'49_ 1,l;,o. ~ a 3/w. :1m547. 5 47. 0
1
47. 3 47 s

1
48. 1i1s. 5 4H ol1u. 2lm 5f 1n. a 49. 114n. 1 

Marci• ................ ___ ... __ .. --147. :1in. 2°11. 5 1
47. H 4,_ 2 4K oj49. 011~. ~14R 4, 17. R 46. 8!1c. 3 46 11

1
1
46. 1[' 46. 2 46 9'47. l[n. 5 47 11118. 0147_ 9

1
111 1]n u1

11. 3 
I I I I I ' I I I I I I I I 

,l[ean monthly normals of ltourly readings from obsen:atfons ex·tentling Ol'el' G yem·s. • 

lit. _J~ ~-~,~-~~- 71&. 8/1. _9~:_!~1~ 1 Noo~ 
li!60 t~ 1865 inclusive. i I 1-1- I 

Months. 

~:;t:::::~::.:::::::::::::::::·····--· ;,;::~I ~:-~ ~:-~~I ~-~I ~~:~~ E~f I ~:.~!I :::;,~I :::: i ~::~; ~~:;~ ~~:;~ 
A
,r,

1

,

1

1:,,·.-t.-.•.• _ ._ .•.....•...•............. · .· ~ .. _·_· ..... --...•.. _ ._._._I 57. 10 

1 

57. n 57. 78 / 57. 95 ss. 43 w. 95 / ::: :~ ::: ~ I ao.12 , 
R . ~n ~m mwi Mn ~~ ~~ 1 ft~ •ro •~ 

Reptcmhn1· ............................. ••t.3H 
1 

;.7.72 !i7.9'..! \ 5.tl.10 58.'20 !')fl.30 I Gl 10 61.08 59.80 

ll"toher ---------·-·--·····-······--·--· 57.21' I 57.27 "7.20 j 57.331 :i<.37 57.!lO 1 59:1~ 5n.57

1

. 5!1.02 

58. 87 57.10 55. 88 

5B. 38 56.80 5!'1. 72 
57. 97 56.05 54. 90 

57. 00 55.98 54. 88 

Novcmh{•r ..•.. ~····-··················· 5C.45 5fi.30 5f..40 'I 5G.50156.68 56.80 i 57.30 58.2.1 5M.!'-:.3 

57. 80 56.57' 55. 72 
58.12 57.07 56. 07 

5!•. 08 5R35 56. 9~ DN~emlwr......... .•....•••...•.•••.•. !)(i.52

1 

t'ITT.35 ZG.3'.? 
1 

W.45 .5U.5:-i !"ifl.60 j 56.7."l fi7.80 ::i8.R7 

lt-l(il to 186fi ·inci11J.:i,,e_ [ I \' I' 

,T amrnry !"14i. 28 I 00. 15 !iti. 13 \ f~. 22 !"ITT. '.?7 GG. 47 
1 

57. !12 I ;JO. 10 

~'loabrrc1.111~1r;_.·_.:_:_·_··.· .. _:·.-·.·.-· .. · .. • •. ·.-· .. ·.:_:_:_:_:_:_:_:_:_:_:_:_·_.:_:_\ ~~(i.O:~ t'.J.9:-l 56.00j 56.0i 5G.l!i 5G.20\ 57.371 5fl.OO 
'"' 55. r»0 r,::;_ 58 ri:~. 70 i :i5. 83 I 5'i. 1 a !ifi. 40 ! as. 73 54. :12 

56. 5~ fi'?.(i7 fif-1.m• 
i 

59. 28 i 
56. 4~ '•7.231 !°)8. tl7 ''><.151 
57. 48 58.-00 G7. 78 f>G. 98 

~~~ ~I- 2h. 3/&~·r:;- -5~.~j~~~ ~~1:~_-_~~;,~ j_:-=I 1oh.1 m. ~-md~TMean~ 
IPGO to 1~65 inl'lu.~iril'. I 1 

\ i . I I I 
April............................... fi6.05 ! 55.70 5t1.0-0: 5<i.67 57.63 f-8.02 I 58.28 5N 3~ 58 55 j 58.70 58 B7 53.87 5R57 

May .. _. . . . . .. . • . • .. . . . . . . .. .. . . • ••• __ . :;:;. m i 55. 67 56. 03 ; 56. 83 57. r.1 I 57. 83157. 88 57. 97 58. 15 , 58. 23 5P. 45 58. 50 58. 28 

.Juno--······· 55.32 1 !"15.15 !'i:..50:56.2..1 5£:95
1157.47 57.57 57.U7j 57.f/()158.02 58.13 58.05j 57.96 

July ................................. -. 5[,_1s 1 "5.02 55.3'.! 56.03 56.613 57.12 57.~:1 .~77 .. 4320~ 
11 

57_4;; 57.f.7 57.BO 57.77' 57.65 

A ngust. . . . . . . . . . . . . . . . . . . . M. 42 f 54. 43 55. 2'.! 6G. 1:1 56. 911 57. 22157. 3C ,, 57. 60 I 57. 72 57. 70 57. 67 57. 61 

8e1>tembor ............................. 54.52 i 54.92 5;,_77 56.63 56.93

1

57.00 57.W 57.30 57.38 57.35 57.35 57.38 57.46 

O.,tolH'r ·······----····-----····--····-·; 55.68150.98 56.28 MJ.50 56.50 56.77 57.15 57.45 57.52

1

57.48 57.43 57.43 57.2ti 
Novern bet· .............................. i 55. 65 I 55. 73 5'i. 03 56. 20 56. 57 56. 13-J I 57. 08 57. !!3 57. 20 57. 07 56. 93 56. 68 56. 81 

Iler.ember ..................... ----·----: 55. 98 ii ;,~. 47 

1

. 55. 48 5!i. B< 56. 45 56. e5 1

1

57. 13 57. 37 57. 43 57. 2.~ 57. 02 56. 83 56. gl 

l!'l6 l to 1 g6fi inrl1uiN!. 
Jan nary................................ 54. 97 [ 54. 63 , 54. 78 i :;.:;. 42155. 97 56. 2:1 5!t 62 fro. E3 I 57. 05 i 56. 93 56. 68 56. 50 56. 53 
February............................... 54. ~8 , 54. 00 54. 68 l 5". 0-2 55. Z7 55. 58 !\5. ,.,, 56.18 56. 35

1 

S6. 33 56. 25 56. 2ll 56. HI 

Marottf :::--~=-:~· ·-.:.:_- ----~· ·.:~- 1 53. 671. 53. 45 . 53. i>2 : ~- 5;, .. 54.-~ 5~'J_~~~-- 55. 47 55. 65 5'i. 67 50. 65 5'i. 58 55. 60 

•The mean epoch for the "April n-0rmal•:is 186-2.8; and for th<• Marcl1 normals, 1863.8; average opoch, 1863.3. 
I March, 1800. is I""" complete than Mardi, 1866; tbe latter hBS therefore been retained in preforenoo. 
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In the analysis of tLe disturbances, no attempt was made to correet for occasional deticienciN; 
in the hourly record, as the necessary inferences woulll rest 011 t()o Rl!~nder a liasi;.;; and, in their 
classification, tLe series was taken to commence with April, lSGO, since l\Iarcli, 1SflO, is lt•ss emu
plete than Marcb, lSGG. 

The total munher of distmbances, that is, hourly rcading8 uiffL>tfog more than 2'.G cithP-r in 
excess or ucfect from their respective normal \alues lluring the 8ix years of oh;;en·atiou, iR 14;12; 
and, since tile total number of hourly observations is auout -i\J'.?.:JO, there is 011e distnrbanc" for 
eYery 3± ohsen·ations. 

The distribution of <listitrbanccs according to number is as follow,;: 

During G years, April, 18GO, to April, 18GG, + or west ddfrctio11s . . . . . . . . . - . . . . . . . . . . . . DH 
During 6 years, April, 1860, to April1 lSGG, - or east deflections.......... . . . . . . . . . . . . . . SIS 

The eastern ueflections predominate over the western dellections in the proportion of 1.33 to 1. 

JYumbcr Qf disturbances <luring six· successii•c years. 

' 
i 

I 

YearR. 
· i I 
1.WP8t. f J.:a~t._\ Tot.al. j 

----- ----:~·;, f 

~.-.J '1 

l~!--;0-61 ____ ~n ]I() 

1/-'til-(i:L ••.. i"":.! I)~ I 

~::·; ! 1.-tEl-C:L ••.. _ •. 
1 

I :~1: j Hl i 
lt-iG:l-n·l. _ •.. "'' 111l I 

11""fi4-fi:-,. - - •. ]Jj ll)(l 

18G:t-6(J ••••.••. ]$2[) 
I 

1 if< 

The years 18GO-Gl and lSGl-G::l arc tho8c wliieh arc most defecti w• in photof!:raphic traces. In 
the first, nearly 2000 hourly dcfLciencies occur; in the second, nearly 800. Tho record for tlil' 
remaining four years is nearly complete. 

The annual numbers do not indicate any dependence on the eleven-year cycle, cnm if the lirst 
two numbers were increased (for deficiencies). \Vith tlie exception of the sccoml year, the eastL•rn 
deflections preponderate over the western ones. 

Distrilnitfon nj <lfatitrbnnccs fo tltc yearly zwriod. 

l~at.ioR. 

Mont·h~. \V PRt. ! Ea.Rt. Tnt.'lL 

--------~---

,Jaunnry 
I 

:1:2 41 .fJ:l . nl ·---········--1 7:1 • 1_;u 

February·-·····-·-·· ;;7 5r" i 11.:i 1. 12 . 8.i . !l.i 
' 

1.-Iarcl1 .............. : ••• : fd 47 i l{lj 1. 0(j .f;\l .f-':--1 
I 

April .............. ti!t H:""l 1:)--1 1. 3;) t.:::::l 1. 2r1 

May .................. fi(i GO 1 Ui l.0'.I .'r'-'": . !lj 
l 

Juno ...................... ! 24 :-11" "" . 47 

! 
. ~:1 r;~ I 

Julr .................. ' G2 ~:l 15:1 1.21 t.;W 1.:J11 

August ............. t-:-1 l 1:1:1 2lt-< 1.fifi t. n:-, 1.1'\:l ' 
S<>.pt1·1,.l•-''r •••.••..•••. ;-)1; ; !l;'", l;iJ l. lll 1. 3~1 1. ~· I 
Oct.ol,t•r ..•••....•... ;~.:J I fi7 1:.'(l 1. 11:1 1.fl1 

NoY~JUhf>r -·~ •.•.•••.. :{:I I 4~ "'{!,) .fll ..~" .0:1 

l)rn.:en1l•f-11· ······ ...... :i:i i 
i 

;1;1 7~ .lit •• -,j .{j(l 

Sum .............. , 61'1 ~18 1, '1:~2 
'1 

12.00 12. no I ·~-00 

--~--"------~----- ----

We notice the preponderance of easterly over westerly disturuauccs in overy month except 
in March, which is no doubt occasioned by detective observations in the first year. 

The disturbances, both westerly and east{~rl_y, reach a principal maxim nm in Augul'lt and a sec
ondary maximum in April; minima occur in June and December. 

At Philadelphia, the corresponding months were October aml April for maxima and Jnne and 
February for minima. 

H. Ex. 100--16 
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Distribution of 17isturuanccs hi the iinily period. 

lI011r;-;. 

1 :l.lll. 

n :t.m .. -.j 

:J a.111 .••. 

•J a.m ... : 
.-, a.m ... . 
1; a. llt.. _ 

"I a. rn .•• 

t< :1.nt. .. ii 

!i II-. tn .•• I 

IO a.. lit. .• 

11 :l. llL .. 

J\0011 • - -

] p. m ..• 

o p.m .•. 

:t p. rn. 
4 p. rn 

.1 p. lH 

fi p.m 

' p. lll 

Ha.tios. 

\Vc1-1t. : Ea;.;t. Total. 

: \Vest.1 East. Tot1tl. 

1 t 

l<i I 

n 

:.?1 

;.!I 

l 2 

2i 

10 

fill 

:n 
41J 

:w 
J;; 

---·--·-- 1--
- 5j I 

. "" ! 

. !10 ! 

. 70 i 

. ~:I 
1. --l i 

]. 7~ I 
2. 50 ! 
2. 01 I 
2. 54 I 
2. 11 I 
1. 7!1 

l. 2!1 

1. 11 I 

L 26 

!. 03 

l.20 

. 02 

.(i:,? 

. ~:i 

. 70 

1. 17 

1. 7() 

1. 08 

1. 17 

. ~8 

.11 

37 1. 10 i . 2fi 

. h"2 i 

. S1 l 

. 21 I 
a;; H .a:. I i.o:i 

,fl:-1 

1. 07 

.Ii(; 

. 7() 

1. w 
1. 75 

l.t10 

1. 71 

1. [>~ 

1.27 

.Fl 

.1""4 

.fl!! 

. 40 

- 74 
I I 

0..: p, m., 7 fi~l I 70 , :!7 l l, 8,) i 1. 17 

q p. m 'l ti~ 10 . o~ 1 2. oo I i. 11 

10 P· m .. r.:1 r;, . 2fl l 1. ss I 1. 14 

11p.rn 4 51 ri:-. .1c.I 1.s~11 .!ID; 

;,rioluic:ht , _ _'.'._. _ _:_ _~-~l~~i-·7;, • 
~ i I 
C'llTil .. · 1 6J ·J ~I' UJ2 24. 00 I 24. 00 I 24. 00 i 

'l'he 1cc8tcrl.11 1fo:;tnrhanccs show a single progression, the same as 
at Philatlelphia and Toronto, with the maximum number between 8 and 
10 a. m., an<l the minimum 1mmber at 9 p. m. The easterly distur
bancp,s, on the contrary, exhibit a double i)fogrcssion, nearly the same 
as at Philadelphia and Toronto, with the principal maximum at 9 p. m., 
tliC' Rccondary maximum at 9 a. m., and with the principal minimum at 
4 p. m. and the secondary minimum at 6 a. m. "\Ve thus have the prin· 
cipal maximum of easterly disturbances in direct opposition to the law 
of tlie west(\fly distnrl.ia11ces, whereas the 11econdary maximum of east
prl.v diRtnrlmnces is in accord with the law of tlie westerly disturbances, 
aR Rhown iu the accompanying diagram. 

In gP11cral, the most disturbed time of the day is between 8 and 10 
a. nJ., anrl the least disturbed time between 4 anu 5 p. m. 

\Yith re8pcct to magniturle of disturbances, the results are as fol. 
lows: 

Th<) average magnitude of a disturbance from the six-year series 
bctwccH .April, lSGO, and April, 186G, is 3'.64. 

Th<' aYcrage magnitude of westerly disturbances equals 3'.49. 
The average magnitude of' easterly disturbances equals 3'.75. 
The easterls disturbances are thus more numerous and of greater 

magnitude than the westerly disturbances. The largest disturbance 
recorcled occnrre<l August 3, 186.5, at 4 a. m., when the magnet was de
flecte<l 21' .4 to the east of its normal position at that hour. The next 
largest de1lection of 13'.8 was also to the east, and occurred on October 
4, 1862, at 2 a. m. The largest westerly deflection was 11'.9, and OC· 

curred on March 1, 1862, at 1 a. m.; the next largest to the west was 
11'.1. 
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April to April. 

l~tiO-lil ---- ... -- :J. t: :i. 7 :l. 1: 
l~li1-fr!. _____ -·-· -- ·I. (I :~. ;, ;J_ 

I :-<fi:t-ti:~ •••••. ··- -- :1. ;, :l. . "· 
,, 

l~l'3---.t;4 ___ - - • i :!, 2 :{ ·' 
., ·1 ---- .. 

1~G4-ti:-1. -- -- -- -- :1. ·1 :i ; .t .. 
1~1;;·1-nt~. -- - - . : 

'" 
;) I. ! .l . . ---- --

The easterly disturbances exceed the westerly ones in every year lrnt u11c. The maguitudes do 
not indicate any depcmleuce on the eleven-year cycle. 

A.veragc magnitude of rlisturbancu.~ in the ymrl,11 period. 

i 
}J ontli~. I \Vest- Ea~t- Cvrn-

----------~-----1 -~·~~- -~·,~ly. ! hiu~d. 
, I , ' 

: .January ··-·····-··--·I ·J.:.! 
j Ft>brual'y . . . . . . . . . . • . j ~{. 7 : 

l ~\l~~~h- ~~~~~~~ ~~ ~ ~~ ~~~--1 ~~~: ! 

I ~~~:c::::~::::::::::::·1 ;:::~ · ___ _ 

:;, -, ;1. !I ,July ... ·--
4. 1 :1. !I _A ll;!llt>i 

" ~l'ph·111lll'l "· :1. 7 
I 

:i. 4 :1. 4 Octnlwr ... 
I 

3. r: :.l.!l No,·c·rnlwr 

3. !I 1 ~- 7 1'CC('lllhU 

.... -. ...... 
' ..... - ...... 

\\"1·:-;t ' Ea.-.,t
t'r!>·- I .dy. 

:1. I 3. ' 
:~. .j ' I. 1 

:1. _, 
! :i. :. 

:t !: .J . ll 

;J. " 3. :~ 

:J. :i :J. 7 

Crnn- [ 

him·d. I 

J. !:"r I 
J. ' i 

I 
:t ·I I 

:1 !I 

:1. :1 
3, ;, ! 

In every month but two, the easterly disturbances arc larger tliau the westerly oues; no dis
tinct monthly progression can be made out. 

Average magnititde of disturbancc1> in the daily period. 

---------

Il01Irl:i-. 
West- EaAt.-1 <:mn· : lloun-1. \\'"i'~f· I<::rnt.. i CP111 

erly. : er1y. . lJjrn.:ll. crl.Y. erl.\·. : hinetl. 
! 
j _____ 

\" 
l n.m ... I 3. 7 4. l 4.11 l 

I 

I 
p.rn ... :l.:J :t ~ :J.:l 

2 a.n1 .... 1 3.~ 4. 2 4. 1 ,, p.Ill ... :1. I ! :1. ~ :J.:J 

;; a. JIL •• I a.ti ! 
:!. ~ 3. 7 :1 Jl. 111 ••• .).:-. :1.;l ::.l 

4 a. ni. .. i 3.5 4. 3 i 3. !I 4 }l.lll ... f.(I :1. ;, :tr-

5 a.m .... \ -1.2 

I 
:3.f> I 3, ~ 5 11.m ... ·1. n :t ;; :J. 7 

I 
! 

() a.m·-··i :i. t 3. 3 3. 7 1; ]l. rn .•. :).!I :1. ;, :1.li 
! 

7 a. m ... ·i :1. ~) ~- 2 3. ·I 7 ll· Ill .•. J. ·I i LO :l.!1 

8 a. rn .••. : 3.~ I 3.3 I 3. 4 H JI.Ill .•. :1.1 I.~ -1. 1 

ll a.m ... 3. 4 I 3. 4 

I 
:i. 4 II 11.IIJ. ~- I : 4. ~ l. ~ 

10 a.111 ••• 3. 3 I 3. !:'1 3. 3 10 JI. 1H ••• :~. ll ·L 0 I .J.(I 

' 
11 a.m .•. 3 Q i 3. 3 a. 2 11 p.m ... 4 ,, 

:!. " :l.t"" 

! ~oon --· 3. l I :J. I i :J.l ~tiduif!ht. ;, I .J.:{ 1.-1 
I 

But for the rather small numbei· of years of' obsernitions at Ke_., ".est, the apparent law of 
change ot magnitude of disturbances from hour to l.10ur woultl come out 11nitc di;;tinctly, both for 
the western and eastern deflections; the smallest llisturlmnces evidently occur about noon, and 
between 6 a. m. and 3 p. m. they are below their Rverage value; tlnring the night they are al.Jove 
the average. 

Irrespective of direction, the disturbances increase regularl;r iu size from noon, when they are 
a minimum (3'.1), to midnight, when they reach a maximum (4'.4j; after this time, they decrease 
regularly till noon. We also notice the fact of disturbances of small magnitude (3'.3 to 3'.4) to 
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coincide witil their greater frequency llctween 8 and 10 a. m., whereas they appear greater than 
the mean at the time (4 p. m.) wl1en they are ll~ast frequent. 

For comparison we ilave: minimum size of uisturliauees at Toronto, from a five-year houl'ly 
series commencing- with 1:344, at 1 p. m., at Philadelphia at 2 p. m., at Key 'Vest at 0 p. ru.; also 
maximum size at Toronto about 9 p. m., at Philauelpilia about 10 p. m., at Key ·west at 12 p. m. 

Wilile we posses;,; a toleralJly complete knowledge of the empirical laws of the various tluctua
tious in tile magnetic dedinatiou for our Atlautic coast, we have as yet no material of investigatiou 
for our Pacifie coast, anll it is greatly to be <lesireu that self-recording magnetic instruments may. 
be establislie<.1 tlte1·c at oue or two stations, aud maintaiued for at least six ;years. 

1.'lte solar d iumal w riation in the magnetic declination at Key lVcst jiJr t!te cpocli 1803.3. 

If we subtract each 11onr1y meau of the preccdiug table of monthly normals from its respective 
monthly rueau, we olJtain the following table of the solar diurnal variation, expressed in minutes of 
arc, a + sign indicating a deflection of the north end of the needle to the westwaru, a - sign a 
deflection to t11e eastward. 

Tlrn talmlar values corresponuing to six years of observation, and situated nearly betweeu a 
maximum and minimum of the so-called sun-spot period of eleveu years, may I.Jc supposed free of 
any effect of that period. 

For comparison, I ha>e added tlie PLila<lelphht talJle of tlie solar diurnal variation,* derived 
from th·e years of olJscn·ations, and computed for the (exact) local liours; this table refers to the 
mean epoch 1813-±3, whicli approaches to tlie minimum of the sun-spot period. 

Solar diurnal varititi<m of the magnetic declinatimi at Key West, between April, 186(), mul Apr·iZ, 1866. 

Mm:tl11:y means from hourly ohsBn.,.a.tions during six years. 

l.Ioutlu:4. 

' CoaBt Survey Report for 16fi0, pp. 306-307. 
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Bolar diurnal ·variation of the uwgnetic declination at Phiu1del11hi11for e1wch 18±~.5. 

Computed monthly moans from Li-liontly obscrvationE between ,June, l~-10, and SepteruUcr, 184:1, iud~ive, aud ht•urly ulnu:rvatiout1 ltu 
tween October, lt:\-13, .uud Juue, 18451 inclusive. 

Months. lh. 2h. 3h. 4h. 5h. i _~.:_I~~ 8h. 9h. llh. Noun. 

January .........•......•............. ·~d.24·1· -d.:io -0.4b- -·0.48: -d.381-~.55 l-l'.:lt: -2.1~ --2.4;:i -1.5(1 -;0.Zli .+~.Zti 
Jf'ehru&r;)' ···--------------------- --0.(1.I --0.14 -O.:k!- -0.4n 1-0.71 1-Ll~ !-1.90: -2.52 -2.49; -1.4~1 -i 0.2.t -+ l.~lt> 
March .••..••..... ----·--------··-··-· ~0.3'~ 1-0.55 ---0.71 -0.81, ~-I.On 1 --l.P4 j-~-93 -3.ti7 -3.4(J i --l.e1 -:-0.5;, -Ll:!.71 

April .................................. -1.14 -l.34 '-1.441-1.!J.I ! -1.Se 1-<.M -3.5C. -4,02 -3.421-l.54 ·1-1.11 i f3.W 

.May ...•.. ·-··--···-··------··-··--·--· -0.591-0.SO: -0.59 
1 
-1.l~ '. -~.32 j-3.75 ---4.74 -4.6() -:l.24: -0.~1 +l.93 +4.(Jf> 

Jllne ..................................... -0.28 -0.41 -0.G!f -1.a2 i -2.-:15 I -3.87 r -5.02 -5. 13 -3.80 -1.~ +l.G9 -~ J.H!I 

July .............. --·. __ ....... _. __ ........ -0. t-<'J --0. 61 --0. 72 -1. ::H l -2. G2 ! --4. 22 -5. 42 -5, 45 -4. 04 -1. 47 +l. ·rt +J. 8t> 

August .................... __ ............ , --0. 3:3 \ -0. 21 -0. 59 -1. CO l -J. O!~ \ --4. Gt< -5. 71 -5. 48 -3. (]7 ] -0. 5l:! +2. ~7' +5. 41 

September ............................... -0.72, -0.90 -1.CG -1.42 ~ --2.23 -3.51 i -4.5t. -4.50 -'.!.8-1 1 +u.11 --3.1~ [ -; ;), h:' 

October................ ... . . . . .. . .•• •• . -0. 53 : -0. 30 ·-0. 20 --0. lG · -0. 45 I -1. 33 I -1. 72 -2.1<' / -1. ~~ ' -0. "' +o. 77 · "::!. c11 
November·-·-··········--·····-·-----· - 0.:211' -0.:J:l -0.44 --0 . .Sti j --0.75 !-1.lt: 1

1

-1.GS -1.\H --1.~0 i -0.37 - 1.11
1 

-i~.:11 
December.................. --t-0.01 -0.0Z -O.:H -0.601--0.Li7 I -0.73, --1.00 -1.H i-LG4' -I.mt; -1-0.~f3 I ,l.t<(t 

?tionths. -~I~ ~-1-~.i =:,~~-1~:.~, ·~;,.~II ~-,:. -r~;,, r~:J~.· _\ _1~~ !~itlu:l. 
, I . .'. i ' I , . I , J , J , I , • I , l , _ [ , ! ' 

January ............................ ; ')3.40 .,..i..H: +2.4fi 1 ,-1.c~, ,-0.H.' .,.u·"' I +o.m• 1 -O.G4 I -1.29: -1.4" 1 -1.o~ i -0.5" 

1\I
J!'eabrrouhar·y······.·.·_--_-_-_-_-_·_·.·.·.·.·.·.·.-.:_ .• ·.·.·_·_·_·.·.·_-_:\

1 

+~.!l71-+;l.(l'2 .
1

1 
+2.42 i, l.')J 1 +1.1• I +0.1G I+·. 0.2(; 1-0.:ll; 

1

1 -0.85 I -0.9"i i -0.<U' -0.30 
+3. 86 +3. 85 I 3.11 +2. 331' \-1. 631 +1. 021 +o. 35 -0. 31 -0. 70 i -0. 67 I -0, 4;1 -0. 2;, 

April----····------······-·········-··,! +5.0fi 1 +J.te 1 +4.28 +2.~ll"! +l.7G +o.es -0.~i !--0.14 J -0.3t1 i -0.54 i -O.G7 ! -O.c'r· 

:May···-······························! +5.07 \' +4.~~: +3.t'5 +2.48' +L\!'2 I +0.3!1 l-·0.02 !_ -0.121-0.B '-(l.~l l -IJ.4:J --0.:.c 
June ....•••••....................•.•... \ +5. oo +4. 7!l : -,·3. rn +2. 60 \ +L ro \ +o. 87 I +o. :i~ I +o. 07 I -0. 10 -O. 13 I -o. 15 -0. 1:1 

July .•••••••••••••..••••.••••..•••.•••. \ +5.26 +5.31 \ +4.:H +3.20 +2.04 +1.16 +o.66. +0.3111 +u.1s -0.15 \ -U.5:J -O.t'o 

August .•••.•.....•.........•...•..•... \ +6. 35 , 5. 551 +3. 75 +1. 98 +o. S7 +o. 50 1 +o. 4!\ II. +o. 2i; I -0. 1:1 -ll. ;,i; I -o. '7 -u. "" 
September.-···························! +5.54 +4.46 +2.99 +l.6e +0.85 +0.33 j -O.ll -0 .. H II -0.5G -0.5fi i -0. 41 -0.5" 
October .••.•••••..••.• _ •••••••..••.•••. 

1

+3.17 +3.00 +2.20 +1.os +o.:!5 -0.39j-o.3u'l-0.39 -0.52 -o.mi; -0.G!I -O.H 

November .•••••. ·-··-· ...•••.......... +2. 81 ,-2. 581 +1. 90 +t. 18 +o. 57 1 ~ 0. 06 I -0. 40 -0. 59 i -0. !12 -0. 77 1

1

. -0. 4!l -0. \!:! 

December .••.•...•.•..••••••••.....•.•. i+2.95 +3.04
1

+2.32 +1.34 +o.57\·iG.11\-0.26 -0.7B\-1.22 -1.33, -0.0li -0.31> 
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Nollir dizirnal variation of t!w magnetic declination at J{cy lVest, Fla., for r;pocli 1863.3, mid for every 
month, from hourly of)l:!CrL'al ions cm1tilmed for 11ix years. 

Ji:i.u ... 

SOUTH. 

;July 

.. 'lug. 

Nov: 

:Occ. 

SO:CAR DIURNAL ·v:ARIATlON 
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L..L'.. : __ ; __ J I I I ~ ./ I ' I I. I/ I I I I I 1. .: 
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11 ·/Ii lfTi,/ I•'¥] I/ fl 
L 1 : 1 I 1 I I l i :1 I: I: I I l.1 I ' -
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;... 

! : I I! I I I I/:, I : Iii I I I L.Lrrrr 1 , 1 ~ 1 1 1 r +i 
I I I IT';: I I]/ f'\ : I I I I 0 
ll __ l __ LL-i-+-+-+--J I I "" I I i l 
' I : i I I I I : I I : u 'l i ,-,,- r 1 l : 1 1 1 , :u 
1 :--r-r-rT1 i i 1 1: , n-+-t-+-r-t-+--1-+..; - 3 

' ,- ;-nTi ! I#, '·1-i--'1.._l _._-1-..._._.__.'_._'-_,'_..- +2 

F:-H-=-2~-tt rs~,,__._~":--,,~_,_.J--'-L--'-...L..J 1 

,-r-•:['!.l I J LL!! :' r, I i-- I 0 

r::i:.:LLCn-n I jT-1 1\_J',...lll..l~.LLL:-!-!- ~ 
' u .. LLO J_I 1 1.u. i: [HP!n-1 · 1 r _:.:, 

, _!_LU_li_Lf:'l:J_ Tj_I \/ I I i I I 
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The tabular results of the daily fluctuation in each month are exhibited grnpl1ically on the 
accompanying diagram, and it would appear from the great regularity of the snccessi \e 11our]y yalues 
that the labor of throwing them into an analytical expression cau be llispcm;ed with. Tue diagram 
is so arranged with respect to the north end of the magnet that the easterly motion is to'IYanl the 
right, westerly toward the left, the time-scale running, from up, clown, commencing and ending at 
midnight. The following tabular results, which exliil.Jit tile characteristic features of the daily 
variation, are derived from a graphical process. 

It will be noticed that, during the time when the sun is north of the eqnator, the cnrn•s present 
a certain similarity, different from that presenteu Llul'iug the time wheu the sun is south of the 
equator. The first half year, including Rmnmcr, comprises t11e months April to September in· 
elusive; the second half, including winter, the months Octo her to March inclnsi \C\, 

Montli OT RP-fl~Oll. 

Characteristic features of the 1laily uiriation. 

I Epoch of e.·rnt- : Epoch of W<'"t· 
j Prn elo11~ation ! f'rn 1~lnngation 
i (morning). ' (afternoou). 

g 
:;::; 

=> s 
-. 
G 
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" 
c· 

" 
A 

~ 
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r..:. 

~ 

l\l1~an declination rPaclwcl, wit11 
rnot.iou to-

- " 
s s 

" - "' 
t ~ -

" 
.,, 

"' ;; b "' ~ ~ .!'; ~ 

J '" ::! '- ;::; ,,.. I'< 

?-~~ :---- -;:::·---:-::~:~1-:~= 
j January................................ 20 i -j-2. 0 4 40 fl. IJ 11 111 ' Ii 40 i 11 50 I G 33 

!. ~::c~~~~::::::::::::::::.:::::::! =:.~: 1 ~~ ! =-~~ 4 ~I~ ~-~ tl ~' 7 4!l I 12 28 ~ 4 :;.- . 
. :--I--:--!_'._ _____ 11 s 43 I 11 43' 2 10 

] April.. •......••......••. ·······! e 00 i - 3. l : Oil · +'L ~ Ii oo fi. O 10 43 ·-;--~;;:T~~~:~~ 
I~\~·::::::::::::::::::::::::::· 7 30, =:;: ~. ;~ 1 ~~:~. :: ~·;: ;: : ~~ rn 10 11 1 ........ 1 .......• 

July.................... ~ ~~oi :

1

: --3.8 2
1 

1
1
11
0
1 -i-:!.fi, Ii :m ri. i 1

1
0
0 
~ :.: 

4

0r,·~' '.,!:.·_.: __ :·_.:_:_:.!.:_:_:.::::[ 
August •••...•.•.. ---····-·· ,;,, -4.1' -1a.2 r. :;n ~.1 11 ,, , 

St'ptemb-cr ··-·--- --- :w L -:·tR 0 4ll: --i :tn a 1P (i.F< 10 14 :---·---·!·····---: ....... . 
·~-1--·--,--------,--i--'--

'0 t b 0 i ' ' °'" i I I co er--···----··-----··-··- ("' oo I -2. 3 1 10 I .... 1 t• ;, w :t fl 10 ~1 
1 

2!2 l 14 O!t 3 2r-<: 
: Novembe!' .••..•••.•••••..•.••.. n 00 II -1.7 1 00 --tl.'J 4 00 2.U 11 ](): ;~ :if i 11 2~1 6 01; 

~December ...................... '. B 40 -2.2 2 30 -+1.5, 4 ;--,~ :t7 12 04 j ti 13: 11 a!')! 7 cm 
I= I=======--======----=----.::::=:::::::=:~;::==::::::::::-::::==:=== 

Sun nortl1-ofequat.or (sn~m<'r) .. ) 7 33 i -3.\1 
1
, l 3~) ! +2.!) 1 fi O:! fi.~ 10 24 

1

1 9 47 )·--··--·!······- ! 
Sun Aont11 of equator (winter).... U 00 1 -2. 3 ~ 1 4.8 : + 1. 7 1- 4,-.i 4. o : 11 2fi , 7 OH : 12 l:! . 5 00 : ] __ : ___ : __ ! ________ \ __ : __ , __ : 

Yearly avernf!O .••..•••••. i 8 1'7 ) --3.1 : 1 42 i' +:J. 3 ! r~ 2:-1 ;,_ 4 10 :-;;, I H <Jc-i i ........ : ........ I 
---------

1 

I i : ---------~--__'.- ____ i ---' --

The preceding table, in connection -with the diagram, completely llefines tile law of the daily 
variation. Tile cross-lines of dashes connect the times of eastern elongation, of western elongation, 
and of the intermediate normal position respectively, for successive months. The close conformity 
of the daily variation at Key West and at Philadelphia will be noticed; tile secondary motion dmfog 
the night, with a range of about half a minute of arc, is only perccptilJle during tile winter months. 

When the table is to be used for reducing any observed value of the declination to the mean of 
the day, the sign of the quantity must be reyerscd in order to serYc as a correction." The same 
remark applies to the Philadelphia table. 

*At Key West, ea well as at Philadelphia, the mean of tho morning cn.stnn r.Jonga.tiou arnl of the afternoon 
western elongation will always represent the daily mcau witbiIJ fos~ t!iau O'.C.. 
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Tlte greatest cleveloprnent of the daily variation occurs in August and the least iu November, 
a feature common to Key "\Vest and l'hiladelphia. The annual variation in the diurnal motion of 
the magnet is best exhibited, for every hour, by the mean values for summer and winter. 

---~-·---------------------------------------------

- ScaRon. I~!~ ~1~1ll~h:_ 1~1~~1~1~ ~ Noon. 

I , : , , I ' ' I , I , , , ' , 
Apr1lt0Rcpt.flmber rndns1vo ___ --·--- ~0.11 

1 
-0.211 -0.301-0.50 -0.~~J ~2.03 -::1.59 

1 
-3 fil -2..3B -0.66 +1 06 +2.17 

OctobertoMarcb inclnR1vo. ....•....••.. I \0.18 -J0.27 +0.2;; I +0.14 +0.01
1

---0.rn -0.74' -1.55 -2.00 -1.70 -0.63 +0.64 

Yo~-~==···········--_.j~~i-~_o.o~ -0.031-0~~~1-=~l~~EE~-~~~ 
Season. / lh. ---;;;:---3h. --~--~-:-~h~ 1- 7/i. [ 8h. I 9h. 10h. llh. Midn't. 

·-, -, -, 1-, 1-, 1-. 1-, -_ 1-, -, -, -, 
Apr-ilWSeptemberinclnai-vo ..•...•..... +2.72 +2.77 +~.28]-tl.50 1 

10.e2 +0.4i:=l-0.35
1

+0.25 +0.10 -0.03 -0.13 -0.12 

Uctobert0Marcl1 inclasi>"e --·········-- +l.3" +1.56 +1.38 +0.94 +0.60 +o.:r.l .,.0.01 j' -0.22 -0 33 -0 2.> -0.12 o oo 
, I ------'-------,--1----------

Ycar .••..••.......•..••........... , +2.03 +2.17 +LR3 / tl.22 i +0.71 i +o.40 -1-0.20 I +0.011-0.11 -0.14 -0.12 -0.06 
I I I -------------------'----

These results are also shown in the following diagram; the greater variability, both in time 
and amount, of the eastern (morning) elongation as compared with the western (afternoon) elonga
tion is quite conspicuous. 
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Eleren-year inequality in the solar diurnal i·arfotion. 

For the investigation of the Ro-called ele,-eu-year period in the 1laily tlnctnation, tlw normal 
hourly readingR have been arranged according to years, each year beginning with April. The 111Pa11 

values are as follows: 

Mean annual nonnals of howrly 1·eadings of the declinometer for si.r: years, from April, lRoO, f11 Jlard1, 
ISGG, inclusire, at Key West. 

-----------------------------~---·--·--·----

' ' ; : I Year. I lh. 2h. . 3h. I 4h. i oh. I 61'. 7h. 
I I ' I 

,I ___ ---- --~:.---·---1----:-----

~,:8:6:3-1~6-:41.. :_:_- -_:-_: -_:: ___ :-_: :_:_:.:_:_:_:.:_:_: __ -:_-:_:_ :_:_:_:_ :_·-_::_ -_- ·_:·_-1 ~~: ~; ;~: :~ ~~: ~ I ~~: ~~ \ ~~: ~~ 1

·1 ~~: ;~ I, ~~: E 
55. 12 55. 07 ~5. 11 1 55. :H 1

1 

55. fi3 56. ~6 i J7. 2"2 

~:~:-:: .· -._-_-_· :_--_ -- ·_- _· -- -. _- _- ._ -__ • _· ._ -- . __ · ._ -__ • ---- ._ ._ ._ •. 1

1 

52. :;~ 52. 51' : 52. 70 : 52. tiO 52. v,- t

1 

!J:I. 62 

1

, 54. 52 

~ -~--~--------- l ___ ~99---~!)~~8: 50~ 50. l~__i 50.3;) J_ 50.:~~ 
1 

!)l, ~(): 

I 
Ph 9h. i 101 .. 11/i. i"onu. 

c,.;._ .'J.2 6::-.0.""> r.i:.c.:{ Gt. ;:.7 G3. :l7 

64. ·f!.:i !i4. 3,) r;:J.:J-2 ()I . fl~ + co. 30 

fil. 22 60. ml .')~). ;>/"" :i-. ~~ ,-,:-.o:J 
~'- fi,;) 57. :l~ 3G.M 5~. 5fi M.4:..! 

54. 61 !"iL Ot1 :-i:tO:.! 51. :-~ r,o. ~1f( 
52. i;, :ii.SI 50 '!IC .m.i•:2 4<. '~ 

Year. lh. j 2h. II 3~. I -~~:. --1 ~~t. J -~h. 7h. 8li. )i[itln't. ::\I \~a.11. 
' I I 

I ,, I ~-1--:--~1--~--=- !-. ~~ ---·-~-I 
1860--61 ...•..••.•.. _ .•. _ ••. ••• 52. 5- 6- 33 6 •. 9c I 63. ti · M .. le 64. ~c 

1861-62. ·------·---··-··--- Sfl.3) 
1 

59 1:{ 5q 45 60.rn !I rio )-(o f>Ltl 

1802-63 ..••..••..•..••.•••.•.•.••...•... 56.!!G. 56.17 56.53 i 57.21 f)7.6,..,.j. 58.1-:2 
' . I 

1863-64 ......••..••..•...•... _ ..•.•..... 5.'l.7V i 5:3.5e 
1 
r~1.72 i 54.22 54.71; 54.~l!I 

18(H-65 .. ·-· .....•...•.. __ ...•.......... 50. 811 ..-)(). ~7 :>1. 20 51. fi1 15-:!. 08 52. :H 

1865-66., __ . __ •......•...•...•........... 4F!.34: 41?".30: 48.:-:18 49.10 4H.5{; I 4!1.~:l' 
---------------'---'- I --- ' 

fJ4. i~ 
(il. 2n 
fl:?. 3~ 

ii5. 2'• 
52. 6t 
50. o~ 

-

(i-1. fl7 fi5.~n 

Gl. 50 GI. 6~ 

s~ . .)~ :>~.G:i 

5;,. :31; ;:i:I. 43 

5~. j;) 5'.?. e~, 

:>o. 17 : 50. 2~ 

----------

JJiean annual normal deflectiong at each lwut·. 

[A + sig-n indicates wester].\' de:fif:'ction; n - si~u inclicates. uaBterl:-.· deflection. J 

Year. 
1h. -~"-~-1-- ~~-i -4h. 

5h. 6h. 7h. I 'f:h. 

' i 

65.31 I fi.""1 "" f1:i 3: 

ra.a1 m. " f>I. " 
[1-;'. 70 : !it:. Ge ;,;:::., ... 
;'J:J. 4::3 :1:-1. 47 :-;:;, :~;.! 

J2. ;F:j fl~. 7 4 j•::!. fi~I 

50. '2:} 50 1~ 5-0. 0:1 

\Iii. !Uh. llh. 

I-·--·--·-·- 1860-61. ..... . 
, I , 

o. 10 - o. n 
1
- o. 21 

0. 05 - 0. OR 1- 0. 04 

- 0. ()7 1. 4-8 - 2. '7G ~- :t 31 - '::!. ;;;4 -- 1. 4-:} - 0. :~4 

II _ 1861-G:l. __ . __ 
III ....••..••.. 1862--63 .•...• 

I 
0. Ou + 0. 08 

_ o. 4n :- 1. rn : - ~- .i 1 I ._ 2. n~ ,- 2. rii-: 1. i;;. - o. o'.! 
0. O:> - 0. 33 - 1. lP ; - :!. 22 - 2. 71 :- 2. 4P - 1. :n (I, 24 

Ii'.';. ~1 

<'l. fi"; 

~':' . fil 
·hl. :J(i 

[i~. ;;~ 

50. Ii-ti 

:!\oon. 

1. '.17 

1. 4~ 

IV .•..•..••..• 1863--64. ·····--·-·--

V ·-·-·- _ ..... 1864-65 .. _ ·-·- .••.•••. 

VI-----·---·-- 1865--66 ....... ---·--

0. 24 + 0. 2!) 

0. 01 0. 00 

0. 01 + 0. 08 

o. 2.:; :·1 o. 05 ·- o. 27 
1
- o. 9u [- 1. 86 -· 2. 2:1 i_ 1. no - 1. 2.-' -- o. 20 t (1. fl4 

0. 12 i- 0. 2'2 - 0. 40 '- 1. 04 - 1. 94 --- 2. Oll -· t. 4~ -· ti. H 0. 70 1. tiO 

o. oo 1~ o. 07 -- o. 2n 1-- o. 40 _ 1. ~o _ '2. O!t !_ 1. 7 t - o. no -+-- o. 2.i - 1. 24 

5h. 6h. 7h. th. !.111. 

I·-··--·--··-! 18~--61. •.............. 1"-2.'69. ·'ss +2.2!1 i :-1.47 1+0.eo +o.6J +o.4, '-0.'24 
1 

-0.·02 

IL •..•....... i 1s61--02 .•.•• - .••..•.•.. 1,~.32 +2.54 +2.2-2 j1-i.s1 ;+o.87 +o.sG +o.3s · +0.11 ~o.m 
III -----····---i 1862--63 .....••..•..... +--2.25 

1

+2.34 +1.98 t+l.:10 +0.84 +0.39 +o.19 
1 

-0.0l -0.H 

IV ····-·····--11863-64 -----··--··-·-·1..;..l.57 +l.7H -j-1.64 '.-t-J.14 i+0.65 +0.37: +fl. !ti 0.00: -0.07 
! I 'I ! ' I ' v .. ----·----- 1864--65 .. ------·-·---·- +t.78 ;+t.11 +1.3B :+o.97 ,..,..o.~o +0.24 -0.10 -0.11. -<J.:<7: 

vr.. .......... l IB6.'i-66 ••••••.•••..•.•. 1 +i.7~ j+l.76 l+l.4B j~o.oo :~~~+o·~--~o._o __ ; __ _=:-~~_-:::-_~i 

-0.10 

-0.0:J 

-·-0. HI 

-U.{17 

-ll.~Q 

-0. ]ti 

--0. l•i 0. Hi ~lnx. 

--0. lO -0. 10 

--0. 17 -0. Ofi 

-0. ll +o. o; 
-0. w -0. 11 

-0. {Hi ..:.o. o:i ).fin . 

-------·-

The evidence of a eonnection of some kind between the amplitude of the daily \."ariation and 
the spotted area. of the sun is quite strong. If we commence with t.he ,'I' ear of m:txlmum (nParl,\-), 
spots marked I in the table, and end with the year of minimum (nearly), spots marked V L we Hhall 
find a regular diminution in the hourly va.lues. Thus, for 7h a. m., the eastern deflection ~'.7U 
changes systematically into l'.80; for Sh a. m., 3'.31 chauges to 2'.0!}; also the western dPflection 
a,t lh p. m. changes from 2'.69 to 11, 72; and at 2 p. m., from 2'.88 to l'.76. Thb; diminuti011 of the 

II. Ex. 100---17 
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amplitude, with the diminution of the sun's energy for the production of spots, is further exhibited 
iu the following table of observed daily ranges on the yearly average. 

1 (near maximum sun-spots) .. 

!!. ............................ . 
UL ............................ . 

I :~:~;~~~:~~:i~~~:~~~-~~~;~): :: 

ObscrYed mag
netic a.rnp1i
tudo. 

~-4 

.5.(i 

5.2 

4.2 

4.0 

3. 9 

The relative numbers expressive uf the spot actiYity, acconling to Dr. H.. Wolf, are as follows: 
Year, 1860 1861 
J(ol. No.* 98.6 (max.) 77.4 

1862 
59.4 

1863 
44.Q 

1864 
47.1 

1865 
3~.5 

1866 18G7 
17.5 8.0 (min.) 

If the Key West declinations had been observed quite up to the two extremes, the daily am
plitude would probably be found included between 6'.9 and 3'.8, the average amplitude being 5'.4. 

It will be necessary, in using the table of hourly positions for the purpose of reducing obsen·ed 
declination at any one hour to the 1nean position of the day, to pay attention to the relation the 
year bears to the ele.-en-year cycle: thus, for a year of maxim nm sun-spots, tbe talmlar numbers 
require to be multiplied by 1.3; for a year of minimum t'l\lll·Spots, they require to be multiplied by 
0.77 nearly; proportioue.d multipliers being needell for intermediate yea.ro;, 

ThP discussion of tb11 d~fferential observations of the horizontal and vertical forces may be 
given 011 a future occasion; also the investigation of the lunar effect on the declination, and a sup
po~ed e:tfect on the same depending on the solar rotation. 

• Astronomische Nachrichten, No. 1762. 
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A P P E N D I X N o. 1 0. 

TRANSIT OF VENUS, 1769. 

RESULTS OF OBSERVATIOKS FOTI DETER:llINING POSITIONS OCCUPrnD IN J,O\VER CALTF01n\'IA AXD 
AT PHILADELPHL\, REPORTED BY CHARLES A. SCHOTT, ASSISTANT, IK CHAlWE O:F THE CO:IIPUTING 
DIVISION, COAST SURVEY 01,FICE. 

OCTOBER 7, 187 4. 

A trustworthy determination of tlu~ position occupied at San Jose uel Calm, Lower California, by 
Ohappe d'.A.utcroche, when ohsening th{' transit of Venus in June 1769, has long- remained a 
desideratum. It is believed that Uhappe's observations are valuable; but they could not Le fully 
utilized for want of a reliable longitude.* Tl1i,.: information llas at last been supplied by th!:\ Coast 
SurYey, on tbe occasion of a reconnaissance of the coast of Lower California, in Ja11uary, February, 
and Mare11, 187~~, by Commander P. C. ,Johnson, U.S. N., Assistant Coast Surve:y, in tbe steamer 
Hassler. 

The duty of making the astronomical ollservations was assigned b:y the Superintemlent, Prof. 
Beujmniu Peirce, to G. Davitlson, A:ssistant Coast Suryey, ai11ed by "\Vm. Eimbeck, subassistaut. 

For determining the longitudes, fom sidereal and twenty mean-time chronometers were traus
pOl'ted from San Diego, Cal., to Oenos Island, thence to San Jose~ and returned to the same 
stations, which euabled the computer to introduce traYeliug rates for the diflerence:s of lougituue. 

1

1 

Designation of 
<::hronometer. 

Resulting differnnees .if longitudes. 

San Diego Cerros Isl i Designation of 
and Cerros: and and !' h 
Island. ! San Jose. ;

1

· c rQllometer. 

1----

San Dieg-o Cerros Isl- ! 
and Cerros and and I 
Island. San Josi'.i. 1 

----! 1------1-----1, 
m. s. · tn r. Ii m. s. ! m. s. 

A............... -7 54.1 1-2-J. 03. 2 [1 10..... .. .. .•.•.. -7 55. 7 ;-22 04. 6 

~::::::::::::::: :~:~ I ~~:~ I:~~::::::::::::::: ~::~ : ~~:;. 
D [excluded]... [41.8] i 03. 6 i 13 .•.. ..••••. .. . 51. 9 0-J. 2 

1 [e:x:clude<l].... [47.8] t21 55.:l] 14............... 50.G 01.3 

2................ 51.3 I 22 03.5 j 15......... •.... m.G 02.4 I 
3................ 54.1 04.7 i 16............... 53.1 I 01.7 I 

::::::::::::.:::: ~::~ 21 ~::~ i ~~ [-~~~l-~~~~-1.::. (~~:~ 1 
I ~~-; I 

6................ 5.1.9 22 03.6 19............... 48.4 I 04.1 I 
7................ 53.2 03.7 i 20............... 56.4 i 04.8 

B ................ A. 51.5 04.0 Mean ....•. ,. ---=-;-52.52 :_2Q 03.31 I 
9................ 48.5 06.8 ± o 3" o • .,., I 

. .., !±. . --
'-------~-----·------------- ·---------

The astronomical station at San Diego is connected directly by wire and cable with Green
wich; its longitude, determined telegraphically, is 711 48"' 38".6!) ± o•.08 1V. ot Greenwich. Adding 
the sum of the above results, we find, for the longitude of tbe astronomical station at San ,Jose del 
Oal>o, 711 1sm 42•.86 ::!: o•.42. 

" See Dr. C. R. Powalky's dissertation" De t.ransitu stellm Ven.,ris ante iliscum solis anuo 1769, etc.", Kiel, 1864. Dr. 
Powalky made use of the" true" internal contacts, aud iutroduced improved longitudes of positions. T!Jose for st:lt.im18 
within the United States wern furnislretl him by the Superintendent of the Survey, the late Prof. A. D. Bache. With 
consideration of the weight of the observations at Jan Josli, he finils for the solar parallax 8".86. Mr. E. J. Stone, 
Astronomer Royal at the Cape of Good Hope, afterward (Astronomical Society's Notices, 1868, vol. xxviii, P· 2.'ia) 
deduced tlm solar parallax 8" .91±011 .01. He made use of the observeil duration.s at San Jose, and introduced implicitly 
in his equations of condition the effect of both the apparent and tme internal contacts. 
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The latitude of the same station was determined by means of a meridian telescope (a com
bined transit and zenith telescope); but, owing to au accident, the delicate level was broken during 
a storm at a preceding station, and, of necessity, the common level attached to the finder was sub
stituted in the micrometric measures of north and south stars. The result obtained for latitude 
was 230 03' 35" .40 ::!:: 0" .4 7. 

A local triangulation was executed by Assistant Davidt·mn, connecting this station with that 
identified by him ais Chappe's obserYing position. A base was measured in tlie river-bottom, also 
an astronomical azimuth on the bill south of San Jose. These operations gave the following 
reductions: 

· Chappc's station north of astronomical station of 1873, d 'f' = + 111.88 
Ohappe's station west of astronomical station of 1873, d J. = + 1' 3211.0l 

Hence, supposed position of Ohappe's station of 176!J, 
ip = + 2;~0 03' 37".28 ::!:: 0".47 j .( = 109° 42' 14".91 W. of Greenwich. 

= 7ll u;m 488 ,!)9 ± o•.42. 
The following remarks respecting the recovery of Ohappe's station lJy Assistant Davidson are 

copied from his record-hook : 
"Jn 1871, I obtai]l(·d a copy of Cassini's report of d' Auteroche's work, and from it gleaned the 

following particulars : 
"EX'l'RACT.-' 1\fa:1· 20, 1769.-I made baste to establish myself at San Jose, and to prepare for 

my preliminary observations. Myself and all my party took up their abode in a large granary. I 
had half the roof taken off toward the south, and put up an awning that could be spread out or 
furled at pleasure. .A.ll my instruments were fixed just as they were to stand to observe the transit 
of Venus. The weather fa:vored me to my utmost wish. I had full time to make accurate and 
repeated observations for the 8etting of my clock. At last came the 3d of June, and I had an 
opportunity of making a uiost complete observation. It was necessary to commence at once to 
construct three pedestals of masonry for the firm support of the quadrant of three feet, the transit 
instrument, and the equatorial movement.' .... 

"Heobservedforlatitudewith the quadrant, and obtained, from several stars, latitude 23°03136".5; 
from sen~ra1 obsen·ations on the sun he obtained 230 03' 05", and the final latitude• adopted, 'estab· 
lished very exactly,' was 23° 03' 2011

• .For longitude, he observed emersion and immersion of Jupi
ter's satellites, and obtained San Jose west of' Paris 7ll 2sm 53• ;t by an eclipse of the moon, 7ll 29m 

40°. The mission of San Jose is situated about one league from the coast, upon a little river which 
empties into the Vermilion Sea." 

Assistant Davidson further remarks: "I arrived at San Jose del Cabo March 11, 1873; en
deavored to gather information of the position of' old church and granary; found the present church 
a recent structure; went about four miles up the river to the mission Viejo, established in 1728 or 
1 WO; learued from Don Itamon Lesenya Talamanta where he had discovered the wall of the church 
and granary at that place and established the mission Viejo , . • . ; 
but this was not l\lr. Ohappe's locality. That mission had been abandoned before that time, and 
was located at San Jose del Cabo. At San Jose, I could get no clue to the date of the changes, and 
found that there had even been a third move toward the beach near the cemeter~'· But, from the 
sifting of the evidence I could collect, and the latitude of' the present church, I felt satisfied this 
was the locality. The present priest is an Indian. He knows nothing of dates, but showed me the 
foundations of the old church and the position where tho gmnary was traditionally reported to 
have stood. Its relation to the church was close, and the position well adapted for Mr. Chappe's 
work. I could not see the foundations, but he showed me where they were before the present filling 
to the top of the wall was made. The relation of the granary is given to that of the present church 
in the plan following the record of observations in this volume; and I think that the station of Mr. 
Chappe may be safely assumed to be within a space of 20 feet square." 

* It will be noticed that his latitude result from the stars agrees, within less than a second, with the value deter
mined in 1873, thus proving the value adopted in Dr. Powalky's dissertation, and again in Nos. 1811 and 1812 of the 
Astronomische Nachricbten (August, 1870), viz, 23° 05' 15", to be in error. 

t In Dr. Powalky's dissertation, the assumed longitude is 7 b 27m 57• west of Paris (supposed on Lalande's authority); 
subtracting 9m 21•.06 (Coast Survey determination of 1872), we 1iud his assumed longitude to be 7h lBm 35•.9 west of 
Greenwich. Chappe's own longitude from Jupiter's satellites corresponds to 7h 19m 318.9 weat of Greenwich, the oorrec~ 
longitude being 7h ism 49•.o. 
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The accompanying sketch of San Jose and vicinity is taken from Assistant Daddson's record, 
the results of his triangulation ba•ing been introduced. Chappe's observing station would appear 
to have been aoout 1!1 meters above the sea-le-vel. 

In connection with the above subject of geographical position of a station occupied in 17<m, there 
are some other American stations for which positions had been given, and which, by tl.Je introduc
tion of telegraphic longitudes, can now lie im1uo•ed. The exact position of Hittenhouse's ;;tation 
in Philadelphia has also been recovered, for a reference to which I am indellteu to \Y. W. Uooper, 
Assistant Coast Surv·ey. We find in "\Yatson's Annals of Philadelphia, vol. 1, p. 40:2 (editiou of 
1857): "The Declaration of Independence was read p11blickly from the platform of the o!Jsenator.v 
before erected tilere b,y Rittenhouse to observe the transit of Venus. It was abont :!O fe<it high and 
I~ to Hi feet square, at 50 to 60 feet south of t,he honse (State-House) aud Hi to ~O feet west of the 
main walk." nrr. Cooper farther remarks tLat the above position of Uw platforw is iu accord witll 
the recollection of' his childhood, when he saw a similar stand in the place referrell to. 

We have accoruingly Ritteuhouse's position 011.70 soutl1 aud 0".38 west of' the trigonometrical 
station steeple State·llouse, or in latitude 39° 56' 5'.J".4, anu longitude 750 OG' 0311.0, equal to 511 00"' 
36°.20 west of Greenwich. 

The longitudes communicated to Dr. Powalky by the late Superintendent Bache, as gi\'en in 
his dissertation and iu No. 1511, Astrouomische Nachrichten (1870), require to be iucre:u;e<l l'.3, by 
which quantit:y the telegraphic result llad increased our western longitudes as previously adopted in 
the Survey. 
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APPEKDIX No. 11. 

ADDITIONAL GEOGRAPHlCA.L POSITIONS DETERMINED ASTRONOJllICALLY llY THE COAST SURVEY ON 
AND NEAI{ THE WESTERN COAST. 

1873.-I'ositions in Lower Galifornia.-The latitndfls were determined by a meridian telescope 
(transit and zenith telescope combined), the longitudes by chl'Onometer transportations from San 
Diego, Cal., the longitmle of which was careflllly determined by the telegraphic method in l 871. 

"----------~·-·---

Longitude in time. ! Locality--istronomical station. Latitude. I Longitude in arc. I 

I 
' 0 ' " I 0 '' 1-h.-1n.-s-. -.. ' 

Cap()SanLmms ........................ : 22 5:1 0~.76d::0.64 i 109 54 50.2±fi.4 i 7 19 ~fl.::l:i±0.43 
, San Jos(> do! Caho·-···· ............ 23 03 ~v. 40 ± 0. 47

1 

109 40 42. H ± 6. 3

1

: 18 42. 86 ± 0. 4~ j 

I 
Cbappc's transit-of-Ven us station of 

176!.l at San ._Jost> <lel Cnbo granttry. 2:1 03 37. 28 ± 0. 47 i 109 42 14. g ± 6. 3 7 18 48. 90 ± 0. 42 

MagclalenaBuy ........•.•.•..••.•.. 24 3,g 22.P3±0.421 112 OE 54.2+6.6; 7 28 35.61±0.44 

PeCJueiiuBay .•••.. -----···-·····-·· 26 14 33.0l±l.!Oi 112 29 24.0±,G.31 
.A.breojos Point ...••.......•.•...•.. : 26 42 49.43±0.66

1

! 11:i 35 03.9 ± 6.1 

Ascension Isl~d .......... --~· ...•.. 27 06 21. 35 ± 0. 82 it4 18 13.5 ± 5. 6 I 
Cerros Island ......• ····-··-·-·· .•.. 28 03 51. 96 ± 0. 46 115 11 32. 5 ± 5. 4 I 
LaJ!:oonHoad ..•..• -·····-·-··-··-··i 28 14 26,32±0.60

1

114 06 21.2±6.1, 

LaPlayaMaria ... ---· ··--···-·····;28 5G 06.72±0.83 114 31 05.7±6.41 
San Geronimolala.ncl ..•....•..•..•.. : 20 47 20.27 -1- 1. 40 I 115 48 12.2 ± 6.3 I 
8an Martin"s Island ..... _. ···--·····i 30 28 58. 30 ± 0. 93 116 W 45. 5 ± 5. 7 I 

TodosSantosEay .•••..•..• -··-·····i 31 43 09.65±0.65 ! 116 40 48.7±3.71 

San Diego, Cal., stationof1871' .. - .. 1 ••••••••• -····-··-··-·I 117 09 40.3±1.2 i', 

' ! 

7 29 57. 60 ± 0. 42 i 

7 34 20. 2fi ± 0. 41 

7 37 1~. 90 ± o. 37 

7 40 46. 17 ± 0. 36 

7 3fl 25. 41 ± o. 41 

7 38 04. 38 ± 0. 13 

7 43 12. 81 ± (). 42 i 

44 21. 03 ± o. :is 
46 43. 23 J.: 0. 25 

7 48 38. 69 ± 0. 08 

1873.-Longitude of Kalama, Washington Tm-ritory, determined by means of the telegraph from 
San Francisco.-Tbe latitude of Kalama astronomical station is 460 00' 1711.79 ::!:: 0''.10. 

71. m. 8. 8, 

Difference of longitude, San Francisco (Washington Square observator_:\) and 
Kalama astronomical station. . . . . . . . . _. . ........•......... _ ...... _ . . 0 01 43.88::1:: 0.026 

San Francisco (Washington Sc1uare) west of Greenwich ..... ____ •....... _ .... 8 09 38.35±0.08 

Kalama astronomical station west. of Greenwich _ ... _., .. _ ... _. _ .. __ . _. 8 11 22.23::1:: 0.084 
=1220 50' 33".45±1".26 

1871.-Longitude of Seattle, Puget Soi~nd, W. T., determined by means of the telegraph from 
San Francisco.-The latitude of Seattle astronomical station is 470 35' 54".33. 

h. m. B, 8, 

Difference of longitude, San Francisco (Washington Square) aml Seattle astro-
nomical station ..... - - ..... - . - .. - .... - . __ . _ .. ____ . _ •• , ...••...•.••... -0 00 18.42::1::0.02 

San Francisco (Washington Square) west of Greenwich __ ....•. _ ••.•••. _.... 8 09 38.35::1:: 0.08 

Seattle astronomical station west of Greenwich .............. _ ... __ . 8 09 19.93::1:: 0.08 
= 1220 19' 58" .95::1:: 1".20 

1S72.-Longit1ide of Verdi, Nev., determined by mea;os of the telegraph from Sau Francisco.
The latitude of Verdi astronomical station is 390 31' 04".70::1::0".07. 

h. m. s. s. 
Difference of longitude, San Francisco (Washington Square observator;y) and 

Verdi astronomical station. - .... - .................. - ... _. __ . ___ . _. _ -· -0 09 47.33::1::0.03 
San Francisco (Washington Square) west of Greenwich~ .. - ... _. _. _ ... _..... 8 09 38.35::1:: 0.08 

Verdi astronomical station west of Greenwich ............. . 7 59 51.02± 0.00 
= 1190 57' 45".3::1:: l".3 

• Former telegraphic determination increased by -02.03 to include effect by third .A.tla.ntic cable, uood in 1872. 
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APPENDIX No. 12. 

REPORT ON AN £NSPECTION OF THE TERMINAL POINTS OF THE PROPOSED CANALS THROUGH 

NlCAHAGUA AND THE ISTHMUS OF DARIEN, BY PROFESSOR H. MITCHELL, UNITED ST.\TES 
COAST SlJRVEY. 

GREYTOWN (SAN JUAN DEL NORTE). 

The examination of the coast in the immediate neighborhood of Greytown and tile outlets of 
the Lower i::lan Juan River has satisfied me that a reconstruction of the harbor i:; practicable. This 
conclusion is based upon a particular conception of the causes which led to the destruction of the 
old port, and a conviction that these causes, still active, may be successfully resisted by artificial 
works. I quote the following from the Report of the Committee of the National Academy, made 
in 1866.-

History of Greytown Barbor.-" The earliest source of information that we feel warranted in 
using is the sketch to be found in J\1r • .Molina':; work upou Uosta L{ica, which is based upon a 
survey by George Peacock in 1832, and has additions showing the progress of the sands of Isla 
Castilla down t-0 1848. 

''In 1832, five fathoms of water could be carried from sea to a poiut within the preRent basin 
ofGreytovrn Harbor, through an opening which measures one and three.fourths miles from Isla 
Castilla to tbe west shore. At that time, the avenue to the sea was with01tt a bar, and the reg
ular decline of the bottom along the seaward channel-way gave no indications of the actio~ of 
sconring forces- There was no rlepression at the harbor's mouth aud no acc1ww.la.ti01i~ beyond, that 
seeme?l in any way to be a dependency upon the existence of thei basin or its outlets. The shallow 
ground lying along the coast outside of Isla Castilla, and projecting beyond to the westward, would 
seem, upon Mr. Molina's sketch, to be a concomitant or parallel to this island as well as an outwork 
of the advance. Subsequent surveys, however, dissolve this apparent connection aud relation. 

"The eml>oucbure of the Lower San Juan River is found in this first sun·ey at the head of the 
anchorage basin, and the deposits of that stream appear to be nearly two miles within the harbor's 
mouth. 

"Between 1832 and 1834 a movement of the sands to the westward occurred, which extended 
the point of Isla Castilla about 456 feet per annum. This extension took: the form of a hook. 
From 1834 to 1835 the point advanced 608 feet. Four years later, in 1839, it was found tc> Im >e 
advanced 1,065 feet, or at the rate of 266 feet per annum. Between 1839 and 18-10 it ad·rnnced 
about 400 feet. Between 1840 and 1848, a 8pace of nearly eight years, it adv-auced 221 feet per 
year, and in the next succeeding ten months 913 feet were added, or the beach grew at the rate of 
nearly 1,100 feet per annum. The harbor as a protection to shipping had been improving up to 
the last date upon Mr. Molina's sketch, but its opening from the sea had become reduced Lo about 
0.8 of a mile, a loss of over 50 per cent. 

"In 1853, we find the mouth of the harbor, measured upon the same line as before, reduced 
to ().52 of a mile, a reduction of 35 per cent. since 1848. In this period of four and a half .Years, the 
sand-spit made an average annual advance of 401 feet. The physical character of the harbor had 
thus far undergone no cba0ge; the same good depth of water could be carried in ; the same grauui1l 
decline of the bott-Om to seaward was preserved, and no bar or shmil lay in front. Tlle point of 
Isla Castilla called on this more recent map Punta Arenas, had been made across the floor of tlle 
sea by Rands thrown in from above, not scoured from the bottom; it was built out like a mole, the 
material ta.king nearly its natural slope, and not suflering waste under tile action of any curre~ts 
from within. In this chart of 18513, an opening through the beach is found about at the extremity 
of the Castilla of L832. .As a physical feature it does not yet seem important,. 
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"Tbe survey of 185f:i found the, dr,v portion of Point Arenas advanced nearly due south from 
its position in 1853, and a gradual shoaling-off to the westward, reducing the harbor's mouth to 
O.o of a mile. At this time, the point was broad and hooked. Tlle same depth of water could be 
carried in as formel'ls, and no haT was found outside. 

"Between October, 185f:i, aud January, 1859, two and a quarter years, Point Arenas advanced 
to tbe south west 1,156 feet, or at the rate of about 514 per annum. Even as late as 185U, when the 
harbor's mouth was rerluced to 0.13 of a mile, the only trace of any action from within was the 
retreat of the 18-feet line on tbe west shore. 

"According to a note upon the British chart, the entrance was reduced to 300 feet in 1861; 
while, in Jauuary, 18G5, Captain .Tones, of Ber Majesty's ship Shannon, reports that the entrance 
has a bar across it after a norther, thouglt after a continuance of fine weather the scour of the river 
increases tlie depth to 8 or 10 feet. The passage on the opposite side has also reduced to 50 or 60 
yards." 

"Our final authority Is the surYey made under the direction of Captain P. C. F. West, who 
brought to the field the skill and accuracy of long experience m the Coast Survey, to which corps 
he now belongs. 

"In this survey, made in l~ehruary, 1865, the change in the physical character of the harbor, 
shadowed forth in the note that we quoted from the British chart, is confirmed. The anchorage 
has uecome a lag·oon, with an uncertain inlet. Between Point Arenas and the opposite shore a 
depression of 20 feet is found, to reach which 17 :.\ feet must be passed in the approach from the 
harbor and 8 feet in the approach from the sea. Here we have the depre.~.~ion at the opening and 
the bar out.~ide, which are the characteristics of a true inlet, for which we have looked in vain upon 
tbe earlier charts. 

"After the completion of the general survey, Captain West's part.v found, in J\'Iay, that the 
opening at Greytown Harbor had closed, and that a breach had been made fartller to the west
ward." 

Cau.~e.~ of the 11eeline and final destruction of the harbor.-The quotations wliich I have made from 
the report of the academy indicate somewhat the view entertained by the committee reS'arding 
the causes which formed and ultimately destroyed the harbor; but I may be permitted to restate 
the matter brietl:f from a review of other portions of the same report. 

The harbor of Greytown was originally a re-entrant angle or cove, lying between the delta of 
the San Juan Hiver and the adjacent coast to the north westward. Near the head of this cove there 
euterecl an offset of the San Juan River (bearing the name of the parent stream originally, but 
recei1tly, for distinction, called the Lower San Juan), which formed a subsidiary delta of its own 
within the cove. 

This co,-e, opening to the northward, was in the coarse of time converted into a lagoon by a 
mole or sand driven across the mouth by the waves from the northeastward, which swept past the 
outer shore of the main rlelta. It became a harbor easy of entrance and perfect in shelter at the 
iuteunediate stage, when the mole had reached within a couple of miles of the main shore to the 
westward, at whicb time the channel-way from the baAin to the sea was in no wise dependent upon 
the outflow of the Lower Sau Juan, nor upon the tides, but was simply an avenue, not yet encroached 
upon, whose bed was the original floor of the ocean. It was not until the mole bad nearly crossed 
to the opposite shore that the river outflow and the tides began to act upon the bed and banks of 
tbe outlet, resisting the absolute closure of the basin. 

Opposed to the view of the case stated above is another, quite different in character, which 
bas been urged b:r nearly all the engineers who have viRited Nicaragua, and is not to be ignored, 
because, if it is the correct view, it materially alters the question of the practicability of a restora
tion, or, at all events, modifies the plan of improvement. In stating thie opposite theory of the case, 
I shall, as nearly as I can remember, repeat the words of' Don Maximillian Sonnenstern, the accom
plished engineer of' Nicaragua. 

"The sand-bar (Punta Arenas) which now separates the Greytown basin from the sea is a 
part of the delta of the Lower San Juan River, and is formed from material swept down this river 
in floods. In formt>-r times, the Lower San Juan received a much larger proportion of the waters of 
the parent stream, and was able to maintain a grand opening to the sea; but recently the main 
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river has chosen to sen<! its waters to the ,.;;ca lJy tlle Colorado, and in thi8 was the Lo11·er Sau 
Juan bas been depr·ived ot the power of })ushiug its deuri8 into the sea, and thus maintaining a ship· 
channel throng-Ii Punta ArenaB.'' 

I think I ha,·e stated thl' two th'3ories fairly, aud it oul,y remains to add a few cOlll:liderations 
which haYl' confirmed me in the view hehl by the cornmittee of the academy: 

1st. Standing upon the onte.1· heac\J of Punta Arc1)as, I \nwe lJeen witness to the moYl'lllC n 
oft.he Hand to the weRtward. Tile wan~s <lriye on dfogonally (at an angle of JJO), carrying up the 
strand gravel, shells, &e., which, upon the recoil, are, lor the most part, carried down again to t]Je 
t-;t•a, but iu a direction 1wrmal 10th\' shore-line. In thi,.; wa;r, by a zigzag mon•ment, the sands, etc. 
travel slowly along the coast, and Jlile tlie1m~e1'·es up against the rnaiu shore to leewanl. It it-l pre 
ci,.;flly thP same rnoYernent. tbat hat:i fornwd Loug l'oiut at ProYincetown aml Sauuy Hook at ::Sew 
York. The on!~- tliftereuee is that ut Proviueetow1i or New 1mk we haYe tlie mole in that ear1ier 
stage of its formation at which it fl.Cts as a lm~akwater aml uot a liaITier. 

In the inter>al hetweeu Ua,ptaiu \\'est's sune,v of 18G5 aud that of Commander Lull'<> of 
1872-73, there accumulated upon the western shor<>, to leeu·ard of the inlets through whith the rfrer
waters had been di.~charged, oYer twe11ty-fin~. aeres of dry sands, in addition to that fouml h,,- Captain 
Weist. A single line of JeyelR over these sands, made by l\ir. Menocal and myself, gave Gil feet 
summit ele\·ation O\'er the site or the ship-ehannel of fifteen year,; ago. 

2d. The sands, etc., composing Punta. AremLs are like many other heaches, as far a;; reg<\rlls 
tlrn size of the grain8, etc., both on the ocea.n and basin sides.* In other words, the mole is built 
of scleeted material, sifted out by the long-continued action of the sea-the work not of a few years, 
but of centuries perhaps. 'l'ht:'se selections ha,·e lleen made from a vast deposit of mud, of which 
they form an exceedingly small proportiou.t 

Bd. The once graud entrance of Greytowu could not have been maiutained by the San J nan, 
even if it had \Jeon the only aveuue of discharge from the main artery. One ha8 only to divide 
the discharge (measnred lly any of tlle engineen;) into the cross-sections of the ship-channel giveu 
upon the old cbarts, to discover how powerlesR the o;eaward flow must have been. From the best 
computation that I can make with the data at hand, I find that in 183~ tile section of the entrance· 
to Grestown was scnent11 times the area that we ha>e now in the Lower Sau Juan at the head of 
the passes; eighteen times the section of the main river abo,·e the Colorado in clry seasons; and 
Beveii times the sect.ions of the main river in "top-gallant flootls "·l Rven as late as 1853, the sec· 
tiou at the entrance to Greytowu Harbor was fiye timeR as great as that of the main riq~r. 

The work of restoration.-Since the i>rincipal element in the scheme of reeoustruction is the 
amount of reRistance to l>e offered to these causes of obstruction which we have discussed above, it 
may he important, by the comparison of the two last 1mrvess, to measure, as well as we can, llow 
much work injurious to our purpose the natural forces are doing. 

In the interval between 1\1r. West's survey of 1865 and Captain Lull's of 1872, the narrow strip of 
beach westward of the meridian of the Greytown Oatllolic church has oeen continually modified in 
the contest between the waves of the sea and the outflows from the basin. The waves driying from 
tbe northeast before tile trade·winds have sought to crowd the sands directly along the shore to 
the :;;onth westward, while the 11ent-up waters of the basin have repeatedly burst through the beach 
and forced the sand!'! seawarll at the successive points of attack. 'rhe result of this contest has 
been that this strip of beach has mo•ed to the northwestward in the course which we may presume 
to be that of the resultant of the forces at work. Tllis movement has enhtrged the basin super
ficially, but at the expense of its uept.h. § 

Aside from the se<liments of the river, there seem to have been accumulations due to the forcing 

4 The grains are smaller than thost1 of Lung Island, but correspond pretty well with those of Cape Fear. 
t Cross.s;;ctions run by Captain Huer a,n<l Lieutenant Miller gave the usual forms of profile for traveling-hcach_es. 
~ Mr. Ba.rues, a resident at the" Forks", pointed ont the height of what be called the" top-gall.antfwods '',of which 

we measured tbe elevation. 
~The two tracings from the original surveys of Ca])tain West and Commander Lull (both execnted under difficul· 

ties) are differently oriented, there being some difference probably in the compass,,.,. used; and their_ dis_tance~ du not 
agree, so that, aside from t.he outward movement of tbe dry beach, there is a difference of area.s, which 18 accidental, 
amounting to ove1· seventy acres,. Commander Lull's map being the larger. 

H. Ex. 100-18 
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in of material from outside vdth the flood-current and the waves. The shoaling amounts to an 
a\·erage of 2~ feet by comparison of the same areas. 

Assuming that the water frout of the town has remained uncbangc>d for the di;;;tance of a 11au
tical mile westward of the Uatholic church, I ba'l"c been able to bring the maps of J 8G5 and 1872 
together pretty well; and I have drawn a north and south line (magnetic) tl1rough a 1ioint 1,250 
feet west of the chnrcl1 to define (for con\·enience) the eastern limit of the hai<iu. In the interYal 
between these two surveys, there has been a decided ad Yance of the bank of mud at th11 month of 
the Lo1..,er San ,Tuan. The comparison of the maps gives this about 40 acres; bnt it would be diffi
cult for any two snrveyors to <~gree in the areas of these b<tnk8, because their limits are not defined. 
These are "drowned lall(ls'', with almost imperceptible s1opes toward the b>tsin at ma11y points, so 
that one cannot say just where tbe nominal shore-line 8hould be placed. There is, bowever, no 
donut of there ha\·iug been a considerable ad \'ance, and yet the cubical 1cater contents of the bas'in 
ha-ve decz.ined only 2 per cent. 

Tlie change in the area of dry sand is likewise uo criterion for judging of the increase of the 
mole which has cut off the basin from the sea. One might suppose, from the correspon1le11ce of areas 
between the Punta Arenas of Uaptain \Vest and that of English charts twenty years earlier. that 
the advance of the point lmd been made with material robbed from older parts of the beach; the 
strip of land seeming to have nndergone an attenuation as it crept forward. A comparison of 
sonndiugs outside, however, quickly dis,.,ipates this impression, and shmn; that a grt>at movement 
and accumulation of sand has been goiug· on along the bottom as far seaward as the four-fathom 
curve at least, and that the flucttiations of the dry summit are unimportant phenomena php;ically. 

If we compare the s1mce wlticb, upon Captain West's map, lies betweeu the inside shore-line 
of Punta Arenas (continued on its general trend) and tbe five-fathom curve outside, with the same 
actual space upon Uommander Lull's map. we find the increase of dry beacb about fifty-two acres, 
which, at its average height, about )) feet, wonld represent only abont a quarter of a million of 
cubic yards; but, taking the submerged volumes, we discover that Punbt Arenas l.Jas received 
deposits (on its seaward side) to the amount of five and a third millions of cubic yards, being an 
average of 730,000 cubic yards per annum.* 

As we might have expected, from the nature of the movement down the outside sbore before 
the sea, the most rapid accumulations have taken place at the end of the beach, where, on reaching 
the mainland, the further progress of the material is arrested. ITere, in a triangular space of one 
huudred and sixty-five acres, tlrn dry land has increased from eleven acres in 18G5, to thirty-seven 
and a half acres in 1872, an<l the water-volume diminished from three and a half millions, 1865, to 
one and a half millions, 1872. t 

Our purpose in stating the accumulations in this triangular space separately is to give some 
measure of the rapidity with which the material is likely to advance toward the end of any jetty or 
groin which may be extended from the beach, with a view of arresting the progres8 of the sands 
which might tend to encumber an artificial opening through the beach. We shall rnfer to this 
matter again presently from another point of view, but mnst pause here to consider the relatious 
of the river to tbe beach. 

The material of Punta ArenaR, like other beaches, is sand sifted by the sea. It is probably 
derived indirectly from the San ,Juan U.iver, precisely as the sands which are encroaching upon the 
western pier of Port Said are derived from the Nile; but we have uo data for computing how long 
ago the river delivered to the ocean tbe~'.enormous mass of mud from which these graius of sand 
have been so carefully selected. River-muds are usually over 90 per cent. sand, but mostly very 
fine sand as .compared with that on outside beacher;. ln illustration, I will recall an incident con
nected with our physical survey of Mobile River and Bay made a dozen or more years ago. Along 
the shore of this hay, in Garrow's Bend, there is a little belt of white saml which I could not believe 
was the product of the dash of the waves against the bluff, because the latter was composed of a 
very fine yellow clay. General Totten, however, to whom I gave specimens of both materials, sue-

"The wbole area of the space is seven hundred a.ud forty-two acres. Want of numerous and coincident soundings 
makes this a rough computation. I make the total 5,379,110 cubic yards, a.n(l the interval of time seven and a third 
yea.1'6. 

t From 3,678,400 to 1,557,802, as computed from data insufficient for nice sta.tement. 
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ceeded, b.Y treating the clay with acids, and by laborious washing, in detectiug a fow grain;; of the 
very same saml which lay at the font of Urn hluff; bnt the ratio of these to the bulk of material 
fron1 which they had heen selected was too small to IJe determined. At tlw mouths of ri\·ers which 
are ritpiuly t>xtendiug their ddta,;, ont> does not find the sand sifted out iu rece11t dt>posits: but at 
some ancient mouth, long siuce closed to the discharge of rin~r-fioods, he ma~- find a belt of bt'ach
sand, haYing a ,-er_y foreign aspect, bnt reall,v sifted from the river-muds iu thl, lung course of time. 

The r,owm· Sau Jnan has so extt-JHled its llelta a::; to merge its mud, of late sears, with the 
,;ands of Puuta Arenas {or Isla Costilla, as the eai,;tern portion of the beach is called;, hut the 
gl'ound o-.;er which it iuhances is much ()fit t:ihallow, ;,;o tllat a small volume of t:it•diment;; mak ... ,, 
considt'rnule area. vVe han~ not succeede1l in making an,\· satisfal'tory computation of the anw1111t 
of (Mbrii; brought down hy this rinff, but it does not, I think, Pxceetl a hnndn•d tho11:;a111l l'uhic 
yards per annum as measured i11 the Greytown hasiu. 

'!'he plan alread;v propo:o;Pd by Comnrnuder Lull for n•storiug the Ltad>or comprise:,; tltrt>e 
important works, viz: the dredging away of a portion of Punta Arenas aull it:; aproniug uf :-;hallow 
ground; the emrntructiou of a jetty to wimlward of the uew opeuing, so as to :,;ht'lter the approach 
from the sea, and protect the channel from tlll' wai,;h of the waYes; aml tlw dh·ersion of the \Yaters 
now flowing through the Lower Sau Jua11 into the Colorado by obstructious at or near tlw Forks. 
The object of tlw last-uametl work is to in·en~ut sediments from encumbering the Greytu1vn 
basiu, etc. 

This plan, a:s far as regards the main point:-; 11t<itt>d abon;, is not inconsistent with the view I 
ban• adopted relative to the !'auses of injnr,\· heretofore and the obrions means of resisting thc•m 
in the futnre, and I purpose to discuss this plan, uot to present any fnudarneutal objections, bnt to 
see bow it answers critil!ism from this dift'e1·eut :standpoint: 

1st . .A jetty designed to arrf'st the tra n•liug sands of t IH• coa:;t most effectually should ex.tend 
in a dircctio11 nearly normal to the shore, and yet llave a tendeuc,Y to turn the sea slightly shoreward, 
so as to prevent the sands from escaping by tlw race round the e111l of the pier. The jetty plotted 
upon the map sent to me answers these test:,; pretty well. A position bas been chmien where a 
line at right angles to the general shore-line (wliich trends south west in tbis ucighhorlwod) is 
slightly inclined toward the direction of tlit• ::;ea, which, although create1l by the northeast tratle
wind, is modified in the direction of it.s onset as it approaches the coast, so as to strike a,t a ]\'SS 
angle than it. would if driven directly before the wind. 

:!d. The jetty intended to shelter the approach to the interior basin ishonld serve as a break
water to \'essels obliged to come to anchor outside when unable tu come iu by reason of dark 11ess, 
or when waiting for a tow. 

The jetty, as plotted, 3,000 feet long, will shelter nin<' ships under its lee, as the bottom 11ow 
lies, and double this number if dredging is done within a 1easonahle dista11ce of the beach awl tile 
entrance. These l'Stimates are bai,;ed npou tlw consideration that the will(l is neal'ly cousrant, so 
that vessels may be expected to swing together over an octant of 500 f'et>t radiu,,, and that the 
least <lepth of water required will he 18 foet. 

\Ve were told at Greytown that vesisels anchor at all seasons of the ,Year on this coast, aud escape 
injury, although they lie uncomfortably, e\'eu in ordinary weather, while tl!e trade-winds prevail. 

The sea of the Caribbean is often high, but it is very short from rear to frout, :,;o that a w<n-e 
has no great volume, aud under the 8belter of a breakwater 110 consideml>le swell may be expected. 
Captain Selfridge informed me that be had found the water perfoctly quiet in Pol'to Bello when 
the sea outside was running Yery high with the northeast trade-wind. This harbor is ii good illu:;
tratiou, becan8e it is scarct-ly two miles long, and opens diYergently toward the sea. The exposure 
is, however, to the southward of west, so that, the sea runs away from it,. \Ve shall ba\'e occasion 
to refer to this again when we come to speak of ports on the Paeitic 8ide of the iiithm ns. 

It ma~' be found necessary to extend the jetty at Grestowu; to add a kant rtrnning westward 
from its extremity; but this could only be decide<l upon after ascertaining how fast tbe sands ai·e 
disposed to creep out on the windward sidr, and how tbe.r ma,v be iucliued to depo11it themselves 
beyond or within the end of the structure. 

We may Yenture, not without misgivings, because of the inadequacy of our inforrnation, to make 
an' estimate of the time that may elap8e before the sands would accumulate as dry beach out to the 
end of the proposed jetty. We have already seen how rapidly the accumulations have taken place 
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against, the west shore, and we know that we have to resist the movernent of nearly threP-qnarters 
of a million of cubic yards ppr annum. It is an important question, ho1c fin· the reaction of the jetty 
may e.:cteud to the ea.stl!:ard, because upo11 this reaction depemls the form which the bank will take at 
Port Said, which is situated on the flank of the delta of the Nile much in the same way that Grey
town is place1l relati\TP to the main delta of the San .Juan. The acC11mulatious have taken place in 
long triangular h:uik:-; with bold fore shores. Instead of piling up directly again~t the jetty, the 
shore, for perhaps a mile, bas moved outward, each deposit against the mole ha\'i11g reacted and 
forrn!-'d another deposit farther bttck. In this way, the advance toward the end of the structure 
has been very slow. ln a >cry general Wa;\·, perli>1ps, we can detect a similar reaction along the 
!I bore since Pm1ta Arenas completed its :td \'ance westward; at all events, the outward movementis, 
although irregular from point to point, are not in any respect confined to the immediate vicinity of 
the obstruction (the main shore). On the contrary, they happen to be less there than farther east
wanl, althong-h the ..-olnme of accnmnlation is greater. Rejecting the shore-line, however, as being 
thP lpast importam contour, because the most liable to accidental movement, we shall descend to 
Ore. fonr- and fi n1-fathom cnr>cs and obser>e how they have advanced . 

. 111 the interval lwtween the snrve.r of Captain \Vest and that of Uommamler Lull, seven and a 
q 1rnrter sears, we find that the fore slope of' the beach, between the four- and five-fathom lines, 
rnoved out, in the :tverage, 100 feet per annum. At these depths, it is hardly likel;\' that the washing
away of the beach in storms bas had much effect; and, of course, one of the first steps taken (should 
irnpron•ment be decided upon) will be to secure this beach, so that we need not take these accidents 
into account. 

It is a curious fact that in the first 3,000 feet from the west shore (measured along the present 
heacb) the increase of dry land was just as great as it was for the next 7,000 feet eastward (26~ 
acres), whlle the accumulation above and below the water's surface was two and a quarter millions 
of eubic yards in the first distance, against three millions in the second.*' So that while the dry 
land increased its area in the vicinity of the obstruction (the west shore) more than double as fast 
as at poi11ts beyond its influence, the accumulation in the neighborhood of the obstruction was only 
at about 67 per cent. higher rat,e. Now, supposing that the reaction of the obstruction continues 
along shore, we may finally conclude, from the foregoing argument, that a jetty built as proposed 
will cause an advance of the submerged cmntours at a rate not greater in the average than 167 feet 
per annum; and if the bank that is formed takes the successive shapes which repeated surveys 
gave at Port SiLid, this rate will be reduced from year to year, because the base of the triangle of 
deposit will extend farther and farther eastward. There may be expected a rapid filling-up of the 
inner port.ion of the angle behind the jetty, especially where the water is now shallow. 

As the filling proceedl:l, the contours will trend more nearly parallel with the. crest-line of the 
wave, the reaction will extend farther along shore, and deeper water will be reached. Here are 
three substantial reasons for expecting a reduction in the rate of advance of the back side of the 
jetty. From comparisons of our recent, maps with the old British charts, it appears that tbe waves 
are not directly active along the space between the five- and six-fathom curves. Opposite the original 
opening, we still find a five-fathom channel leading up a little way toward the beach, where no 
deposit~ have taken })lace. This channel cas been narrowed down by encroaching banks; but there 
is still a com1iderable space left at the old depth. 

The accumulation behind the jetty will probably take a steep fore shore, and in the time we 
have given abov-e for this jetty to fulfill its office enough will be learned concerning the manner in 
which the sands are disposed to accumulate beyond the pier-head to enable the enginee.r 1wrhaps 
to turn this very accumulation to account in securing greater shelter to the roadstead. 

The Dutch have found on the coast of Holland, in using fascinage, that the traveling sand 
can be made to do service iu giving permanence and strength to structures designed to resist the 

* 2,249,342 and 3,129,798 cubic yards of filling, of which 2,120,598 and 3,004,794 represent water-displacements from 
Captain \Vest'" chart in territory still covered with water, is beyond the present shore-line. 

I have no information concerning the jetty at Port Said since 1868, the date of my visit, when I procured tracings 
of surveys of the successive shore-lines. I llIBcussed the Port Said Harbor in a.u article on the Suez Ca.nal, which appeared 
in the North American Review for October, 1869. 
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action of the waves. In building the proposed jett~', which I understand to be an initiatory step, 
it woulrl be well to use fascinage near the short>, because of its tendency to gather the sands and 
holding them, and because heaYier materia!R would be likely to sink. Crihs would be likely to ht> 
eaten by tlrn worms; but blocks of artificial stone nmde from the lime of the country and the sand 
of the beach would be durablt\ if we may jn<lge from the firmness of similar material used for wells 
and indigo vats near Rivas.* 

Obstruct-ions of the Lower San Juan.-A comparison of the gaugings made b_y Cliillls, West, 
and Lull shows that tlie Lower San .Tuan is losing its capacity of discharge, and that we may 
expect, at no distant day, to find this stream relinqui8hing its office as an outlet from the main 
river, at least in the dr_y Heason. Commander Lull's prnject proddes for hastening the decline of 
this stream, by placing obstnrntions in the Rhallow sectionH of the river- 11e:tr the Forks, so as to 
induce the main river to send all its debris to the sea through the Colora(lo. An inspection of the 
Jocality discouraged in m~- mind this bold pro>ision. It seemed to me hardly likely that the oper
ation would meet with success proportionate to the cost iu tune and labor, aud might possibly be 
the cauRe of O\'erllows across the penimrnla betweP11 tlil' two streams, which wonltl lJear suddenly 
into the Lower San Juan more silt than it receives, under present conditions, during sen~ral .\-ears. 

'Ve ran three short lines of le>els on~r the river-banks, two of tliem on tile peninsula, about 
half a mile below the forkR, and one of them at a point on the left bank, where we had ascertai1rnd 
that high floodR hall been seen to reach 011 rare occasions. \Ve found the peninsula banks 12 feet 
and the high flood-Jen"! 14. 

'Ve ol>Rerved, in crossing the peninsula from the Oolorado to the Lower San ,Juan, that the land 
was low and swampy midwa~-, and Mr. Barnes (to whom I have before referred) stated that farther 
down toward the sea there were exte11HiYe interior Jagoon8. Of course, there if; nothing peculiar 
in this case. It is the general rule iu allu\'ial countries that tlle highest ground lies close along the 
river-side. Mr. Barnes informed us that the "top-ga.llant flood8 ''only came over into the interior, 
and they occur only ouce in ahont. four ,vears. He said be bad 011 one occasion gone from ri'\er 
to river in his boat about on the line that we had traversed. 

It would be so \·cry desirable to ha>e the LowN San Juan turned off at this point, that a 
careful experiment rniglit be well worth tr~-ing. But failing in this, a.nother plan of excluding the 
de/Jris from the Gre_ytown basin will naturally suggest itself, viz, the lJuildiug of a dam from 
Punta Arenas to the Gre;ytown shore, across the pasRes of the delt,a, Referring to the map, it will 
be observed that there is a communication between the rh·er and the sea at Ilarbor Ilead, besides 
the Tauro outlet, which lies farther westward. The reduced discharge of the river ought to 1iud 
these sufficient, or easily made so, without mnch backing-up of the stream. In connection with 
the Greytown harbor improvement, the shore to the westward of the Jetty and the beach behind 
it would require arming, as before stated, and com111unicatio11s between the hasiil and Harbor Ilead 
would probably have to be stopped altogether to prevent circulation. A dam then, indirectly con
necting tbe proposed jetty with the main shore, near the village of Greytown, would seem to com
mend itself as serving man,y uses. 

RECAPITULATION. 

Result of foregoing discussion. 

1st. The proposed jetty is well located, whether regarded as breakwater only or as a main 
groin for arresting the moving sands of the coast, and will perform the latter office for twenty 
years. . 

2d. This jetty should be built of faRcinage as far as practicable aud of artificial blocks pell-mell, 
rather than heavier natural stone. 

3d. As adjuncts to the jetty proposed, other works will be necessary to arm the beach against 
the attacks of the sea and give firmness to the abutment. 

4th. Should an experiment show that there is no reasonable hope of turning the Lower San 

* The shore sand on the west side of Lake Nicaragua resembles that of Greytown beach, especially in its magnetic 
quality and its general aspect; and we are told that this sand had been used for beton very successfolly. 
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Juan into the Colorado by a more rapid process than nature seems to be attempting, a dam from 
the jetty to the Grestowu shore is proposed as an alternative plan for excluding the river debris 
from the Greytown basin, and incidentally serving other purposes. 

URA.BA MOU1'll OF THE ATRATO. 

The Atrato is a delta river, and may be classed with the Danube, the Nile, the Mississippi, 
and other streams of great volume, which, coming abruptly upon the sea, tumble over their own 
debris and make their final exits by narrow passes and over shallow bauk:.3. Tile bar of ead1 par
ticular outlet through a delta repeats, in essential res11ects, the history of the delta itself. The 
sudden expansion of the outflow and the resistance offered by the inert mass of water outside 
weaken the stream, so that it uot only ceases to scour its clmunel, but loses the power to carry out 
the burdens of mud which it has urought from the interior of the country. Tile case is most 
aggravated when a tideless river issues upon the sea, presenting a contrast of deu,,;ities; for iu this 
case, in addition to loss of velocity by expansion and the abrupt meeting with inei·t water, the 
fresh water of the river inclines to rise upon the surface of the sea, releasiug still more effectuall,y 
the material that it has previously pushed or rollecl along upon its !Jed. This contrast of density 
is sometimes the most potent cause of the bar. It is so at the mouth of the Mississippi,* and I 
believe it is so at the mouth of the Atrato, for, from our own observation, it was foun(l that just 
within the Uraba pass there was nearly a mile and a half velocity per Llour, and that beyond tht 
bar there was still a strong surface current; but the bar itself lay fa the dearl angle left belou: the 
stream as the latter rose upon the salt-zwter of the Gulf of Darien. 

The Uraba branch maintains a good depth of water till within 3,000 feet of the sea, and the 
crest of the bar, upon which there are ouly 7 feet, is scarcely 200 yards from the line of seveu 
fathoms upon the outside. Our obser·vations upon density were made by lowering down a dernijohu 
from which the cork was drawn when the required depth was n~ached. ft was not the best way 
to observe, but with considerable care we provided against mixing the waters, I think. I give 
below our results : 

lFitliin the Bar. 

Station in middle of stream at the end of the 
line of vegetation on the banks. 

Sp. (JT. Temp. 

Surface ..... _ .. _.. . .. _. __ ... _ .. 0.996 82° 
18 feet .......... - _ .. __ - . . . . . . . . . . 0.996 320 

Outside. 
About 500 feet from the crest of the bar. 

Sp. gr. Temp. 

Surface .. _ . . . . ......... _ ... _ . . . 0.996 s20 
20 feet ... _ ... _ ... __ .... _ . . _ . _ . . 1.014 320 
40 feet ......... _ .. _.... . ... _ _ _ 1.022 310 

A half mile outside of the bar, we found the water at the surface pretty salt (1.014), and at 
the depth of 60 feet the full density of the sea, 1.027. 

The cessation of the scouring action of the outflow, conseqneut upon its rising to the surface 
of the sea, appears to me to be a sufficient cause for thi8 bar, without assuming unwarrantably ihat 
there is a large and constant supply of bar-building material in excess of the carrying power of the 
current. 

The Atrato is a turbid river, but there is no evidence, as far as I know, that it carries large 
amounts of material to the sea. It is true that the map indicates an enormous amount of territory 
reclaimed, by this river's deposit, from the Gulf of Darien, but" 1iature d()esn't lack time fur- angtMng ", 
says the proverb, and the question for us is whether nature is working faster than we can. Let us 
consider tl1is question upon such poor data as we have. While in the Gulf of Darien, I had just a 
glance at a Spanish chart of 1817 which we found on board of a bungo.t It 11eemed like a good 
chart, and I was struck with the close resemblance it bore to tile most recent maps. It <lid not 
appear that the delta of the Atrato had advanced sensibly during the past seventy years, in which 
time the Mississippi has advanced its mouth three miles into water vastly deeper than the Gulf 
of Darien. 

"Humphreys a.nd Abbot's Report, page 4-16. The existence of a considerable tide in a river insures better water 
upon the bar. Compare the Nile, the Danube, and the Rhone with the Ganges and the Amazon. 

t "Qua.rt& boja qne comprende laB ca.rtat< de la provineia de Ca.rta.gena., golfo del Darien!' Madrid, 1817. 
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In the" English Pilot, the Fourth Book, 1872", I have found a brief description of the inner basin 
of the Gulf of Darien \which Commander Selfridge bas named Columbia Harbor). It is called a 
.~alt-u:ater la7ce, nearly rounrl, ten miles across, u•ith entrance three miles acro.~s, twelt-e fathoms deep, 
Mid four fathoms 'inside. Opposite t.he eutrance is the" Trato HiYer". Columbia Bay of the Darien 
report described in similar terms would be thus: A salt water lake, oval, ten miles acros.Y (ea.yt and west) 
in broadest place; entrance four mile.~ across (opposite the months of the Atrato), t1vel·i:ef11.tlwm.~ Jeep, 
with same depth inside. These two statlc'ments agree except in the width between the delta and 
the opposite shore, and in the depth of the basin, both of which are greater uow than the Bnglish 
Pilot ventured to Rtatc. If we take the distance across the channel, between the 18-feet contonrs, 
we make the entrance three and an eighth nautical miles, which is nearer the old Pilot'R estimate. 
Oue hundred and thirty years have not reduced the area aud depth of Columbia Harbor, uor ad rnnced 
the mouths of Hie Atrato, we infer. 

The Yelocit~· at the outflow at the Urah{i moutl1 we found to be nearly one and a half nautical 
miles per hour upon the surface. '.rhis, of course, would be an ample scouring power if it extended 
to the bottom; but, as we have seen, its influence. reaches to but a small depth. Nor htn·e we any 
reason to suppose that an increase of the discharge would permanently improve the depth of water 
over tbe uar. A comparison of the depths at the mouths of the Nile, R.houe, and Mississippi, 
which differ amoug themselves very greatly in volume of discltarge, does not discove1· to us any 
iuccease of deptll dependent upon velocity of outtlow. In the case of the Danube, Sir Charles 
Hartley asserts that "at timeR of high floodR these bars are farther from the shore, their magni
tude is com;illerably increased, and the llepths O\'ei· them are diminished." 

'Vhcrc the supply of material is 'er_y large, tllere would seem to be no use in extending an<l 
contracting artificially the banks of the stream, unless, by making one of the mouths a salient to 
the geueral sweep of the margin of the delta, a littoral current is eucountered which is capable of 
sweeping away the muds as they are cast down. The hope of improvement in the case of the 
Uraba seems to me to depend upon the :;;low supply of bar-building material, and the transverse 
direction of the current of the- gulf that migltt be reached by ex.tending tlte rh·er-banks farther out. 

The second day of our stay at anchor off the Uraba lll(IUth, Oaptain McRitchie called my atten
tion to the steady flow of the tidal current, setting nortll about one kuot per hour. We were a 
trifle over half a mile from the bar and in ten fathoms water. 'Ve prepared ourselves the next 
das to make a set of obser,Tations, but unfortunately we found this current did not recur and the 
outflow of the ri\Ter extended to the ship," so that I am una~le to state, from systematic observa
tions, that the tidal currents sweep this shore with sufficient velocity to be turned to account. 
The tides of the Gulf of Darien belong to the same system as those of the Gulf of :\Iexico, aud 
nothing less than quite a long series of observations would positively enlighten us on the point. we 
have raised. The rise and fall is small, lmt, the relati\'e variation from day to day very large as 
compared with our Atlantic tides. 

There is one quite unfavorable feature exhibited by tbe map, viz, the most salieut portions of 
the delta are the least bold (compare depths in the parallel of 8° 04' with those on the parallel of 
so 02' and so 07'), as if the littoral current bad done not.bing toward maintainiug the depths, and 
the waves considerable toward washing down the bank. 

By computation of the tidal currents, I get no velocities through any of tlle sections over one
tenth of a mile per hour, a11d our observations of densities preclmle the idea that the stream observed 
by Captain :McIUtchie was tl1e escape of pent-up river-water.t There may be a flux and reflux 
dependent upon variations in the force of the trade-winds that blow up the gulf. 

Oonclusimi11 relative to the improvement of the Ura,M.-There being a limited supply of material 
brought down by the currents of the Atrato, the mouth of the Urab{t branch may probably be kept 
free by dredging. 

The artificial extension of the banks as proposed would be useful as a means of protecting au 
artificial channel, and might perhaps be useful by bringing the deposits of the river within the 
influence of a littoral current strong enough t-0 sweep them away. 
--··-·----- -----------------

•There was no doubt a ilood in the river; the surface density at the ship declined from 1.014 to 1.007. 
t On returning to the ship in the afternoon (of the day I have referre<l to as that of the littoral currents), 1 found 

the steamer broadside to a fresh NNW. wind, 
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BRITO. 

This is not a harbor, nor even a roadstead in the strict sense of the word, since· there is no 
shelter from 8eaward, and the belt of holding-ground along the coast is so narrow that, in heavy 
weather from the northward, uo vessel would rnnture to seek this anchorage. 

At Brito, a broad valley between two ranges of hill;.; stretches down to the coast, where it 
seems to haYe once forwed a considerable bay, now nearly filled np with alluda from the wash of 
the hills and the wear of the adjacent coast. Along the margin of the lowlands, the waves have 
thrown up a dike of sand (remarkable for the straightness of its alignment), upon the fore shore of 
which, ou the occasion of my visit, tllere rolled a lleavy sea. The largest rollers were estimated at 
10 feet lleight," and it was obserrnd that these broke almost simultaneously from point. to point; 
so that in one case the breaker presented to our view a cascade more than half a mile in length. 

Jn our studit>s along the Atlantic coast, we ha\·e fon11d the wave a11gle, in settled weatht1r, 
quite pernrnneut,-f. e., the direction from which the ground-swell comes to the shore, at tmy par
ticular point, is the same from time to time, and that the trend of the bflach or the movements of 
the sand, in the long course of tilne, are iu conformity. \Vhere the beach has reached a condition 
of repose aud permanency, we have found its alignment about parallel with the crest-line of the 
ground-swell. I have, therefore, given a significance to the observations at Brito, am] hase 
inferred that a liue nearly at right angles to tl1e beach is that of ordinar.r sea exposure. This 
exposure rna,v be set down as S. i \V. (true). 

At San Juan del Sur, which is only nine miles from Brito, the ureaker upon the beach at the 
bead of the bay is noticeably reduced where the promontory forming the southern point bears to 
the westward of the direction of wave expoi:mre given abow•. So, also, in going down the coast, 
we noticed, on passing witltiu two islan<ls which lay in our course, the liearing upon which we lost 
the swell, and again the bearing at which we re·encouutered it. All the observations gave much 
the same result, the range being from SS\V. to SSE. 

I was unable to obtain any information of violent storms upon this coast, aud presume the~T 
are vers rare.t I was told that squalls from seaward occur occasionally in summer, and that there 
is sometimes a bard blow from tbe southwest in au tu mu. Hosser's North Pacific Pilot says that 
''in July, August, September, and October gales from tbe northwest occur on the coasts of Guate
mala and Nicaragua"; and Iwray's "Sitiliug Directions~' mention \V. and SW. winds as of "con
siderable violence in winter", causing vessels to drag their anchors iu the road stead of Sau J nan 
del Sur; but I llave not met with ans ship-miptain who remembers eucouuteriug strong gales ou 
this coast. 

In the plan before me, which is a tracing· from the engiueer's sheet, I find a harbor projected 
which consists of a jetty 1,000 .foet long, extending from tbe rocky promontory off the western 
extremity of the beach, and auother jetty opposite the end of the one before mentioned, extendiug 
nearl.Y normal to the beach, which is the continuation of the west Wftll of the portion of the harbor 
which it is proposed to excavate iu the lowland within the present shore-line. 1.'be area of the 
entire harbor is about eighty acres, and the entrance between jetties measures about 1,100 feet. 

The criticisms to be made upon this initiatory plan are as follows: 
1st. The protection from the sea is insufficient. The longest line that can be drawn across 

the harhor which shall pass out mid way of the entrance ilas a course ,-ery nearly S. by E.; and, 
from the center of the largest circle that can be drawn within the harbor, tbe exposure is from 
S. 2 E. to SE. 2 S. A vessel lj'ing near this central point would be exposed, not only to those 
rare storms which blow from the south ward, lmt essentially to the continual swell of the sea. More
over, the site of t,be proposed entrance to the tide-lock is open to the sea in the direction from which 
the waves rolled upon the shore on the occasion ot' my visit. 

The area of the harbor is so small, in comparison with the length of the waves and the width 
of the opening, that every part of it would be in a state of agitation under ordinary circumstance's. 
It will be remembered that the wa,·es of t,he Pacific, unlike those of the Caribbean, are very long 
from front to rear, so tllat C\'en were they cut off from direct acoess, they would send in and with-

•Others of the party who visited the scene 1.he next day reported mucil less sea, so that this may be unusual. 
t The hurricane of October, 1833, destroyed shipping at Pana.ma. (See Nautical Magazine, vol. iii, page 642.) 
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<lraw large masses of water by so broau an entrance, causing a rapi<l rise and fall. Suppose, for 
instance, that the mean level length of the wave is 500 feet, its total height 10 feet, and its profile 
a cun'e of sines, the volumes of water that would be driven through an opening of 1,100 feet 
would be over 3,ooo,ooo culJic feet, which would cause one foot minimum fluctuation in the best· 
sheltered part of the basin. I need not say that this would inconvenience the operations of the 
tide-gates and the handling of vessels bouml in and out of the canal. 

Again, the form of the I.Jasin is not well ca.lcnlated to secure tranquillity, m·en if the area were 
sufficient. By applying Stevenson's formula for "rcducti ve power" (Encyclopmdia Britannica), it 
will lJe foun<l that a vessel anchored near the center of the proposed harbor will find the waYes 
only 50 per cent. less than outside of the jetty; i. e., a 10.feet sea will only be reduced to five feet 
within the harbor. 

I suumit that tlrn history of artificial harbors, abounding as it does in failures from the causes 
we have just discussed, teaches us that a harbor ·to be easy of access and yet tranquil, must con· 
sist of an inner and oute;- port, the former having a narrow entrance within the shelter of the mole 
that offers partial protection to the latter. 

2d. The proposed harbor is not large enough to accommodate the anticipated fleet of Yessels, 
even if deepened throughout. Making due allowance for a central" gangway" for vessels going 
to and from the canal, we find room for not more than a dozen ships riding at anchor, allowing eacl1 
ship four points of swing-room over a radius of 500 feet. 

It i.~ much ensier to criticise a pla.n tlum to propose a better one. The truth is, I presume, that, 
the engineer has been cramped by the conditions of his prolJlem. He has undertaken to project au 
economical harbor with most of the circumstances of location and exposure against him. Ile can
not carry his breakwater farther seaward, because the depth of water beyond is too great; and he 
makes it the continuation of the rocky hea<lland, beeanse here he expects to obtain his supply of 
mate1·ia1. The one f:worable foatLue at Brito is the lowland lying behind the l.Jeach, which is 
evidently an alluvial deposit which can be easily excavated. This feature the engineer 11as been 
qnick to recognize, but he has not, I think, availed himself of it to the full extent. 

I Rnggest that the whole scheme l.Je enlarged; that the breakwater be isolated, so as to admit 
the pai;;sage of vessels arouml either end; and that an inner basin be excavated in the lowlan1l, with 
a narrow opening placed under the shelter of tile aforesaid breakwater. The breakwater may be 
depended upon to reduce the sea, at the entrance of the inner basin, quite 50 irnr cent., if it cornrs 
the approaches from SE. to S,V., and this entrance can be reduced to ~mo feet, so as to secure iu a 
hasin, say of one hundretl acre;;;, t.he nece:;;sary tranquillity. 

The laminated clay rock of this coast does uot appe:tr to he hard enough for use in exposed 
port.ions of a riprap breakwater. The material of the particular headland from which the propos1 d 
jetty extends, I dicl not examine, with the exception of a specimen procurt.'<l from Commander 
f,ull, whicll resembled other rocks that I saw on the shore, and is, I think, the same as that, fonnd 
in the neighborhood of San Juan del Sur, where it was observed to contain fos;;il;;; (rcnderiug 1t 

liable)o fracture) and to be perforated by borers uear the water-line. 
ConclUJ1i,ons relatfoe to Brito.-\Vith little to recommend the locality its a site for the couc<tnrn 

tion of a harbor, Brito presents no difficulties unfamiliar to engineers. 
The harbor proposed does not promise sufficient protection from the sea, is not of the most 

approved form, and is too small. 
It is suggested that a double harbor will be found necessary in order to secure tranquillity i11 

the receiving-basin near the entrance or the canal; and the office of the breakwater should simpl.Y 
be to shelter the approach to the necessarily narrow entrance of this inner port. 

If, in the foregoing remarks upon Greytown and Brito, I have confined m~·self too exclusivels 
to the difficulties presented, it is because I not only felt requirc{l by my instrnctions to ob8erve. 
them, but my attention was particularly called to tbem by the ingenious commander and tlm ahle 
engineer of the Nicaragua Ship-canal Survey, who acted as our guides. 

Lll\lON AND CHIRI-CHIRI :B.A.YS. 

It has been·proposed'that either Limon or Chiri-Chiri Ba.y should be the terminus of ~ can~l 
from the Atra.~ River to "'the Pacific Ocean. Considerations relative to interior work, especially m 

H. Ex:. 100-19 
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connection with the length of a proposed tunnel, have given to Chiri-Chiri Jlay the preference, 
although Limon Bay is much better adapted naturall,y to conversion into a suitable harbor. 

General exposure.-The voyager along the Pacific coast of the isthmus, below Panama, may be 
struck with the entire absence of any traces of the action of "iolent storms and flying seas. The 
laud-slides upon the bold cliff8 of Punta Orucis seem rather to have resulted from tbe original steep
ness of the hills than from tlrn dash of the sea, although the continual wear of the regular breaker 
has no doubt undermined them and let down the superincumbent earth. I have particularly referred 
to Punta Orncis, because it is a 11romontory extending into the sea and exposed to whatever degree 
of violence the ocean may attain. Yet, va.ssing around this spur of land, we observed that the 
forest extended in some places within 30 feet (estimated) of the plane of high water. Under similar 
circum8tanccs of exposure on our New England coast, the destructive traces of the waves are fol· 
lowed by the most careless eye to the height of 70 feet, and the lantern of Minot's Ledge light
house is sometimes enveloped by a flying sea, although it has been placed 92 feet above the ordi
nary level of Boston Bay.* 

On the other hand, while we look in vain for the traces of storms along the Pacific shore of the 
isthmus, we could but observe everywhere the great length and height of the ground-swell that rolls 
in from the ocean. The day that we reached the shore of Chiri-Chiri, we estimated the occasional 
height of the breaker at seven feet, and Captain Pattison, of the Saranac, informell us that a day or 
two previous the roll had been so great that he did not consider it safe to lower away boats. 

'Ve may conclmle that, in considering the pr~ject of a harbor upon this coast, we have only to 
provide for au adequate stilling-basin and proper shelter in its approach against the roll of the sea. 
In the few days that we remained upon the coast, this roll was observecl to come from the SSW. 
At our first landing-place, in Uapica nay, we found that, with the outer rocks of Punta. Crucis bear
ing about S., the breaker on the shore was reduced by this shelter to about 2 feet, and here the 
vegetation upon the shore extended to within 4 feet (estimated) of the plane of highest tides. At. 
Limon Bay, under the shelter of the reef, which extends from the southern side of the basin, the 
breaker was rellnced to about 3 feet, and at Chiri-Chiri Bay there seemed to be a slight reduction 
of the breaker as we walked along the strand to the southward, bringing the reef below the month 
of Chorito Hiver to bear westwarcl of SSW. 

Limon Ba.y.-This cove is about half a sqmue mile in area within the chord that passes through 
eight, fathoms of water (see sheet No. 1 of the Darien Report). In the southern part, we have five 
fathoms of water at a point from which one cannot see the open oce:m. A reef near at hand offers 
Rheltcr from the westward, and shuts by the extremity of Punta Orncis, which is seen in tbe distance. 
'Without further iuotection, however, this could not be made the terminus of a canal and the receiY
iug-ba.sin for ships, because of the swell to which I have already referred. 

It would not be difficult to convert a portion of the cove into a tranquil basin uy iuclosing a 
sufficient space by sea-walls, and providing a narrow entrance under the foe of the reef before men
tioned, or the same extended. 

If an ordinary trading-port were cont-Omplated, the simplest plan wonl1l be to extend ID()les 
from either shore along the chord of the cove; but. the broad opening that would be necessary to 
insure safe and easy access would admit too much sea for a canal-harbor. 

Cltiri-Oftiri Ray.-Ilere we have a bend in the coast, exposed to the swell of the ocean, with no 
features which could recommend it as the site for the construction of a harbor, except a narrow 
belt of anchorage-ground, which has ''good holding-ground of clay, in twenty fathoms, three· 
quarters of a mile from the beach", and an immunity from storms. These exceptions to tbe unfa._ 
vorable conditions of the site would be all-im·portant if we contemplated only au ordinary trading
port; but we have, as I have stated before, to provide for reducing the sea at the quays and gates 
of a canal-entrance, and this, I submit, can only be done by the construction of au outer and inner 
port. The case is similar to that of Brito, already discussed at length, except that here at Cbiri· 
Uhiri we find no low country behind tbe beach from which an inner basin can be excavated; both 
the inner and outer basins must be constructed in the narrow belt of ground lying between high
water line and perhaps the eight-fathom curve. 

•Captain Tower, Superintendent of Repairs, Light-house Establishment, is my authority. 
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If we assume that material will be abundantly supplied from the canal cutting, we may sup
pose that the breakwater can be built in ejght fathoms at low water, which would be ten fathoms 
at ordinary high water. This structure would have to he placecl within about 1,300 feet of Uie 
sliore; and, in order to get the necessary areas for tile two basins, thiR mole would liaYc to be 
nearly a mile long, with a return-wall to the beach at its southern end. 

The pier-head of the mole I have conceived as situated in eight fatllonrn of water oft' a point 011 

the shore three-fifths of a mile northwestward of the mouth of Chiri-Chiri l{iver. Here the llistauce 
across from the pier-head to the present eighteen-feet curve would be a thousand feet, wllich might 
suffice for the entrance of a ship under tow of a steamer. That the approach should be from the 
northward seems obvious, when we consider the direction of the swell and the shelter from wi1ul 
offered u~- the land. 1 have conceived of the stilling-basin as having an entrance througlt a bulk
head wall close under the lee of the mole, and not less than 2,000 feet from the pier-head. lf we 
concei\·e of the return-wall, at the southern end of the mole, as extending from the larger of the 
two rocky islands on the strand below the outlet of Chiri-Chiri Hiver, we can have a surface-area of 
still basin amounting, perhaps, to a hundred acres, which is no larger than it slwnhl ue. 

We may reckon upon a wave relluction of over 50 1-ier cent. in the outer hasin; and if' the 
entrance to the inner basin is reduced to 300 feet, the necessary quiet will be secured near thl', pro
posed entrance to the canal. The height to whicll the mole need be carried is not great. \Ye 
found vegetable mould still clinging to the rocks sloping to the sea witliin 15 feet (estimated) of 
the plane of highest tides. 

Conclusions relative to Limon an<l Chiri-Cltiri Bays.-There would he little difficulty iu cou 1~ert
iug Limon Bay into a proper harlior for the terminus of a ship-canal; bnt Chiri-Chiri Ha;\· presents 
scarcely any natural qualifications to become the site of a port. 

In order to secure the necessary quiet at Chiri-Chiri, a mole nearly a mile long seems 1-e<1uisite, 
and this lying, of necessity, nearly parallel to tlie shore, arnl within a quarter of a mile of it, wonhl 
I.le a difficult shelter to reach in safety, sometimes, eYen under steam towage. 
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APPENDIX No. 13. 

ECONOMY IN COAL, AS EXEMPLIFIED DY THE ACTION OF COMPOUND ENGINES DI THE UNITED STATES 
COAST SURVEY STEAMER HASSLER, REPORTED BY CHARLES E. EMERY, CONSULTIKG ENGINEER. 

I transmit herewith an abstract of the engiueer'i:; journal of the United States Coast Survey 
steamer Hassler, with tabulated results founded thereon, showing the performance of tlw steam· 
machiucry at sea, under conditions substantially uuiform, but, on the whole, more unfavorable 
th.an in ordinary practice. The abstract is made from the record of the run from Panama to San 
"Francisco in July and August of the year 1872, that being the first time, after the engineers were 
furnished with complete blank journals and careful instructions suggested by former experiences, 
that the vessel was under steam for a sufficient period to furnish reliable informatiou. 

The steamer had just come from the Atlantic coast; consequently some matters were out of 
repair,-for instance, a defective stuffing-box caused a poor vacuum, aml a leaky t.ube in the con
denser required the use of some salt-water, both faults reducing the economy; so also the iron 
bottom of the >essel was very foul, which reduced the speed. 

The steaming for the time included in the abstract was made at half boiler-power, wbicll 
should have given, with clean bottom, an average speed of 7 k to 8 knots under the couditio11i; 
encountered. 

Stops were made in various ports for sounding and dredging purposes Lluring the trip, so the 
abstract bas been divided into five runs, designated b,y letters, during each of which the conditions 
were substantially uniform and the steaming continnous, except one stop for dredging in each of 
the two first; in these, the whole watch of four hours, in which tlJC stop W&'l made, has been 
rejected, to secure the condition of uniform operation. The other columns will he understood from 
the headings. Following the abstract, I give a brief discussion of portions of the same with refer. 
ences to other performances of the vessel. I also append for reference a short description of the 
vessel and machinery. 

The following extracts from the instructions printed in the engineer's jourual will show tlw 
precautions taken to obtain accurately tbe power developed and its cost in fuel : 

"The steam-pressures, vacuum, and positions of throttle and cut-off, as recorded, sl10uld be 
the means for the hours, and not simply correct records at the time of the observation. In case 
that, by order or accident, the average conditions are abruptly changed during t.he hour, interlined 
entries should be made showing the average for each period, and the exact time of the change be 
noted in the remarks. 

"A complete set of indicator-diagrams should be taken at least once every day: for instance, 
shortly before the meridian, at which time t11e position of the cut-off, throttle, and the steam-press. 
ure, and other conditions should be regulated so as to represent, as nearly as possible, the average 
for the steaming done during the previous twenty-four hours. The diagrams necessary for a com. 
plete set should all be taken as nearly as possible at the sam.e time, aud the data provided for in 
the specimen diagram herein be collectc(l aud noted without ·delay. The diagrams and data should 
sbow the facts as they exist at the time, the object not being to obtain a maximum result or fair
looking diagrams. The original diagram shoulll be slightly secured with mucilage at its upper left. 
hand corner, between the pages of corresponding date in the original journal. When experimenting, 
diagrams should be taken half-hourly, in which case the name of the vessel and the date and time 
need only be noted thereon, and the other quantities can be obtained from the journal. 

"The reading of the engine-counter should be taken exactly at the end of the honr by observing 
the second-hand of the clock in connection with the other hands. 

"The net amonnt of coal used shonld al ways be entered in the log. To check errors, the bunk· 
ers should be carefully measured when empty a.nd drawn to scale, and after every fifteen days' 
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steawiug, aml just lJcforc coal is rccci ved, the coal in the l>uukers :,;hou ld be trimmed w regular 
slopes, the amount measured all(l calculated, and the coal account corrected hy an additional entry 
under the dail~y balance, as follows: 'l~ernainiug, as per measurement this day, --- pomHlis.' 
The 1>lan of adding a percentage to each day':,; expenditure, or of clrnrgiug for ship',,; use cxtraonli
narily large amounts, is disapprO\·cd. The log should in all respects show facts as accurately as 
they can he ascertained; hence eYery dt'ficieucy or surplus should be recorded as soon aR it is 1lis
c0Yered, and the account adj mite1l at once." 

Duriug a previous \'oyage, the com mandcr of tlrn vessel, to satisfy himself as to the aecurae~· 
of the coal account, had issued an order tliat tl1c lrnuker-doors be locked aml opened only 011cc iu 
the watch in the prC"sence of the e11gi•rner, when the coal for :L wateh was to be mcasurell out. This 
system was productive of such go01l results that it was continued, iu cou11ectio11 with periollieal 
measurements of the bunkert1. Snell measurement wa>i m:vle August G, and again August 21, a 1111 
a deiicieucy in the coal accon11t fon11d amomiting to G.008 per cent., wuich could he easil_y aeeonntcd 
for by the few lumps that fell on the floor in measuring the buckets. This percentaµ:e was iu later 
trials much reduced; but, not to o\·erstate results, the amounts in column marked "Coal per hour 
1',y journal" have beeu increased (j per cent,,, and the augmented or actual amounts, recorded in tl10 
uext column, ha\'e been used in the tiual determination of the cost of tile power. 

The aboYe shows that, 1:wen with a comparatively small compouml engiue of good construction, 
each indicated horse-power can be obtained, on regular 1lnty at sea, for 1~ pouutls of coal per honr, 
or less tlrnn half that required with ordinary marine macllinery of the old type, and hardly two tl1inl~ 
that used, according to best testimony available, in the better class of large, direct-cxhanstiug 
marine engines using bigh-presi:mre steam. 

This cannot be called an experir1wntal rmmlt. In fact, the nnfaYorahle co1Hlitions me11tio11l'1l 
prevented it from lleing the maximum for regular sea dnty. 'l'here is e\·ery reason to llelieye that, 
with careful attention, and lloth l)(}ilers in use, a result co1tld ha\·e been obtained of one aml a half 
pounds of coal per horse-power per hour. In fact, some pre\'ious runs show this perfor111auce; l1u t 
a:s they were made before the coal account was checked regularly hy the lrnnkcr 11wmmreme11t, the 
results are not gh·en in det.ai1. Them is, howe\'er, no reason to don ht their accuracy. 

The yessel on her trial-trip, irning Schuylkill coal and hotll boilers, deYeloprnl l:.l.) l10r,,;e-power 
with 250 pounds of coal per hour, a performance of 2 pountls of coal per horse-power pe1· honr when 
the lioiler and engines were not felted and the weather quite cold. The ti l'llllW11, too, were uot 
accustomed to tlle slow combustion obtained hy using two boilers, and nmel1 watchfulness was 
required to instll'e regulation by the dampers instead of by opening fun1ace-tlnnr8. 'l'his diflicnlt,\· 
caused a very great waste of fuel afterward, when it was attempte<l to run llll)[leratt•ly with lJoth 
boilers on regular duty at sea, and, finally, it was actually funnd, in practice, that unles.-> au engi
neer was kept eonstantl;y in t.be tire-l'oom, it was far more eeouomical to fm·cl' the _rircg under om.• 
boiler at slo~ speeds than to use slow combustion in two boilers.* 

Only one boiler was in use during the runs set forth in the foregoing abstrnet. 
The following extracts, from the official report of Commander C. ,Johnson, U.S. N., co111ma111l· 

ing the Hassler, may, I think, be eonsicfored in place in this report: 
"It gives me Jlleasure to request notice of the consumption of coal while eng;tge4l i11 snd1 \\'ork 

as the Hassler was designed for. At San Diego, before startiug the fires, the ship had i11 lier 
bunkers 101.09 tons. 

'' To-day •................................. _ ...... _ ............•.. _ .. 
Deduct for distilling water, galley, stoves, etc ......................... . 
Showing a consumption in tliirty-fini days of ......................... . 
Averaging i>er day ................................... - . . . . . . . . .. - . 

T11n11. 

HS. :~o 
3.60 

2!). ] !} 
0.83 

"The ship bas been under steam e\·ery momeut since leaving San Diego. Excepting Snncla;rs, 
she lias been under way during the day, and banked fires at uight, htwing steamed 1,0()!) miles, and 

"An attempt is being mwlc, however, to secure the economy dnc to increased hea.t-ab.~orhing surface, b;y using 
both boilers and reducing tho grnte-smface with fire-brick. So far it has been fountl that, tho steam can ho carried 
more stea.dily, but no a.ccurate determination can lJe given in regard to the question of ecouomy. 
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made 707,0'..!6 revolutions. The bunker-doors are closerl and locked at all times (except when in 
the act of getting out coal), and the key always in possession of tbe engineer. Besides weighing, 
the bunkers are frequently examined and their contents measured." 

In a subsequent letter, Commander .Johnson writes: 
"We have been fifty-eight days under steam, running from daylight till dark gtmernlly; 

banked fires at night and Sundiiys; am] have consumed iu the furnaces only 18!.ll.4 ponnds of coal 
per twenty-four hours, or 0.844 of a ton per day_ 

"There is no mistake about it. There bas bem1 no stealing of coal. The bunker-doors were 
locked except when serving out, and the measurement i:;hows the proper amonut ou hand now." 

I submit that the above facts are suf'ficient to 8how couclusinJly the great eco110my wliicli may 
be obtained by the use of the compound engine. 

For eon\'cuicuce of reference, a general dcscrii>tion of the Hassler is hereto annexed. 

General deseription of the United States Coost Sm·vey steamer Hassler. 

The Hassler is hll iron screw-propeller of 330 to11s lmrthen old mcasnremeut. She was uuilt at 
Philadelphia in the year 18il, and is 151 feet long ou load·li1w, and has 24~ feet breadth of beam 
and 10 feet depth of bold. Her rig is that of a tbrce-mastell schooner, with lower masts of moder
ate length and tall topmasts. The officers' quarters arc on deck, and are very commodious. 

The vessel is propelled uy a compound engine of 200 horse-power. The cyli11deri:; are 18.l 
and 28 inches in diameter by 26 inches stroke, and are arra11ged one auo\·e tlie other in the same 
line, with botl1 pistons on tlie same rod, and OJ)erating the crank through a singlL1 connecting-rod. 
The steam-chests extend besond the ends of the cylinders, to reduce the length of the C,Yliuller
ports; but, for simplicity of constrnction, the vah·e-face of the upper cylinder i" brought out in line 
with the other, and the valn•is of liotli cylinders are operated by the :,;ame rnd:,;. The nppt'I' c;din
der is supported from the framing by four wrought-iron columns, and the two cyliIHlers are 
sufficiently separated to allow the coYer of the lower cylinder to lie raised to o!Jtaiu access to the 
ph;ton. The bed.plate is made of sufticieut length to receive three llearings, in atldition to which 
an independent thrust-bearing is connectecl to the same. The surface-coutlenser is arranged under 
one side of the frames, and 8lauts inward at the same augle as the latter. The circulation ls 
performed by a centrifugal pump, driven directly by a small eugine. The air- and feed-pumps are ver
tical, and receive motion from the main cross l.Jead through beams itt the usnaJ way. The necessary 
valves are provided so that lh'e steam can be excluded from the upper c,ylinller and supplied 
direct to the larger one if desired. Ordinarily the steam passes to tlle upper cylin<ler, in which it 
is cut oft' at such point as to give the power desired, or usually at less than half-stroke. The steam 
then passes to a large reservoir, placed under the main deck, through whicli it traverses slowly, 
thus permitting the water due to condensation for tlrn work done to become separated. From this 
reservoir, the steam passes to the lower cylinder, but tlie supply is suppresse(l therein at such point 
as to keep th<' pressure in the reservoir substantially uniform. The lower cylinder communicates 
with the condenser in the usual way. The large cylinder and its bottom and head are sfoam
jackete<l. Drip-vessels with glass gauges are iuovided to assist in blowing the condensetl water 
from the jacket and reservoir. The propeller is a true screw, 8 feet 6 inches in diameter, with 13 
feet pitch. At the hub, the blades are rounded on l.Joth sides to reduce the resistance where the 
metal is thickest. The flat propelling surface gradually widens from tlie hub outward to 4 feet 
diameter, and the outer portions of the blades are of the ordinary construction. 

Steam is supplied by two flue and return tubular boilers, each 6 feet in diameter and 12 feet 
lo11g, and provided with a steam-chimney. The total grate-surface is 42 square feet and the total 
heating-surface 1,400 square feet. 

The shells are it inch thick, with double-riveted longitudinal seams. All flat surfaces are 
stayell 6 inches between centers. The boilers are considered of sufficient, strength to ca.rry regu
larly 80 pounds pressure for a series of years. 

The maximum speed of the vessel, under steam alone, is 91 knots. Under steam and sail, she 
has ma.de easily 1() am.111 knots. The ordinary speed at sea, under flteam alone, is restricted, by 
order, to 8 knots, which can be obtained with one boiler under favorable circumstances. 
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It will be of interest to add, in tbis connection, tliat tbe first reports as to the performance of 
the Hassler were unsatisfactory, owing to very bad management in the engineer department. Tbe 
vessel left the Atlantic coast in the fall of 1871 ; and as her commander found it necessary to 
take coal much sooner than was expected from results obtaiued on the trial-trip, he instituted au 
investigation, which had the effect eventually to make tlrn performance all that could be desired, 
and to interest all on board in the matter, so that in fact a number of naval officers, then attached 
to the Yessel, but who lmYe recently returnec.l to the East, ban~ expmsse11 a desire that the actual 
facts as to the vessel's later performances sboulcl be mmle public. 
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ArI>ENDIX No. 14. 

DEVICE FOR DETACHING l·'HOl\1 A LINE THE HEAVY WEIGHT ImQCISITE IN DEEP-SEA SOUNDINGS 
UY Ll'EUT.-COl\iMAI\DEH C. D. SIUSllEE, U. S. N., ASSIRTANT COAST SURVEY. 

OFFICE OF '.l'IIE UNITED S1'A'l'ES COAS'.1' SURVEY, 

11'<rshington, D. C., October 10, 1874. 

SIR: I would respectfnlly present for your examination a 1iew plan of detaching shot in cleep
sea soundings. The a})paratus, as shown in the annexed iignre, differs from anything that I lrnve 
seen, and, from its simplicity, coul<l be manufactured ou hoal'd any ,-esscl carrying sl1ot, the cost 
being so trifling as scarcely to be cousideretl. The accompl111ying lithograpl1, after a drawing, 
shows the apparatus attached to a shot. It consists of two wires, one cud of eacli being bent to 
form a" cant-hook", and the other and longer end being bent around allll '1arrie<l under the shot, 
and at a distance below it equal to about one-third of its di:imeter. The irnrts wbich cuter t11c 
holes in the shot should he as short as will sufilcc to support the weight. If either hook trip, the 
other must follow. I baye experirnenteu with the apparatus "hen attached to a grape-;;bot-snch 
as is nsc'l in an 11-inch gun-and it WOI'ked satisfactorily on ally kind of bottom. Jts firnt failure 
to detach was in soft mud, or ooze, which entirely coYere<l the shot. On hauling np, the bare e11ds 
of tl10 hooks were just hisille the holes. I cut off half the length of tho hooks, after which tlle 
apparatus, on all occasions, tletachml perfectly when bottom was reached, an<l 8npported the shot 
with certainty wl1e11 lowered qnick1.r agai11st the snrfacc of the.water a 1mmher of tinw.s in succP"
Rio11. Should it l>c found to fail in strong currellts, three wireti migl1t he hooked at. equal distittH"<'R 
arounu the shot; and if the hol('8 i11 the Hhot b01 hevelc>(1 from the sides, the tripping of 011c liook 
would detach the others. 

lam, sir, very respectfully, your 01Jcdim1t servant, 
u. n. smsmm, 

Lieutmu:rnt Oommandc1· Fnite1l Slr1.fr?s Nary, As.~i.~tant Coast Rurrey. 
CARLlLJ<~ P. PAT1'ERSON, Esq., 

8upaintenf7ent. 
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APPENDIX No. 15. 

IMPROVED CLAMP FOR THE TELESCOPE OF THE THEODOLITE. 

Co.A.S'r SURVEY OFJ<'ICE, 

lVashington, May 4, 1874. 
DEAR Sm: Having experienceu mnch inconvenience with the ordinary clamp and movement 

for vertical motion of the telescope of the theodolite, especially 
last season, devised a method of clampiug, which possesses all 
the good qualities of the ordinary clamping and does away with 
its bad qualities. 

I. The telescope is clamped with sufficient firmness t-0 admit 
of its being moved in the vertical plane by means of tbe tangent. 
screw. 

II. The top of the clamp is open so that it permits the tel
escope to be lifted out for reversal, and placed again in the Y's 
without carrying the clamp with it. 

III. By adjusting the spring, the clamp may be made to hold 
the pivot so gently that a very delicate tap on the telescope will 
bring the latter to the desired elevation. 

when reversing for azimuth, I, D ; B 

ri--~···· 
I \ ,,,..,..~·~r ~·~-
\I I "',"" ---

1 \ m .. 
! \ 

I \ 
1,' \ 

E 

The accompanying wood-cnt will exhibit its peculiarities. H I 
is one of the transit-axis support& or pillars, with end of pivot in / \ 
Y. A is a rigid bar, about ! or t inch wide, held in position by ' \ 
the small bar C, secured to the pillar, and passing loosely through \ 
a slot in A, and b,r the end of the spring F passing through the ! 1\ 

projection K from the pillar I. B is a spring secured to the l>ar A \ , 
at H. D is the screw for drawing the spring B toward the l>ar A, \\ 

1 

and thereby clamping the pivot. G is the screw giving mo\Te· 
1
,\ 

ment in the vertical. J is a projection from tbe pillar. t!J 'J ,1 
This clamp may l>e placed outside the pillar on the free end G 1: "· 1 LJK 

of the pivot of the transit-axis, or inside the pillar on a collar of \ FJ 1 
the transit-axis. ---· ~ ~-~--

Yours, respectfully, 

Mr. C. P. PATTERSON, 

GEORGE DA VIDSOS, 
Assistant, United Sta.tes Coast Surl'ey. 

Superintendent Ooast 8ur11ey, Wa.s1tington, D. 0. 
This clamp applies equally well to the transits ir1 u~e on the Survey.-l>. 

H. Ex. 100-20 
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APPENDIX No. 16. 
DESCRIPTION OF AN OCEAN SALINmIETEU, BY J. E. HILGARD, ASSISTA.KT UKlTED STATES COAST 

SURVEY. 

The ucusity of sea-water in uifforent latituues aud at l1ifl'erent depths is an elcmcut of so great 
importance in the stud~T of ocean physics as to ha\-e canscu a great deal of attention to be paid 
lately to its determination. The instruments employe<l for the purpose have been, almost without 
exception, areometers of various forms. Tue differences of ueusity as arising from saltiness are so 
small, that it is necessary to lmvc a very sensitive instrument. As the density of ocean-water at 
the temperature of 60° Fithr. only varies between the limits of 1.02± aud 1.029, it is necessary, in 
order to determine differences to the hundredth part, that we should be able to observe accurately 
the half of a unit in the fourth decimal place. This gi\·es a great extension to the scale an<l 
involves the use of a series of floats if the scale starts from fresh water, or else the instrument 
assumes dimensions which make it unfit for use 011 boaru ship. 

'Vith a view to the convenient auaptation to practical use, the ap1laratus figured uelow hns 
been deYised for tl1e Coast Survey by Assistant Hilgard. 

~1 1,020 

1.02s 

The instrument consist~ of a single float Hbout 9 inches in length. The scale extends from 
1.020 to 1.031, in order to give sufficient range for the effect of temperature. Each unit in the third 
place,:or thousandths of the density of fresh.water, is represented by a length of 0.3 of an inch, 
whicl(is:snbdi\·i<lecl into fiTe imrts, admitting of an accurate reading of a unit iu the fourth place of 
1lecimals by estimation. 'l'lle 11oat is accompanied by a copper can, with a thermometer inserted 
within the cavity, which is glazed iu front. In use, tbe can is nearly .filled with water, ao as to 
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overflow when the float is inserted, the reading being then taken with ease at the top of the liquid. 
For convenience and security, two such fl.oats and the can are packed together in a suitahle case, 
and a supply of floats and thermometers, securely packed in sawdust, is kept on hand to replace 
the broken ones. 

The following table has been derived from the observations of the ex:pansibility of sea-water 
made by Prof. J. S. Hubbard, U. S. N. Column II contains a taule of reductions fur temperature 
of salinometer readings to the standard of 60° Fahr. To facilitate the use of this table, the fol
lowing directions are given.-

Record the actual observation of hydrometer and thermometer. From Column Il (which is 
applicable for any degree of saltiness within the given limits) take the number corresponding to 
the observed temperature, and multiply this number by the number of degrees and fractions of a 
degree that the observed temperature differs from Goo. Apply this product as a corrt>ction, with 
proper sign, to the reading of the salinometer, and the result will be the reading of the salinometer at 
the standard temperature of 600 Fabr. 

Example.-Actual reading of thermometer= 80°.5; actual reading of salinomet~r = 1.02425. 
Opposite 80°.5 in Column II is +0.0001585, which multipliell by 20.5 gh·es as a product 

+0.003249. Add this to the observed reading of salinometer, and 1.027 50 ""ill result as tLe reading 
of the salinometer at the standard temperature. 

-------------- ---- --

1 

Cooft for re-
1 

Coeff. for re- Codf. for rt>- 1 i Coeff. for ri:'-
TPmp. rluction to Te.mp. duction to Ten1P. : duction to !· Temp. , duetion to I 

6()0, 600. 6{)D, r : flOC. 

I-· ----! ---~--

1 

50 -0. 000108 ~ +o. 000000 77~1 +o. 000145 1
1
' so +o. 00015>< 

51 -0.000110 61 +o. 000130 +o. 000146 81 +o. 0001;<1 

52 -o. 000112 62 +o. 000135 12 +o. 000141 ). s-2 ,-o. ooowo 
53 --o_ 000113 63 +o. 000137 73 +o. oo:i14e I 83 -t o. O<Xll6~ 

54 -o. 000115 64 +o. 000137 74 -0. oooHH 
1
!. 84 +o. 00016:l 

55 -O. 000110 65 +o. 0001as 75 +o. 000151 85 +o. ooorn4 
56 -0. 000120 66 +o. ooouo 76 +o. 000152 1

1

, ti!\ +o. 00016,; 

57 -o.0001w 67 +o. 000141 77 +o. 000154 87 +o. ()(){1tff1 

~: =~=~= = :~::~: _, : ___ :~~~:~ r :: --"--:~~~:~~ 
A method~quite different in practice for determining the density of sea-water has been sug

gested by Prof. Wolcott Gibbs, of Harvard University. It depends upon the determination of the 
index of refraction by means of an angular instrument similar to the sextant. As all navigators 
are familiar with the use of the sextant, and as the observation can be made without hinderance from 
the motion of the ship, this form of the instrument may be found tQ posser;s certain advantages. 

NOTE IN 1876.-When the table of reductions for temperature above given was constructed, 
the investigations relative to the same subject made by Thorpe and Riicker (Royal Society's Pro
ceedings, January, 1876) were not known. The following comparison of the results of the experiments 
on the thermal dilation of sea-water, as taken from Professor Hubbard's tables and as derived 
from the results of Thorpe and Rucker, show the differences within the range of temperature co>
ered by our table of corrections : 

Tempera· 
tuni. 

0 

50 

55 
60 

65 

70 

7:1 

80 
B5 

Volum e. 
. - -

Hubbard. T horp~ and 
Riiclrnl'. 

i---- -

I 
0. 99895 

0. 91)943 

1.00000 

I 
l. ll0067 

I. ll0142 

l.OOtil 

j 
!. 003()9 I l.00402 

---

0. !)l1902 

0. t:tW4t3 
1. 00000 

1. 000~9 

!. 00127 

l. OO'.IC5 

1. 00280 
1.00364 



 

APPENDIX No. 17. 

DESCRIPTION 01<' TWO FORMS OF PORTABLE APPARATUS FOR THE DETERMINATION OF PERSONAL 
EQUATION, ROTH RELATIVE AND ABSOLUTE, IN OBSERVATIONS OF STAR TRANSITS, BY J.E. HIL
GARD, ASSISTANT UNITED STATES COAST SURVEY. 

It has long been apparent that the precision ot instruments used in the determination of 
at'ltronomical time exceeds, both in accuracy and constancy of performance, the physiological 
powers of the observer, to whose variability is due a large proportion of the probable error of 
results. This has been especially felt in the determinations of longitude made by the telegraphic 
method, in which we find, on different nights, variations in the results which far exceed the appar
ent uncertainty of the determination of time, and of the transmission of signals. We also find 
that, when observers compare their method of observing directly, while their personal equation 
appears in a great degree constant ori any one occaston, it will differ on another occasion by an 
amount far exceeding the uncertainties of determination. 

It has, therefore, long been felt as a great desideratum to have some convenient means of 
determining the personal equation of an observer at the time of the observations for longitude. If 
eaclt observer possessed a similar instrument to which he could refer himself, and which was so 
exact in its adjustment that the same conditions could al ways be produced within the ·limits of 
accuracy demanded, the result of each night's work could be referred to a standard equation. 
This would preferably be the absolute equation, or that by which the observations of each observer 
are referred to that instant of time at which they would be recorded if no time elapsed between 
the passage of a star and the record of the passage. 

Various instruments have been devised by different observers for the determination of absolute 
personal equation. It has been found that the phenomena to be observed should be very closely 
imitated, in order to make the equation so obtained applicable to the actual case, inasmuch as its 
amount will differ in the same person, according to the character of the phenomena observed, and the 
means by which the time is noted or recorded. In order to make the method applicable to star-tran
sits, it is, therefore, desirable that an artificial star should be made to traverse the optical field in 
which it passes over a system of lines similar to that used in actual observations. It cannot even be 
deemed quite admissible that this should be done with only a. single line, bnt at least five should 
he used. The most desirable arrangement appears to be that of making an artificial star-image 
traverse alternately in opposite directions the field of a collimating t('llescope, a system of elec
trical contacts being so adjusted in connection with the mechanism that a record is made of the 
instant when the image of the star passes the several lines in the field of the collimator. A few 
transits ot' this sort, automatically recorded, and likewise observed and recorded in the usual 
manner at the beginning and end of each night's work, will make the observer's results at different 
times more nearly comparable than they are now, and likewise comparable with the results of 
other obson·ers ; and we may a.n ticipate that hereafter such an apparatus will be deemed a necessary 
part of the outfit of a permanent observatory. Some yea.rs ago a rudimentary arrangement of the 
kind was used by Professor Winlock, at Harvard College Observatory, but the movement of the 
star-image was not effected by mechanism but by the hand of_ the observer with the aid of a long 
lever. · Such a movement, of course, lacked uniformity, and as no results have ever been published 
we may assume that they proved unsa~:~factory. 

In ·1873, the writer caused to be constructed at the Coast Survey Office a personal-equation 
apparatus on the same plan, intended for field use. In this it was designed that any residual 
error in the adjustment of the electrical contact relative to the coincidence of the star-image with 
the line should be eliminated by the alternate movement from right to left and left to right. The 
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apparatus, ho,,ever, failed to give results of sufficient accuracy, partly from llll•clrnuieal defects iu 
the construction, but chiefly owing to the small linear dimensions of the line-interntls, which 
rendered it impractical>le to obtain snflicieu t precision for the antoruatic record of tile passagl'S. 
It was then decided to adopt a fieltl in which the space represented lly a second of time should he 
snfliciently great to admit of its snbdiYision to one hundredths of a second with a perfect faeility. 
Tbe instrument figured in tile plate, Form I, and described below, was, in consequence, <1e\·i~ed :And 
constructed by Mr. Werner Suess, under tbe immediate direction of the writer. 

lu this exceedingly compact apparatus the passage of au artificial star across tlw tnidtlle tran
sit-line can be registered to furnish, in connection with its obsen·ed d'ansit, a measure of the aliso. 
lute personal equation of au obsen·er. For tl1e automatic registration, the clock (or chronometer) 
break8, and the automatic breaks, as the st:tr passes, each of the fin~ lines, are in 011e electric 
circuit, while the breaks for the apparent transit, by the obsen·er, a.re effected through a srcoml 
circuit, the two showing their marks 011 t'1e same cLronographic 8heet, a11d sille by side. Tlw rays 
of light of au ordinary coal-oil lamp a.n>, couvc·.ve<l to a focus and shown through a film piu-lto1e (t) 
iu a diapbragm insertrd in a tnhe (B) \Yhich is moYed to a11 fro h.r elock-work. A lens (11) at the 
other eud of the tuhe throws the image of this lwle on tlw gronud-glass plate (a) on wltid1 arP 
engra\'ed fiye liues representing the tl1rea(l11 of a tra11sit-imitrnment. 'l'hPse liuPs are iu the fof'us 
of the lem;. CorrcRponding to these are five stt'el points, on each of which, iu t:mccessio11, h,Y tlte 
motion of tlrn tnbe, the electric cnneut is momentarily brokf'n a111l irn;tautly restored. Tu(' 
obsen'er operates lty means of an 011.linary break·cil'cuit key, and OllP or two oh:'ierw·r:'i may 11ote 

the tram~it. at the same tiuie tlirongli ordinary opera-glasRes. 
To dfect the 11<ljust111e11t for absolute t'qnation, a fi11P-motion sexew (y. r.) ii> t1ro\·idl'd \Yhich 

controls the i11st<111t of contact break, aad the Ktar at n'st i.~ aceurately l>i:'iected on the center tra11 
sit-line by mea1rn of a second fi11e·motiou sere\\" (e) acting 011 tlie glass diaphragm and imparting to it 
a small horizontal motion. During t!Jis adjustment the clock·work is disconnectecl from the tnbe, at\ 
shown hy the dotted lines of the carrier (n). The other trausit-lines serYe to determine, <l~ffercn
tially, the personal equation of two observets. 

The important peculiarities of this new appparatns are as follow~: 
(1). It is easily portable, weighing only eight pounds. 
(2). The circuit-break (shown lly b, c, d, c,f) can be so a1lju8Led that the >ita1· appears either 

before or after the breaking of the current, thus I'<'qniring onl_y Oll{' pen for the observations, a 
very important point whtm used in the fiel11. 

(3). As the star appea1·s on the the transit lines witl!out parallax, two or more ol>serTers cu11 
ob~rve tbe transit of the star over the lines at the same moment, each one nsing bis own chrono 
graph and chronometer, thus giving the mea11s for a differential comparison of tlieir person:tl 
equations. 

Following is au allstract of results obtained with this iustrument. Merely the d({t'erence 
between the automatic breaks and the ol>server's l>reaks is given, the allsolute times l>eing of no 
consequence. 
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COAST-SURVEY OFFICE, May 20, 187 4. 
Apparatus arranged for differential observations. 

Ob.sen-er, T1·ojeB80r Emtman, United States Naral ObBenatory. 
Apparent motion of star from left to right.* 

Set 1. I Set 2. _, Set 3. Set 4. f_set5. Menn. 

I 

I 

,----
s. .. I .. .. s . .. 

I O. lG fl. 4~ 
I o. 2-2 U. 22 0, 31 0.278 

II .15 . 30 .25 • 31 . 30 .262 

III . GO • 6:" . 60 • 62 ! . 66 . 626 

IV ··---------· ·-----·-···· -----······- -------·!·---
v o. 14 o. rn o. 10 o. 22 o. rn . 1J. 16s I 

------------------- __________ t ___ I 
Star moving from ri_gbt to loft.f ' 

-~--·· -~----------------

I o. 50 O._S~J 0. i'O o. 60 0. 50 

JV . 60 .e2 87 '81 . 7l 

v o. 7tl 0. £15 o. s,; 0. 68 0. 77 

Ub8mTer, Jlr. Frisby, United States lVat•ltl Ob;enator;;. 

II 
ITI 

v 

1 
IV 
v 

0. 18 

.u 

. 44 

0.0ti 

o. 11 

. 47 

0. 40 

Star mo~inµ; from left to right. 
-------------------

' 0. 20 0, 2(i. 0. 31 

. 21 . 33 '31 

.01 .:\0 . J.1 

0.20 0. l7 IJ.18 

8tar moving from rigl1t to left. 

o. 81 

. 80 

o. 6£i 

. 74 

(Lfil 

0.46 

.no 
0. 70 

0. 5~ 

'81 

0. 81 

Obserrei·, Mr. ,smith, Uni.led Slfltes Co11st Surrty. 

I CL 28 

ll 
III 

v 

l 

IV 
v 

. 32 

. lj~} 

(I.% 

(I_ fj9 

• Yfi 

o. 80 

Star moving from left to ri~bt. 

0.18 0. 24 o.2:i 
. 20 .:ltl .128 

. j l . c~ .59 

o.::.:;l 0. '...!!J U.H 

!-,tm· mo\-..ing from ri,!.!lit tu lefL. 

n.fi2 

I. 02 
0. (jg 

0. 61 

. ~11 

o. ~o 

0. G2 

.Ul 

o. 70 

. 7fi 

0. 04 

0. 58 

.!19 

0. ~4 

0. 578 

. 76\l 

o. ~06 

o. 584 

. 684 

0. 614 

. 674 

0. 202 

0. 636 

• il58 

o. 766 

* lllllistinct on lin() IY. I Indistinct on lines II a.nil HI. 

JtECAPITUI,ATION OF RF.SULTS, EACH FROM FIV}; SETS OF OBSERVATIONS. 

StaT mo,·ing from left to right. Star moYing from right to left. 

I ~-- ' Ous'r. r;::i:-~=-1--;:·~~:--; _ s I I Obs'r. r_;:-:ans1t at- I E. - s. Fll- s .. ! 

\

! j ;--:: ~:;II!':: : '::: I 'l1l ~·.~.11 -:,~ [ _,_ =.-: 
11 .280 ;1 f E ... _. -t0.762 

I I s ... -. I :I IV) I F ..... '1. . 6iH -0. 196t -0. 2741 
1' E ... _ ! -c0.626 I I I \ S----· .9581 

I 
ml

1

! !:::::!,' :~~: -0.048 .1-•·m 'I i 

1 {:E ..... i +0.168 :_\ v
1
f ~::::·! -1o.: +00101--0.152 

i v I i'..... .150 -0.034 -C.C52 ;Ill S----1 766 
I i s. __ .. : .!lO~ I 
'·--- ·-----~--- l__ __ ___ __ ~-- ------~---_!_ _________ L __________ _ 
•The plus (-f ) sign indicates that the automatic bteak precede• the ob11erver'• break. I R<tjeol.00. 
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Difference of persoual equation, mean of thirty transits: 
E. - S. = - 0.010 ± 0.013 
F. - S. = - 0.068 ± O.OlG 
E. - F. = + 0.060 ± 0.017 
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Tbe sign (+)indicates first observer later, that is, giving more chronometer-time tlian the second. 
An apparatus of this kind was taken to Paris by l\lr. Hilgard, in September, 1874, and presentec1 

by Mr. 'l'resca to the Academy of Sciences on ~ovember 8 (Uomptes Rendus, No. lS, vol. 6!1). 
'Ybile the apparatus just tlescribetl sern•s atlmirnlJly tlte purpose of detenniuiug tlie relatiYe 

equation of two olisen·ers vresent at the imme time, it yiehls the almolnte equation only on one line 
in each transit. It cannot, therefore, lie held to satisfy in a sa!licient degree the requirement tlt:lt, 
each observer being furnished with a similar apparatus, observations marlc hy different persons at 
different points should lie made strictly comparable by its means. The writer, therefore, directed 
the construction of another instrument on snlJstantially the same plan, but in which the transit 
o\·er each line should be adjustable, so as to giYe the absolute ll€rs01ial r11 natio11. Assistant U. A. 
Schott kindly undertook the immediate supervision and criticism of the details of constructio11, 
which were, as before, eu~cuted by ]\fr. Suess. 'l'he apparatns fignre1l in t11e plat!', Form ll, was 
the r-esult. It may be briefly described as follows: 

This second form differs from the first in haviug all of it::; tlu·eads adjw;talJk. Otherwise, it if' 
constructed on the same viau as the oue jnst descrilH•1l. 1t is equally portable, anti the electric 
circuits are the same as in the first form. The lamp, as \Yell as the clockwork (not shown in dia
gram) gidng motion to the tuhe, is outRide tlw box. To acljust the instrument, a flue motion i" 
proviclecl for the tube (the clock-work being first thrown out of gear), and the exact bisectiou of 
the image of the star is matle ou the first thread. Sext, the electric break is adjusted to correspond 
to this position by one of the fine setting-screws attached to each of the fl ve contact-pieces, w-hich 
successively come into electric contact witli a well-balaucetl t.ilt-Lammer, which is itself acJjnstable. 
The apparatus being thus adjusted for the finit thread, the others arc, one by one, similarly adjusted. 

• 

l<'ollowing are specimens of ouservatio11s macle with this im;trument: 

Obsen'ai"ions for absalute personal equation . 

l!oasti Survey Office, Janna.rs 4. 1877.-C. A.S.,observer. 

Set l. Set 2. Set 3. SAt 4. Set 5. 

1
1
' App_ I_ Ohs'r. ,.A..-o.i App. I_ Oba"r. A.-o.I ~~J~.-~(;;:;;~=~- App. ,-~~::.~.-0. App. Obs"r. ~~=~ 

\ I I I 1 I 

.I 1-:;1~'1-0.161~~--012!~-2~1~~ -02:1. U.30 ~1 -010 U:i J .. m -O. J."1 

II I 5.351 5.42 .071 4.05 I 4.14 .09 i 5.oi: o.10 .08 4.18 4.21'!. .10 4.9R 

III I 9. 10 : 9. 25 • 15 j 1. h4 1 1. s; . 01 ! s. so : 9. oz . 2'2 1. su 1. 9-0 . . 0.1 e. H 

.':'f.lf: . ~o 
8. ... . 01 

12. 8:! ,;!1 

r:. 3:i -ll. 27 
IV 13.00: 13.15 .15111.75 11.92 • .171 12.72 i l2.9G .2~ 11.66 11.9~" .2G' 12.62 

v I 11.50 I 17.68 ~~ 16.lil I 16.30 ~-2:._i 17.20: 17.47 -0.'.!7 l:i.76 1:>.951-0~· 17.0H 

Mean .......... -o.u.
1 

Mean ........... : -0.10 I Mean ........ -0.2L. }.lean ..•.... \ -0.H ~lean .....•. ~·O.li 

1
1 Set C. Set 7. 

App. j Obs·r. [.A.. -0. App. j Obs'r. 1 .A.-o.-! 
-:-1--1-1-: 

I 0. 31 o. 40 ' -0. 09 o. 12 I o. 12 I -0. 00 i 
II 4. 20 4. 12 I +- 09 3. 96 4. 10 • 14 i 

III 00 l I ' 5. 6. 241 -. 24 7. 63 7. 16 ! . 13 1 
11. 95 12. 18 , 23 11. 50 11. 64 I . H ' 

16. 48 16. oo 1-0. 11'2 16. 05 ts. 12 I -o. 01 ! 
-- I 

Mean .••••••. -0.10 I 

v 
IV 

}(ESl '.L Tl~I; Pli:lt80\'AL l~Ql A'l IO.\ 

l"roru Ret l ................... - . . . . . . . . . - . - . - . - · -- - --

2 .•••....••...... ---········· ·••··•··•·•· ----··-

3 ..... ···········--··--····-··-· ··-·····-··-··-
4 _______ . ·--·· ... --····-··-···-······-···· .••. --

;) ............... -. --· ........ ·--- ---- ....... -. -· .... . 
f). - - - - •. - - - • - •• - •• - - - - - • - • - - - - - - •• - - •••• - ~ - ••. - • 

i ....... -----· .......... ----·. ····· ·-·· .... ··--· .. 

-n·.11 

. 1n 

. 2i 

.lJ 

. l"i 

• JO 

0. 10 

:Aieau---····----------··--··· ·---· ·-····-··- ... o·.14 ± o .. 01 

---'------'------2.1 __ _:_ __ -'------- - ------------ - ------- --

In these observations the chronometer breaks aml the automatic register of the transits appear 
on au ordinary chrouographic sheet. The same chronometer, thrnugh another ci1·cuit, breaks on 
t-he fillet of a Hipp chronograph where are also recorded the obserycr's breaks. 
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In reading off the chronograph sheet and fillet, the chronometer break preceding the first break 
of the apparatus or ouserver is taken to read zero. '.rhe absolute time is of no consequence, and 
this method secures small numbers. The columns heade(l "App." give the readings of the autom1itic 
breaks of the apparatus, aud tlte columns headed •'Obs'r" give the corresponding fillet-readings of 
the observer's breaks. 

The personal e<1uatiou-
A- 0= -11 

indicates the ollsen·er to lJe late of tLe ap11aratus by n secouus. Or since time of A is perfect for 
absolute measures, a negative indicates observer to be late or slow by that amount. 

Observations similar to the above were made on the 3d and 5th of January. Below is a tabular 
statement of the results: , 

Ou serrations for absolute personal equation. 

Coast-Surve_y Office, January, 1877.-C. A. S., obsener. 

·~umber\ 
Observer late of apparatus. 

: of set. 1--~-·-··---

Januar.r 3. January 4. January 5, 

2 

3 

4 

5 

6 

8. 

(') 

l'l 
0, 09 

.13 
,17 

'20 

R. 

0, 14 

.10 

. ~l 

.14 
,17 

.. 
Q, 12 

.13 
.J:"i 

. 15 

.13 

. 10 .10 

j ................... ,., 0.10 I o.~o 

!~an, 0. 15 i O, o~I Mean, o. ~~1-;:n, o. 15:;,-0;-

• Fillet failed. 

ABSTUACT OF PRECEDING OBSERv ATIONS. 

----------- -~---~----

i l ObserYer I 

I
~ No. of sctR: late of i 

observed. ! a Jlparatn s. i 
Date. Probahle 

error. 

, ----1-<37_7_, ___ i _____ ! --.-.. ---i,----
January3 ............. 1 0.15 ±0,016 

Jauuary4 .............. i , .14 .008 
January 5 .............. I 7 I 0.15 ±0. ()(){j 

i----1--------
Mean .............. , .......... .,I 0.147 ±0. 005 

To exbihit more fully the working of the instrument under varied circumstances further obser· 
n1tions, made by Messrs. F. Blake, jr., aml H. \V. Blair, are appendetl. 
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Obsen,ationsfor alHmlute personal equation. 

Coa~t-SurYey Office, January. 1877.-F . .E., jr .• obscrn_·r. 

\
------ -------· 

1 j Obsern:;r late of appara.tuA. 

I N1~rnher l-~of set. ' 
1 j .r annary 9. 

l----1-----

II 

III 

IV 
v 

VI 

VII 
VIII 

IX 
x 

1 
.. 

0. 15 

. 13 

.12 

. 11 

.11 

.11 

.00 

. 10 

. 10 

0. 13 ' 

January 10. : Januar:v 1 L 

-----'------.. .. 
o_ 15 0. 1:1 

.14 .u 

.12 .15 

.13 .13 

.14 .14 

.15 .12 

.13 . 1fl 

.13 .14 

.13 '12 

0.16 0.12 
' I l-----i-----------
1 ' i 0.115 ± o. 004 I o. 13~ ± o. 003 0.129 ± u. 003 
I I 

.ABSTRACT OF PltECEDING OBSERVATIONS. 

Date. 

!STI. 
January 9 ___ . ________ . 

Januar:'t~ 10. 

January 11 

Ubs-erver 
No. of sets, lat.ti of Probable 
obser~ed. 

10 

10 

10 

appara.tn:-. 

.. 
0.115 

_ 138 

0.129 

0, 127 

error. 

.. 
±0.004 

.003 

± 0. 003 

±0.002 

Observations for absolute personal equation. 

Coast-Survey Office, January, 1877.-R. W.B., observer. 

------------------------' 

b ~
-late l 

0 8CrT"er 1 ~ of apparatus. 
Number i +ear "}t 

<>f se~ 1--:;:nuar~-~--1-J:~~:~-;:-1- ~~n~:~; ~.-----
__ ! _______ ---1'----~'-------

.January 26. 

~ L I 8. 

I -o. 11 -0. 04 I -0. 05 

II .03 .06 .03 
III .05 .02 - .08 

IV .05 .05 + .Ol 

+ .01 
-0.05 

(') 

(') 

.05 

.10 

-.02 
• Of 

.02 

.07 

.................. .08 .09 

.................. .10 --0.05 

'· 
-0.08 

- . 08 

+ • O'l 

- .08 

. 01 

- .09 

+ . 03 
- .09 

. 02 

-0. 09 

~r axmar_y '..2ft. 

--------.. 
(t) 

-U.-07 

.O!l 

.07 

.05 

.06 

.03 

.oc 

.U5 

-0.09 

-v 
VI 

VII 

VIII 
IX 
x 

XI 
:xn 

1------............ .12 ................................... ., ................. . 

1~~~1~;~~;;~f=~~~-~:~~- ·-~~--~~~-~-~:~·~·-~-~:·~~~-~·~:~o~-
• F!llet failed. t Chronograph sheet failed. 

H. Ex. 100-21 
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ABSTRACT OF PRECEDING OBSERVATIONS. 

Date. 

1877. 

January2J. __ ·---·--

) Jauuar,:y 24 .....••.•... 
]·January 25, •.•..•• , .•. 

I January 25. _ 

January 29 ....•..••.•. 

hfeu.tL .. 

Obsurvor I [ 
No. of seh late- of i Probablt~ j 

observed. apparatus. I err-0r. ! 

l---1· 
s. I G. ' 

o. 041 i ±0. 001 i 
10 . 073 . . OOG I 

10 . 044 . 005 I 
] 0 . 049 . 010 I 

9 o. os1 .to. 003 I 
-------:----i 
·-·---~~--- 0.054 ! ±0.00~ ! 

-~ -

A careful scrutiny of the above observations shows that the precision of tl1e instrument is quite 
satisfactory, aud t!Jat the variations in the single results are to be ascribed to actual errors of 
observation. It would have been desirable to make the construction such that tlle transits in either 
direction could be obsen·ed consecutively, but the necessary breadth of the non-conducting lines 
requires that the adjustment of the star-breaks he made of either their right or left haucl edges. The 
apparent direction of the transit is, however, readily changed by the use of an inverting eye-piece. 

Bickromat{'. of potaBh batt1Iry (foor cups). 

Carbon cylinder in bichro-
mate of pot.ash : 

Bichromate . -- . . 1 pa.rt. 
Sulpbnric acid.. 2 parts. 
Water .......... 12parta. 

--- -..... 

"-.=il~zo 
~~--=4-~r;=:==~\ 

\ 
\ 
l 
I 

Zinc in diluted sulphuric aeid: 
Water .. __ •. _ ...... - toparti.. 
Sulphuric acid·-···- 1 part. 

The a.hove diagram shows the genera.I arrangement of the various parts of the apparatus upon 
an observing-table, the electric connections, and the battery, which have been found convenient in use. 



 

CORRIGENDA IN APPENDIX No. lH. 

Page. J .. in&. Printed. 

163 ..........••. : 14 from top . . . . . • . . . . • . . practiced ........................... . 
163 ----·-··---·' 24fr·om top··----···--··-----·-----------
164 .............. 4 from top .....••...••.. astronomer royal •.... -. ............ . 
164. . . • . . • . • • • . . 4~ from top . . . . • • • . . • • . . on La.mp east ...... . 
167 -----... .. .. 11 from top . ----· ...... Est.ablisbment 
168 .............. 9 from hottom ..•.. ··-·-·' setcousisting ........ . 
169 ..••..•...•.. S from bottom ...•...... ' reeuits ....•.......•.. 
172 l!ifrombottorn .......... one-half... __ .. . .. 
173 .......•.•.. 10fromtop ............. cribs ...•............................. 
173 .••.....•... 1!'1frombottom ..•...•••. 1 one-half ..•.... 
177 ............. 17fromtop ............ : ................. . 
177 ...•........ , l7 from tup ............. ' !•.74 ..........•................. 
178 .••••••.•.••. ! 30 from top ..........••. ~ "a.lternato-tally.. . . . .......... . 
180 ............ · 9from top .............. · ..................•.. 

~~: :::: :: : :: : :: i ·7·fr-;,·.;,· t.;p•:: ::: .... : : . ::::1 ;.·,:.;i;.;,:;i.~~;."k;·.;~·:::. 
::: : ~:: : : : : : : : : : i . ~ : ~:: ~ : • ~ ~ ~ ~: ~ : : : . ~ ~ : ~ : : • I . • • • .•.•• ' . • • •• • 

Corn·ctiuu. 

practised. 
.AftrPr ''Calai~:· iIIR<'rt ":UaiIH', r. ~.'· 
A:stronomer }\ .. cry::.l 
or I~a.mp Past. · 
~tablJ8RB1Hf'1lf. 
H6t consisting. 
re1=mltg. 
Half. 
coils. 
Half. 
Aft.N' "marked. insert·" h~· th1~ ARtronom0r Tio~:ll. .. 
1".74. 
'"'altnnaW talh·." 
Adtl an~r "57•:130 ± O.O:!'l.' •• Sf'[> note at end." 
1st, tab1P, last c.olumn. 6th line uf fi~nreM. n 1a1l dO.P::I;.!." 
a. relay- breaking. 
7th.10th. andl3tbc.olnmn.\\ T&a•l ''corl'('f'.tion ··for' 'corr-et'tP1\ 
Insert the following not.t': Th<1 ditferC'ncr in time uf tltt-1 

se>f'ral obRerve-r5' dr<nit.Jo1 wa.~ carefully rnt>a:<.uT~d <it1 
each occaRion b:v 1neaus of au arrani.renH~nt for ;;;.t>ndiug 
and recording simnltaneou~ ~igna.ls. 
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APPENDIX No. 18. 

TRANSATLANTIC LONGITUDES. 

FINAL REPORT ON THE DETERMINATION OF 187~, WITH A HE\'IEW OF PREVIOUS DETERMINATIOXS. 
BY J. E. HILGARD, ASSISTA:N"T. 

PART I. 

The determination of the exact longitude of some point in the triangulation of the Coast Survey, 
with reference to the principal observatories of Europe, is one of the most important problems of 
the work; and the various means known to science have been successively brougt1t to bear on its 
solution. 

The Coast Survey Reports from 18-!4 to 1866 show that the metl10ds of moon-culminations, of 
chronometer-transportation, and of lunar occultations have each in turn recei\'Cd a largp, share of 
attention. The latter method, howe,·er, has not yet yielded the fnll results that may be expected 
of it in consequence of the infrequency with which corresponding obser>ations hwrn been obta.ined 
in Europe and America; but it cannot be doubted that, with a suitably organized system of 
observation, the method will eventually give results of great Yalu". 

Upon the successful completion of the Atlantic telegraph-cable from Irelaud to Xewfoumll:wd, 
measures were at once taken to make use of it for the determination of the lougit11de differeucc be
tween the two countries by the "American method" of telegraphic time-signals. This method was 
conceived by Mr. Sears C. \Valkcr, of the Coast Surrny, and first practiced by hiin on the night of 
October 10, 1846, when time-signals were successfully excirnuged oYer a telcgrapb-line which united 
the Observatory at 'Vashington and the Central High School Obsen·atory at Philadelphia. JUr. 
Walker's account of tbis work is published iu the Coast SurYey Heport for 1846, Appendix :Xo. 11. 

The results of the operations between Ireland and Newfoundland, conducted lly Dr. H. A. Gould, 
have beeu given at length in the H.eport for 18G7. Although the longitude value thus obtained 
was far more nearly certain than that of au,\- previous determination, there was still left a larger 
margin of doubt as to its precision than is desiraule in a fundameutal determination. Tliis uncer
tainty, which probably does not exceed a quarter second of time, is due to tlrn fact tliai tlwre "as 
no determination of the personal equation difference between Mr. Dunkin, the Greenwich "stand· 
ard observer," and l\lr. Boutelle, the Coast Survt\Y observer at Calais; aml that while we can 
measure the total time of transmission of signals through the cable aml back agaiu, we are uuahle 
to separate the duration in opposite directions, aud are obliged to assume it to be equal-an 
assumption which may not be exact within a sensible fraction of a second. 

When the laying of the French cable frorn Brest, France, to Duxbury, Mass., afforded an inde
pendent means of verifying the former result b:'j' obserYations under entirely different couditions, 
the opportunity was promptly seized, and the Jon~itude between Brest and Duxburs determined 
by Mr. G. W. Dean, assistant in the Uoast Sarvey, as set forth in the Report for 1870. 

At that time, however, no cable was in operation between Brest and England ; so l\Ir. Dea11 
was unable to carry bis determination direct to the obsen·atory at Greenwich. Such a cable 
haYing been subsequently laid, tbe wanting link in the chain of longitude was supplied during the 
summer of 1872 by the writer, who had temporarily given up the charge of tbe Coast Snn-ey Office 
at Washington in order to bring this much-desired operation to a satisfactor_y conclusion. \Vhile 
re-occupying Brest for that purpose, it was thought !Jest that the expel'iments through the Freuch 
cable should be repeated, with the addition of an intermediate station at St. Pierre, where the long 
cable makes a landing; and Assistant George \V. Dean was placed in charge of the operatious 
on the American side. 

Tbe general plan of the work was to unite at Brest time·signals from St. Pierre, from Green
wich, and from Paris, sent at nearly the same time and compared by means of the Brest chrono-
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graph; and to determine the personal equations of the several observers through oue of them, 
who should observ-c successively with all the rest. This was done by ~lr. Francis Blake, jr., sub
assistant in the Coast Survey, by whom the writer was ably assisted throughout the work. Through 
the kindness and assistauce of Sir George B. Airy, the astronomer royal of England, and of Mr. 
Delaunay, the distinguislrnd director of the Paris observatory, whose lamented death occurred 
while the operations were in progress, and through the generous courtesy of the French Atlantic 
Telegraph Company, and of the Submarine Telegraph Company, the work was brought to a suc
cessful conclusion during the month of September, 1872. 

In the course of these operations the longitude between Paris and Greenwich was determined 
inciuentally in two different ways; first, in July, via Brest, and afterward in September, between 
Greenwich and Paris direct, through the submarine cable via Calais. The two determinations were 
not entirely independent of each other, since the personal-equation difference between l\fr. Blake 
and the Paris observer enters into both; but the near satisfaction of the equation-

Brest- Paris+ Paris-Greenwich+ Greenwich- Brest = o, 
or the closing of that "longitude triangle," must entitle the results obtained to great confidence. 

Before reciting the principal results a brief description will be given of the stations occupied 
and the instruments used during the work. 

SECTION I. 

CAMBRIDGE. 

The Coast Sun·ey station at Cambridge was within the grounds of the Harvard College Ob
servatory, 108 feet-or o~.09G of time-west of the center of the great equatorial dome of the main 
building, to which point our longitudes are usually referred. From the center of the meridian 
circle in the west wing it was 73 feet 5 inches west and 39 feet north. The station is marked by 
the two transit-piers which stand in an east aud west line. They are of granite, dressed to 9 
inches square at the tops, and so placed as to be 3 feet above ground, aJ?.d their outside edges 2 
feet 9 inches apart. They weigh about a ton each. 

The longitude observations at this station were made by 1\Ir. Edwin Smith, of the Coast 
Survey, who used the following instruments: 

C. S. Transit No. 5, wade by Messrs. Troughtou and Simms, of London, and provided with a 
reversing apparatus by JHr. William Wurdemann, chief mecbanician of the Coast Survey at 
"'ashington. 'rhis instrument., which was mounted upon the granite piers before mentioned, has 
an object-glass 2.75 inches in diameter and 46 inches in focal length ; and a diagonal eye-piece of 
which the maguifyirig power i1:1 about ninety. A new glass diaphragm made by Prof. William A. 
Rogers, assistant Harvard College Observatory, was substituted for the usual system of spider
lines. This <liaphragm is of very thin plate· glass, upon which are ruled twenty-five double lines 
in groups of five lines each. Stars are observed when midway between these double lines, which 
are about two tenths of a second of time apart. 

For convenience in recording, each group is designated by a letter and each line by a number. 
This notation will be readily understood by a reference to the accompanying diagram, (Fig. 1), 
which shows the order in which a star crosses the lines at upper culmination when the perforated 
end of the transit axis is to the westward. This position of the transit-instrument is denoted in 
the record by "Lamp west." For the reversed position, on '' Lamp east," the star crosses the 
lines in the inverse order. 

a n n R ~ 
1 2 3 4 5· 1 2 3 4 I> 

Fm. l. 
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There is also a micrometer-thread, which was used in determining the ftexure of the transit
instrument. The observations for this purpose are described in Section Xlll of tliis report. 

The striding-level used bas been attached to the instrument for many years. It is marked 
"Al;" and the value of one division of its scale, as determined with the meridian circle of the 
observatory during the season's work, is 1.02 seconds of arc, or 0.068 seconds of time. 

The transit-observations and longitude-signals were generally recorded upon a" Bond spriug
go>ernor register," which belongs to the observatory, aud is there known as the "north cluono
graph ;" but occasional use was made of the '"west clironograph," a similar instrument, mounted 
in the west wing near the meridian circle, with which it i8 ordinarily userl. These chronogrnphs 
were made by Messrs. \Villiam Bond & Sons, of Boston, and are similar to tbe one fully describerl 
in the Annals of the Astronomical Observatory of Harvard College. (Vol. I, Part I, page xlix.) 

The standard sidernal or "south clock" of the observatory was used throughout the work. 
This clock was made by Frodsham, of London, and is provided with a break-circuit attachment by 
which each second of time is recorded upon the chronograph excepting the zero-second at heginning 
of every minute, which is omitted. 

SECTION II. 

ST. PIERRE. 

The observations a.t St. Pierre were made by Mr. Edward Goodfellow, assistant United 
States Coast Snrvey, aided by Mr . .A. II. Scott. 
· St. Pierre Island is the most southeru and eastern of the three islands composing the 

Miquelon group, off the south coast of Newfoundland, aml just to the westward of the entranct> to 
Placentia Bay. It is about five miles long and from a mile to two miles wide, and consists maiuly 
of a series of rocky ridges, rising abruptly from the sea, with a narrow plat~au at their soutberu 
base upon which the town of St. Pierre is built. 

By permission of the governor of St. Pierre, a site for the temporary observatory was selected 
just outside the town limits, and within a convenient distance from the .French cable office. By 
measurements upon the French .Admiralty Chart No. 303, the station is 2,121.95 meters (l' 811 .7) 
north and 1,331.42 meter::; (l' 2".8) west of Galantry Head Light, the approximate position of 
which is-

Latitude, 460 46' 311 north ; 
Longitude, 560 9' 2" west of Greenwich . 

.After the departure of the Coast Survey party from St. Pierre, Commander W. F. Maxwell, H. 
N., observed for latitude at the pier whicli marks tlw longitude-station. Under llate of St. ,John's, 
N. F., December 9, 1872, he communicated the results of hi!; obsen·ations to l\Ir. Goodfellow as 
follows: 

''The latitude of your observatory I found to be 460 46' 51".!! N., the mean of a number of 
observations of Polaris on the north and ,, Pegasi and P .A.quarii ou the south.'' 

The figures 46° 46' 51" N. have accordingls been adopted for tlle latitude of the Coast Suney 
longitude station at St. Pierre. 

To mark the station-point after the longitude-observations were ftnishcd, a granite slab, 36 by 30 
inches in cross.section and 7 inches thick, w<is set in the ground as a foundation-stone for a granite 
pier. The top of the slab is 14 inches below the surface, and in its center is a copper bolt rnarkiug, 
below the surface, the position of transit center. 

This slab having been well secured iu its position, a granit.e pier was placed upon it in an cxca-
. vation made for the purpose on its upper surface. This pier is 21 by 15 incheo; in cross-section and 
49 inches long, dressed smooth for a distance of 38 inches from the top. In a drill-hole at ceuter 
of rop is inserted a copper bolt! of an inch in diameter and 3 inches long. The intersection of 
two cross-lines cut upon this bolt marks the center of transit-instrument, the point of reference 
for latitude and longitude. 
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The pier projects 35 inches above the surface of the ground, and has on its top the inscription : 

u. s.c.s. 
1872. 

A strong wooden fence, 7 feet squarP, was built around it, and assurances were obtained from 
the government of the island that the inclosure shoul<l be carefully guarded from molestation. 

The Uoa>1t SurYey Transit No. 6 was used at this station. In size and construction it is pre
cisely similar toITransit No. 5, already described in Section I. It was mounted upon two blocks of 
!'leasoned oak, 6 feet long and 10 by 12 inches in cross-section. These blocks were secured firmly 
to each other, at the proper distance, by stroug planking, for a length of 2 feet from the base, so as 
to make a very solid foundation for the inRtrumeut when the whole structure was set up}"ight, with 
its base 33 inches below the surface of the ground: and the space between and around the blocks 
filled with sand and {.!.Tfn·el, well rammed down. 

The value of one division of striding-level marked "B" is 0".86 of arc. 
The reticule consists of twenty-Jhe spider-lines, arranged in groups, or " tallies," of five lines 

each at equatorial intervals of about two and a half seconds of time. 
Fig. 2 shows the s:rstem of notation and the order in which a star cmsses the 1ines at upper 

culmination, lampcwest. 

B. c. D. E. F. 
l 2 3 4 5 12345 12::145 12345 1 2 3 4 5 

Iii l; Ii 11 I I; LI 1

1 ! i I II I I I I I I i j 
11 I ! J. I 'ill± I I 

~~1rrj-·11,;-i--n111 1T ,-1 

FIG. 2. 

There is also a micrometer-thread which \Vas used in making the observations for flexure of 
transit·instrument. These obsernltions were made at Cambridge in connection with the observa
tions for personal equations, and are described in Section XIII. 

The transit-observations and longitmle-siguals were recorded upon a Bond "spring-governor" 
chronograph similar to the one used at Cambridge. This cbronograph was graduated by Frod
sham break-circuit chronometer No. 3462 up to .Tnly 6, when, owing to a defect in the working of 
its break-circuit apparatus, No. 3451, by the same maker, was l'Ubstituted for it. 

For the loau of this chronometer, as well as for the loan of the chronograph, the Uoast Surve~· 
was indebted to Prof. ,loseph "\Vinlock, director of tlw. IIan·ard Collt'ge Observatory. 

In obserdng for time, the stanuard-clock stars of the American Ephemeris werP, preferred; 
but any long intervals in tllat list were filled with ;,tars from the Pulkowa List of 1869. 

Mr. Goodfellow is sw~cially indebted to the Hon. l\f. M. Jackson, CJnited States consul at Hal· 
ifax, for his kinduess in o\)taining permiRsion for the transportation of the Coast Survey party to 
St. Pierre by one of the steamers of the (-luebec and Gulf Ports Steamship Company. 

M. l'Heareax, commandant. of the islands of St. Pierre and Miquelon, extended every facility 
for the establishment of the observatory and mauy personal courtesit>s to the officers of the Jlarty. 

To .!\fr. Gott, manager of the St. Pierre office of the .French Transatlantic Cable Company, 
aud to .Mr. 'Vard, his successor, tlrnnks are dne for the promptnf'ss and friendly co-operation with 
which the arrangements for cable-excbauges were made. The same acknowledgments are due to 
Mr. A. 1\1. Mackay, superiuteudent of the New York, Newfonndlarnl, and London Telegraph Com-. 
pany, at St. John's, N. F., and ro Mr. Ster•henson, chief operat-0r, and Mr. Earle, his assistant, at St. 
Pierre. 

After the longitude-work was finished, through the kindness of Admiral Surville, command
ant-in-chief of the fieet of the Antilles, the Coast Survey instruments wer~ taken to New York on 
board his flag-slnp, the " Minerve." 
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SECTION III. 

BREST. 

The Coast Survey station at Brest was on the Place du Champs de Bataillc, in frout of the 
buildings on the Rue St. Yves, occupied by the Transatlantic Telegraph Cornpa11:r and the GoY
ernment Telegraph of France. A loop ofimmlated copper wire connected it with the cable te8ti11g
room and the goyernme11t office. H waE fomid to he 8.4() 8CCOJH18 of arc sonth aml 0.±-18ecouds of 
time east of the tower of St. r,ouis Clnncb, a point in tile trigonometrical surn·y of France. 

The temporary lmilding erected for an observatory was 13 feet long, 8 feet \Vide, and 9 
feet high. It was divided into two compartments b,\· a trans,·crse pal'tition set 4 feet from the 
western end. 

In the larger compartment C. S. Transit :No. J was mounted upon the granite piers used by 
Mr. Dean in 1869-'70, they having been hronght from the site of his obsenatory within the grounds 
of the Establishment <1es PupilleH de la i\Iari1w. 'l'hiH instrnmeut, which has been used iu the sen
ice for more than twenty years, was made i11 London, l>y .:\'fesHrs. Tronghton & Simms, and is sim
ilar in size and construction to the ones already ment1oued aH badng been used at CamhridgP and 
St. Pierre. It bas a clear aperture of !.l.75 inches, a focal length of 45 inches, anrl a transit axis of 
:!5 inches. It is pro\·ided with a reversing apparatus, by which the position of the perforated piYot 
can be changed in less than half a minute; a striding-leYel witL scalP, one division of which is 
equal to 0.945 seconds of arc; a diagonal eye- piece of a power of about ninety-fl ve; aud two illu
minating lamps placed on small shelves unconnected with the instrument. 

The ol<l system of twenty-ifre spider-lines, in groups of fh·e each, was remm·ed, and in its place 
was substituted a Rogers glass diaphragm. This diaphragm is of nry thin plate-glass, upon which, 
in the space of thirty-four hundredths of an inch, are ruled se\~en groups, or "tallies/' of three 
double lines each, the distance between the double !foes heiug about twelve hundredths of a second 
of time at the equator. The tallies are denoted lly the letters A to G, inclusive, and tbe in<lirid
ual lines by figures 1, 2, and 3. This notation begins at the perforated, or "lamp," end of the transit 
axis, so that when the field is illuminated by the western lamp, the position of the instrument 
designated in the record by "lamp west," a star at upper culmination crosses the lines as shown in 
Fig. 3. 

A. B. c. D. E. F. G. 
1 2 3 1 2 =~ 1 2 3 l 2 3 1 2 3 1 2 3 1 2 3 

*~-.->.1 _____ ____. __ t ____ ,_ -·---·' 

Fm. 3. 

A star is recorded when midway between the double lines, and generally onl.r the tallies B, C, 
D, E, F are used. 

The field is illuminated by light which enters the axis at lamp-end, anrl is reflect.ed down the 
tube by an open metallic ring. Stars of less than the sixth magnitmln cannot be satisfactorily 
observed. 

The Coast Sarvey chronograph, "spring-governor No. 2," made hy Messrs. \Villi am Ilond & 
Sons, of Boston, was placed in the smaller compartment of the observatory, in order that its nois(~ 
while running might not influence the transit-observer. It is similar to tlrn cbronoirraphs trne.d at 
Cambridge and St. Pierre, being provided with a single pen, which describes a continuous spiral upon 
a. sheet of pa.per attached to a revolving drum, and re.cords by offsets the chronometer breaks aud 
observer's signals. 

The chronograph wa.11 gradna.ted by circuit-breaking chronometer " William Bond & Sons, No. 
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380," which was placed in a dry cellar beneath the building occupied by the cable company, and 
connected with the observatory by a loop of insulated- copper wire. 1lfaximum and minimum ther
mometers showed that during the work the temperature of this cel1ar ranged only from 14°.5 to 
170.0 centigrade. The circuit-breaking apparatus of this chronometer consists of an extra wheel, 
attached to the seconds' arbor, the circumference of which is divided into thirty equidistant teeth, 
with a thirty first tooth inserted between the teeth which mark the fifty-eighth and the zero sec
ond. The electric circuit is cJosed by a delicate gold spring secured at one end and resting against 
an adjustable screw at the other. This spring is so placed that in passing it each tooth of the 
extra wheel just described strikes a jewel set in its face, lifting it from the screw and recording a 
break upon the chronograph. Thus the chronographic record of the chronometer before and after 
the beginning of a minute will read-

4' 
------" 

The circuit-breaking apparatus just described is graphically represented in the accompanying 
sketch (Fig. 4) : 

Loc&l circuit. 

Resistance coil. 

To avoid the inconvenience arising from the deflagration of contact surfaces by the spark devel
oped at the break, a branch circuit including a resistance coil is introduced, according to the 
writer's device, bridging the break and permitting the ready passage of the secondary current, 
while the resistance is too great to allow the recording-magnet of the chronograph to be sensibly 
affected. 

It will be obser't'ed that the rate of this chronometer was not only determined by the observations 
made at Brest, but was also checked by daily comparisons with the clocks at Paris and Greenwich. 
Its performance was very satisfactory. 

The local battery used in the observatory consisted at first of three elements of Callot's modi
fication of Daniell's sulphate of copper battery; but on July 9 a battery of six Menotti elements 
was substituted for it. 

A small and very delicate recording-key-made for the observer-was used at the transit 
instrument. 

Only stars from the American Ephemeris were observed at Brest, and it was the aim of the 
observer to obtain each night a full setoonsisting of five time-stars and two circumpolars--one above 
and one below the pole-in ea.ch position of the instrument. By this system it is practicable to 
deduce the azimuthal deviation of the instrument independently for either position, and even to 
arrh·e at a fair value of the collimation when observations have been obtained in but one position. 
Whenever the weather permitted, a second set was observed immediately after the exehange of 
longitude-signals. 

The mayor of Brest, Mr. A. Penqner, afforded facilities for establishing and protecting the station 
on the public square; Mr. G. Amyot, chief inspector of telegraphs in the department of Fin~rre, 
superintended tho construction of the necessary telegraph-lines; Mr. Bureau, manager of the gov-



 

THE UNITED STATES COAST SITRVEY. 169 

ernment office, exerted himself to make the work with Paris sueccssfu1; and l\fr. C. F. ,-arley, 
chief electrician of the French Cable Company, gave most ,·aluable suggestions and a<hice m 
regarrl to the mauipu1atiou of the cable, the free ust~ of wl!ich. for 1011gitudP purposes, was obtained 
through the courtesy of Uapt. R. C. l\Iayue, KN., U. B., managing uirnctor; "'.\Ir. U11mrni11gs, sPer<'
tary; and l\Ir. Halsey and Baron Reuter, directors. 

The peculiarly valuable services of Mr. Thomas Andrews, mamtger of the Brest oftice, are else
where acknowledged. Messrs. Beene, Bi~tts, Urilly, Desd1amps, Kell,v, an<l \Vp!Jster, nH•mhers llf 
the cable-staff, were at >Ill times-under direction of J\:Ir. Audrew,;-assi<lunns i11 thPir exertio·1o; in 
behalf of the work. M:r. Bondro, of the government office, aideil i11 the exchange of time-signals 
with Paris, a.ud Mr. Le Moyne was a faitllful assistant to the party tluougllout the work. 

SECTION IV. 

PARIS. 

The work at the Paris ohserv,ttor_v was carried on under the SU[>en'ision of .:\Ir. LMwy, who 
cordia11y co-operated with the writer throug!10nt the lnugitude determillations. Tb(' clirnnogTaphic 
method of recording tr·ansit-ob;;en'ations, uot tlwn in ordiuary use at tl11• oh;;ernttory, w;is Hllopt<'d 
for the prestmt occasion, and tl1e assistant astronomer, Mr_ lJ. F. Folai11, \rho madP all thP eorTP

spondiug observations, de,oted a fortnight to preliminary practice witb the uew metliod, so as to 
obtain a settled habit of observing:. The larg:c transit-iustrunrnut of th1\ oh:-;en'ltto1·.\'. ·'la ln1u?tl!' 

m6ridiemw," was employed in the work, whi11h was prosecnted with the grf'cttest a1'><itlt1it,Y. Thi• 
instrument was reversed twice ou each night, and t\\'o complete sets of obserYations we1·e made, 
eacl1 set comprising eight stars i11 each position of the im;Lrun1ent, beside circumpol:u·o; antl mi<'.rm11-
eter readings on the meridian mark. 

La lunette meridienne at Paris is 0".12 east of the meridian of France, from which all Joui;ri
tudes are reckoned. 

GR,EENWICH. 

At Greenwich the regular routine of observing was followed, as described in the Greeml""icb 
Observations. The transit-circle ohservtc>rs change in a certain rotat iou, two ob.sern•r;; gP11 t>ra l ly 
determining the cloek-correction each day, their observations being referred tr' a common stalJ(lanl 
by the applica,tion of the personal-eqnation differences derived from the com1mrisons thns obti1i11m1. 

The transit-circle is mounted in the meridiau of Groen wich, from which ;ti l lo11gitmh·s art• 
reckoned. 

The Coast Survey party are spech1ll.v imlel>tecl to Mr. William Ellis, assista11t in the ltscrouoruical 
department of the ohservator.v, who, unuer the direction of the astrono11rnr ro,r<tl, aided tlrnm in 
every way in the prosecution of the longitnrle-work. 

The free use of the Submarine Cable w.~s chPerfully gra.nteu by ~Ir. Stephen .\inlJ. Clare. Hl'Cf('

tary of the company, while i\-Ir. H. U. Fi,;clter, maaager of the Lo11dou Uentr;tl Statiou. arrn11g1· d 
the telegraphic circuit from Greenwich to Paris, and assigner! to the 1>:trty one of his most fairhfol 
and accomplished telegraphists, Mr. W. G. Gould, whose devotion to tlie \Vork desen-1>s Hpecial 
mention. 

A description of the instruments and methods of observing at. each of the' longitude-stations 
having been given, the interchange of time-signals, and the lougittHle resuits deduced then.'from, 
will now be considered. 

SECTION V. 

CAMBRIDGE-ST. PIERRE. 

It was intended that the observations at, aud the exchanges of time-signals between, tl1e ".\ meri
ca.n stations should be as nearly simultaneous with those in Europe as the weather might allow, in 
order that the int;ermediate statit1ns at Brest and St. Pierre should sensibly disappear from the 
det;ermina.tion of the longitude of Cambridge from Greenwich and Paris. 

H. Ex. 100--22 
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Such simultaneous opemtious proved to be impracticable, in consequence of the condition of the 
cables. The long cable between Brest and St. Pierre was working badly and had to be repaired 
before it, was fit for onr use. When this was accomplished, it proved to have a better insulation 
than ever before, and siguals were transmitted with great sharpness; but, mean time, the cable be
tween St. Pierre and Duxbury had been broken, and could not be repaired during the summer, so 
our arrangements were necessarily changed. 

Mr. Dean, who had charge of the American part of the operations, at once proceeded to make 
arrangements for excha11ging time-signals between St. Pierre and Cambridge, via the short cable, 
from St. Pierre to Sydney, 209 miles; thence by the land-lines, Sydney to Picton, :ll4 miles; and 
Pietou to Cam bridge, 666 miles; in all, a through circuit of 1,089 miles, with repeaters at Syduey, 
St. John, :N". B., aud Boston. This part of the work offers no uuusual features, as clock signals 
were exchanged arul automatically registered ou the chrouographt> by the methods ordinarily made 
use of in the long-itude dctermination15 of the Ooast Sun•ey. Time-signals were exchanged on 
seren nights; bnt the determiuatious of the eloek and instrumental corrections at Cambridge on 
July 21 and 23 were so eKtremely weak that the longitude results on tho8c dates, although 
accordant, cannot be allowe~l to intluence the final result. The lotigitmle differences, deduced from 
live nights when gOlid ol>serva.ions were obtained at each station, were as follows: 

Cambridge and St. Pierre, 1872. 

July 28. - - - - . - - - . -
29-··--· -··· ······-··-········ ··········--· .•.••..•.. 

August 1 _ . __ . . __ . . . . . . . .. ___ . _ . . . _ .. __ . __ .. __ . ___ . _ ...... _ . 

6-·-··-···· ............ ····-·······--·-······ ·-···· 
9 •••• - .•.•••••.••••••.•.•.•.•.•••••.•.•••.•.• ····-·· 

Mean observed difference of longitude . _ - • _ •...•. _ - - _ - . _. - . __ . 
Personal equation, Goodfellow-Smith .•...••••..• - .......... - . 

Difference of longitude _____ .•. - _ .. _ - .... - .. - ..• - _ . - . - _. __ - ___ . 

SEOTION VI. 

ST. PIERRE-BREST. 

m. s. 
59 48. 738 

48. 749 
48.833 
48.637 

59 48.805 

8. 

59 48.752 :I: 0.023 
-0.057 :I: 0.011 

59 48.695 :I: o. 025 

The signals sent through the Brest-St. Pierre cable were observed by means of the "Thomson 
Galvanometer," the constmction of which is based upon the ingenious device of Sir William Thom
son, in applying to a delicate galvanometer tbe principle of reflection used by Gauss for heavy mag
nets. A similar instrument, used in the 1866 longitude determinations by Dr. B. A. Gould, is 
described by him as follows in his report on that work, published in the Coast Survey Report of 
1867: . 

"A small mirror, to the back of which is attached a permanent magnet, the joint weight of the 
two being from fiYe to six centigrams, is held by a single fiber above and below, in the center of 
a coil of fine wire which forms part of the galvanic circuit, and its position and sensitiveness are 
regulated by movable bar-magnets placed in the immediate vicinity. Upon the mirror is thrown 
a beam of light through a slit in front of a bright kerosene-lamp, and the deflections of the needle 
are noted by tbe movements of th~ reflected beam, which is reooived upon a strip of white paper. 
The exquisite delicacy of this galvanometer, as well as the electrical excellence of the telegrapb
cables, may readily be appreciated after tile beautiful experiment in which the electricians at Va
lencia and Newfoumlland conversed with each other on a circuit not far from 700 myriameters 
(4,320 statute miles) iu length, formed of the two ca.hies joined at the ends, using a battery com
posed of a percussion gun-cap, a morsel of zinc, and a drop of e.eidnlated water." 

Before leaving Washington, the writer had devised a.ud attended t;o the construction of a key, 
by \Vhich a chronographfo record of signal1:1 sent into the cable oou]d be obtained. This key is sim
ilar to the ordinary cable-key devised by Sir William Thomson, with an a.t.tachment by which the 
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local circuit may be passed through it in such a manner as to be broken at the instant the cable
circui t is closed hy the depres8ion of either spring. It is also susct'ptible of an adj ustmeut hy 
wltich an exact record can be obtained of the time during which tlte c;Lul1•-circuit is clo-;c>rl. It is 
evident, therefore, that all time-signals sent into the cable were accurately recoriled upou the 
chronograph. 

In receiving time--signals from St. Pierre, the observer at Brest, watching- the "spot," or hearn 
of light reflected from the galvauometer, pressed his local break-cireuit key at tile in.~taut lte saw 
it dart to tlte right or left of sca.Ie-center. It is ouvious that the cbrouogrnpllic record in Lliis case 
must be too late uy a certain intet,-al of time depending upon the obsen-er':s personal error in noting; 
the signals; but it will be seen that this personal error was accurate!~· measured and entirely 
eliminated from the longitude Tesult. 

In an_y case, the result would be affected b,y only half the differenc<~ between the pcn;oual errors 
at Brest and St. Pierre; and experience has shown that between most observer;; this tli[(~re11cP is 
very small. 

On Tuesday, .July 9, a preliminary exchange of time-signals was effected between Brest and 
St. Pierre. St. Pierre first sent five-second charges-positive aud neg<lti\'e-for two minutes. 
Brest found that at end of miclt five seconds the llable had so nearly discharged itselt' tlrnt tLe mo
ment of raising key at St. Pierre was not marked by any apparent impnlse to tlrn spot. 8t. l'ipn·e 
then sent a number of two-second charges, hut the discharge attending tlw raising of his key was 
not sharpl~· enough defiued to a1lmit of accurate noting, and Brest lm<l uo confidence iu tlw times 
recorded ou his chronograph. Brest then sent similar signals to St. Pierru, who complained of 
difficulty in distinguishing begiuuing of discharge. 

Brest next requested St. Pierre to send a set of signals cousistiug of alternate positi YP and nega
tiv-e taps (ffCI'S fifth second for two minutes. He did so, and a \'er:y sat1sfactor,Y record of tllt• 
times at wllich spot darted to right or left of scale-center was obtained. 

Brest then sent a similar set to St. Pierre, who remarked that the signals were sharp and easy 
to note. Two more similar sets sent either way finished the night's work. At Bi·est, tl1t•s1• pre
liminary exchanges were carried on in the operating-room of the ca,ble-office, witli the instrnmeuts 
in daily use by the compan,\· (excepting the cable-ke,\- already described) no special attention lwing 
given to resistance of galvanometer, throw of spot, or strength of battery. 

On July 12 the exchanges were made under the same conditions. 
The success of our cable-work on subsequent nights of exchange was due in 110 ,.;mall degreu to 

the kind exertions of :M:r. Thomas Awlrews, sup1~ri11temlent at Brest, who lll't'sonally attended to 
the management of the cable-instrurneuts in our observatory, and by directions to t.ht, superi11tet11:l· 
ent a.t St. Pierre secnred a similar arr,rngoment for the Coast Sun-ey ob-icn·er at that ,.;tatio11. 

Both st:itions worked direetly into cable with batteries of ten )Ienotti Ct'lls, aud recein'd 
through condensers of the same capacity (47 microfarads) and gah·ano1uete1·.-; of tl1e same resist
ance (3,000 ol11ms) and the same magnetic moment. The galvanometer mirrors \H•re sn,,;pemled by 
silk fiber iu clock-oil. 

011 July 13 commnnication was established between the Brest obserratory aud the observatory 
at St. Pierre. During the exchange of a few preliminary signals each ollserYer ad,i11st<•d liis g-alnt· 
nometer-so as to have the spot thrown exact.Iy 150 divisions (about four inches) to right or left of 
zero of scale, which was about thirty-two inches from galvanometer. Immediately thereafter 
although it was raining at both stations, signals were exchanged in accordance witli the following 
programme, which the experimeuts of July 9 and 12 bad proved to be best suited to our wants: 

PROGRAMME FOR CABLE-EXCHANGES. 

At one a. m., Greenwich time, Brest gives threB warning rattles, followed by positiw. tap a1 

beginning of minute; negative at five second;;; positive at ten seconds; antl i;o on uutil twenty-fiYe 
signals have boon sent. Then, after ten seconds' interval, gives three terminal rattles. 

St. Pierre records warning and terminal rattles upon his chronograph, and the instants at 
which spot darts to right or left during intermediate signals. This forms a " set." St. Pierre 
then sends Brest a set; Brest one to St. Pierre; and so on until tbTee sets hin-e l>een seut 
and received at each station. Oa.ble-work for the night is then finished. 
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It will be well to have signals (both sent and n~ceirnd) recorded by single hrmiks upon chrono
graph, as we sllall in no instance be called upon to note the diJ.lcharge of cable. 

Goocl observations were obtained at both stations, an1l time-signals exchanged in acconla nee 
with the abo\·e programme ou five nights, and the results for lougitude deduced therefrom are as 
follows: 

St. Pierre a.n<7 Bre.~t, 1872. 
11. m. s. 

July 14 ........... . 
17 ........... . 
18 ......................................................... . 

3 26 45.272 
45.292 
45.162 
45.327 ~l.... . . . . . . . ............................................... . 

23 ....•....•••........•......••...•.........•..•.•.••. 3 26 45.263 

Tl.le results for longitude deduced from t11e preliminary exchange of July 9 and 12 are as 
follows: 

h.. m. s. 
July 9 ....................•..................................... 3 26 45. 040 

12 ........................................................... 3 26 45. 071 

But, a" has already been stated, IJO special attention was given on tbeise dates to tl.te re8istance 
of gltlvanometer, throw of spot., or strength of batter_v. These results, therefore, cannot fairly be 
allowed to intl1tence the final Longitmle nilue with foll weight. After caref'nl consideration it has 
been tlecit1eu to assign half weight to them, anu to combine them with the tes11lts obtained on the 
other tive tlates, as follows: 

St. Pierre and Brest, 1872. 

h. m. s. 
July 9 ........................................ Weight, 0. 5 3 26 45. 040 

12.. . . . . . . . . . • . . . • • . . . • . . • . . . . . . . . . . . . . . . 0. 5 45. 071 
14......... ..• .. . .. . . . . . .• • . . . . . . . . . .. . .. . 1. 0 45. 272 
17 ........ -..............•......•....•.... 1. 0 45. 292 
18 ..........•.............•............. 1.0 45.162 
21... . . . . . . . . . . . . . . . . - .................. . 1.0 45.327 
:!3 . . . . • . . . . . . • . . . . . . . . . . . • . . . . . . . . ..•.. 1.0 3 26 45.263 

8. 

Mean obsen-ed differeuce of longitude ......... . 
Personal equation, Goodfellow-Blake . . . . . . . . . . . . . . . . . . . • 
One-half difterence personal error in noting cable-signals ..... 

3 26 45. 229 :± 0. 025 
+ 0. 015 ± 0. 009 
+o. 010 :± o. 002 

Difference of longitude . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 3 26 45. 254 :± O. 027 

SEC'.l'ION VII. 

·Plu-tSONAL ERRORS IN NOTING CABLE TJME-SIGNALS. 

Umler this heaJling are hlCluded not only tbe actnal personal errors of the observers in noting 
the signals, as indicated by the deflections of the cable-galvanometBrs, but also the armature-times 
of the g;th•auometers themsel Vl•S. The reasons for thus combining these penmnal errors and 
armature-times are that tbe_y both ba\'e similar effects on tbe results for longitude and wave-time, 
and that, com hined, they were readily snbject.ed to direct measurement of great nicety; while, to 
arrh'e at a tletermination of each Be[)arat.-ly, would have involved experiments for making which 
no suitable inl!truments were at hand. Furthermore, a separate determination would not have 
added tot.lie accuracy of the work iu any particular. 

In this connection it should be noted that the term ''armature-time," as applied to a cable
gah·anometer, is used for convenience to dt>"lignate the interval of time it takes for the magnet of 
the galvanometer, with its attached mirror, to be moved through an arc sufficiently la.r~ to cause 
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a sensible deflection of the reflected spot of liglit. Also, that the term "penmnal error in uotiug 
cable-signals'' is always to be understood as iuclndi11g this arrnatnn•-time. 

The arrangements at Drt>st for cll•termining tlw personal error of )Jr. lllake in uotiug tlie tirne
signals received from St. l'ierre were as follows: 

The governing apparatus of the chronograph was removed so a8 to alio w the drum to revolve 
at its maximum speed. 

The galvanometer was taken from the obst•ryatory to testing-room of cable-otl:icc aud connected 
in a" local-main" circuit with oue ~Ienotti cell ttud the ob.-;cn·atory ca hie-key, and to make the Hignals 
sent with thi8 key 8imi l;ir to th<He r.>eei \"e. l from .,t, Pi0rre tlnring: cable-work, a sh1rnt of 604.6 
units power, and 5,162 units of resistance crib8 were introduced mto the circuit. Sigual8 were then 
sent from the observatory by a;u as;-;istant, at interntl8 of ti Ye 8eeonds, and recorded upon the chro
nograph by l\fr. Blake, with the same chrouograph-kes used by him in receiving the regular cable
signals from St. Pierre. Ti1e local eircnit conuecti11g this ke~- with the chronograph was passed 
through the local connectiims of the cable-key at the ohserTatory in sueh a -wa;r as to be brnkeu at 
the instant a fictitious cable-signal was se11t i11to tlw "loeal-maiu" cireuit h;.- the as.sistant. It is 
obvious that of each sigm1l with the cable-ke.Y there are two records upon the ehrouograph, and 
that the difference between them is au t~xact rneasare of the ol1sern•r's personal error in noting. 

Three sets of obsen·ations were made at Brest wit,l1 the following results: 

I !Jatu_ 
.:\lean solaT 

time. 
Xumhel' of 

signals. Persona] error. 

I 1872. h. ..._ -.~ --

1 July 24 4 30 p. nL.I 44 i 0. 244 

24 10 Op.111 .. 1 44 I 0.230 
~;; _ ____ 4 Oll- m.. H I 0.239 

Mean personal error of Blake ...••• , ... 0.233 ,c 0. 00• 

At St. Pierre similar arraugcments were made by J\fr. Goodfellow, who determined bis abso
lute personal error in noting signals on ,July 26, 27, 29, and 30. The final value deduced from 1,090 
signals noted by him is-

8. s. 

Mean personal error of Goodfellow 0. 259 ::!:: o. 002 

Personal error of Blake .....•.. , • . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 0. 238 ± 0. 004 
Personal error of Goodfellow. . . . . • • . . . . . • . . . . - - . . . . . . . . . . . . . . . . O. 259 ± o. 002 

Sum ......... . 
Difference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......• 
One-half difference . . . . . . . . . ..... -............... _ .......... . 

SECTION VIII. 

WAVE-Tll\IE OF CABLE-SIGXALS . . 

0. 497 ± o. 004 
0.021±0.004 
0. 010 ± o. 002 

No special observations were made for the ptll'pose of determining- the velocity of transmis;o;ion, 
or" wave-time," of signals through the cable; but the resnlts therefor incidentally derluce<l from 
the time signals exchanged for longitade are entitled to great weight, since the arrangem(•ntl" at. 
each station (page 171) were !';Ucb as to immre, as near!.'· as possihle, the same velocity for signals 
sent from east to west and 11ice 11ersa. 

In cable-work, as is well known, the difference bet.ween the longitudes n~sulting from time
signals sent in each direction is equal to the snm of the aetnal \Ya VP-times of the 8ignals t.hfln1seh·es, 
plus the sum of the armature-times of the galvanometers, plus the snrn of any w~rsonal errors in 
noting the signals a~ indicated by the deflections of the gaJrnnometers. 

A consideration of the arrangements for exchanging cable time-signalt>, as described in Section 
VI, shows that the armature-times of the recording chronographs, wbether equal or unequal, could 
ha.ve no effoot on their apparent or actual wave-times. 
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The excess of west-east over east-west longitudes, as deduced from twenty-two sets of cable 
time-signals exchanged on seven nigllts, is given in the following taule: 

Wave-time of cable-signals. 

Date. 

--- ----

1s12. I 
.July 9 I 

9 II 
12 I 
12 II 
12 JTI 
H I 
14 II 
14 III 
H IV 
17 I 
17 II 
17 m 
18 I 
18 II 
tB m 
21 I 

21 II 
21 III 
23 I 

23 II 
23 Ill 
23 IV 

l 
Number of 

signals in 
set. 

--

17 16 

23 25 

25 23 

25 22 

24 2J 
I 

24 25 
25 2S 

23 24 

25 
: 

7 
! 

23 24 

24 24 

25 25 
25 25 
24 24 

24 I 25 
25 23 

24 24 

24 24 

19 19 

25 2'l 
19 24 

23 23 
I 

l 

,_ 
1.2M 
1. 232 

1. 237 

1. 204 

1.2-00 

1.237 

1.199 

1. 220 

1. 242 

1.210 

1.198 

1.141 

1.187 

1.155 

1.131 

1. 212 

1.174 

1. 163 

1.183 

1. 191 

1. l!r~ 
1. 211 

I 
I 
I 
I 
I 
I 
I 

I 
I 

Daily 
meruJ.. 

.. 
1. 249 

"' 1. 214 

I -1.224 

I 
I 

1. 183 

1.158 

1. 183;; 

I 1.194 

I • I Mean of 22 sets .................... 1. i99 ± 0. 005 

Assuming the wave-timeH in either direction to be equal, this mean difference of 1°.199 ::!: 0°.005 
between the west-east and east-west longitude results, represents double the wa"·e-time of a signal 
through the cable, plns the sum of the armature-timeil of the galvanometers, plus the sum of the 
personal errors in noting tlie Rignals at either end. 

These armature-times and personal errors combined, as shown in Section VII, were subjected 
to exact measurement and found to be o•.259 :::!:: o•.002 and OS.238 ::!: o•.004 for Messrs. Goodfellow 
and Blake respectively. Deducting their sum, 0•.497 ±0•.004 from tl1e mean difference, l8.l99 ::!: o•.005, 
we bave o•.702 ::!: o•.006 for the double, or its balf, OS.351 ::!: o•.003 for the aetual wave-time of a. sig
nal through tbe cable from Brest to St. Pierre. 

The following data relating to the Brest-St. Pierre cable were kindly furnished by Mr. George 
C. Ward, manager at St. Pierre: 

Length of caule, Brest to St. PieITe, 2,584 knots (1 knot= 6,987 feet). Weight per knot of 
gntta-percba, 4QO pounds; diameter, in thousanuths of an inch, or mills, 470; mean resistance (at 
240 Cent.) per kuot, in megohms, 235. Weight per knot of copper conductor, 400 pounds; diame
ter, in mills, 168; re8istance per knot, in ohmH, 3.16; specific conducting power, compared with pure 
copper at 100, 94.:13; electro-static capacity per knot, in microfarads, 0.4295. 

Resistance of galvanometers used in exchanging longitude and personal-error signals, 3,000 
ob ms each. Galvanometer mirrors suspended by silk fiber iu clock-oil. Battery on first two nights 
of exchange consisted of 30 Dauiells cells; ou last five nights of 10 Menotti cells. The relative 
elootro•motive forces of a single Daniella and Menotti cell were 35 and 25 respecti'\"fily. 
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SECTION IX. 

BREST-PARIS AND BREST-GREENWICH. 

The Brest cllronometcr was compared with the clocks at Paris and Greenwich by means ot' arbi
trary signals sent over the line and recorded on the cl1ronograpb at each station. These signals 
were sent for five minutes at approximate intervals of five seconds, the inter>als being purpoi;ely 
varied so as to give different fractional readings. 

At 11 o'clock p. m., Greenwich l.Jegan sending to Brest; then Brest sent to Greenwich ; next 
Brest to Paris ; and finally Paris to Brest. 

Between Greenwich and Brest but one series of signals was exchanged on each night, as the 
free use of the cable could not be granted for more than ten minutes. Between Brest and P~tris, 
however, a wire was placed at the disposal or the party from 8 o'clock p. m. for the night; and 
generally two series of exchanges were obtained. 

Both Greenwich aml Paris worked with the local circuit open, recording" makes"; while Brest 
worked with a closed local circuit, recording "breaks." To ob\"iate this difficulty, while exchang
ing time.signals, the local circuit at Brest was passed through the local connections of a l\for8e 
recorder at1d the insulated end of a ~Iorse key, in such a manner as to be broken at the instant the 
main circuit between Greenwich and Paris was closed. 

Fig. 5 shows the connections for recording time-signals received from Greenwich or Paris on 
the Brest chronogrnph. The screw A carrie.; a spiral spring, which supports the armature B and 
causes it to bear agaiast screw 0. A. make-circuit signal arriYing from the sending station passes 
through bobbins D and attracts the a~·~'iature B, thus breaking the local circuit at screw C. 

A 

.Loca:l Grc:uib ST 

Fw. 5. 

Fig. 6 shows the connections for recording on the Brest chronograph timc-si gnals sent to 
Greenwich or Paris. A bit of insulated copper wire, ,V, was passed through the end of b~r Band 
adjusted so as to bear on plate L when the ke.v .ms <tt rest. The main circuit was attached iu the 
usual way, so th~t when the bar B was depresse(l at P tile main circuit was closed at. N and tile 
local circuit broken at L. Iu sending time-signals the bar was depressed b;y a sharp, quick blow 
and the pass from S to N did not exceed five hundredths of an inch. 

Looal circuit. 
·-------- ...... 

p 

B 

Local circuit. 
-<----__) 

Ma.in circuit. Ma.in circuit. 
~ --- ---------- ---------~-

FIG, 6. 
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With Paris, time-signals were exchanged on nine nights, the resulting difference~ of longitude 
being as follows: 

Brest and Paris, 1872. 
m. 8. 

July 1 ........•..............................•...... 27 18.228 
3 ................... ·······················-··-····-- 18.268 
4 .......••.•......•.••..........•..•... - . - .........••• 18.188 
5 ........... - ....... - ................... - ........... . 18.314 
9 .................................................... . 18.360 

19 ...................•........... - ................... . 18.190 
20 .......................... ., ..................... . 18.336 
21 ...........•.•.•........... ··-··· .... ·············-·· 18.206 
22 ....... ·····-··-·············-··········-·-········· 18.162 

11. 

Mean observed difference of longitntle ....................... . 27 18.250 ± 0.016 
Personal equation Blake-l!'olain .. _ .............. _ .......... . -0.041 ± 0.034 

Difference of longitude .. _ ·.. . . . . . . . . . . . . . . . . . . . . . . 27 18. ~O!I ± 0. 038 

With Greenwich, time-signals Wt-'re exclrnuged ou :five uights, the resulting differences of longi
tude being as follows : 

Brest and Greenu:foh, 1872. 
m. 8. 

July l ......••.•..........•..• _. .......................... 17 57.146 
3 ......•......•...............•.......•. - . . . . . . . . . . . . . 57. 12::1 
4 .•................ - .... .- ................••........ - - . 57. 118 
5 ....•.•.•..•...•...... - ....•.•.... - .... - . . . • . . • . . . . . . 57. 054 

11 ••...••........•.. - . . . • . . • . . . • . . • . . . . . . • • • • . . . . . • . . . . 57. 026 
B. 

Mean observed difference oflongitude ......................... 17 57.093 ± 0.015 
Personal equation, Blake-Greenwich standard observer . . . . . • +o. 061 ::!:: 0. 016 

Difference of longitude . . . . . . . . . . . • . . . . . . . . • . . . . . . . • . . . . . . . . 17 57. 154 ± 0. 022 

SECTION X. 

PERSONAL EQUATION, BT_;AKE-FOLAI~. 

As soon as the observations at Brest were finished, Mr. Blake transported bis instruments to 
Paris and mounted the transit upon a pier wbjch had been constructed for the pnrpose. This pier 
was in the garden to the sot1thw;ud of the National Observatory, exactly 1.40 meters (0•.005) west 
and about. 30 meters sontb of the lunette nuJl'idienne used by the Paris observer during the 
exchanges with Brest. The circuit-breaking chronometer was placed in a cellar beneat.h the 
observatory, and the chronograph in a separate building. 

Messrs. Folain and Blake then determiued the time with their own instrumentR after their own 
methods, and compared their time-keepers hy the met.hod used between Paris and Brest, thus 
obtaining a personal-equat.iou di tl'erence which included all peculiarities that might have arisen 
from instrumental causes. 

Parm, 1872. s . 
.August 16 ......................... _ ......•... ~ . . . Blake west of Folain, - 0. 138 

17 .....••. _ .•........ - . - ... - ...... _ .. _. _. Blake west of Folain, + 0. 070 
18 .....•.•.•••..........................•. Blake west of Folain, + 0.168 
19. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . Blake west of Folain, + 0. 073 
20 .••••••••••.•....•••.... - .•.•.....•.•.•. Blake west of Fola.in, + O. 055 

8. 

Meal). .•....•••.•..•••.........•.. Blake west of Folain, + 0. 046 ± 0. 034 
.Actual difference ..•.•••....•.... Blake west of Folain, - 0. 005 

8. 

Persona.1-equa.tion difference, Blake west of Folain .•..•• 0. 041 ± o. 034 
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The finally adopted personal-cquation'difference being-
Blake west of Folain, o•. 041. ± 0". 034. 

It is ob,·ions that an observed difference of longitude between these two ollsen·ers 111 ust be 
iiwreas<'d or d.imini8lierl according as Blake occupies the eastern or 1ce8tern Rtation. 

SECTION XI. 
PEHSOX AL EQUA TIO:N, BLAKE .AXD GHEEN\YICil SI'AXDAHD OBSElffEl~, ASD 

LOXGITUDE, GREEXWICH-PARIS. 

Aftt•r ti u i8hing the personal-e!jUation ohsen'ations at Paris, :\fr. Blake went to Greenwich for the 
purpose of comparing !Jis personal equatim1 with that of the Greenwich obsen·ers. His transit
instrument was 1nounte<l in a temporary obsen·atory upon a pier which had been erected for the 
purpose by onh~r of the astrouomcr royal. Tlrn ehronograph was placed in an adjacent lmillliug 
and the circuit-hreakin~ chronometer found a secure resting-place beRide the Greenwich standard 
sidereal clock in the cellar of the lrnilding used as a magnetic observatory. 

These arrn11geme11t8 having heen made, ::\Ir. Blake again observed in his accustomed way, com
paring his time-keeper telegrapliically with the Greeu wich clock, a1Hl likewise with the clock at 
l'aris, where )Ir. Folain was still keeping up his corresponding ol.Jsen·ations. 

TLe site of the Coao;t SurYey transit-pier at Greenwich has since been marke11 lJy a slab of 
marble bearing the im;cription: 

JJILGAHD. 
lt is 0".HiO \YPst a11d P. 7 ±south of the Greenwich tra11sit-circle whiclJ is mounted in the meridian 

of Greenwich, from which all lougitntles are reckoned. 
Following is a list of the Greenwich obser,·ers who were. engaged in the longitude-work~ )lr. 

Oris\"IOick being tlrn "standar<l observer" to whom t!Je obseryations of all the others were referred: 
Mr. George Stickland Cris wick . . . ...................•......••.. Signature, St'd. 
l\Ir. \\,!illiatn Ellis ..... _ .. ,. .............................................................. ~ ~' 1~. 

::\Ir. "\Villiam Thynne J,ynu . . • . . . . . . . ...................•. _..... " I ... 
)ir:JaniesUarpeuter........................ .............................................. 4

' .J.C. 
~Ir. llenry James Carpenter ...... ~........................................................... '' II. U. 
Mr. Joseph PS·k Potts . . . . - ........... , . . . . . . . . . . . . . . . • . . . . . . . " P. 
l\Ir. Charles ..t\ugnRtus J enkius .. .. .. .. .. . .. . .. .. .. . .. .. . .. .. .. .. .. .. .. .. . .. .. .. .. . .. . .. .. . '" tl. 

Mr. Uriswick, }[r. Ellis, Mr. Lyuu, and l\Ir. James Uarpenter were the assistauts iu the astro· 
uomical depart11H'11t of the ot8ervatory, wl10 generally obsen·ed with the transit-circle; while 
occasional obsern1tioua were nHHlc by l\Ir. ll . . J. Carpent('r, l\fr. Potts, an<l l\fr. ,Jenkins, w!Jo were 
employed as computers i11 t!Je obsern1tory. 

Tbe resnl ts for per:;;onal-equation differences deduced from uine uights' work were as follows: 

Gt·eenu:icll, 1872. 
8 • 

.Augnst 28, Bia ke east of Greenwie!J standard obsener ... _ .. _ .. ___ .. 0. 238 

,, 30, " " " " " .. - - .. - ... - .. - 0. 306 
,, 31, " " ,, " ,, ...... -·· - .... 0.290 

September ~~, " '' " '' '' ... __ ......... 0. IGO 

" 4, '· " " 
" 5, " " 
" fl, " '' 
" 7, " " " ,, \), .. " " 

" .. 
" "' 
" " 
" " 
" " 

--

. . -· 
--

-

0. '..?86 
0.183 
0. 120 
0.150 
0.258 

'· 
l\feau, Blake east of Greenwich standard ousern>r .. _. _ ... _ ....... - _ .. 0. 221 ± 0. 016 
Actual difference, Blake east of' Greenwich sta.rnlard obsen·er .. - - .. - .. 0. 160 

8. 

PersonaJ.t•quation differe11cf.', Blake east of Greeuwid1 standard ohsPrver, O. OGL :±: 0. Olli 
II. Ex. 100--23 
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The tinally-adoptell personal-equation difference being-
Blake east of Greenwich standard observer, 0'.061 ± 0".016, 

it is oln-ious that au obser\·ed difference of longitude betwem1 these two ob8e1Ters must be 
dimini.~hcd or increrr8crl according as Blake occupies the eastern or 1cc.~tcni station. 

Tlle longitude results deduced from time-signals exchanged oa fi\·e nights with Paris are as 
follows: 

Gt·ccml'ich an1l Paris, 1872. 

ui. B. 

August 28 ••. - ........••...•.. - . . . • . . . . • • . • . • • • . . . . 9 
31 ....... - - - ............... - ............... . 

September 7.·--··· .... ···------··--· ------ ·--··· ---··· 
!) •. - ••.•••.••• ' ..•••.••••.. - .•••.•.•.•••••• 

10 .• - . • . . . . ......••... - .................. . 

l\Ieau obser>ecl difforence of longitude . . . . . . . .... _ ....... 9 
Personal equation, Blake-Folain ........ __ ........ _ ..... . 
l~Ptl uctiou of Coast Sun·e,y transit to Greenwich transit-circle, 

Difforeuce of longitude - .........••............ - . . . . . . . . . !I 

SEC'l'ION XII. 

21.02± 
20.980 
21.066 
20. 929 
:!1. 004 

8. 

21. 001 ± 0. 016 
- o.o-tt ± o.m-t 
+ 0.160 

8. 

21. 120 ± 0.038 

l'BHSOS.\L EltUATIONS OF COAST SURVEY OBSEHVEUS. 

l\lr. lllakc returned to the 'Gnitetl States late in September, and during tbe following month 
joined Messrs. Goodfellow anti S;nith at Cambridge, and made with them an extended series of 
personal-equation observations. 

Tbree piers were coustrnctrnl in l\lr. 8mith's observatory, permitting the three transit-instru
ment8 used iu the longitude-work to be mounted in the same meridian at oue time. Th,e personal 
equations \\'ere then compared by each observer determining the time with his own instrument, in 
his accustomed manner, using the same stars. 

Each obsen·er recorded llis observations upon his own chronograpl1, lmt the .tbree ehrono
grapliis were gra(luated by the 1-1ame clock through a suitably-arranged rela;y. The different systems 
of lines with which the trarniit-instruments were proYided, as well as the fact that no two of the 
obser\·ers could work with a common focus, prevented a satisfactory determination of the personal 
l:'q nations by the ••alternate-tally" method. 

The resnlts obtained from six nights' work IJy the method just described are as follows: 

Goodfellow, Blake, and Smith. 

-~~~---- S. - B. l_G_.-_s_. _r_G._-_B._: 

1872. •. I 
October 19. __ . -0. 005 I 

21.._ .. ___ -0.063 

28.. •••••. -0.-052 I 
- 29-······-

11· [+0.113] 
J'iovemberl........ -0.075 ; 

2--------1 [+0.151], 

s. I .. 
+o. 004 

I 
-0.001 

+0.069 +0.006 

+0.071 +0.0l9 

r--0. 0041 I +0.049 

+o. 057 I -0.0LB 

[-0.084J +o. 001 

The results for (S. - B.) and (G. - S.) on October 20 are rejected on account of their great diffor
euce from tlie mean, aul1 the similar results on November 2 are rejected because on that date .Mr. 
Smith obsen·el1 w!Iilc suffering from a very severe hea<lach~. After making thPse rejections, the 
rirnan values with tlieir probable errors are-

8. 8. 

(S. - Il.) - 0.049 ± 0.010 
(G. - S.) + 0.050 ± 0.011 
(G. - B.) + 0.020 ± 0.009 
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These \•alues fail to satisfy the equation (S. - ll.) + (G. - S.) - (G. - B.) = 0 lly 0'.0J!l, wltieh 
have ooen arbitradly dfritled and applied as corrections to the obseryed Yalues, as follows: 

8. s. ·"· 
(S. - B.) Observed \"alue, - 0.0-!!l; correction,+ 0.007; adopted value, - 0.01::!. 
(G. - S.) Obsen"ed value, + 0.050; correction, + 0.007; adopted value, + 0.0.Ji. 
(G· - B.) Observed value, + 0.020; correction, - 0.005; adopted value, + 0.015. 

To render obvious the application of tbese personal-equation differellcPs to tl1e lo11g-itn111> 
results, they are stated as follows: 

s. .'5. 

"Blake puts himself east of 8mith. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.012 ± 0.01 o 
Smith puts hiruself west of Goodfellow ..•........................... 0.0::ii ± 0.011 
Blake puts himself west of Goodfellow .............................. O.Olti :::L 0.00!1 

SECTION XIII. 

OBSEiffATIONS FOH FLEXGI.m OF TIL\.NSIT AXE'3. 

'Vhile the tliree kansit instruments of the American observers were mom1ted iu the- sanH' 
meridian, as described in the precedillg section, advantage was taken of tl1e upportu11ir.Y tLtn,o; 
afforded of testing tliern as to flexure of their axes. This was done by comparin.-.; iu each the line 
of collimation as indicated by reversals, right and left, with that resulting from rernldng- it about 
its axis, using the two other instruments as collimators, each beillg in turn placed in the milltll!'. 

The collimation resultiug from the obser.-ation of circumpolar stars in the directaml rPn'r>a-11 
positions was like"l>ise compared with that from re,·ersal iu the lwrizontal dirPt~tinn or till' t1·k

scope, using the adjoining one as a mark. 
The results showed that there were no sensible inequalities of flexure in the instrumcuts. 

SECTION XIV. 

FINAL DISCUSSION OF THE RESULT FOR LOXGITUDE IHFFERE:\CES
BREST, GREE:XWICil, AND PAIW:3. 

The direct results correr.ted for personal eqiiation, with their probable errors, are as follow.~: 

11.L 8. Fl. 

Brest - Green wid1 ........... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 57 .1.'i--1- l: 0.02:.? 
Greenwich - Paris _ . _. __ . _. _ .... __ ...... _ ... _ _ __ . _ ... __ . 9 21.130 :l: OJn,-; 
Bres.t - Paris. . . . . . .... _ ... _ .. _ ..... _ ...................... _ _ 2 i 18.'.!0!l :l: o.o;;s 

The longitude of tlie "Tour de St. Louis," at Brest, from the " mel'idiau of Fra11et•" (t l1P 
center of the Paris Observator_y) was determined telegraphically in lSG;;, nude!' the dirpdi011 of 
Mr. Le Verrier, and found to he 2i111 18'.4!1. To reduce this result to onr owu points of refcre11cP 
we must add o•.12 at Paris and deduct osA-! at Brest, therel>_y obtaining !!7 111 18'.li as a sreoncl aml 
independent determination of the longitude of the Uoast 8urvey tmnsit at Brest from tlrn lunctil' 
mfridienne of toe Paris Obsen·ator_y. 'l'he elaborate observations and compntatio11s from whii·li 
this result is derh·ed are publislied in full iu the "Annale.~ de l'Obsaratoirc de l'aris,'' YIII, lStiti, 

p. 279. Assuming its probable Arr<H' to be_ the same as that or our own result, we han•-
m. f'. j;, 

Brest- Paris, 1863 . . . . . . . . . . . . . . . . . . . . . • ............... _ . • . 27 lS.170 ±: o.o:-;s 
Brest - Paris, 1872 .......... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2i 18.209 ± O.o;;s 

Brest- Paris, mean ..... _ ...... , •................. _ ... _ .... _ !!i 18.l!JO l: 0.0:.:7 

•The adoption of this value seemR to be further jnstitied by the results of stiusequeut determiuat iolls of 1 h<' 1wr
sonal-equa.tion differences between Messrs. Blake and Smit-h. Ohsen·atio11s for thi~ pnrpoMe wercrnatlc tluriu;.: :-;,"·eui-
ber, 187:1, ancl ,Jauaary aUtl Feurnary, 1877, with tbe following results: s. 

1873, Blake east of Smith ••••...• -··· .•..•• 0.070 
1877, Blake east of Smith ••.•..••..•••..... O.O;J(; 
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Iu the'' longitude triangle," Brest, Greenwicb, and Paris, we now llavc-

111. H. 8. Weight. 

Brest - Greenwich .......... 17 57.154 ± 0.0:3:3 10 
Greenwich-Paris.......... ~l 21.120 ± 0.038 7 
Brest - Paris ............... 27 1 S.HJO ± 0.027 9 

which values do uot satisfy the equation-
nrest- Paris+ Paris-Greeuwich + Greenwich-Brest=O 

by 08.084. Distributing this residual among the three Yalu es, with due regar1l to \H•ights, we obtain 
the most probable Yttlues that cau- finally be assigned, as follows: 

1n. s. a. 
Brest - Greenwicll.. . . . . . . . . 17 57 .130 ± 0.022 
Greenwich-Paris.......... 9 21.086 ± 0.038 
Brest - Paris . . . . . . . . . . . . . 21 18.21G c±: 0.027 

SECTION XV. 

FINAL C0:3IBINATIONS 01~ THE LONGITUDE DIFFERE:::-IC-1ES DEDGUED FltOM TIIE 
OBSERVATIONS OF 1872, 1870, AND 186U. 

The several links of the 1872 chains of longitudes are presented for con\·enience in the follow
ing order, corrected for personal equation. 

(1) Cambridge transit, 1872, west of St. Pierre tram;it ........ , 
(2) St. Pierre transit west of Brest transit, 1872 .............. . 
(3) Brest transit, 1872, west of Gret>nwich transit-circle ....... . 
(!) Brest transit, 1872, west of Paris lunettc rneridienne ........ . 
(5) Greenwich transit-circle west of Paris lunette rnfridiemic . .. . 
(6) Cambridge transit, 1872, west of Harvard Ooservatory dome, 
(7) St. Pierre transit east or west of St. Pierre longitudr-station, 
(8) Drest transit, 18721 east of Tour de St. Louis .•.••• ....•...•• 
(9) Greenwich transit-circle east or west of Greenwicll merhlian, 

(10) Paris lunette 111eridienne east of the meridiau of France ...•. 

7<. m. B. s. 
0 59 48.695 ± 0.025 
:~ 2u 45.254 ± 0.024 

17 57.130 ± 0.02:3 
27 18.216 ± 0.027 
9 .21.086 ± 0.038 

0.091J ± 0.000 
0.000 
0.440 ± 0.000 
0.000 
0.120 ± 0.000 

Combining (5), (9), and (10), we ha\-e Greenwich (meridian) west of Paris (meridian of 
France) gm, 20•.!!(;6 ± 0'.038. 

Combining (~{), (8), and (U), we lun-e llrest (Tour de 8t. Loufa) west of Greenwich (mericlittn), 
17m 57•.570 ± 0".022. 

Combining (4), (8), aud (HI), we ham llrc;;t ('!'our de St. Louis) west of Paris (meridian of 
!<'ranee) 27m, 18•.536 ± 0".27. 

Combining (2), (3), (7), and (!!), we haYe l:;t. Pierre (longitude-statio11) west of Greenwich 
(meridian), 3h 44111 42".38! ± 0".035. 

Com hiniug (2), ( 4), (7 ), aud (10), we have St. Pierre (longitmle-statiou) \Hst of Paris (meri· 
diau of France), 31i 54m 3".350 ± 0'.038. 

·combining (1), (2), (3), (6), and (9), we have Camlnillge (Ilarvard Obserrntory 1lornc) wct1t of 
Greenwich (meridian), 4h 44m 30•.983 ± o•.043. 

Combining (l ), (2), (4), t_G), and (10), we have Cambridge (Harmrd Observatory dome) west of 
Paris (meridian of France), 411 53m 5!8.9-19 ± o•.046. 

The lou~itudc of CamLridge from Gree1n\'ich, a8 determine(} by the operatious of' 1 grn, is 
obtained b~' the following combination : 

/1. "'- 8. 

Cambridge transit, 1870-Duxbury transit..... . _ ................. 0 
Reduction of Cambridge transit, 1870 to Harvard Observatory dome .. 
Duxbury transit-Brest transit, 1870 ......••..•.......•........... 4 
Heduction of Brest transit, 1870, to Brest trausit, 1872 ........•..... 
Brest trausit, 1812-Greenwicb (meridian) ..............•........... 

1 50.23 ± 0.02 
- 0.04 ± 0.00 

24 42.87 ::!:: 0.05 
+ 0. 79 ::!:: 0.{JO 

17 57.13 ± 0.02 

Cambrhlge (Ran·ard Observatory dome)-Greenwicb (meridian) .... 4 44 30.98 ± O.O(l 
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The figures for Cambridge - Duxbury and Duxbury - Brest are taken from No. XYI, Memoirs 
of the American Academy, Cambridge, 1873, by Prof .• Toseph I .. ()vering, who bad charge of the 
eomputat,ious. By reference to that publication, it will be seen that rluring the 1870 longitude. 
work the ends of the two cables were joined at St. Pierre, hy bringing their sen•ral co11cle11sers into 
contact, and that the cable time-signals were then exchanged directly between Brest and Duxbury. 
The method of transmission was thus quite different from that employed in 1872, and the close 
agreement of results can only be held as dissipating all doubt as to the sensible equality of the 
transmission or wave-time of signals sent in opposite directions. 

\Ve will finally consider the longitude of Cambridge from Greenwich, as d11termined through 
the Ireland-Newfoundland cables in 1866, by Dr. B. A. Gould. A full account of his operations 
is published in the united States Coast Survey He.port for 1867, and also iu Vol. XVI of the Smith
sonian Contributions. The results there given lack one link of being complete, and that is the 
difterence of personal equation between Mosman, the observer at Foilhommerum, and the standard 
observer at Greenwich. This defect we have ende:cwored to supply, as far as is practicable after 
the lapse of some .Years, through the pen-onal-eqnation differences between Messrs. Mosman, Blake, 
aud the Greenwich observers, in the following manner: The well-ascertained equation between 
Blake and Mosman is that Blake places himself o•.09 west of Mosman. Blake, moreover, places 
himself o•.06 east of the present Greenwich standard obser\'er (Cris wick), who, in turn, places him
self o•.11 west of the standard observer of 1867 (Dunkin). Hence we deduce that l'\fosman placed 
himself o•.04 east of Dunkin, and the former difference of longitude between Greenwicll and Foil
hommerum must be increased by that amount. 

The figures given in the publications above referred to require some other corrections in con
sequence of the personal-equation corrections having been applied with the wrong sign. \Ve 
therefore recite the s~veral links of the combination, as follows: 

h. m. 8. 

1851, Cambridge (Harvard Observatory dome) - Bangor ... _ ......... . 0 9 23.0G 
1857, Bangor-Calais ............. _ .......• _... . ............. . 6 o.:n 
1866, Calais - Heart's Content- ... _ ... _ . . ... _ . . . . . . . . . . . . ..... __ . 55 37.97 
1866, Heart's Content - Foilbommerum ..... _ _ .... _... _. _ .. _. _ .. . 2 51 56.32 
1866, Foilhommerum - Greenwich (meridiau) ....................... . 41 33.33 

------
Cambridge (Harvard Observatory dome)-Greenwich (meridian) ..•... 4 44 30.99 

Considering the number of separate determinations entering into this result, we cannot well 
ascribe to it a probable error less than d:0•.10, even when dismissing all further question of the 
inequality of transmission-times iu opposite directions. The close agreement of the three independ
ent determinations made in different years is therefore no less surprising tlian it is satisfactory. 
We have-

J,ongitude of Cambridge (Harvard College Observatory dome) west of Greenwich (meridian)-

1866 
1870 
1872 

h. 

--···-·-·-------------·----------·-·--· 4 
m. 

44 
8. 8. 

30. ~'9 ±0.10 

30.98 ±0.00 

30.!J8 ±M4 

Mean. _ . _______________________ . __________ . _ 4 44 30. 98 ±0.04 

This mean value may be referred to Paris (meridian of France) by adding gm 20•.97 d:0.04, 
which gives-

. Cambridge-Paris. _____ ._. __ .... _ .. _._. __ ._ .. 4h 53m 51".95 ±06.06 

The following table gives the adopted longitudes, deriv~d from tlte preceding data: 
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Finally adopted longitutle1J from observation.~ of 1866, 1870, and 1872. 

• 

Point of reference. 

----------

i i Longitude west of j Longitude west of 
· Greeuw icL. [Me-

1 
Pans. [Meridian 

ridiau of transit-1· of France or cen-
circ!e at Roral tcr of Paris 01>-
0hservntory.J' scrvatory.J 

.--------1-------

1

1 Prob. · Prob. 
tjrror. error. 

I 
h. m. s. s. h. m. 8'. s. 

Greenwich _____ . T1 an sit-circle at Royal Obsen·atory - .. - - - - - , .. - . - . - . - - O 9 20.97 ±O- 04 

Brest .. __ .. ____ · J Ce11ter of Tottr de St. Louis._. __ . . ____ ... - -i 0 17 57.57 ±O. o~ l 0 27 18.54 ±O 03 

St. Pierre. _ . _ ... 
1 

Coast Sur\'ey longitude-station of 1872 _ . . . i 3 44 42.38 ±o. 04 -3 ~4 _ 3.3~ ±O 04 

Cambridge ..... ·I Center of Harvard College Observatory dome-! 4 4-1 30.98 ±O. 04 4 <i3_ nl.9o ±o. 06 

It is proper to state here that during the progress of the work which has been detailed in the 
preceding pages, exchanges of signals were also made between the United States NaYal Observa
tory at Washington, and the observatories at Cambridge and St. Pierre. The results of these 
observations are gh·en elsewhere and are combined with the elaborate determination of longitude 
between \Vashiugton and Cambridge, made by a joint operati::m of the Coast Survey, the Harvard 
College Observatory, and the United States Naval Obsen·atory iu 1867. The result of the latter 
was: 

m. 8. s. 
Washington- Cam bridge .... _ ................ _ ... - ..... - . - ... - . . 23 41.11 ± 0.03 

the points of reference being the centers of the domes of the observatories. 
Oombining this Yalue with the preceding we obtain, viz: 

h. m. s. s. 

Washington-Greenwich--···-·······-··-··-·---··· ......... 5 8·12.09 ::l:0.05 
W a shin gt.on - Paris ... _ ... ___ ... _ .. _ ........... _ ....... _ - . . . . 5 17 33.06 ::l: 0.07 

which is subject, however, to any small change that may arise from the determination of 1872. 

PART II. 

REDUCTION OF THE OBSERVATIONS MA.DE FOR THE TRA.NSA.TLANTIU, LONGI
TUDE DETERMINATIONS OF 1872. 

The computations of all observations at Cambridge and St. Pierre were made,· under the direc
tion of Prof. Joseph Lovering, by Mr .. Lucius Brown. The instrumental constants were all deter
mined on the supposition of a possible change in the azimuth at every reversal. For a full eluci
dation of the formnlre used, reference may be made to a paper on the "Determination;of Time by 
Meane of the Tr~nsit-Instrument," prepared for the Coast Survey Manual, by Assistant C. A. Schott, 
and published as Appendix No. 9 to the Coast Survey Report of 1866. Also, to addendum to this 
paper, by the same author, published as Appendix No. 10 to the Ooast Survey Report of 1868. 

The observations of Mr. Blake at Brest, Paris, and Greenwich were computed in the following 
manner: The chronograph-sheets having been independently read by two persons, and the readings 
collated, each evening's work was reduced by Mr. Blake on the plan of deriving the collimation 
and t:pe azimuthal deviation of the transit-instrument from all the observed stars by means of the 
usual normal equations, giving equal weight to all the stars. The clock-correction was then finally 
determined from stars of less than 60° declination by applying the instrumental corrections previ-
ously obtained. ' 

In a more elaborate second computation, made by Prof. R. Keith, each conditional equation 
was affected by a weight depending upon the star's declinat.ion, according to a law derived from 

, the observations themselves, which is expressed by the empirical formula.-
E2 = vl.::ll sec~ sec {J- ~) 
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and which ~fres-
For Bre.~t. Pol' Oree111cich. 

,j p l' 

+ uo O.!).) + oo 0.t-i8 
J() 0.99 10 O.!J.") 
:.!O ].00 '.!O o.rn• 
:.w 0.97 ;){) LUO 
40 0.88 .j.() 0.% 
.iO 0.79 tiO 0.S!l 
(;{) 0.(i5 fiO 0.78 
10 0.48 70 0.63 
.so 0.:!8 8() 0.4~\ 

Moreover, separate ,-alues were tledneed from the azimuthal deYiation bet«Jre an•l afrer l'<lch 
rerersal. The formnlw used werC', with the exception of the empirical one for weights, the sarne 
as those already i·eferred to as lial'ing been used at Cambridge and St. Pierre. 

The resulting clock·correctious obtained by the two methods of compi1tatiou 1-1l10w a ve1._,. good 
agreement, the a n'ragc j1iflel'ence being on!.) 0\017. The 1-1nm of the residuals far eacil o;tar i8 le,.;,; 
in t,J1e second than in t 'e tirst i11 the ratio of twenty-six to thirty oue, but it lllUHt be noted that 
the observatious should Le Letter represente<l in somethillg near that ratio, in ('.Ollseqtwuce of tlte 
introduction of fotl!' i.ustPatl of three Yariables in the equation; so that but a small imprcn·ement 
cau be ascrilwd to the ui:;e of weights. This second computation lrns, lioweYer, ht·P11 11<loptpd a,; 
final, arnl the obiwn·ations and reductions as hcrcwitli pubfo;he<l are prepared from it. 

Tim rig·ht ascension,.; u,,;ecl iu computing- the ohsetTations of tbe _\uH'ricaa ob,,;('TH'1s an' a 
meau of tho:<e of tlrn \Virnhiugtou Obsernttory from 18()'.! to J 8GI, and of the Hanan! Collpg·c 

Obser'Vatory from Jnne to NoYembet\ 1872. They do not agr<>e precisely with either the Greellwidi 
oe the Paris right ascensions, but the differences are small. It would ccrtainl.v hnYe bf'en desirabll' 
to use the same data in the computatiou of the observations at all the stlltions, lint as Greenwich 
aud Paris did not agree in their standard places, it was tl10nght he;;t to nsc tLe lil'lt adopted for tbe 
Coast Survey longitude-work and ltJt the accidental variatious be merged in the errors of oh;;;ena
tion, while any s.rstematic differeuce in the places would form part of the personal e11imtio11. Tlw 
lougitudes cannot, in any iiensi\.lle degree, be atfocted by the differences ad,·erted to. 

The computations of ohsen·ations at tlte National O!Jservator.Y at Paris Wl're made b:'i l\r!'. L. 
F. Folain and are pnb!if;hed herewith in tlieir original form, excepti11g the expla,iator,Y note>', \l'uich 
have been trauslate<l from Frene~1 into English. 

At Greenwich, the obserYat.ions and eomputationH connected with the lougitude·work will be 
found in the regular publications of the Hoyal Observator.Y. There are pnlJlishetl herewith a 
table of clock-errors and rates, and the results of obsernttions fot' pcr!lonai·equation diffen•uce,.; 
between the several obse!'vers. 

The computations are ananged iu the following order: 
Coast Sun·ey clock and instrumental corrections at Cam bridge. 
Coast Survey clock and instrumental corrections at St. Pierre. 
Coast Survey clock and iustrumental corrections at Brest. 
Coast Survey clock aud instrumental corrections at Paris. 
Coast Survey clock and instrumental corrections at Greenwich. 
Clock errors and rates at 1iosal Observatory, Greenwich. 
Diffe1·enees of personal equatiou between the Greenwich observers. 
Clock and instrumental corrections at National O!Jserva tory, I>aris. 
Longitude, Cambridge - St. Pierre. 
Longitude, St. Pierre - Brest. 
Longitude, Brest- Greenwich. 
Longitude, Brest- Paris. 
Longitude, Greenwich-Paris. 
Personal error in noting cable time·signals, St. Pierre. 
Personal error in noting cable time-signals, Brest. 
Personal-equation differences, :Folain - Blake. 
Personal-equation differences, Greenwich standard observer - Blake. 
Personal-equation differences, Goodfellow- Blake - Smith. 
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Computation of observatfons for clock and ·instrumental oorrcctions at Omnbridue, lifass., 1872. 

(Observer, Ed win Smit.h.-Au asterisk is affixed to the clock-corrections derivetl from stars of more than 65° N. declination.) 

- ---- --------- ---------------------------------------
Corrections~ 

])ates. Stars. 
Observe.d t.irn e 

i L. P· of transit. 
--~ • I -i--

&te. iAberra-' Level. fA.zimuth.I Col_Ii-

1812. 
July 19 -r Herculis ........... . 

T'J I>raconiA ........... . 

A Draconi~. 

a Opbiuchi ...•...•... 

J)raconis ........... . 

µ. HercnliA ........... . 
l./J ])raconis ........•... 

y Dracnni~L ••••.....•. 

22 Camelopard.a~is, I .. C 
q SerpentiR .......... . 

1 Aqnilrr~ .••.•....... 

I ;1 ~:l::e;:~.-~::::::::: 

ll. 

E. 
E. 
:E. 

K 
E. 
E. 
E. 
w. 
w. 
w. 
w. 
w. 

July 20 ! E Coronu• Bor~aliR. 
{31 Scnrpii .•..•... 

E. 

E. 
E. 
E. 
:E. 
JL 
w. 
w. 
w. 
w. ! 

w. i 
w. 
w. 
w. 
w. 
·w. 
w. 
w. 
w. 
w. 

o Opbinehi ........ .. 

r Herculi~---······ .. 
Tl Draconis ....•....... 

A Draconis ....•....... 
"' Opl1h1chi .•••.•.••.•. 

E Urti.m M:inoriH .....•. 

a.1 HerculiH .•......•.• 

H Ophiuchi ...... --···-i 
fJ Draconis ............. 1 

" Opbinchi ............ , 

w Drac01ns ..........•.. 

1

. 
µ. Herculis ..........•. 

: t' ~::i~:.is: :::: :: ::::: i 
i « Lynn ...•........... 1 
: 51Cephei,1,.c.: .......... ! 
I fl J,yrm ...... ·· .... · ·· f 

i <T Sagittatii ............ ( 

~ r;o Draconis ............ \.V. 
; c; Aquilre ............. W. 

d Sagitta:r-ii .•......•. E. 
i ,J Draconis ......... _ .. f :E. 

,July 21: fJ Ophincbi ...... --·--1 W. 
l ,.,_ Herculie .............. 

1 
W. 

i y UraConis ············i W. 
! 72 Opbincl1i .••.•.•..... 1 '\\'". 1 

i . I 
July 22 r Herculis .......... ! E. 

'1 Drnconis-----··"'··· ! E. 
A Dracoms............ E. 

i ( Ophinchi ........... _I E. 
~ Herculis ............ 1 E. 
< Ophiuchi .••..• --·--·I E. 
< UrsroMinoris ........ j E. 

") Hercnlis .......... ····! E. 
44 Opbiuchi ............ ' E. 

Groom.966,L.C.: ...... ! W. 
f;f Draoonia..... .• ...... W. 

Draconis ............. W. 

I' Herculie ........... .. 

.Y' Dracooie ............ . 
y Draconis ............ . 

w. 
w. 
w. 

I'' Sa;;:ittarii ............ W. 

h. m. s. 
16 16 00. 59 

22 23.13 

16 28 22. 4U 

11 29 ()(j. (it 

37 .S0.{)6 

41 34. 01 

44 22. ~2 

17 !)'.1 45. 5H 

18 01 46.8~ 

l4 4il. 31 

28 21. 74 

32 43. 75 

1 Ii J~l 2'.!. ~4 

i:; 52 ZI. 99 

15 58 Ofi.-49 

lH Oi 44. !J4 

lB UD.60 

~'o! ~1.o:i 

21; 22. 57 

ij] 43. 54 

16 59 21. 24 

17 00? 55.74 

lt3 40. 47 

27 40. Jtj 

29 06. C2 

37 51. 00 

41 34. IE 

17 4l 22. 53 

H 28 21.71 
:12 4:l.69 

an 21. 50 

45 28. 61 

47 27.11 

r)o 'J9. 54 

18 59 38.81 

19 10 15.89 

rn 12 39. st 

17 37 l!Ul9 

41 a::>. e:1 

17 53 45. 27 
18 UI 23. 89 

[ ~on._!~~+---- I mo.hon. 
8 ·- I 8. I 8. i •. 

-0. 01 -0. 02 '-0. 08, -0. 02, -tO. !l 
-.01 -.O:i -.OBJ -.11 +.16 

. 01 - . 04 - . 08 i - . 20 I + . 21 

.00 -.~!-.~,\ +.~ + 00 

.00 -.OJ -.IG .20 +.21 

. OU - , 02 -- . 06 
1 

+ . O:i + . 08 

.00 -.05 -.101 -.26 +.25 

.uo - _{~2 - .08: - .()4 + .1'3 
I 

. 00 i 1- . (l5 + . to , + . 78 + . 21 

. 00 - . 02 - . 07 '11 + . 21 - . 07 

.00 -.01 -.07! +.23 -.08 

. (JO - .02 - .14 I + . 03 - .10 

.00 +·• +1.221 +~H +LU 

-.01 -.02 -0.131 -io.01 +o.os 
- . Ol - . 02 - . 07 I • 03 + . 07 

- . 01 - . 10 I -f . 02 . 01 

-- .01 - .02 - .2:J: .Oil +,JO i 

- .01 

-.Ul 

.llO 

. 00 

.00 

. 00 

. od 

. no 
,()() 

.00 

. 00 

-i- .01 

+. 01 

+.!JI 
j .Ol 

+ . 01 

+ .Ol 

+ .01 

+ .01 

+ .01 

-.U:l 

- .04 

- .02 

- .ll 

- .O!! 

- .02 

- .02 

- .02 

- .04 

- .05 

- .02 

- .02 

+ .32 

- .02 

- .C-2 

- .321 
- .40 I 

=~::i Ii 

- .OfJ 

- .29 i 

- .16 I 

=:~:II 
- .41 

- .051 
_ .10 I 
+ . 96 I 
- .10 I 
- .04 ! 

-.OG -.34 

-.02 -.11 

-.02 -.OB 
-.04 -.38 

.00 - .02 - .04 

.00 - .02 - .OS 

.00 -.0-.2 - .07 

.00 - .02 - .04 

- .02 + .15 I 

- . 03 + . 20 

+ . 02 - . 07 

- .18 

+ . 02 

+ . 04 

- .53 
- .07 

- .OB 
- .01 -.12 

+ . 02 - . 07 

- . 05 - .20 

·l- .01 - .(}8 

.[JG - .23 

+ . 03 

.IJO 

+. 61 

+ .01 

- ,07 

- ,09 

+1. 47 

-0.09 

+ . 041-. 08 
-.08 -.28 

-t- • 02 j - .07 

+.00 1 +.os 
- .07 

- .06 

+.19 

- .06 
- ,OJ - .07 

+ . 02 - .10 
-.05 -.00 

16 15 59. 9-:l - . 01 -.02 + .01 + . o~ 
+ .13 

+ .~ 
- .15 

+ .08 
+ .12 
+ .111 
+.06 

+ .07 

+ .Otl 

+ .41 

+ .06 
+ .06 

+ .!22 
-.09 

29 22. 18 - . 01 - .03 - .01 

28 21.27 - .01 - .04 - .05 

30 13. 17 - . 01 - • 02 - • 01 

38 36.98 - .01 1- .02 - .05 

51 43.06 .00 I - .02 - .03 

16 59 19. 56 . 00 l - . 11 - . 11 
11 oa ss.20 .oo ! - .02 .oo 

18 40.20 
22 40.06 

27 39.32 

37 49.S9 
41 33. 1)3 

4f !H.31 

17 53 ft. 99 

.001-.0'.! .oo 

. 00 I + . 06 + . 01 

.00\-.02 -.04 

.oo - .04 - .05 .001-.&2 -.02 

.00 j- .05 - .04 

.oo j' -·.m - .01 
18 06 13.00 + .01 - .02 .00 

- .01 
-.to 
+ .139 
- .09 
- .19 

-.36 
+ .03 
+ .13 - .111 
-.03 -.06 

+ .17 - .18 

+.oJ --.O!l 

- .10 - .06 

Clock.time 
of meridian 

tran~it. 

Right BRC01l· 

sion. 

j 
i Clock 
jcorrect. 

I 
~ ---- --· ----1-- ---- -

It. ni. s. h. m. s:. .. 
1-0 lti OU. 57 16 15 55. 44 - 5.13 

22 2:1. 06 rn 22 n. g-2 5.14 

5.14• 

5. 2Ci 

5. 2(1* 

5.19 

5.36* 

5. a2 

5. 5'7* 

5. 14 

5. 23 

5.11 

5. 18* 

16 28 22. 37 

17 29 06. 70 

:17 50. 47 

41 34, 06 

44 22. 00 

17 5J 4.5 • .57 

IS 04 4tl. 02 

14 48. 36 

2~ 2l. 81 

32 43.52 

18 3U 30. 78 

15 52 23. 92 

15 5~ 06. 40 

ic 01 44. gu 
!fl OU. 44 

22 22. 80 

20 22.29 
51 43. 26 

16 59 2l.06 

17 08 55. 47 

18 40. 32 

27 39. 72 

29 06. 39 

37 50.32 

41 33. 93 

17 44 21. 78 

18 28 21.61 

32 4J. 49 

39 30. 87 

45 28.42 

47 27. 02 

50 38. 79 

18 !>9 38. 64 

19 IO 15. 94 
19 1~ 39~ 5~ 

17 37 15. 71 

41 33. 66 

17 !i3 45.10 

18 01 23. 72 

16 15 60. 00 

u ~38 

28 21.:;7 

30 13. °' 
38 36. 96 

51 42. 97 

16 59 00.114 
11 oa s:..1s 

18 40.05 

22 40.00 

27 39.20 
31 49. 77 

41 33. 50 
44 21. 21 

17 ~1 44. !!!I 
18 116 13;.33 

lG 28 17. 23 

17 29 Ol.44 

37 45. ~7 

41 28. 87 

44 16. 64 

53 40. 25 

18 04 42. 45 

14 43. 22 

28 16.58 

32 38. 41 

18 39 25. 60 

15 42 16. 60 

1G 58 01. 42 

16 01 39. 94 

15 55. 42 

22 17.89 

28 17.18 

51 38. 31 

1fi 59 16.17 

17 08 50. 45 

11' J:i.33 

27 34. 68 

29 01. 44 

37 45. 23 

41 28. 86 
17 44 16. 60 

18 28 lfj, 58 

32 JS. 41 

:J9 25.!lO 

45 23. 32 

47 22. 02 

50 33. 9B 

18 59 33. 63 

19 10 10. 98 

l!J 12 34. 5!) 

17 37 10. 85 

41 2B. 86 

17 03 40. 22 
18 01 18. 83 

16 15 55. 38 

2-l 17. 82 

128 17. 09 

30 oe. 42 

38 ~26 
51 38..30 

111 59 15. 91 
17 06 l>O .... 

5.12 

5. 01 

4. 96 

5. 02 

4. 91 

5.11* 

4.95 

4. 89* 

5. 02 

4. 99 

5.04 

4.95 

5. 01)• 

5.07 

5.18' 

5.03 

5. 08 

4. 97"' 

5.10 

5.00 
4_ 81* 

5. 01 

4. 96 

4. 97* 

4.86 

4.80 

4.88 

4. 8!1 

4.62 

4.56 
4. 48• 

4.62 
4. 70 

4. ti7 

4. 73" 

4. 71 

18 35. 3ll 4. 73 

2-2 :is. 31 4. es• 
27 34.65 4.55 
37 .:\. '16 4.61• 

41 11@.SS 4,65 

44 18. 51 4. 70• 
1'1 53 ff. 21 4. 68 

18 00 08. '18 ·- 4. 63 



 

THE UNITEH STATES OOAST SUUVEY. 

Computation of obser1,ations for clock and instrumental corrections, lfr.-Coutin ue<l. 

I i Corr~ct ions. 

Dates. : Stars. L ! Observed tim{\ ! ---, 
'p. ' of transit. 11 Abera- I :,, Colli- 11 

Clock-time 
of' meriUian 

transit. 

H.i;.!ht ascen -
siou. 

J872. 

Jnly il-2 Scrpentis .......... W. 
Aqollre .............. ' W. 

a L~·rre ...... ......... ,V. 
Jnly 23 A. Draconis....... ..... E. 

"r1 Hercnli~------···-··· E. ~ 
' Urere l:linoris.. ..••. E. 

Jnls 24' ~ Ursae Minorie.. ..••.. ,v_ 
s Coronro Borealis . . • . 1 ,V. 

July25 

Ophiuchi .••. ---·---- · W. 
T Herc1tlis........ .. .. ·w. 
~ Draconis....... '\V. 

A Draco-nis.----------- W. 
' Ophillchi .... ....... W. 
n Herm1lis ............. ,V. 

1 
K Ophittchi ...... ..... W. 

s Ursre Minoris.. ..••.. ''
a.l Hercalis............. W. 
44 Ophiuchl .••. ....... w. 

Grooru. 966, L. C.. ... W. 
fJ Dracouis....... ..... E. 
(OJ Draconis ..•.•••..••.. E. 
µ Hercu.lis .•.......•... E. 
Y, 1 Draoonis ........... .. E. 

r Draconis ............. I' E. 
µ•Sagittarii ............ 1£. 
~ Serpentis ............ , E. 
1fl Draconis . _........... E. 
1 Aquila>.............. E. 
11 Lyrm ............... E. 
51 Cephei,L.C......... E. 

u Sa~ittarii .. . . .. . . ... . E. 

50 Draoonis. ----------·· E. 
: 5() Drac{)nis............... W. 
! { Aquilm.. ............ W. 

d Sagi.ttarii. ........ - .. w. 
tl Draconi• ........ '. ... W. 
r Draoonis .............. · W. 

.. Corolllll Borealis .. - .. ! E. 

4 Serpentis ------···---: E. 
fl Sorpentis ............ ' E. 
{ Urom Minoris....... E. 

• Coronre Borealis ... - .

1

' E. 
6 Dr.aconis............. E. 
~ Hereul!o ............. 

1 

E. 
Heroulio ............. W. 
Herculis .............. 

1 
W. 

.. Soorpii ·-·· ·--·-·····i w. 
I A. Dracools ............. I W. 

( Ophi11cbi. ............ W. 

.,, Herculie ......•...••. W. I 
: ~~11;;~~~~~:::::::~ :: I 
... Hereulia............. w. I 
1/1 Heronlia ..... _. ... . . . W. 

fl Draconla............ W. 
., Draconls ....... _. .. w. 

1

. 
1/11 Draoonla •••••••••••. 

1 
W. 

r D'ra.oonio............. E. I 
B. Ex. 100-24 

' Hat€. L I 1. · tl tion. e"i'"e . , z1mn l f , 

h. m.. s. s. s. s. 
113 14 48. 03 +o. 01 -o. w I -o. OJ 

28 21.41 +.OJ -.H2 -.01 j 
18 32 43. 24 . + . 01 - . 02 - . 02 : 

16 28 20. 81 : 

3> 36. 62 I 
16 59 

I 
19. 07 : 

, Oil 

. 00 

.00 

- .04 ! 

- .fl2 ! - .02 ! 

-.11·-.rn 
I 

15 48 47.15 - • Of 

15 52 23.12, - .Ol 

IC 07 44. 42 - , OJ 

-.OA ! - .'2.:i 

- .02: - .00 

- .01 - .-05 ! 

15 59. GO - . 01 

22 21. 68 - . OJ 

l!El 21. 24 - . OJ 

~O 12. 88 - . Ol 

-.02 -.10 

-.oJ'-.11 
- .04 - . 13 

- .02 - .0:1 
38 36. 58 

51 42. 81 

!ti 59 19.14 

11 oa 54. 94 

18 39. 90 

22 40.0l 

1!7 38. 68 

37 4K 72 

41 31l. 98 

44 fUJ. 04 

J7 53 H.21 

18 {16 13. 08 

14 47. 54 

2:i 2ll. 09 

28 20. 95 ' 

32 42. 58 

39 35. 70 

47 2<i.44 

;:;o a7. 39 

50 3d. 00 
13 59 38. 00 

19 10 15.41 
12 38. 68 

19 18 OS. 32 

15 29 21.68 

3H 03. 5> 

40 22. 53 

48 46. 76 

5il 2Z. 99 

15 59 35. ~l 

16 04 50. 00 
15 59.51 

19 36.48 

21 39. !l8 

!lil 2\). 68 
. 30 !;!. 89 

38 36.36 

51 42. 62 
'15 59 1!1,65 

17 08 .Jf. 77 

23 27. 09 

~7 3fi. 86 
37 49. 40 

H 20.77 
17 !1.'I «. 4l 

- . 01 _ . 112 - . or. 
.00 - .0-2 - .04 

.-00 -.11'-.~<l 

.00 - .Oil - .03 

.00 -.0-2; __ 01 

,QO + ,1)6. + .ll6 

,00 i - .0-2 - .02 

.oo'-.o4 -.03 

. 00 : - • 02 - . 01 

,00 - .05 - .04 

,00 - .02 - .03 

.00 - .02 - .01 

• 00 - . 02 ! - • 01 

.001-.os'-.0:1 
' . 00 - . 02 - . 01 

+ . 01 

+. 01 

-.02 -.O'i 

+-32 +.23 
+ . 01 . - .02 

·l .01: - .06 

+ .01 I - .Oti 

+ . 01 i - . 02 

+. 01 : - .02 
+.OJ' - ,04 

. 00 

- .04: 

. 00 

. 00 

. 00 

.00 

. 00 +.oiJ-.os 
.ooi-.02 - .10 
,00 -.OSI -.08 

.00 - .02 - .09 

.00'-.()8 -.38 

-.02 -.10 

.00 - .03 - .15 

.00 - .oz - .08 

.00 - .02 - .04 

.oo - .Oil - .02 

.00 -.021-.0l 

.00 - .04 - .07 

.00 -.Ollj-.112 

.00 - .02 - .0.1 

.oo - .02 - .02 

.00 -.11 -.34 

.00 -- .02 - .03 

.oo - .02 - .03 

.00 - .0-2 - .03 

.00 -.01 -.Of. 

.00 - .05 - .lttl 
o. 00 -0. 0-2 -0. O:l 

8. 

-0.07 

- .08 

- .Ol 

+ .22 

- .Ul 

+ . ~2 

ma. IOD.\ 

•. 
-0, 06 

- .06 

- . 07 

. 14 

+ . o~· 
+ . 3~ 

h m. s . 
11'.5 14 47. 4r=t 

~~ 21. 25 

lR :!2 4:l. 1:1 

lfi 28 2L-O!J 

:;s 3G. 64 

lfj 5~ 20. llG 

h. m. 8. 

lt' 14 4:1. :22 

it 32 a~. 40 

H 2H Ii.Ill 

:lr :u. ~4 

+ . 83 : - . 2..'I 15 48 47. 43 1 1.i 4B 4'.i. fi!l 

- . 09 : - . o;. i 15 52 2-::!. B~• 1.J ~:! l~. 7J 

- . 21 - . O.l ' ]fi 07 44. 0~) 16 07 :3~1. Hl 

+ .03 ' - .07 

+ .21 - . JO 

+ .36 - .13 

- .23 - .05 
-.Oi! -.0,i 

15 59. 4:l 

2:.2 21. ti4 

2fl 21.~U 

Jtl 12. ;">-t 

3,, 36 . .a 

2':? 17. '7:) 

:..!~ JG. !1:1 

- . lG - . 05 ' 51 42. !")4 

+ 1. 38 - . 36 ~ lG 59 J9. 8:! 

:w n~. 41 

3~ 3-2. 2a 

51 30. '2fl 

16 !"•!' 15.'l.iJ 

17 02 .JO.-t:~ 

Jf< :is. :n 
-0.1-1 I - .tt5 ! 11 08 s4.10 

- . 29 ~ - . {}.) \ 

-J.00 i + .19 
+0.01 + .11•: 

+ .32 ' + .13 

- .07' ~- .0.1 

lf 39. 53 

2"2 39. :-15 

27 38. 7U 

37 49. }O 

41 32. gJ 

~j :.~,1. {j] 

37 4J. ll;l 

4l 26. t-14 

+ .42 

+.07 
25 

- .HI 

. lG 44 20. 53 44 16. 42 

-t.08, 17 53 44.31
1 

17 53 4U.1E 

+ . 05 : 18 06 12. 85 I lR OG 08. 70 

+ .05: 14 47.37 14 43.:!"2 

+ . 44 ' + .16 

-.20 +.O:l 

-.02 +.06 

-4.17 i -1.00 
-0. 21 ! +o. o;, 

+.56 +.19 

+.2fi
1
-.IY 

06 -.0:> 

- .11 ! - .05 

+. 141- .13 
+ .21 -.16 

-.11 +.oi; 

- .22 + .07 
-.n +.01 

+1,07 1- .31 

-0.11 + .o~ 
+ .21 + .13 

+ .03 + .10 
+.02-.10 

- .10 - .01 

- .2".J 

+.~ 

- .17 

- .01 

- .II 

+.99 
-.10 

- .08: 

- .19: 
- .07 ! 

- .09 

- .07 

- .51 

- .07 
.: .. 03 - .10 

+.06 -.LL 

+ .26 - .l~ 

+.34 -.21l' 
+o. 05 , +tl.11 

2.1 2\1. 61 

28 20. 77 

32 42. 51) 

39 :n. m1 

47 ~.i. 2l 

50 3tl. 0:-i 

;>o a~. o~ 

IB 59 37. 8t i 

fJ~{ :?.). 35 

3"2 3F. :.m 
3!1 2fi. 9;3 

4"i 2::1 04 

50 :J3. ~·:{ 

5(1 33. f~ 

I~ fl!) 3:t 64 

19 10 t:,, 24 rn HI 1 I. OU 

12 3t<. 66 12 !14. 4!1 

19 18 0'3. :1:1 , 18 18 04. le 

38 03. 33 . 

4U 22. 3~ : 

48 47, 71 

52 2:1. 1'4 ' 

37 Sfl. :2tl 

40 H'. 10 

48 4:1. ''" 
:-12 le. 7..J. 

15 5!l 35. 4i 1;") 59 3 l. 2:{ 

rn 01 :;o. o:J , rn 04 45. 6:; 

15 59. 37 

19 36. 27 

~L :·m. 6;i 

28 20. 64 

30 !:!. 61 

3~ 36. ~I 
51 u 40 ' 

16 5tt H>. 6~ 

17 Od 54. 5.o 

~ 2fi. g.j 

27 38. 76 

37 49. 3< 

44 ~'- 77 
11 5.1 4·t 5~ 

15 5;5. :J2 

]!I :it. t)J-! 

21 3.5 . .50 

2~ l(i. l\4 I 

30 01<. :m 
3il 302. 2J 

<ll 3fi. 27 

16 .:i!t 15. 49 

17 tJtl 5U. 42 

2:i 2"..?. 59 

27 :J-l. J9 

;"ij 45. {I,) 

4,1 16. 3,< 

lH;) 

C:lork 
C01Tf'Ct. 

4. (Jfi 

4. tij 

4. "i:l 

4. /ljt" 

4. 41t 

4.:2!1 

4.H 

4 IP 

4 (l~l 

[-!."-'II 
4. :w ... 
4. I! 

4 .• , 

4. ,, • 

4. ~j 

4. 2:: 
:i. Fl* 

4. l ~ 

4- 01 • 

4. 0~1 

4- 11* 

4- J;J 

4. l'."> 

4. l;i 

4. Qo· 
4.b 

4- ~(I 

4. lli" 

4. ll 

4. 12 

4. J:l 

4.H 

4. t:l' 

4. JO 

4. 2l 

4. :~'"' 

.J. O."i 

4. u 
:1. 70• 

4. 2:2 

4. 110 

4, l;l 

4. El 

4. I'! 

4. :~~ 

4. 17 

4.:H· 
4. 3\t' 



 

186 REPORT OF THE SUPERINTENDENT OF 

Computation of observations for clock and instrumental corrections, lfa:.-Uontinued. 

Dates. Stars. 

' 

------------------------ --------

' C or rec ti on s. 1 I 
> Clock·!. me 

L I Obssrycd time ! I I -----I --- of merirlian Right aseen- I Clock 

1 iou. ma 10n 1 

---1----

· p. 'I of t1·ansit. I I &berra Colli- transit. sion. oorreet. 
j Rate. I t' Le-.-el. A.zi mu th. I t 

·-=-1-~-8-;-,~.-4-2.8_B_7 :.+~~-I' ~:0211 -~:os l!I ~0.02 +~:oo I ~8 ~ 4~~: r· ~8 ~· 3/3s 1872.1 
J'ul.v 2:i a 

July~< I • 

! " 

Lyrre .............. . 

Serpeutis .... ·--· w. I 15 44 31.1s - .011- .021 + .02 ! - .11 - .01 l 1::; 44 31.56 \ 15 44 2<..01 

s. 
-4.~0 

3. 99 

3. 9e• 

Jn"y28 

Ursre Minoris.--··--
1 £ Coron:e I~orealis. ---

W.' 48 46.72 -.Oli-.081-.0li +.81 -.or: 48 47.36 48 43.38 

W. 52 2'1.83 -.OIJ-.02 -.fl21 -.OB -.02 52 2-2.fiB 52 18.71 3. 97 

1 {JI Scorpii ...••......•.. 

~ 1Ie1·culia. ·-· ..•. 

w. 15 aB o:..68 - .01 1- .02 f- .01 - .27 - .01 1s 58 os.36 15. 58 01.35 
w. 16 04 49. 12 _ • 01 

1 
_ • o-i I _ . 04 + . 02 _ • 02 lG o• 49. 65 w 04 45. 61 

4. Ol 
4. Oi 

3. 9J 

3. 94 
0 0])11iud1i .•..•. _. w. 07 44. 09 - . 01 i - • 0-2 - . (J2 - • 20 - • 01 07 43. 8~ 07 39. 88 

t OphiuclJi. .••. __ _ 

19 Ursrn Minoris. _. 

A Draconis. --···--· __ _ 
~ l!erculis ........ . 
11 J!erculis ..•......•. 

Groom. 2317. . . . .. _ .. 

K Opbiucl1i .•..•. -·--· 
I £ UTt~aJ :MillOTi8 ••••••• 

\ 11 1 Hercnlis .......•..•.. 

j 44 Ophiuclii .......... . 

Groom. 9u6, I •. C ..•. 
fl D1·aconis .. __ . 

w Draeonia ............ . 
µ. Ilerculis .. _ ... . 

<¥' Draconia ........... . 

\V. ll Jo.72 -.Oli-.0'~ -.02 -.21 -.Ol 11 3".45 

W. 14 36.32 - .Ol i - .06 - .OB + .6f> - .Oli 14 36.77 

w. 28 20.68 - .Ol I - .04 .00 + .ll6 - .04' 28 20.95 

E. 36 33.:39 - .Ol 
1 

_ .02 - .01 - .0'2 + .ll-2 36 33.35 

E. 3<l 36.25!-.0l -.02 -.Ol -.Ol +.02: 3B 36.22 

E. 42 58. 04 l . 00 - . 03 - . 02 + . 05 + . 03 42 58. 07 

J<;. 51 42.v7; .00 - .02 .CO - .06 + .01 Sl 42.30 

K 10 50 18.29 i .00 - .11 - .01 + .51 + .1() 16 59 18.78 

E. 17 08 54. 48 I . 00 - . 0-2 - . 01 - • 05 + -Ol . 17 08 54. 41 

E. 11' 39. 46 I . 00 - . 02 - . 01 - .11 + . 02 IS 39. 34 

E. 2240.18 .oo -;-.06 +.o~ -.37 -.Os 2239.87 

E. 27 38. 42 I . 00 - . 0-2 - . 06 + . 03 + . 02 . 27 38 3~ 
K 37 48.651 .00 -.01 -.14 +.13 +.0.1

1 

:J7 48.64 

E. 41 32. 89 • 00 - . 0-2 - . 07 , - . 03 + . 02 41 32. 79 

E. 44 20. ~9 . 00 - • 05 - .19 + . 18 + . 05 44 20. 18 

11 34. :il 

14 32. 94 

28 16, 84 

31i 29.30 

38 ~17 

42 M. 21 
fil :-IH. 26 

16 59 15. 21 

1'l' OB 5C. 41 

lil 35. 29 

22 3:i. 78 

27 :H.;,;, 

37 44. 97 

4l 28. 81 

44 16. 28 

3. 8:l* 

4. 11• 

4. 05 

4. 05 

3. 86 

y Draconia .... ___ ..•. E. 17 53 44. 11 + . 01 - • 03 - . 12 + . oa + . 02 11 53 44. 02 11 53 40. 12 

4. 04 

3. 57"' 

~. (){) 

4. 05 

4. 09• 

:I. 84 

3. 6i* 

3. 98 

3. ~)()"' 

3'.90 

3. 93 o Herculi!i ........... . 
; µ.l Sagittnrii .•......•.. 

J t! rsre Minori:s .....•. 
l_ Aquilm ............ .. 

[a. Lyra~ .............. . 
.51 Ce-phei,L.C ..•...•... 

E. 18 n2 38. 92 + .01 - .o-i - .07 - .03 + .02 IB 02 38.83 

E. C6 12. 71 + . 01 - , O~ - , 02 - .. 10 + . 01 06 12. 59 

E. 13 54.84 + .01 - .26 - .45 +1.1!7 + .24 13 55.65 

E. ~ 20. 54 + . 01 - • 02 - . 01 -0. 08 + . 01 2B 20. 4~ 

w. :J2 42. 44 + . 01 - . 02 - . 11 - • 01 - • O'J 32 42. :ID 

W. 39 ~1.08 + .01 + .32 +1.15 -1.29 + .29 39 31.56 

"\V. 45 1!7. 31 + . 01 - ,02 -0.10 -0. 01 I - . 02 45 27.17 

lH 02 34.90 

06 08. 70 

13 51. 48 

28 16. 59 

32 3H.36 

3'.I 27. 67 

3. 89 

jJ Lyra! .............. . 

~ Sa.gittarii---·---·-·· 
50 D1·aco11fa. _ ... _ .. __ . _ 

W. 47 ~G.12 + .01 - .02' - .0.1 - .08 I - .02' 41 25.98 47 22.03 

4. 17* 

3. 86 

3. 93 
3. 89t' 

3. 88 

3. 93 

3 . ."i7• w. 18 :;o 37. ;t!J -1 • 01 - . o~ , - . 29 + . 17 - . Oj ' 18 50 37. 2e ta r.o 33.71 

15 40 21.94 

" Serpentis .•...... : .. E. 44 31. 43 

l T:rsreMinori.s ...... . E. 48 45. 13 -

£ Coronm Borealis . _. -
P1 Scurpii. ..•... _ ...•.. 

E. 52 22. 32 ! 

E. j 15 5cl OS. 37 

r> Hereulis ........... . E. 16 04 49. 17 

d Opbiachi. ........... . E. 07 4:1. 7'2 

• Ophiuchi. ..•........ E. 11 38. 41 

19 Ursm Minoria ...... .. 
11 1.Jrere Minoris .. _ - .. . 
A Dracouis ............. . 

E. 
K 

E. 

C Opbiuchi. ............ ' E. 
~ Hercnlis ............. W. 

Groom. !!:177 .... ••••• W. 

• Ophinchi .•• . .. .•. .. W. 
• Ursm Miuoris. .... .• W. 
a: Hel'<!uJis...... W. 44 Opbinchi ...... ••.•• W. 

Groom.96~,L.C..... W. 
(J Dramois....... •• . •• W. 

CaJ Drnooni8-·--·· ........ W. 
µ HercnHs ·····--···- W. 
i1;i Drncm~il'4. --~- .. ••.•• W. 

r Draconis....... ...... W. 
a HeTculis ............. W. 
141 Sagittarii .•••.•••••• W. 
tJ Ur...; Yin~ris....... W. 

14 35. 38 

21 21. 43 
2~ 19.:>li 

30 12. 24 

38 35. 82 

42 r.7. 65 

51 42. 06 

16 59 17.@ 

17 Oo 54. !.:O 

113 39.3~ 

2~ 40.17 

ll7 38. 08 

37 48.38 

41 32. rn 
4( 19.66 

17 53 43. 73 

1s 02 38. 01 I 
00 1¥. IH J 

18 13 53. 18 

• 00 i - . ·02 ' ~-- . 07 

.oo;-.02 +.oo 

. oo · - . oa + . 24 

.00 - .02 + .OG 

.oo - .02 + .0'2 

. oo - . 02 + . o; 

.00 - .02 + .03 

.oo - .o-i + .03 

• 00 -- • 06 + . 16 

• 00 - • 06 + . 16 

.oo - .04 + .12 

.OJ - .02 + .03 

.00 - .02 + .05 

.00 -.03 + .07 

.oo - .02 + .04 

.00 - .11 + .31 

.00 - .02 + .04 

. 00 - . 02 + . 01 

.oo 

. 00 

.00 
.oo 
.oo 
.00 

.oo 

.00 

0.00 

+.06 -.04 

- .0-2 + .113 

-.04.+.06 
- .02 i + .03 

-.&5'+.07 

-.03'.+.05 

-.Oili+.03 

- .02 +.OJ 
--0. 26 +o. 30 

- .21 

- .27 

+I. '.!8 

-0.13 

- .42 

t- .03 

- .311 

- .33 

+1.04 

+1.03 

+.OJ 
+ .05 '. 

+ .25 

+ .06 

+ .06 

+ .07 

+ .05 

+ .o:; 
+ .22 

+ .22 

+o.:w + .14 

- .30 +.OJ 

- .0-l - .07 

-1- .10 - • LO 

- .12 - .OJ 

+1.05 - .JB 

-!1.11 - .OJ 

-.!12 -.06 
-.76 + .20 

+.oo -.11a 

+.117 -.14 
-.06 -.Of> 

+ .36 -.17 

+ .oo - .oa 
- .06 - .116 

- .lll - .06 
+ 2. SQ --0. 81! 

lJ 41) ill. 83 

44 31. 2:1 

4,J 46. 82 

5~ 22. 29 

15 58 05. Ol 

lfi 04 49. 32 

07 43. 4fi 

11 38. 14 

14 313. 74 

21 2-:?. 78 

28 2(', 34 

30 11. 94 

3~ 35. 76 

4:l 57. fi9 

51 H.!11 

16 59 18. 52 

17 OB 54. 06 

18 39. 01 
2-J 39. 63 

27 as. en 
37 4•. 53 

41 :!\!. 39 

44 19. 8'7 
11 53 43. 73 

18 112 38. ~ 

06 ll'I. J3 

18 13 54. !Ml 

15 41> 18. H 

44 21. 5(i 

48 43. 2B 

52 ltUi9 

15 513 01.34 

lG 04 45. :;9 

01 39. 87 

11 34.!">() 

14 3~. fl6 

21 19.19 

2d ld. 79 

30 08. 37 

3o 32. 16 

42 54. lf:I 

51 ae. 2.> 

3. ti9 

3. fi7 

3. 5-t*" 

3. 60 

a. fi7 

3. 73 

a.59 

3.64 

3.~8· 

3. 59* 

3.57 

3.60 
3.51 

3.6G 

16 5ll 1!) ... 07 3. 4."l"" 

17 08 50. 40 3. f;G 

li3 35. 2!I ' 3. 74 

ll• 31\. l"7 3. 76* 

27 34. 53 3. :;4 

37 44. 93 3. 60* 

41 21'. "° 3. r.9 

« ill. 23 3. 64' 

17 53 40. 11 3.62 

18 0-l 34. 99 3. ll7 
06 OB. 611 j 3. 64 

I~ 13 si. lll j -3. 75• 
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Computation of observations for clock ancl instrumental corrections, .t•c.-Continned. 

Date. I Slurs. . L.p. 

lt7~. 

• July 28 ~ ifi nracnniA 

~ Draconis 

w . 
E. 

.A quiln· --·. __ 
a L_vrm .••..•.. 

I :ii Cl'phPi, L. () _ -

E. 
i E. 

E. 
/3 Lym' E. 

I

I fT Ha::rittatii --····· E. 
50 Drac1rnis --- __ E. 

Suly-29 ' ;: Coron~ Uorenli~- \V, 
1
1 

¢> llerculis. ... . .. . W. 
! i5 Ophiu-chi. .•..••..••. \\ ..... 

I: l tl l! rA:l! l1ino1·is . _. 1V. 

w Hercolis 

TJ Drae-011is. 

1 .1 Dra.cm1i8 

t oi-,hiuclii 

rJ Ilercu1i8 .---·-· ..... 

Groom. 2377 

K OphiuchL .......... . 
, Urs.w .Minoriti ...... . 

J a 1 HorculifL-----· ..... . 
I 44 Ophiucbi. •.... _ ... _. _ 
j /1 Draconis ............ . 

f w Draconis ........... . 

, /1 Hcrcnli~---·-·-···--· 

w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
E. 
E. 
E. 
E. 
E. 

: 1/11 Draconis ............. , Ji~. 
y llr~oni!L----------- E. 
o Ilerculis ....... ..... E. 

July30 /31 &orpiL----------·--
<I> Herculis .......... . 

d Opliiuchi. .... _ .... .. 

• Opl1iucht .... ,_ .. .. 
Uf Urdru .Minol'is __ _ 

a. ScorpiL ....•. 

E. 
E. 

E. 

E. 
E. 
E. 

fJ Herculie_ E. 
A l>raconis ..••..•..•... ' E. 
/; Ophiuchi E. 

4.4 Ophinchi. ! \\'. 
fJ Iha con is ...... -- .. -- j W. 
w Dracouis............ \V. 
µ, Hcrculis ..• ...... \V. 

.µ• Draconis W. 
y Draeonis ___ ... ... . \V. 

o Reroulis .•. . \Y. 
,._1 Sagittarii ........ _,. W. 

~ Serpentls ...... W. 
1/1 Draconis....... \V. 

Aqnilro ...... -. w. 
" Lyrre ...... ... W. 
( A<1nilru ...... ....... E. 

' Lyne ...... .... .. .. . E. 
Draco11is E. 

T llra.c-0nis .. .. .. E. 

8 Cygni........ E. 
y Aquilre ...... E. 
4 A<1uilie . • • • •• E. 

• Draconis ·-----······ E. 

I Corrections. 

Obserrnil time l , , Clo~k-time 

of meridian 
transit. 

I 

Riiht asten- ! Clock 

of transit. Rate. j A..berra-i L l 
I tion. j eTe . 

___ ! _____ i __ ._ 

h. ni. s. s. s. s. 
I" 2'.l 28.68 .M -0.051' -j-0.07 

2:1 28. 42 . 00 - . 0.) + . 02 

2B 20. 34 • 00 I - • 02 j • 00 

32 41. 95 • 00 ' - . OJ ! + . 01 

39 :1:J.lll< .110 - .321- .09 

4'\ 26. go • 00 - . 02 1 + . OI ' 

47 25. ~6 • 00 - . (~2 : . OiJ ' 

18 50 36. 55 • 00 - • OG i + . 02 ' 

15 52 22. 83 ! + 0. ()2 - . 02 i - . 12 

16 0' '9.-1° i, +, .02 O>: 13 ' ' • ,-. ·1-· 
07 41.06 --1- .02 - .02' - .Ofi 

14 36.01 + .01 - .OG - .~ii 

J9 JG. HJ 

2:i 21. 21 

28 20. 21 

30 1"2. 61 

:t-J :1ri_ 14 

4:! :17. 9!} 

51 4:!. 40 

Hi ;)~J li.87 

17 08 54. 43 

18 39. 51 

27 38. 29 

:17 48. 45 

41 32. 78 

44 19. 74 

17 53 44.18 

18 02 38. 88 

+.iH]-.02 -.05 

+.Ol•-.03 -.111 

+ . 01 . - • 04 - . 09 

+ . 01 - . {Jl - • O:! 

. 00 ! - • ~•2 : - . 02 

. m1 - .o:J' - .oJ 

.UO. - .02 i - .II:.? 

.lK> - .11 - .!>' 

. oo - . 02 - . o~ 

- . 01 - . 02 - . 01 

- • 01 - . OJ - • 03 

- . 02 - . O~ - . OB 

-.02 -.0~ -.04 

- . 02 
1 

- . 05 - . l~ 
-.02 -.03 -.-08 

-.02 -.02 -.04 

1.> 58 oo. 25 + . 09 - • o·• - . 01 

16 Ot 50.55 .!18 - .02 - .04 

07 44.74 .08 - .02 - .02 

11 a9.42 -i-- .OS - .02 - .112 

ll 37. 84 + . 07 - • 06 - . 11 

21 40. 33 + . 07 - . 02 - • 01 

24 49. 53 

28 21. fi7 

16 30 13. 21 

17 18 411. 07 

27 39. 59 

+ .07 - .(12 - .03 

+ . 06 - • 04 - • JU 

+.Ofi-.02-.frl 

+.02-.02-.02 

+.02 -.03 -.06 

37 50. 39 + . 01 - • 01 - • 05 

41 33.88 + .01 - .o~ 

44 2i!.OO .00 - .05 

17 53 45.37 .00 -.03 

18 02 39.92 - .01 - .02 

06 13. 57 - . QI - . 02 

14 48.12 - .02 - .02 

23 30.83 - .03 - .0.5 

2s 21. 55 - . 03 - . oi 
32 43. 54 - • 03 - • 02 

- .02 

- .05 

-.01 

+ .01 

+ .01 

+ .01 

.0> ! 

- .01 

- .01 

18 59 38. 70 - • 05 

l!J 0·2 51.32 - _tl6 

12 39. 76 - . 07 

18 09. 57 - . 07 

- . 02 ~-.01 

-.02 -.05 

-.04 -.II 

- .05 -.H 

33 oa. 2<l - • os -.03 -.08 

40 17. 70 - • 09 -.OJ -.05 

44 39.52 - .tl!l - .02 - .05 

19 48 44. !JS -0. 09 -!l. 04 ---0. 15 

i c 11' i 
Azimuth! 0 

I· i 
\ mation. ! 

8. s. 
' 

BiOll. !con·ect. 

ii. ni. s. s. 

i 0. 33 

+ .37 

- .17 

-0.13 : 18 23 28.!l(J 18 23 2:i-. Ji-' j ~3. 72* 

23 2~~- ]8 l 3. j(i~ 

28 16. ~~· I :t tit 
+ .18 
+ .05, 

- .o:i' + .01 

-3.51 -1.08 

23 28. 94 

2~ 20. 20 

:12 41.99 

39 31. 62 

32 3B. 36 3. Ci3 

-0. 04 I --1- 0. 06 45 26. 91 

- .23 i + .06 47 25.67 

aO' 27. nB 
4:; 23. Z9 

4T 2~. 05 

3.64.* 

3.02 

3, 62 

3. 5:1"' --i- • 47 ' + . 21 18 50 37. 19 J8 50 Jo. G6 

- .10 - .02 

-t • ll2 - .03 

- .24 - .02 
~ .i'9 -.09 

- . l~: - .02: 

+ . 4:! - . 06 

- . 27 - .02 

- .O:.! - .11:J 

. lf) ' - . 04 

- .19 - .0.2 

-1-1.f>J 

-0.14 

- .30 

+ .03 

+ .30 

- .lfl 

+ . 02 

+ . 02 

+ . 04 

+ .Of3 
-.os·+.02 

+.48 +.07 

+ .m + .<•4 
- .08 + .03 

+ .06 
.00 

-+._04 

+ .04 

-.14 
+ .06 

+ .04 
+- .o:; 
+ .04 

+ .tl4 

-t .16 

+ .01 

-i- .02 + .04 

- .O:! j + .11 

+.o:; +.o4 
·I .29 '-.04 

- .08 [ -.00 

-.36 -.JO 

+ .08: - .04 

- .47 - .12 

-.Oi -.06 

+ .03, - .Ol 

;-.28 1 -.04 

+ .21: - .01 

- . 49; - . l:l 

+ .23 - . 01 

+ . 02 

+.11 
+ . 03 

- .26 

- .41 
- .O!i 

+ .12 

+ .13 
-0.31 

- .05 

+ .04 
--1- .o;; 
-j-.10 

+ .J3 
-1- _()(! 

;- • (I! 

+ .0-1 

-+ 0. ll 

15 5t 2"2. 57 15 52 18. [j~ 

16 lit 49. 56 ; 16 04 4!i. :.n 
3. 89 

4. 00 

3. 86 07 43. 72 07 39. 86 

H 36.41 

J9 35. 94 

2':! 21. 2" 

2t! 20. 45 

30 l'l. 28 

:~d 3fi. O:l 

4~ 5.e. Qj 

51 42. 15 I 

1 6 511 rn. o:i I 

14 32. 77 

J9 31. 94 

2"2 11. ~)~ 

28 16_ 74 

30 o~. 3G 

3e' 3~.14 . 

4'2 ft4. l;i 

51 38. 24 

l!i 59 14. 92 

3. Of* 

4. 00 

3. 71 

3. 71• 

3_ ~:2 

3. 91 

3. ':10 

3. 91 

11 oa 5-t. 27 i 11 o~ 5\J. 3fl 

4. 11" 

3. 88 

3. 91 

3- 84 

J. BC* 

3. ~7 

3. 9:1" 

4 07 

3, 87 

18 3!!. rn 18 35. 2e 

21 Je. 3;; : 

37 48. 7~) 

41 32. 6fi 

44 ~o. 11 

17 53 44. \fj 

JS o~ 38. 75 

15 58 06. 41 

16 04 50. fi2 

07 H.86 

11 39. 54 

11 37. 76 

21 40. 47 

2'1 49, ~11 

1!8 21.6:.! 

16 30 13. 3'2 

17 IS .Jf). 30 

27 39. 38 

31 49. e5 

4l 33.89 

41 21. :11 

17 53 4.J. 20 

18 Ol 39. 94 

mi t:l. 79 

14 4~. 26 

2J :rn. 1:i 

2• 21. °'' 
3il 43. {2 

18 59 3,; 74 

19 IJ J 51. 27 ' 
12 :19_ 31' 

tA on. 01 

3:J o~. o;i 

40 17. 71 

44 3!J. 53 

19 4~ 44. 47 

27 34. ;;1 

:n 44. 89 

41 28.79 

44 16. 18 

17 53 40. 09 

JS 02 34. 88 

J5 5A 01. 32 

Jt} t).j 4:1. 54 

07 =~9. 85 

11 34. 4>0 

H 3:?.69 

21 35. 4.3 

5, {}9 

5. 013 

5. 01 

!l. mi 

:-;. 07* 

!!4: .J.t .• W J.O:.! 

';!ti. Jfi. tiU 4. !IJ._ 

16 :rn OP. :ti 4. !l7 

17 18 35.2'; 5.03 

27 34. 4~ 4. e~ 

37 44. 85 5. 00"' 

41 2~. 7~ 5.11 
4-4 16. 13 ; •. 18~ 

17 S:J .((). ()i !). 13 

18 02 34. 87 5. 07 

06 O~. G9 5. 10 

14 43. 21 5. 0;) 

2:J 2:)_ 10 ~I. f);f" 

2,;J- lQ. 5f! 5. Of! 

32 :38. :H 5. o~ 
18 :i-9 33. 64 ii. 10 

]!' 02 46.18 5. 09 

l~ :M. 37 5. 01"* 

18 0-t 0"2 5. 0}" 

:~3 f)'.l. 83 !J. 1~ 

40 12. 51 5. 14 

44 :J.J. 41 '°"Ill 

l!t 48 30. 22 - !"1. 2j"' 
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Com11Jtfati01i of observations fm· c7ock and instrumental Mrreetions, ctc.-Continued. 

Stars. 

1872. 

.Aug. l r K Opbiurhi. .......... . 

j,£ 1JrsreMinoris ...... . 

I ; a 1 Herculis ..... 

I' 44 Ovhiucbi. .....•••.•• 

Groom. 9UG, L. C ...•.. 
I, f3 DraconiH ..••..•...•.. 

I
' w DraconiR. 

µ. HercnliR _ 

I 
~ Jlraconis. 

r ]Jraconi~ 

I 
o JierculiH ........ . 
µ1 Sagittluii ........... . 

i S Ursa• 1\Iinori:-; ------! ._, Dr.aconis ........... _ 

A(1uihu .•..•........ 

L.p. 

w . 
w. 
w. 
w. 

w. 
w. ,,._ 
w. 
"7'. ! 
w. 
\\". 

w. 
w. 
E. 
:i:;. 

t'et I \

1

, i,/I l>raconi::L •.••. 

51 Covl••i, L. c .... .. .. E. I fl Lyr:P ..........•...• 1 E. 

I a Sa¢.ttarii ....... . 

, ? A<111il"· .•..•.••..... 
E. 
E. 
E. I'. ~ Hagittarii ..•....•... 

. (I Dracouii:J .•..•..••.••. i E. 

I : Dra.conis .•..•..... __ 

p GygnL ................ i E. 

·1 •r .Aqnila1 .•......•.•.• · EK 
A'p1iht· ......••••.... • . 

I 
o. Aquila- ........... . 
* Ilraconfa ....... . 

I. ,\ rrsm Mi11ori~---·-· .. 
t 9 .Aquarii. ••.......... 

I
; rr Aquarii. .•.. 

V1·aco11iA, L. C ..... 
~f1t 11 l ~ 11 Aq11at·ii .... ··--. -

I ~.:l~t; Cephei. ....... . 
. ~ Pe/;!a.ei ••....... 

l ' CephcL ....... . 

E. 

E. 
E. 

E. 

E. 
F 

E. 

F 

w. 
\Y. 

Ang. 5J ..d.. Draccui.s ..•.......•.. 'V
J Opbiucbi.. •..•....... ~ W. 

Herculis ..•.. ....... w. 
K Opbiucbi .•........... 1 W". 

1 1 T:r•re M.ino1is... ••• .. W. 
! 41 lfercnJis............ :E. 
i440pbiuchi ....•...••. E. 

I /J 
Groom.9fl~,L.C..... E. 
Draecni&...... .. . ••. E. 

<1' Draco11is........ •••. E. 

: µ Heroulis .••.••.••••.. E. 
. w' Draconis .•.•• E. 

.Aug'. 6. 11 Drnc<mie ....... . 

..:>l Drac()11ie ---·---
l Ophiuchi •...••..••. 
~ Heroulio .•..•.••••. 

Benmlis ........... . 
K Ophiuchi .......... . 

, c l/rsre llinoris ....... . 

I
• 41 Herculie ............ . 

44 Ophiucbi ••..•••.••. 
l [J Draco11ls ....•...•.. 

T 
Ousened time ! 

Corrections. 
I 

I 
1 Clock·tim<> 

I I i I 
of transit. i'Aberra-' ! . I Rate. I Leve1. ,Az1mnth. I 

of meridian 
CoJli- transit. 

1 

Right ascen· 
sion. 

! I tion. I ! 
------,---1---,---- ma

8

t.,ion .• 

1 

.. -,-----· i-------
h. .. i s. : 8. ! B. 

lG 5t 46. 26 ,-o. 12 -O. 02 +o. 02 i +o. 02 
'"" m. s. I h. m. s. 

-0. Of> ! 1ti 51 46. 26 Ii 16 !il 38. 21 
Jlj 59 22. 84 + . 11 - .12 + . 14 - . 20 - . 47 ! rn 59 22. :ro rn :;9 14. 48 
J 7 [),~ 58. 40 + . 10 - . fi2 + . 03 

18 43. 39 • 09 - . 02 I . 02 : 
- . 07 l 17 08 5~. 46 1' 17 08 50. 36 

- . 07 18 43. 45 ' 18 35. 2fl 
+.02 

. 04 

22 ~4. 13 + . 08 + . 06 : - ' 07 ' + . 15 + .2-1 22 44.59: 2'i- !16. 21 

27 34. 44 27 42. 6() 

~7 53.16 

41 3G.81 

44 24. 45 

17 5:1 48. 21 

ltl 02 43. 07 

()ij 16. 86 

13 59. 74 

2:1 33. 63 

23 3.1.10 

28 24. 72 

39 37. 59 

45 .31. 49 

47 30. 25 

·:-- • 07 - . 0-2 I + • 07 

+.06 -.04 +.09 

+.or. -.02:+.03 

,.05,-.05 +.07 

+ .04 ~ - .o~: + .o3 

- .02 

- .02 

+ .0:1 

+ .Ol 

+ .03 

T .OJ 

+ .(J2 -.26'+.40 

.00 

.oo 
• 00 

-.02 
- .03 

- .03 

i ~. 05 ~ 

- .05 

- .02, 

+ . 3'J 

- .02 
- .02. 

+ .10 

+.04 
+ ,01 

-.W 
+ .01 

.r.o 
18 59 41. Bl - .04 -.02:-.0l 
1:) 10 19. 27 -.06 - .02 .oo 

12 4~. 33 

18 11. ~[) 

2.'i 43.85 

- .flfl 

-.07 
- .07 

- .04 

- .05 

-.02 
30 10.73 - .Ot' - .02 

40 20.80 - .09' - .02 

- .Ol 

.00 

+ .01 

+ .01 

.00 
H 42. 70 - . 10 - . 0'2 - . 01 

48 47. 48 - . 10 - . 05 - • 09 

10 5:1 14.01 -.11 -.8:! -2.38[ 

22 10 15. 14 . 0-2 : - .02 +o. 02: 

JH 54. 80 + . 01 - . 01 . 04 

!!4 l<t.•6 . 00 -, . 07 . 11 

~~ 57.17 . t:n .02 -! . 04 

:10 l:l. r,:J . OU 

:1:; 1:;.13 ' - . Ol 
"" 45 19. 21 - . 0'2 

HJ 28 33. 95 + .07 

:JO 26. 61 + . 07 

38 50. tl9 : + . 05 

f>l 56. 47 + . 03 

16 59 31. 02 I -f • 01 

• 00 

-.02 

- .06 

- .02 

- .04 

- .C4 

- .02 

-.02 
-.02 

- .12 

- .02 

- .02 

17 0\1 08. 45 

18 5:!, 65 

!?2 55. 84 

27 52. 31 
- .02 + .C6 
-.03 -.03 

38 o~. 20 - . o;; - . 04 

41 46. 81 - • G6 - . 02 

17 44 33. 31 - . 06 - . (l5 

lfj 22 37. 45 

28 36. 23 

30 ~.18 

3fl 49. 80 

38 52. 53 

fl 5!'. 98 

+ .18 

+ '0;) 

+ .08 

+ .19 

+ .05 

+ .08 

+ .06 

+ .51 

+.05 
+ .02 
- .10 

+ .09 

+.14 
+.oo 
+ .16 

+ .07 

+.11 
+ .03 

+ .07 

+ .II!; 

+ .06 

+ '3fi 
- .OJ 
- .01 

- .01 - . 11 27 42. fjQ 

- .05 

+.OJ 

- .07 

-.01 

.01 

+ .n4 
- .51 

- .07 

-.07 

- .1B 

- .07 

- .21 

- .10 

- .(J7 

- .07 

-1.08 

-Q. 2'2 

+ .22 
-i- .03 + .Oi 

+ .66 -1.:-J~ 

+ .01 +o.os 

+ .fi4 + .07 

+.021+.07 

+.o4i+.01 

- .051 + .17 
-.07i+.~~ 

+ . 01 ' + . -07 

+.03 +.07 

+.02,+.01 

-i .02 +. 07 

- .06 + . IP 

37 fi3. 04 

41 36. 82 

44 24. 24 

17 ~3 48. 15 

ltl (12 43. 05 

()f) 16. 95 

13 58. 31 

23-33. 39 

23 33. 24 

28 24. 81 

:m 37. o~ 

45 31. 54 

47 30. 31 

18 59 41. 83 

HJ JO 19. 30 

12 42. 34 

18 12. 02 

25 43. 85 

30 10. 74 

4U 2U 78 

44 42. M 

48 47. 37 

-1. 59 I +3. 41 19 5:l 12. 51 

I 0.091 +o. 07, 22 10 15. 32 

+.07 +.Olli I~ 54.97 

-t- . 41 - . 27 24 14. 8fi I 

+ . 08 t- • 06 ' 

.24 + . 2fl 

+ .00 i - .07 
- .10 - .15 

+ .27 - .15 

-- .18 - . 05 

- .01 - .07 

·-.12 -.o;; 
+l.04 - • 39 

-0.12 

- .26 
+ .06 

+ .06 
-.88-.20 

-j-.07 +.09 

+ .31 
-.-07 

+ .42 

+ .23 
-I .H 
-.itl 

-- • Oi 

-.02 
- .18 

+t.54 
-0.04 
-.08 
+.02 

+ .15 

+ .06 

+·17 
+ . to 
+ .J3 
+ .05 

+ .06 

+.06 
-j-.05 

+ .35 
- .(15 

-.05 
-.08 

28 51. 33 

:JO 13. 77 

3.5 l!i. 14 

2'.! 45 Ul.~8 

16 28 34. 29 
30 26. 48 
38 50.12 

51 56. 37 

16 ~9 3l!. 07 

17 09 08. 42 

18 53. ,3 

22 54. 70 

27 5'.!.50 

38 Oll. 71 

41 46.. 78 

17 « 33.95 

16 ii!! 38.00 

28 37.03 

30 1!9.17 
36 !Ill. 01 
38 52. !lO 

51 ~.CM 

37 44. 76 

41 28. 76 

44 16. 02 

17 53 40. 03 

18 (12 34. 8~ : 

or. os. 68 

n 49. ns 
23 25. Ol 

2:l 25. Ol 

28 16. 58 

:_m '.m.43 
45 23. 26 
47 22. o;; 

18 59 33. M I 
rn 10 11. 01 

12 34. 32 

18 03. !15 

95 35. 67 

30 Oll.~ 

40 12. 58 

44 34. 42 I 
48 31}. 19 i 

19 5:1 04. 59 

22 10 06. 85 

18 46. 4!i 

24 00.1!9 

il8 48. 75 : 

:io 05.17 l 
3J 00. 70 

22 45 10. 50 

lfi 28 16. 37 
30 (}8.28 

38 all.Di 
51 3<1.16 

16 59 13. 86 

17 08 50. 31 

18 35. 22 

22 36. 57 

27 34.35 

37 « .. 57 

fl 28. 7ll 

17 (~ 15.80 

16 il!I 17.116 

28 16. 31 
3() 08. 27 

36 29.14 
ll8 31. D!I 

51 38. 15 

16 G9 13. 71 
11 08 00.30 

18 35. lll 

27 :U.:l!t 

Clock 
correct. 

.. 
8. 13 

7.1'2* 

8.10 

8. 19 

e. 38* 

8.16 

8. 28' 

8. 06 

8. 22* 

8. 12 

8 20 

8. 27 

8. 3:1* 

8. 3B* 

8. 23* 

8. 2.l 

7. 59* 

8. 28 

8. 26 

8.19 

8. 29 

8. O!?* 

e.01• 

8.18 

8.22 
8.20 

8.24 

8. 1~· 

7.92* 

8.47 

8.52 

8. 57* 

8.58 

8.60* 

8. 44 

8. 48* 

17. 9-2' 
18.!lO 

18. 11 

1~. 21 
18. 21* 

18.11 

18.lll 

18. 13' 
18.15 
18.14• 

18. 06 

18. 15• 

!IO. 76 
!IO. i2· 

20.90 

20. 87 
Ill. 81 

llO. 811 
!I(), 90" 

~-80 

!II. 06 

so. 55 
Urarouis .••.••...••. 

E. 
E . 
E. 
E. 
E. 
E. 
E. 
w. 
w 
w. 
w. 

16 59 :12.. 34 

l7 09 11.12 

18 !id 34 

27 M.f5 
17 38 &4. 96 

+.20'-.03 

+.rn;-:--.04 
+.19 -.02 

+.17 -.02 

+-11 -.02 

+ .15 - .02 

+ .13 - .11 

+.11 -.01 

+ .119 - .02 

+ ·°" - .o-i 
+0.06 -0.04 

+ .02 

+0.07 .., 0. 10 --0. 13 

16 59 :H.61 
17 09·11.10 

18 511.. 27 

27 5'.87 

11 38 !)5..011 1't 37 4t.. -to. JO• 
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Oomzmtation ()f ohsercatio11s for clock and i11strumental corrections, <l;c.-Contiuueu. 

Dates., Sta.rs. 

-----1------- ---~~--------· 

1872. 

Aug. fi µ Herculis .... 

1./1 1 D.racoul~---·· 
y Draconis ..•.. __ ..... 
() He1·tmlis ......•.. 

µ 1 Sagittm·ii ...... . 
J Lrr-a· MinoriH. _. 

lfi Drac-unis ..•. _ 
tfJ Draconis_ _ _ 

AC)nilt'l' .•........ 

a LJnr> •.......... 

{; A1piilro .•••..•...... 

1. l .. _v1a• 

, d Sag.itt.arii ... . 

1 J D1·aconis .... . 

T lhaeouil'} ... . 

P1 c:nmL ...... . 
K .... \quil:1· ...... __ _ 

y ... \t1uil<1· .•.......... 

a _.\(pli::t 1 
••••• 

.l: Ihactmi-. ...... . 

An~. 7, A. nraconiN ----------
?. Ophinchi ..•........ 
11 Uerculis ..•......... 
" Opl1inchi .•...••.... 

t lfrsre Minori!i ...... . 
al 1lerculis ..•......... 

44 Ophinchi .••..•..... 
Groom. 966, L. C ..... 

: /J Ilracoui• ...•..••..•. 
l)ra.eonis .. __ .• __ ... . 

µ Heronlie .............. . 

i ~· ~~:=~~:~~~~~~~~~~ 
i o lLerculis ··--········ 

,,.i Sagittarii ..... _ ...... 
.0 UrFm M.inoris _ 

I .Aquil"' ........•.•... 

a Lytre --··----------·· 
M Cepbe.i,L.C ••••..•... 
Ii Lyrre ••.•••.....••... 

\,, Saglttaril. .••........ 
; 13 Lyrll' .•.•.....•..... 
I i t .Aqnllre •••••..••.•.. 
: t Aqullre .••.••.••.•.•. Id Sagittarii .••.•••••... 
1 d Draconis ••••.••••.•. 
IT Draconis .••••••.••... 

Aug. 9 (I K Ophiucbi ••••..•.•.. I 
I • Ursre Minorill ... 
I•' lleroulla .•.•...•••.. 

11
44 Oplliucbi. ••••.•.••... 

(J room. 9li6, L. C .••... 

Set rl' I a Ophiucbl. ••••.••.•... 
.., l>raconia .••••••.••••. 

1

,.. 1 Herculla .•••••••••..• 

v' Draoonls .••••.••••..• 

I! y Drnoonia .•.•..••••... 
i o llcroulia .•••••••••••• 

l i pl Sagittarl! •••• ••••••••I 

\'\'". 

w. 
w. 
E. 

R 
K 
]~. 

K 

E. 

E. 
E. 
E. 
li. 
};. 

R 
}: 

\\'. 

w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
E. 
E. 
:E. 

E. 
E. 

E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 

w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 

0 bserved tinw 
of tran~it. 

Corrections. 

: I .... . I i 

Ra. j' .l..be?TA-,I Le"VeL 1 Azimuth ! Colli- I 
te. tion. mation : 

'-----li---1-- ____ . 

8. .e. .. s . 

Cloc.H-time 
of meridian 

transit. 

h. "Ul. 8. h. m. s. 
17 41 49.M 

44 36. 38 

17 54 00. 70 

1~ 0:1 55. 73 

06 29. j(j 

+0.05 -0. 02 

+.04 -.05 

+.o:i -.02 

+o.o4 
+ .IO 

+ .07: 

-0. 03 -0. 05 : 17 41 49. t3 

l4 Oo. 97 

2:1 45. 5:3 

2:t 45. 2-2 

28 37. 5~ 

+ .01 - .O~ 

+ .01 - .02 

- .01 - .~6 

-.U3,-.05 

-.03 -.05 

-.04 -.0~ 

19 I 3 

IQ 

3i 59. tE - . 05 ' - . 02 

IH 511 54. 67 - , JO ' - • 02 

07. Q(i I - . IO - . 02 

>2. 2.1 i' - . 12 . - . o~ 
U M. 7~ - . 12 - . 04 

1i; 2t. l~ : - . )j - . 05 

- .02 

i + .05 ! 

+ .02 ! 

+ .oo' 
+ .12: 
T ,()~J 

+- .02 

+ .(14 ! 

t- • 01 

+ .01 
.OU 

;,:.} 5fi. t)~ ) - • 14 

:·o c:l.61 I - . l!i - .0~ I 

+ .Ol 

. 01 

. 00 

.UI 

;O 3;1. titl - • 17 - . 0'2 

4-1 5.). 5-1 - . l~ - . 0:). 

+.14'-.l:>: 44 36.46, 

--!- • oi , - . os 11 54 oo. '7~ 
-.Ot -.05 

-.oe.-.o5 
. ll'J - . 80 

+ .14 - .16 

-1- • 35 t . 16 

-- .16 + . 03 

- .O< 
- .10 

- .03 ! 

- .ll} 

T .2:l 

--T- .3G 

- .Oti 

-.1fi 

- .11 

. 11 

• 06 : 

. 05 

+ . 06 

·-.~ . 05 
+ .12 

+.Hi 
+ .0:5' 

+ .05 

+ .O.J 

+ .05 

18 02 55. 70 I 

06 29. (;.! 

14 O'J. 3V 

2.3 4~. 60 

z;J 43. 74 

2~ 37. 4'.i 

3:..? !iP. or~ 

le 59 54. ~1 

19 OJ OQ. ~~ 

10 :n.~1~ 

1'2 54. 98 

ie ~.;. n 
:.!.S .56. 46 

:io zi.:13, 

40 

44 .55. '28 

I 

I 

lti~h t a1:>ceu
siun. !~~:.~~:t. 

h. •. .. 
17 4t 2~. 71 .-20. n~ 

44 IJ. H 20. 72-

li ;:;3 :i9. 9:3 ' 20. 79 

18 02 34. 8() : 20. 90 

Ofj O~. 611 :.H. CU 

1:~ 4fl -C : 20. !1;.l" 

~:J 24. 7f. ; 20. 84• 

~n 24. j(\ ! 20. Hr-* 

'28 ]ti. 5-(i 20.i-"7 

:l2 :~e. Zi ~!O. t~ 

18 ~l)!J :$3. 6:! :.!O. ff9 

i:; 02 4fi.14 20.H 

10 11.01 ~o.!tI 

l:.:? 3·:1. 19 ; 2(t '7\.1" 

1r-1 m. ~G '. ~o 11 * 
~5 3."i. i'iti : ~O. ilO 

:Jo o~. ;,3 , '20. eo 
40 1:,2. 5,-.: :.!O. ii 

4-l ;J4. ·•-.? : "20. t'fi 

rn -:1e L!J. e-0 - . rn - . o:i 

. 00 

.UU 

• OU -t • 27 I + . 14 1!J -IC 5fl. 97 lH 41-" :·IQ. 07 I :.:!O. 90"' 

16 28 39. :1-0 

a{) 32. 25 

3tJ 55. 59 

52 0-2. 0:1 

Hi ~9 :35. 84 

17 00 14. 13 

18 511. 36 

23 01. 60 

27 57. ~:! 

38 Or'. 06 

4l 52.!>3 

44 39. 2.~ 

17 54 03. 69 

18 02 se. 61 

06 32. 72 

+ .19 - .04 

+ .18 - .02 

+ .17 - . ~ 

+ .14' - . 02 

+ .12 - .12 

+ .10 -.02 

i" .OB - .02 

+.OS +.06 

+ .07 -.02 

+ .04 -.04 

+.04 -.02 

+ .03 - .05 

+ .01 - .02 

- .01 - .o~ 

- .01 - .02 

JO 

- .-03 

- .o~ 

+ .01 

+ .10) 
+ .<11 I 
•. (0 

- . 0-2 

+ . 01 

+. 02 

+ .01 

+ .03 

+ .01 

. 00 

. 00 

14 G9. 16 - . 03 - . 21i ., . 28 

2a 40. 56 - . oo - . 02 -1 . 01 

33 02. t9 - . 07 - • 02 + . 01 

311 58. 70 - . 08 + . 32 + . 01 

45 47.15 - ,(9 - .02 - .02 

47 46.12 -.10 -.02 -.01 

SL 5-l. 28 - . II - . 02 - , 05 
54 14. 71 -· . 11 - . 02 - • 04 

18 59 57. 57 - . 12 - • 02 - . 05 

19 10 35. 16 - . 15 - • 02 - • 03 

12 ~7.74 -.15 -.04 -.15 

19 18 27. 03 - . 16 - • 05 - . 18 

rn 52 01. 46 + . rn - . 01 - . 04 

16 59 41. 76 

17 ~9 19. 54 
19 04. 62 

~ 06.70 

29 30.61 

38 13. 59 

41 57. 89 
44 44. 74 

11 54 09.17 

18 03 04. II 

18 06 38.05 

+.12 -.11 -.21 
+.to -.02 -.06 

+.09 -.02 -.0.1 

+.os +.06 +.14 
+.07 -.02 -.07 

+ . 06 - • 04 - . 18 

+ .115 - .02 - .07 

+.04 --.05 -.17 
+.03 -.02 -.07 
+ .01 

+0.01 

-.0-2 -.05 
--0. o~ -0. 02 

-i . 46 - . 12 

- .!!9 - .04 

-.03 -.05 

-.W -.04 

+l.73 - .:l2 
-0.17 - .04 

-.36!-.os 
-1.25 !I + . }'j 

+0.10 I - . 01 

-i· .45 - .12 

- .10 - .G5 

+·.59:-.14 

+.t9,-.07 

-.051+.05 

- .17 + .04' 

+2.10 
-0.14 

- .01 

+. 73 

+ .O·I 

+ . 05 
-2.84 - .89 

-0.03: + .05 

- . IS'+ .05 

+.01 +.06 
-.os" +.04i 

1G 2~ 3ll. 73 
30 3'1. o;, 
:~~ 55. 64 

52 OJ. 92 

10 :.'.i!l :rt 35 

17 09 14. (ii 

Ii' ·'~· 01 
2i OU. 64 

27 57. 92 

:JK 08.U 

41 52 . .u 
44 39. 71 

li f)4 03. 71 

18 02 58. 58 

06 32. j6 

H 11. 9P 

28 40. 39 

33 02. o;; 
39 55. ~ 

45 47. 04 

47 45. 86 

51 52. 17 

54 14. ,')() 

- . 09 + . 04 i 1" "9 57. 33 

- . 17 + . 05 19 JO :J4 84 

+ . l!O + . 11 12 57. 71 

+ .:n + ~15 19 is 27.10 

- .08 - .03 

+. 73 - • 21 
-.07 -.03 

- .16 - .03 

-.53 +.It 
-.oe -.0-1 

+ .19 -.08 

- .05 - .03 
+.2a,-.oo 
+ .041- .()l; 

-·™1-.03 
-~.15 -0.03 

16 52 07. 43 

s.q 42. 08 

17 09 W.46 

19 04. 47 

ZJ Otl.56 

29 30. 48 

:!8 13.54 

n 57. 77 

H 44. 72 

17 54 09.10 

18 03 03. 98 

18 06 37.84 

:m Ot1.2fi ~ 79 

3t< 31. 97 £n. Iii 

:)1 3f'.14 ~ ~3. ·~ I 
rn rm 1a. ;,5 23. so• 
17 t)~ 5(1, 2!• 2:l 72 

18 35. S..10 , 2~l Bl 

2'-..2 3(). 75 23. 2~1~ 

~7 34. 30 2:1. 62 

37 44. 47 ' 2J. 9!"" 

41 28. G9 23. 7!l 

4-f 15-. fi8 I 

17 53 39. no 
18 02 34. 7[I 

06 Oi'. 64 

13 4P. Ill 

20 rn. :-m 
~ 38.:p 
:m 31. 52 

45 23. 2'2 

47 2-.2. 03 

51 28. 47 

53 5(}, ;~ 

18 59 33. (][ 

19 10 11.01 

12 34.16 

19 18 03. 72 

lfi ~1 3F.12 

16 59 13. 2:1 

17 G8 50. 27 

18 35.18 

~2 :lll. 94 

29 01- 28 

37 44. 37 

41 2!!. 67 

44 15. 56 

17 53 3H. B6 

18 02 34. 77 

1e oo o~. 62 

24. 03"' 

23. "' 
23. 79 

23. 92 
23. 7!) ... 

23. P:J 

23. 80 

23. 70' 

23. "2 
2.1. c3 

23. 70 

23. 71 

23. 72 

23. 33 

mJi 

2r3. ~5· 

2tt. 19 

29. 2!I 

2'J. 9•' 
fill. 20 

29.17' 

29.10 

29.16' 

29.2• 

29.21 

2"2 
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Computation of o/Jsen•atfons for clock a11d instrumental corrections, &c.-Continued. 

-------- ----- -·------ --~-·-- :~bs<'1ve<l ti:J=----=~-~o~rectiona. .. - ___ , o~I';;!~~:: Righs1toan•.cen- 11,1 ccorlo1·cc•uk•t. 

lJat<i•. I Stars. : L. Jl. of transit. 1' Aberra·I . I Colli- j 
1 Rate. I t, 

1 

Level. Azimuth.1 t• transit. 

-
- I, I ion. ! rua ion.] ------' --·-- __ I __ _ 

1~a 1---------- /1 =~----:- -.-.. - -.-_-[--•. - s li-.--1- h. 1n, •· ---;,:- m, ~•- j s. 

Aug.9 I' <l T:"ro1~ Minori• . .. . .. W. 18 14 16. 70 1 . 00 [ -0. 26 I -0. 67 +~. 81 -0: 47 ! 18 14 17.11 18 13 47. 61 f-29. 5-0• 

lro/; l>rnconis ............. W. 23 54.12,-0.02!-.05:-.16 ·j0.26 -.09: ll.1 54.06 23 24.59 29.47• 

•
1
' o/; Draconis ............. : E. 23 53. 94 - . 02 I - . 05 r - . 07 i" .16 I + . 09 i 23 !H. 05 23 24. !i9 29. 46• 

I ' I ' 

I
i"' Lvrm .............. _ R r 33 07.56 - .04: - .021- .03 - .01 I+ .04 ! 33 07.50 32 3~.23 W.27 

;51Cephei,LC .......... , K 40 0~.94 -.05i+.:l'2:+.33 -1.50J-.5~! 40 01.46 39'32.18 29.28* 

I 1 {3 LJrac .....•.... , ..... ! E. 45 52. 56 - . 06 i - . 02 i - . C5 -0. 02 / + . 03 ' t5 52. 44 : 45 23. 20 29. 24 

Setl.\,u Sagittarii ............ : E. 47 51.38 -.06j-.02 -.02 -.10[-t-.03 47 51.21, 47 22.03 29.18 

I 13 LJr:l' ............. - • E. 51 57. 83 - . 071' - . 0-2 - • 08 • 00 ! + . 04 51 57. 70 51 >!8.44 29. ~ 

I 
e Aqnilm ........... _. E. 18 54 20.15 - .07 - .02 - .06 - .04 i + .03 18 54 19.99 53 50.7~ 29.21 

~ .A11uilre............ E. l!I Oil 02.9>l - .OS - .0-2 - .07 - .05: + .03 19 60 02.79 1 18 59 33.60 29.IU 

I 
d Sagittal'ii... .••. .... E. JO 40. 41 - .10 I - . 02 - . 04 - . 091 + . 03 ID 40.19 19 10 11. 01 29, 18 

o Draconis.. •. .. . . .... E. 13 03. 50 - .10 j - . 04 - • 20 + . 10 i + . 07 ~3 03. 3.J 12 34. 10 29. 2.1 

l T Dracanis..... .. . . ... . :E. 19 1e 33. 06 - • ll l - . 05 - . 23 + . IG I + . IO W 18 32. 93 I 19 18 03. 64 29. 29• 

( a l'egasi........ ... ... E. 22 :>o 51. 99 + . 06 - . 02 - . 04 . 00 I -,- .03 22 58 5.1.05 ~i 58 25. 23 29. 79 

l o Cepluii.......... ... 2:l l:J 55.62 + .04 - .04 - .09 + .01 i + .07 23 13 55.Gl 23 13 25.74 29.87* 

0 Piseinm .. . . . • . .. • . ~: :i-i 00. 31 + . 0-2 - . 02 - . 03 . 00 ! - . 03 !l-2 00. 31 21 30. 57 29. H 

Set II) , Pisdnm . .• . . .. . . . .. E. 33 f>3. 88 . 00 - . 02 - . 03 . 00 : . 03 33 53. 86 :3;1 2~. 05 29. 81 

I 
Grnom.4lf>3 ......... E. Z:l 49 11.17 - .02 - .06 - .15 + .01 + .lO 23 49 11.0!> 23 48 41.32 29.73' 

a. A mlmme!lru . . . . E. O 02 1e. 25 . 00 + . 03 02 1e.16 o 01 48. 38 l!'J, 7:3 

l y Pe!!a'i... ... .. .. . .. E. 01 10. 48 o. oo +o. o:i 07 10. ~o o 06 40. 62 --Q9. 78 

Cambrfrlge clock-corrections, dediteedfrom stars of lesi; than. 6jo N. declination. 

Date. 

lrl'i'2. lt. m. 
17 :i!I 

17 37 
July 19 .. . 

20 ......... . 

21. ........ . 

2-L ••...... I 
23 .......... 1 

:~:: :::::::: i 
27. ·•••···•· 1' 

28 .......... ; 

29. ······- .. l 
30 .......... l 

17 49 

17 21 

16 42 

17 43 

16 40 

17 16 

17 15 

16 55 

17 50 

18 26 A11g111!t 1. ..••...•. i 
L·-~······ ! 22 27 

---·~----

5_ ...... ···-l 17 
6. ··---· .... I IR 

9 

9 

0 7 .......... 118 
9. ••••.. .•• 18 11 

9 .......... 1 23 3:; 

I Number 1 

of 
! 1 ime-stars. 
---- ---------

8 

17 

4 

14 
1 

18 
17 

21 

2\! 

ta 
21 

17 

4 

7 
21 

18 
15 

5 

N. 

- 5. rn1 

5.017 

4.857 

4. 657 

4. 391 

4.179 
4. 191 

3. 957 

3. 635 

3.908 i 

5.069 

8.197' 

8. 502 

18.152 

20.848 

21. 77'-I 

2:1.~ 

-29. 78-0 

NOT&.-The sligbt dlft.,rences between the me"n alock-eor...,otions given in thi& table and those derived from the <><>mputatlon&,.,. here 
publiahml, are due to the fact th:;t in the original computati•m, from which this t..ble ia f01"med, the cl<>ek-corrootion resulting from oll<lh atar 
ie given to tbe thousandth place. 
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Computation of observatf.ons for clock and instrumental cori-ection.~ at St. Pic1Tc, illiq1iclon, 1872. 

(Observer, Edward Goodfellow.-An asterisk is affixed to the clock-corrections tlerived from Rtars of more than fi:J-- N. tlr-diuatim1. 

Corrections. 

Dates. Stars. 
L. p. , Observed time : ---

of trll.llsit. j ]{ate. A. hArra- Level. A7-imnth. Colli-
j , tion. mation. 1 

I 
1872. I I 

.Tul,v 9 f,. ii Ursa' Minoris...... E. 
/J Bootis . .. .•. . . ... .. E. 
/J Libnc ............. i E. 

J r 2 Uram M.inoris .••••. \ E. 
J y' U rsru .Minoris .. _ ... 1

1 

8et I. · · -.

1 

a Corona: Borea1is .. . 

a Serper;lis .••...••.. , 

I
' P Serpentis ............ ) 

w. 
w. 
w. 
w. 

? Ursa1 Minoris ..... . 

l .! Scorpii. .......... .. 
I v Ophinchi ......... . 

1 
y Draconi~ .......... . 
o IIerculis .. _ ....... . 

I 

w. 
w. 
W. 

w. 
,V, 

w. l pl Sagittarii .....•... 

" Serpentis .......... ! ",...· I .! Ursru Minoris ..... W. 

) Aqnllru ............ ' E. 

Set IL.) V~i:a .............. E. 
\ IWHerculis 

July 10 

I 
P L)-rre ............ .. 
50 DraconiFL __ . _. _ .. . 

I 50 Draconis .. __ ....... . 

? Aquilre .......... .. 

! 0 Draoouis ............ .. 
,.. Draconis _________ _ 

'T Dracouis .......... . 

]>;. 

E. 
E. 

w. 
w. 
w. ! 

w. 
E. 

i 

/ • Bootis ............. 1· E. 
' P Ursro Minoris...... E. 
:_ p Librro .............. \ E. 
i 1-2 Ursm Minoris ....... I E. 

, y• Ur.,., :Minoris ...... I 
~ a Coronre Ilora.'llis .. . 

w. 
w. 

July 12 " Bvotis ....... · ........... W. 

.Tuly 

P Ursm Minoris ...... W. 

P Librm............. W. 
y' Ursre Minorie....... W. 
r• Cr..., Min<>ris...... E. 

] a Corm.ue Borea1is . _ . E. 

i a Serpentis ......... E. 
.j 

14

1

1 ! fJ UrS>~ Minorls. ••• .. W. 

i P Boot1s ............. W. 

\ 

i fJ Librru .............. W. 
\ y1: Creoo Minoris ........ W. 

1

1 r• Ul'llre Min<>ris...... E. 
( a Coroum Borealis . . . E. 

11
, a Serpentls .....•.•.. E. 

Set I ... 1 P Serpenlio ···:····-· E. I' f: Ul'88l Mmons...... E. 
i 8 Soorpii. .....• ..•••. E. 

(J• Soorpii............. E. 
Groom. 11326 . • . • • • .. E. 

19 U,..,.. Mlnoris ...... W. 
Herculie .••••••.••. W. 

" Bniooni1 ............ W. 

h. m. s. s. 
14 5L 3e. 5e -o. 03 

14 57 39. 56 - . 03 

15 I 0 39. 80 ; - . 01 

s. 
-0.03 

- .02 

- .0"2 

'· 
+0.04 

+ .o~ 
+ .01 

21 29. 57 . . 00 - • 04 . 07 

21 29. 41 : • 01) - - 05 - . 10 

2D 48.54: .01 - .O'J - .nJ 
:i1:1 30. 38 , ~- . 01 - . 01 - . oa 
40 40. :JY ' -I • 02 - . 02 - . 03 

49 1:1. 74 + . 02 - . 07 - . l:J 

15 53 19. 08 , + . 03 - . Ol - • 01 

17 52 32. 11"! i - . 04 - . 0 l - • (l I 

Ii 54 10. &l ' - . 04 - . 02 - . O.l 

18 03 05. 84 ' - . 0:1 

o•; 40. 16 . - . oa 
l:l 14. 41 - • 02 

11 14.59'-.0~ 

28 47.!'9 .01 

J:l 09. 04 . . O(J 

40 4-J.3;J ! .00 

4:'; 54. 09 ! -+ . 01 

- .02 

- .02 

- .OJ 

- .24 

- .OI 

- .02 

- .01 

- .02 

- .01 

.00 

. 00 

- .15 
,Ill 

+ .(13 

+ .02 

+ .03 

51 -0~. 61"! - + . 0'2 - . Oli + . 01::! 

E~ 51 02. 64 : T . 02 - . OG ' - . W 

19 00 04. 73 ' + . 02 - . 01 - - 04 

13 -04. HI + . 04 ' - • 04 - . On 

ltl 32.93 + .04 - .05 - .07 

19 18 33. 36 + . 04 - - 05 + . 18 ' 

14 39 54.02 - .03 

14 51 38. 35 - . 01 

15 10 37.ti~ .oo 
21 29.08;1-.01 

21 2B. 11 ! + . 01 

1s 29 46.64 I+ .o~ 
I 

14 39 51. OB ! - • 03 

14 1H 3.'\.36;-.02 

15 10 34. 69 \ • 00 

21 25.94 i + .Ol 

21 26. 21 + . 01 

29 43. 72 + .02 

15 38 25.52 + .0-2 

- .01 I+ .(}7 

- .05 + ,,;?<) 

- .01 -;- flq 

-.fl5 +.07 

- .o:; .04 

~.m,-.m 

- .01 -l .Ol 

- .oo -+ .o.i 
- .02. + .01 

- .05 + .O.'l 
! 

1-.05:+.2~ 

- .02 . + . 07 

-.01 +.05 

14 51 32. 58 - • 05 i - • 05 + -14 
u 57 :i:i. 24 - • 04 - . 02 + . o~ 
15 10 31. 94 - • 03 - - 02 + . 02 

21 lU.32 - .02 - .041 + .08 

21 2.1.39 - .Oil - .05. + .2il 

29 40.95 - .01 ' - .02 + o~ 

38 22.74 .00 ' - .01 + .05 

oJ-0 41. '76 • 00 : - • 01 : + . 05 ! 

49 (18.65: + :01 l - .07 + .2.1 

1\.1 !1.ll6 1 + .01 I - .01 -!- .0"2 

15 58 24.98 + .02 j - .02 + .02' 

16 06 25.:12 + .0-2. - .04 1 .14 

14 ~7.tl8 +.OJ 1-- .06 + .ol 
19 55.6! +.041-.0-J +.01 

ts 2"J 4l.54 + .114 I -0.m +0.02 

.. 
'1. 03 
- . 03 

"· 
-0.11 
- .04 

-- .4!J - . 03 

1 . 82 - .10 

-1. 05 -1 • IO 
-0.28 J .. 03 

- . 4~ ~- . 03 

- .40 . 03 

+I.So + .15 

·- 0. 75 . 03 

- .~~ .02 

.lJ + .03 

- .37 

-1.03 

-H.7:} 

111.21 

-0.92 

- .20 

-.:u 
- .31 

+2.0::C 

+2.'25 

-0.67 

+1.10 

+1.83 

+l.83 

+0.01' 

- .:J~ 

+ .1~ 
- .31 

- .40 

+.11 

+.11 
- .52 i 

+ .25 

- .42 

- .37 

+ .0:2 
O·"I 

• 0:.? 

t- • :14 

- .02 

-.Ol 

- .02 

- .O:.l 

- .OS 

.0-" 
+ O" 

+ ,03 

+ .07 

- .07 

- .04 

- .14 

- .04 

• lfJ 

+ .12 
+,Ill 

+ .07 

+ .2.1 

+ .06 

+ .20 
-.20 

+.to'-.07 
+.17:-.06 

-.6! +.H 
+ .o.~ + .o;, 
+.29 +.04 

-.49 +.12 

- .27. - .12 

+ .07; - ,(14 

+ .12 - . 04 

---J • to 
1 

- • o.i 
- .49 - .18 

+.w'-.04 
+.19

1
-.04 

- .19 - .10 
....: .22' + .1.; 

~-06 +.01 
---11. 06 +o. 08 

Cloektimc 
of merillian 

transit. 

Jt. 'tlL 8. 

14 51 39. 46 

Hight af;ren· 
sion. 

Clock 

1 
correct.. 

i 

h. m. 
14 51 

'" i '· 
Ot-1. K~ ·-30. 61* 

14 5; 39 . .fl 14 57 Ob. B:i ; 3U. JG 

15 10 39. 21J 

21 30. 32 

21 ao. n 
2q 4t<. 2J 

:!d 2!J. 90 

40 48. 99 

4fJ 1.J. 59 

15 10 
I 

o~. u2 1 30. 64 

20 5f). (i7 ! 30. (jj• 

20 59. fi7 30. ~O* 

29 1':.()1 :J(), G:l 

37 59. :J3 : 30. :)7 

40 lB. :~4 30. G:i 

4o 4:-l. o~ : :ui. ;,1 ~ 

15 5J 18. 37 15 $2 47. 78 30, 5f} 

17 ;,z 31. 2fl 11 52 oo. ~4 30. 4:? 

17 ~4 10. 96 17 5:3 40. ~J5 :w, til 
18 O:i O:J. 43 l~ O:.! 3~. ~G :w, ·l'i 

OG ::19. JO Of\ OK()i ; 30, 4:l 

I.J 1:t .'."i!i 1.1 43. ~o 3-0, 3~l 

J.J 2:J. 73 13 :i5. 2..i ao. 4;)* 

2~ 40. 94 

:1:1 Oi<. 8~ 

40 41. ~l 

4:> 53. 7~ 

22 lti. 54 3{1. 40 

:1~ :1~. ·l~ ao. 40 

411 11. ~.-, :i-0, !)fi 

4;1 -i::r.:m :lo.•~ 

5J 04. 72 !'i{I 34. 2H :w. 46• 

1~ 51 0-t 74 50 :~4. ~6 ! 30. 48>t-

l !) 00 0-tO.); 13 !rn 33,,i7: ;J0.4:-3 

13 05. 2~ 

11' 34. 7:> 

19 1~ 3S. 20 

to 12 3..t. £3 · 30. u;,~ 

18 04. 41 30. 34* 

rn 18 o4. 41 ' 3o. s,i• 

14 :m 54. 09 14 39 23. 04 29. O:.i 

14 ~)l :n. ~I!") 
1~) 10 ::17. 'ii 

2i ~t<. Gtl 

2l 2t?. 75 

t;) 2iJ 40. 7~ 

u 3fl 51.~J 

14 51 an. 03 

15 10 :~4. 99 

21 2:;.n 

21 2:5. 82 

29 4J. l"'~ 

15 3B 2.), 6U 

t·t 51 a:•. 15 

14 ;)7 :t2. ;:;;i 

1.) 10 32. 24 

21 2-2. 97 

21 23. 16 

2~ 41.0:l 

3d 2'2. 86 

40 41. f("fi 

49 08. J[, 

53 11. 43 

14 51 OF. 7f-l. 

1:> 10 Ot'. (Ji 

20 ;i~J. fll : 

20 5H. 61 

15 :!!I 17.flO 

14 3P 23. (ll I 
14 51 02. {)4 

1;') 10 O,.:. 60 i 

20 :J!1 • .so I 
20 ~9. !.O I 

29. 11• 

;.! ~'. 16 

2!•. 07"' 

2ti. 2'.J 

2fo. :1911-

21;_ 39 

26. 3-J* 

2fi 17.5~ 2~i.24 

15 37 5!l. 31 2(i. :.H 

l1 5 t 08. 50 2:t 65'" 

14 .~. -0~. 77 2:} . .'k) 

15 10 08. :.ii:" i 
20 5!l. :JS : 

20 5!•.3F') 
I 

29 17.55: 

:!i 50. 21-J I 

40 Ji<. :io i 

4~ 44. :~ l 
~:2 47. ,j,) I 

2~{. i'R~ 

23. 4~ 

2 J. 57 

2:t 51*" 

2.1. 68 

15 5tl 25.15 15 5~ OJ. 47 I ~n. fli~ 

16 06 2:-i. 15 16 06 OJ. 47 23. t:~* 

H 57. C'2 14 33. \)6 23. iifiit 

rn a.'J. 75 rn 3'2. os 2:t 67 

16 2-2 41.Ml 16 ~~ 18.08 -2:1.5l 



 

192 REPORT O,F THE HfTPERINTENDENT OF 

Computation of obsert:aii.ons fur clock and instrumental corrections, &c.-Contintied. 

Dated. 

1872. 

July 14 

Set.IL. 

Stars. 

tJ;I Draconis .......... . 
r Dra-coui11 .......... . 

o Hercnlis -----··--· 

u: 1 SagittarU ___ --·--· 
~ C1·sru l:linods ..... . 

o 'Cr•R' l\lino1·is. _ ... . 
b Draoonis. .......... _. 

Aqnilit' ··------···· 
Vega ............. . 

(J Lyne ............. . 

50 Dracouis ............ . 
50 Dracotiis ......... . 

~ Aqnil"' .......... . 

d Sagittarii ......... . 

L.p. 

w. 
w. 
w. 
w. 
w. 
E. 

E. 

E. 

E. 
E. 
E. 

w. 
w. 
\Y. 

Corrections. If 

Clock-time 

01.>Aerved time ---------,---!---- ----1 of mBridian of trm1s1t. I Abel'ra.- . I Colli- transit 
Rate. t Level. Azimuth. , . 1 · 

---------~ ---1----~ma ... ton. 1 
__ -~ __ 

' ' ' 1 It. m. 8. a. s. \ R. j a. s. I i. m. a. 
n 44 40.41 -0.04 -o.05;-0.031 +o.25 +o.o4' 17 44 40.58 

17 54 03.94: - .03 - .l2 i + .Ol + .02 + .02 i 11 5t 03.94 

IB 02 58. 45 i - . 02 - . 01 I + _ 0'2 - . 06 + . 01 , 18 o~ ;,o. 39 
I I I "6 3~ 14 I oo 32.32 -.02 -.011+.u1: -.17 +.01 lj ~ 

H 15. 99 · - . 01 - .1!4 , + .19 + t. 88 -t . 20 14 18. 01 
H rn. e6 ' - . 01 I - . 24 +I. 02 ·, +u. 6t 20 ' H 18. 07 

22 2s. 57 . oo i - • 03 +o. 15 : -t . 02 : - • 0-2 22 20. 69 

~ ~~: ~: I + : ~~ I = : ~: : : ~~ i = : ~~ = : ~~ : ~~: ~~ 
I 

4:; 413. 76 + . 02 - . 02 . + . 10 I - • O~ - • 01 45 46. 83 

50 57. 22 ! + . 02 ' - . 05 + . \19 

50 57. 35 ' + . 02 i - • 0;) + . 10 i 
18 5!1 51. 15 I + . 03 -- . 01 + . 03 

rn 10 34.64: + .o4 - .01 

+.ll -.05! 

+.21:+.05j 
. 08 I f . Ol 

- .H; + .011 

:;o 57. 54 

50 57. 7;J 

18 5U 57. 13 

19 10 34. 55 

Jilly 17 fl Lihr:e ............ .. 

\ )'~ U1·sa: Miuoris ..... .. 
E. 
E. 

15 10 ~B. 4D 

21 rn. 48 
- .04 - .01 

+ .01 

+ .01 

+ .07 

+ . to I _ . 10 i 15 

- .16 I - .33 

+.06 +.33, 

JO 28. 3tj 

2L lo. 9~ 

~1 19. 13 

29 ~7. hl 

:ltl 18. 9ll 

40 :n. us 
49 1)3. 98 

Se• I .. 

- .o:i - .O:J 
: y2 UrswMinoris ...... ¥t. 2l 18.02 -.03 -.05 -.10 

! a. ?01·ona.~ .Borealis . _.: W. 21-J 31. 15 - . 02 - . 02 - . 03 

I a Serpent~s ........... W. 38 lo.95 - .Ol - .01 - .02 

1 
fl Serpent.is ........... W. 4U 37.94 '

1 
- .01 - .01 - .02 

I 
~ t:r•<e Minoris ... --· W. 49 o~. 57 .oo - . 07 - .11 

d Scorpn ·---· --·--' W. 53 0'1.47 .00 - .0--J - .Ol 
(J• Scori•ii . •• .• . .•••.. \Y. 15 :>e 21.16 • oo - . 01 - . oz 

I 
Groom.23~0 ....... .' W. ·1 16 06 20.94 + .01 - .04 - .13 

e Ophirrchi ~ E. 11 54.54 + .0'2 - . 01 + .Ol 

Ir Ilerculi• .......... E. 16 15.31 + .0-2 - .02 + .02 
A Dracnnis ... _. _ .. _. E. 28 37. 1l + . 03 - . 04 + . 06 

I q HtrcnliR.......... E. rn 38 52.11 + .04 - .02 + .04 

f1 0 Urs.~ :Minoris ...•.. 

I! µt 8agitta~ii ·-··----
) Q l.Jrncoms ...•...... 

j ~ 1 Aquil1e .......... . 

,. Lyrro ·-···--· ·-··-· 

E. 
E. 
E. 
E. 

E. 
E. 

18 14 10. 48 

06 ~-11 

2J 24. 85 

- .02 - .24 

- .03 -.02 

-.0-2 -.03 
21< 3fi.90·-.02 -.01 

:rJ 58.21 - .01 - .o~ 

45 43.32 .00 - .O!l 

+.11 
.00 

+ . 0-2 

+ .Ol 

+ .04 

+ ,1)5 

- .Ol + . II 

-.03 +.10, 

-.0~ +.!Oi 
+ .10 + . 49 I 
-.04 ·+,11 

-.04 +.11 

+.04 +.27 

- .13 - .10 ! 

.00 - .l:'\' 

+ .17 -.28 
- .03 - .13 

+5. 25 -2. 03 

--0. 48 - .13 

+.rn -.23 

- .40 - .12. 

- .09 - .l!l 

-.U - .14 

5:S 07. 5L 

15 58 21. 20 

16 06 21. 09 

11 54. 3:1 I 

16 15. 1e I 
2il 37. 05 I 

16 38 52. 01 

18 14 13. 58 

06 28. 4~ 

22 24. 7A 

2" ;J6. :it! ! 

32 57. 98 
I 

45 43. 07 

Set ll I 
,, Vei:a ·····--· ..... . 

''1· : ~;:~:::::.::~~~~:~:.' !'. 
• .A.qnilre ............ W. 

I: : Aquih:c ·-~----··-· W. 
ct Sagittarli ...... --- . w. 

l r Draoouio....... ••. W. 

50 53. 01 

''° 5i!. 49 
:H 10. 74 

18 59 53.M 

19 10 31. 18 

19 18 2:l. 75 

+ .01 

+ .01 

-.OC +.14 

-.06 -.ll 

+ . 01 - . 01 - . 03 

+ .01 - .01 - ,1)3 

+.02 -.01 -.0~ 

+.03 -.05 -.1:1 

+ .91 

+l. LO 
-0.32 

- .47 

+ .47 

+ .12 
+ .12 
+ .13 

+ .41 

:;o 53. 5-4 

w 5:1.90 

54 10. 51 

18 59 5.1. 30 

\9 10 :ro. 13 

\9 18 23. 90 

Jnly 18 

J'nly 20 

y1 (!'rsoo Mi1101·is ...... : 

a. Coronre Bo't'talis .. 
E. , 15 :ll 18.20 - .03 - .05 - .O:l 

E. 29 a5. 96 - . 0-J - . 01 - . OJ 

« Se-rpen U& • • • • .. • • • ..

1

. E. 3~ 17.74 - .02 - .01 - .Oi 

{J• Serpeutis .... ..... E. 

t Urore Miooris...... E. 
: Ursre Mi11orio .••••. 1 

40 36. 70 - . 02 - .01 - . Oi 

49 03.37 - .01 - .07 - .06 

w. 
~ Scorpii .•.... ··-··· f w. 
fjl Reorpii ........... ' w. 

Groom. 2320 ....... I W. 

: :;::~~i:~::::::~: lj :: ' 

A. Draconis.......... E. 
11 Hercnlis ·-·· ...... 

1 
E. 

49 03. 46 

53 o;;. 99 

15 5d 19. 72 

lfi 06 '.l!l.22 

11 52. 98 

16 13. 98 
2j :16. 57 

2d 35. 96 
16 3l! 50. 77 

- .01; -.07 

.ooi-.02 

.001, - .OJ 

+ .011-.04 

+.011-.in 
+ .01 ! - .Cl'l 

+.0;21-.03 
+ .03 - ,OJ 

+ .M· - .11'2 

o1 Delphini ..••. ...... E. 20 33 59.ll'l' - .If.I' - .01 
" Cygni. •....••.•... E. 37 !11.91 - .111 - .O-J 

,.. Aqnaril .•••••.••••. E. 46 Oil. 79 - .Ol - .01 
l~ Y. C. 18'l9 ........ . E. i 20 M 40.96 o.oo -0.oe 

-.25 
- .02 

-.03 
- .15 

- .04 

-.~ 

-.U 
+ .08 

+.03 

+ .02 
+ .00 
+ .01 

+o.u 

-.33 
- .57 

+.89 

-.24 -.08 

+.06 -.03 

+.11 -.02 

+.09 -.02 
- .43 
- .5~ 

+ .21 

+.w 
-.!lO 
+ .16 

.oo 

- .11 

+.u 
+ .O'l 

+ .0-l 

+ .06 
+ .02 

+ .03 
-.ll +.05 

- .20 - .06 
+ .01 - .03 

+ .ot 
.00 

+.OT 
-0.116 

+ .04' 

+ .1161· 
+ . ()t 

+o.i4 I 

15 21 17. 7~ 
29 35. 93 

38 17. 79 

4() 36. 72 ' 
49 02. 69 
49 Oi. 7~ 

.5;J OIL 18 

15 58 19.90 

16 06 lll. 90 

11 53. II! 
16 13.911 
1!111 36. 39 

ll$ 33. '17 : 
16 33 00. llO 

2& 33 M.3l 
37 21. lfl 

46 M.Bll 

2& !IS •n 

H.ight ascen- Clock 
siou. : cor-rect. 

Ii. 1n. B. s. 

17 41 lfi.8~ '-23.75~ 

17 53 40. 31 23. 63 

18 o~ 34. 95 23. u 
06 98. 69 2:1. 45 

13 51. 5-0 2:J. 51 * 
13 54. 50 2:l 57 

2,J U4. 00 ! ll:l. 7a 

2d 16. 57 ! 2:J. 57 

3:l 38. 42 23. 49 

45 23. 31 23. 52 

50 34. 15 ~- :J!J .. 

50 34. If> 23. 5i<' 

18 59 33. 60 :i:i. 53 

rn lO 1 o. s:1 1 2;i. "~ 

15 lO 0,. 55 i 19. 81 

20 59. 20 i 19. 7M"' 

20 59. 20 ' l!I. 0:1 • 
29 11. 52 

37 50. 27 

40 1~. 2"7 

4'3 44, 36 

52 47. 72 

15 58 01. 45 

16 06 01. 34 

II 3l. 59 

15 55. 48 

28 17. 3~ 

16 38 3Z. 3..1 

18 13 53. 8" 

06 O~- 70 

2l Ot. 9~ 
~~ 16. 51 

3~ 38. 42 

45 23. J,j 

50 34. 01 

50 34, 07 

53 50. 81 I 

is w 33. 62 I 
19 10 10. 9tl 

19 le !14. 3:1 

15 20 59, 13 

l!9 17. 00 

31 59.~ 

40 18. 9tl 

48 u. 27 

48 41. 27 

52 47. 71 

1:1 58 Ol.H 
16 Oil 01.~ 

11 :K. !ill 
15 :;:;, 44! 

~ 17.95 

ll8 17. !18 
16 :is :Ill. 31 

lllO 33 43.61 

37 06. 34 

19. fit) 

ID. 7l 

]!). 7l 

19. 62t 

19. 79 
rn. 1.l 

19. 15'"' 

rn. 74 

19. 70 

19. 73• 
19. 68 

19. 76" 

19. n 
19. ~6 

19. 7!) 

IU. 51i 

19. 75 

19. f7• 

19. B.l' 
19. 70 

19. 68 

19. 77 
19. 58* 

18. 59* 
li'; 43 

is.:;~ 

lS. 46 
11!. 42• 

18. 4;• 
18. '7 

18. 4tl 

18. GO• 

lrl.53 

IS. f6 
18. 43 

ts. 49* 

18. 49 

l!i. 73 

15.113 
15. 111 

.:-15.. 73' 
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Computation of obseri·ations for clock and fnstrumcu ta l correction tr, d:c.-Coutinuctl . 

Dates. Stars. 

1872. 

July 2U 12 Y.C., 1879 ..... . 
<T2 Urs::e Majorie, L. C 

~ Csgni. .•...••..•.•. 
" Cephei. ••....• 

July 21 / y2 UrHre Miuoris. __ • ·

Cl Coronre Ho1·tjalid 

I 
I 
I 
I 

11 Serpentis. --· ---- .. 

B Serpentis ·--· -----
~ Ursre Minoris .•.. __ 

~ Ur:500 Minoris .•.•.. 

I Scorpii.. .•......... 
St•tl. .. : fl• Scorpii.. 

July21 

Set II.. 

July 23 

i 
I 
I 
I 

Groom. Z.120 ..••.• 

r Horculis 
11 Dracouis. 
A. Dra.conis. 

11 Horctilis 

1e. Ovhiuclii ·-----· 

fl Lynll ............ . 

50 D:ra.conis ---·--·--· 
1 Aquilte •.••..•.. 

~ Aq uilre ••••..... 

d Sagittarii .•......•. 
llnLC:onia 

.,. Draconis ..••..•.... 

r Urac.onis .......... _. 

{J• Csg-ui. •..••..••. 

< Aqnilro ...•.• 

y Aqnilro -----------
Altair ....•........ 

1 Dracouis .•.. 

' Dra.uonit1 .•...•..•. 

I it Serpentis .•..•..•• 

I t ~ :s:i~i~~~i: .... 
J # 1 Scorpii ---:-······-· 

Groom. 23ol0 ..•..••. 

r llerculis .••..•••••. 
11 Draoonis .......... . 

Set I ... 

11 
qA.A. Dra.nonis ......... . 

Dra.conis .......... . 
Herculis .......... . 

lj 9 Camelup., L.C .•.. 
1 < Ophiuchi ..•••..•• 

I 
£ Ursm Minoris _____ _ 

1 Ursm lliuoris_ ..... _ 

Jnly !231 • Aqniloo .•••••..••.. 
I l Aquiloo .••••••.•••. I 4 Sa.gittarii. ..••.••.. 

I 
d Draoonl• ..••....••. 
,. Draoonis ............ . 

j .,. Dra.conis ........... . 

SetlL. )· " Aquihc .••..•..••.. · 

1 

1 Aquiloo .•••••.•••.. 
Altair .••..•.•.••. 

• Dr&e0nis .. ---------

: L. p. 

w. 
w. 
w. 
w. 
E. 
E, 

. K 

E. 
E. 

\V. 

W, 
w. 
w. 
w. 
Vo'. 
w. 
]';, 

E. 

E. 

E 

E. 
E. 
E. 
E. 

E. 

w. 
·w. 
w. 
w. 
w. 
w. 
E. 

w. 
w. 
E. 

E. 
E. 

.E. 
E. 
1~. 

w. 
w. 
w. 
w. 
"T· 
E. 

! Draoonis •••••.••••. 

1 t ., Aquila> .••••••••••. 

E. 
E. 
E. 
.E. 

E. 

w. 
w. 
w. 
w. 
w. 
E. 
E. 

H. Ex. 100--25 

. --------- ···-----------------

Clock-time 
Ohserved tinH' '·--- --------- ·-- ·----, -- of uwridian 

of tra.usit. j 11 Al~--rra-i ! . I Culli-1 !~ate. twn. 
1 

Level. iA.zarnntL. j mation.l 
-----··· ---1--'--1---'[-- -----

Correctious. 

t.rausit. 

Right <iscen- Cloch 
1:iio11. 

h. m. .. s. h. 1n. s. i B- f B, 
1 

s. i s. I s. ~ h. ni. s. 
~ 53 41- 50 i 0. 00 Ir -0. OE -0. 10 ' -0. 07 i -0. 24 i 2-0 a:~ 41. 01 20 5:J ;,i:;, 2:1 --15. 79* 

oo sn tn. e2 : • oo + . o.i + . 02 + . c15 i + . 11 I 20 5~1 20. 04 ~o 5!-' 0-1. 23 i:}. t<:! .. 

21 07 47.09 I+ .Ol f - .02 - .O:l + .m - .05. 21 07 47.01 21 07 31.3:1 j l:i.tlr< 

:tl 15 49. 8!) I' + . 02 i - • ;)3 - • 07 - • 01 i - • Ofl 21 15 ·HI. 71 21 1.J 3-t U4 : 1.J. (-7 
I , 

15 21 13. 9-0 ', - • 04 I - . 05 - • OU - .18 \ + . Oti 15 2l 13. 6!) l;i 2Q 5;:. Ki 14. 74* 

~H 3l. i)cl ' - • OJ I - . 02 - • O:.! + . ()5 i + ' O;J 29 31. 9t 2iJ Ii. 46 i 1 t. ;12 

38 13.7t;-.0;21--0l .01 +.OBj+.O:J 38 t:t77 37 5D.23 I.J:H 

-to 32. 76 I - • 02 i ~ • o~ • oo + . 07 J + . O:J 40 3:!. 81 40 lt:>. :l:J · H. f)H 

48 58. 74 I - . 01 1- . 07 • °'' - . :iz f + , o~ 48 58. 4;1 4t! H n~ , H 4:,• 
4S 59. HI ! - • 01 - • 07 - • Z3 - , 13 , -OH 413 58. 6tl 4~ 43. !lr! 14. n ... • 
5~J 02. 30 - • 01 I - . o~ - . 02 ! + . o.l . O:.! 5·i n:i. 2-1" 52 47. Cit H. 1m 

13 58 Hi.0'2 .00 - .01 - .-0~~: + .03 - .-0:1 15 5B Jfi.01 Ei 5@ 01.41 i 14.MI 

16 00 lti. 10 .00 l - . 04 - • 20 I - . 05 -- . 05 16 06 15. ~.5 H; Oti ()1. Hi 1-1. H!I* 

1G 10. lfi + . 01 1- . ()"~ . -. 12 • 00 - . Kl i 16 10. O<l 1,; riri. 4>' H. !00 

22 32. 4H + . 02 - . O:J ~ - •. l;J - . 03 - . 04 ~i! 32. 2tl 22 li. F:ti 14. 40 

28 31. 12 + , OJ , - • 04 ! - . 1f1 - • ();) - . 0;) 28 31. 44 
1 

2--3 .11. 14 H. :~O* 

:JR 4fi. 7;, + . o:i _ . 02 ; + _ (Jl + _ 01 + _ 0:2 38 4G. ~o 1 36 32. 2-;- 1 I-J . .13 

16 51 53. 00 I + . 04 - . 0 l : • 00 + . 03 i i· . 02 16 51 53. OB i IG 51 3". JI ! 1-l. 77 

18 45 37. 95 I - . 03 - . 02 i . 00 - . 14 I . w 18 45 37. 76 i 18 45 23. :i~ 14. 44 

50 47. 71 1 - . o:~ - . oc; , . OCl + . 96 j . oo 50 4t< ati 50 33. !H H. 64* 

54 05. 53 - . o~ - . 01 . oo - • 2s I . Qo i r;4 l'.l:;. 2• 51 5o. 83 H H 

18 59 48. 3~ - . 0;! - . 01 i . OU - • 2!) I . OU i 18 59 '45. Ofi ltl 59 33. 64 14. 42 

W 10 2ti. 12 - . 01 - . 01 I . 00 - . 49 I . (J(l i 19 10 25. 61 l!I 10 10. [lo 14. ti:J 

12 48. 39 - . 01 - . 04 I - . 01 + . 47 i . W • l::! 41'. 80 l~ 34. 53 14. :!7• 

18 17.99, .oo -.m'-.u< +.7RI .oo: 18 1~.70 rn 01.2:', 14.4;;• 

1817.RGi .00 -.0_, +.88j .(l(l
1 

ldl~.61 1804.2~ 1 14.36" 

25 ~o. 36 j + . 01 - • 02 - . o~ - • 21 I . oo i 2s w. !l 2:; 3;u7 ! 14. H 

30 17.45 ! + .-OL - .01 - .02 -- .471 _(Jo 
1 

:JO rn. !Jfi 30 02. n I u. rn 
40 27.3ti 1 + .o-i - .o-.! - .o~ · - .351 .oo 40 27.01 4u l~.5.i 14 '" 

44 411. 22 . + . 02 - • 01 - . O~ - :J6 . (JO 44 4t'. ~4 i 41 31. il<l 11. 4t' 

48 53. 3B ' + . 0:1 - • 04 - . o" + . GO . on : 4H Sil. % I 4tl 3:1. :l:l H 6:1* 

19 48 52. 93 ; -t- • 03 - . 04 : + . 02 + . 60 i . 00 ' 19 48 5i3. 02 19 48 3[1. 33 H :!9" 

1s 38 1t.22 I - .M - .02 ! - .ot + .21: - .04 I 1s :is 11. :1s ! is 37 w.::1 I:!. H 

48 57. 55 

52 59. 43 

15 58 13. 29 

16 06 13. 74 

16 07. 47 

22 2'J.91 
28 29. 50 

28 29. 65 

38 44.50 

41 31.1\l 

51 50. 42 

59 29. 49 

16 59 28. 36 

- .oa 
03 

' - .07 ~ - . 22 

- .OJ!+ .01 

- .o-i - .02 i + .01 

- .0-2 - .04 + .0-J 

.oo - .o~' .oo 

.00 - .03 .(Ml 

.00 - .04 .00 

+ . 01 - • 04 . - . 07 

+ .0-2 - .<fl - .01 

+ .0-2 + .04 + .03 

+.OJ -.O:l 

+ .03 - .ll 

+.U4 -.11 

- .02 

-.17 

+ .27 

18 54 02.90 - .04 - .o-i 

1s 59 4:;. n - . 03 - . o~ 

19 1() 23. 26 - • 02 - • 01 

+ .01 
+ .01 

.oo 
+ .03 
+ .04 

-.06 

12 46.~3 - .02 - .04 

lS 15. 85 - . OJ - . 0.5 

- .05 

-- .01 

- .01 

- .01 

-.01 

- .01 
- .01 

18 16. 33 - . 01 
30 14. 74 • 00 

40 24. 65 + . 01 

44 46. 50 + . 01 

48 51. 44 + . 01 - .01 - .03 

48 50. 84 + . Oi - • 04 + . 07 

19 ss 01. 42 +o. o-~ --0. 01 +o. 02 

-1.05 

+0.37 

+ .36 
-.36 

.00 

-.20 
- .:19 
- .22 

+ .04 

+ .48 

+.n 
-.91 

- .21 
+ .O:J 

+ .()4 

+.11 
+ .Ofi 

+.OH 

+ .12 

-.12 
- .05 

+ .10 

- .04 

- .'.ll 

48 5;:-), !~I j 

.s:J 59. wi: 
15 5d 13. 66 

Hi 00 13. 45 

16 O"i . .'.il 

28 29. HI 

2~ il!l. ~1 

38 44. 4,) 

41 31. i'{j 

5L 50.50 

4:-i -l~i- w 1~. i~ ... 

5:! 4-;_ !Jti 1·2. 17 

15 5d 01. ~O I:.!. '.16 
I 

w Uti 01. Ofi I 1". 3n· 
l;:i 5;:-,, :lti I l:!. 1:1 

2:..! 17. i~t . l:.!. Ol 

2~ 17. 0-l 1~. 1.-1· 

2~ 11. o-i 1~ n~ 

3::'. 3:2. :J-1 ) 12. ~L 
41 l~i. (j(I i l:.!. ~(i"' 
5l 3~. "'2q I~. 21 

5!l l;:i. 7':" 1". 2-1' 

- .91 + .31 

.r~t 2~.{l:l f 

16 59 27. 9fi 1 10 5'.l 

- .10 +.05j 18 54 0-2. 80 ! 
- .10 

- .1e 
+.17 
+ .29 

+ .16 
- .O'.l 

+.Of> i 
+ .. O:J I 

+ .12 ! 
I 

+ .15: 
- .15 

- .05 

-.00 -.O;i 

lB 59 45.62 

19 rn z1. 10 

12 46. 4H 

18 16. 27 

18 16. 2~ 

30 14. ;";8 

40 :U.5:l 

- .07 - .0-1 44 45.3B 

+ . 12 - .13 4a st. 37 

13 59 3J.G4 

19 10 10. 9H 

12 34. 5U 

le 04. 2t 

10 IH.21 

3a 02. 4!' 

1 [. j~'j 

lL ~J...; 

12. 11 

11. 9:1 • 

12. on--
12. Ol' 

lt. 09 

40 11. 3.J 11. 91) 

44 34.38 12.00 

413 39. :n 12. -06*' 

48 3~. ill 12. 86' + . rn + . 13 4~ al. n j 
-0. 09 +0. 05 : l~ 5" 07.4t i HI 57 55. 3L -12.10 
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Computation of observations for clock and instrumental correctio~, tf:c.-Continned. 

Dates. Stars. L.p. 

1872. 

July 23 5. 3 Ursre Majoris, L. C : E. 
Set. II •. l i • Cephei. ............ i E. 

(I 9 Draconie, L. C .... Ii E. 
l'I A .. o 

! ~26 Cephei .. .. .. .. . .. I:. I
' ~ qunru ............ 

1 
"'· 

Set III. < \ : Pe1ta•i. .. . . . . • .. .. E. 
11 • Ceph~i .. .. . .. .. . .. \ E. 

I 
i• 

0

• Cepboi ............ / W. 
Andrnmed:e ........ 

1

. W. 
l Pegasi. ............ W. 

July 28 •• I ~ Draconis .......... I 
A Drnconis. _________ _ 

Herculie···-···-·--

w. 
w. 
w. 

Jul~· 29 

c Ophiucbi _________ ' w. 
• Ursfe Minoris ...... : ""· 
s Ursa: Minoris ...... ! }~. 

'1 a1 Herculis .•......... E. 

7r H~rculis...... ..... E. 

44 Ophiuchi ........•. i }~,:.· 
Groom. 966, L. C .... \ 

fJ Draeon~s ........ : .. , E. 
w Dracon1s ........... E. 
"11 Draconis. .......... E. 

>fl' Draeonis .......... [ W. 

r Draconi• ......... · I w. 

1
.
1

: Hercnlia ...••...... 
1 

W. 

1
u UrHreMinoris ...••. 

1 
W. 

11 Aquilw.. •..•.. .•. w. 

·1 ~ Ophiuchi.. ......... WW •. 
., Hereulis. ..••...... 
9 Camel op., L. C .. • • . W. 
• Opbincbi ......... . 

c Uram Hinoris ....... -. 
• Uram :Mlnori• ..... . 
•1 Herculitt ...... : ........ . 
44 Opbiochi .•••.•.••. 

Groom.966, L. C .•.. 
8 Draoonis ..••..•••.. 

w. 
w. 
E. 
E. i 

E. 
E. 
E. 

., Dracomo. • • • . . • • • • . E. 

>fl' Draconla..... .•.•.. E. 
>fl' Draoonis. .• . . . • • • . . W. 

r Draconis ..••.•••••. w. 
o Ilarenlie. . . . . • . . . . . W. 

J,.l:y 30•• y Draoonis. .•••••••.. E. 
d Ursm Minorle..... E· 

Vega.............. E. 
fJ Lyne.............. W. 
d Draoonis •.•..••... W. 
y Aqnil9' . . • . . ... . . . . W. 

Altair ............. W. 
• Dr.a.oonis .................. W. 
a Draconis............ ....... E. 

July 31 (, r 

1
1' 

OdL--,1 ~ 
Ophiuchl •••••••••. E. 
Rereulio .. . . • • . . • . . E. 
Camelop., L. C • • • • . E. 
Ophiucbi.. ......... E. 
'UMl9' Min<>ris. ••••• E. 
Ur<llll ld.inmis...... W. 

I Corrections. ·-----r-----~j---- .--i-
. · Clock-time , 

ObB('rved time<---------------- ! of meridian I Right ~umen- i Clock 
of transit. ]A.berra-1 

1
1 . I Colli I t .t I e.on. !correct. 

Rate. I tion. : Level. 
1 
Azamuth./ mation ! rausi - ! 

--1--·--__ ! --- :-------···. ---
h. m. s. s. I •· j •· i •· I s. I h. m. •· I h. m. •· s. 
20 oo 13. 24 +o 03 +o 04 : -O. o:; j -O :1~ 

1 
-O. rn 1

1 
20 oo 12. 78 ::o 0-0 oo. 78 -12. ow 

20 13 25.S!l + .04 - .07 I+ .2-21 + .:131 + .21 20 13 26.62) 20 13 14.53 12.09' 

22 24 19. 81 - . 01 I + . 06 I + . 02 -1. 45 - . 1~ I 2"i 24 18. 24 I 22 24 06. 48 IL 76* 

29 00. 61 - . Ol - . Ol I • 00 I -0. :JO I + . O·l : 29 00. 3.1 ! 28 48. 57 11. 76 

30 15. 5~ - . 01 i - . 06 ~ - • o:i I + . 1u + . l~ j 30 16. 4;, I 30 .o4. 81 n. 64* 

35 18. 53 • 00 - . Ol - . 01 - . 25 + . 04 35 18. :JO I 35 06. 52 IL "'8 

45 21.61-l .(){) - .03 - .02 + .31 + .ll: 45 22.05 i 45 10.21 ll.84' 

45 21.97 .00 - .03 - .Ol + .3"2 - . ll · 45 22.14 45 10.21 11.!!:J* 

56 15. 87 + . 01 - • o~ - . 01 - • O:l - . OH i r;o t5. 74 56 ()3. 95 I 11. 7i> 

22 58 36. 94 + . 02 - . 02 - . 01 - • 2.1 - . 04 . 2"2 58 36. 6fi 22 5B 24. ><i' '• ll. 78 

16 22 23. 43 - • 05 - • 03 - • 13 - • 27 - . 0;! 16 22 22. D3 16 22 17. 61 I 5. 32 

~ 2"2. 9'J - • O;i - . 04 - • 11 - .. !'d - . oa 28 22. 11 ! 28 1n. 7\) 5. 3Z* 

38 37. 47 - • O·I - • 02 - • OB + . Od - . 01 :)8 37. 40 38 32. lH 5. >!4 

51 43. 3l - . 03 - . 01 - , O., + . 30 - . 01 51 43. 51 51 3iU~.O 5. 2t1 

!)0 2:1.lO - .0-2 - .11 - .40 -2.13 - .07 5~l ~J(J,:i7 5!1 1S.07 I 5.3tl'. 

lo 59 22. 11 - • 02 - . u - . 03 -2. 2'2 + . 01 16 59 20. 46 1s w i;,. o• I 5. 39• 

17 08 55. 43 - . 01 - . 01 - . 0 I + 0. 28 + . 01 11 08 55. 6~ 17 08 50. 40 . 5. 29 

10 42. 26 - . 01 - . 02 - . 01 + . 11 + . 01 10 4~. 34 10 37. l!l 5. 15 

18 40. 22 . 00 - . 02 . 00 + . 5:J + . 01 18 40. 74 18 35. 29 5. 45 

22 39. 46 • 00 + . OU + . 02 + l. 69 - • 03 22 41. 22 22 35. ~6 5. 36* 

27 39. 90 

37 w. 75 

44 22. a:i 
44 2'.!. t7 

17 53 45. 70 

18 02 40. 10 

14 Ol. 78 

18 28 21. 5ti 

. oo - . o~ - . o~ 
+ . 01 - . 04 - . 04 

+ .02 -.05 -.04 

+ . 02 - . 05 '. - . 16 

+.03 -.02:-.0~ 

+.04 -.02 -.00 

+ .05 -.24 -.118 
+ .06 -· .01 - .0:1 

16 30 12. 28 - . 04 - . 02 - . 05 

:18 36. 0:1 - .m - .o-i - .13 

41 24. 00 - . 0:1 + . 04 t . 10 

5l 42. I~ - . 02 - • O~ - • 09 

59 19. 1:1 - . 01 - . 11 - . f,f; 

16 59 18. 76 - .02 - .u - .33 

17 08 54.30 -.Ol -.01 -.05 

IR :19. 40 .00 - .02 - .02 

2~ 39. 94 + . 01 + . o:; + . 12 

27 38.35 + .Ol - .0-2 - .JO 

37 48. 66 + . 02 - . 04 - . 17 

44 19. 96 

44 20. 37 

17 53 44. 13 

+ . 02 - . 05 - .19 

+ .O:J - .05 - .32 

+ . O:l - • 02 - .17 i 
18 02 38. 8'.l + . 04 - . O~ - . 11 I 

' 17 5:1 42. 73 -.07 -.0-2 -.lOi 

1s 13 il6.:;1 - .o;, - .24 - .86 ! 

:i;.i 40.69 - .0:1 - .0-2 - 0911 

: :: :::: ~ :~: = :: = :~~ 
40 14.90 + .03 - .01 - .03 i 
44 36.118 +.04 -.0~ -.o:i: 
48 42. 01 + . Ol - . 04 - . 00 I 

19 48 41.B!I + .04 - .04 + .w ! 
16 30 !)i!.91 _ .05 _ .01 .oo 1 

38 32.92 -.04 -.0~ .001 

41 !I0.30 - .04 + .04 .00 

51 38.95 - .03 - .02 .01> 

59 17.127 - • 00 - • 11 - • 0-l 

16 Sii 17. 62 -0. 01I -0. 11 -0. 36 

--0. 08 

- .54 
+ ,01 
t .0:3 

- . 7~ + .OJ 

- .55 - .03 

- . o;; - . Ol 

+ .14 - .01 

-4. 24 - .15 

+O.J2 - .01 

- .OP + .Ol 

-.02 +.Ol 

-.20 -.02 

- .03 

+ .38 

+ .54 

- .07 

t .Ol 

+ .04 

- .04 

-.01 

- .13 - .OJ 

- .41 + .02 

+.o~ -.Ol 

+ .1:1 -.0~ 

+. l~ - .02 

-.06 

- .01 

+ .02 

+ .o~ 
+ .01 

t .01 

-.03 +.o" 
-~.60 + .24 

+o. 04 + .02 

+ .o;; - .0-2 

- .15 -.04 

+ .rn -.01 

+.JO -.Ill 

- .19 - .04 

- .19 + .04 

+ .30 .00 

+ .06 .00 

+ .81 .00 

+ .2'.I .oo 
-1.54 - .OJ 

-l.52 +0.01 

27 39, 7B 

37 50, 17 

44 21, 56 

44 21. ~o 

17 53 45. 56 

27 34. 53 

37 44. 9:1 

44 16. 23 

44 16. 23 

11 sa 40. u 
18 02 40. 19 : 18 02 34. 89 

5. 26 

5. 24' 

5. 3:!"' 

5. 47* 

5. 45 

5. 30 

5. 30* 

5. 30 
l:J 56. :;2 13 51. 22 

18 28 21. 89 18 28 Ill. 59 

16 30 12.10 

38 35. 84 

41 Z.l. 89 

51 42. 01 

59 18. 77 

16 59 1~. eo 
17 Oil 54.15 

ltl 39. 22 

22 39. 73 

27 38.25 

37 4~. 58 

44 19. 9~ 

44 19. 99 

17 53 43. 97 

18 IJ'J 38. 76 

17 53 42. 53 

18 13 53. 00 

32 40.61 

18 45 2.o. 60 

l9 12 36. 51 

40 14. 98 
44 36. 76 

48 4L 69 
19 48 4L 84 

16 30 09. 15 

38 32. 92 

41 2L 11 

51 39. 12 

59 15. 57 

16 59 15. 62 

t6 30 o.;. 36 

38 3-2. 14 

41 t!i. o~ 

51 38. 24 

59 14. 9:~ 

16 59 14. 93 

n os 50. 39 

18 35. 28 

22 :i5. 9~ 
27 34.51 

37 44. 89 

H 16.18 
44 16. 18 

17 53 40. 09 

18 02 34. 88 

3. 74 

3. 7-0 

3. ~2* 

3. 77 

3. 84* 

3. 87"' 

3. 76 

3. 94 

3. 78* 

3. 74 

3. 69"' 

3. 74• 

3. t'll* 

3. 8~ 

3.88 

17 53 40. 07 2. 46 

18 13 50. 6:l 2. 37* 

32 38. 34 2. ~7 

18 45 23. 27 2. 33 

19 i2 34. 31 I 2. 24• 

40 12. 57 2. 41 

H 34.41 2.35 

4S 39.~ !2."47*' 

19 48 39. 22 ' 2. 1j2• 

16 30 OS. 34 0. 81 

38 in. 11 0. 81 

41 20. 09 1. 02• 

51 SS. :i2 0. 90 
59 H.e:J 0.94• 

16 59 H.63 -0.~ 
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Computation ct.f obsermtions for clock and instrumental corrections, &c.-Continuec.l. 

I 
Dat;1s. 

1 
Sta.rs. 

I 

1872. I 
J ltly 31 ( 1 a 1 Herculis _ w. 

w. 
I 

44 Ophiu<'hi. 

! f3 Dra~m1is. 
1 

\V. 

J w Dra-0onis. ------ .... 1

1 

\Y. 

Set L .. ~: ~1 Dra-conis .........•. ,Y. 

I 
i.f.il Draconis ......•.... 1~. 

, r Draoonrn ...••...... 1 l~. 

I
-Io Herculis. ............ : E. 

! 0 l'r1m~ _Minorid, ••.•. ! E. 
l

1 

1 Aqmlm ............ I E. 

Jnly 31 (I < Cepbei. .. __ ! W. 

ii 
I 

tt Pegasi ............. ) \\". 

Fomalha.ut ..••..... 1 W. 

o Cephei. ..•..•...... I W. 

/: ,\. 

Set IL - , I A. 

Draeonia, L. C ...... : w. 
Draconfa, L. C ..••.. ' E. 

ArnlromedID -·-----1 E. 

I; A.r 
Cephoi............ E. 

1
1 rp PegaRi. ..•........ I.E. 

? Ca.sAiolJere ---······ E. 

j w Piscinm ····--·--- E. 
·l'ca Androme<lm .•••••. i E. 

Aug. l. { /, Unm~ }!inoris ..•... : E. 

I; s• Herculis ........•.. E. 

44 Ophiuchi ·-········\ E. I fi Draconi• --·------·' E. 

I 
~11 DHerculi~ ·-·--··----: EE. 
'1-' racou1s. ·--------· ~-

1

1 ;·~;::::: ::::::_-::·: ~: 

Sut.I. •. \ d UrsmlUuoris .... -- W. 
o Herculis ............. I W. 

} t/; Drauonis .... ---·-·. W. 

I Aqllil"'------··---· w. 
I Vel(a .•.•••.•..••.. w. 

I fl Lyrro ··-------··--- W. 
50 Dr-.a.oonis ............ W. 

I 
50 DractJnis ......•.... E. 

r .Aqtlilre ·-·-·- ..•••. ; E. 
I l Aquilm ·--·-- ·----· E. I J Dr-aconis .••• E. 
l J Dr&ccmi•---- -----· W. 

A.ug. l. I y Pisoinm --·--·--·- W. 
j • CepheL ..•.••.••••. 

1 w. 
· J ~ Pega•L--·······--· WW •. 

v Piscium ········-·· 
Set IL. .\ Dl'aconis, L. C .• _... W. 

I r CepheL. -···- ·-- .• W. 

Ii y Ce1>hei. -·--··-·-·- E. 

l a Audromedoo ···----1 E. 
..A..ug. ,, Draoonis_. _________ W. 

A. Dracoois....... .......... W. 
~ Herculis ........•.. W. 

9 Camelop., L. C --·-· W. 
• Ophin-0bi ----·----· W. 
c Ur""' :Minoris...... W. 

i 1 Ursm Hi.Doria. __ .. __ 

l •1 Heroulis ............. . 

« Ophiuchi --·· ·----· 

E. 
E. 
E. 

-----·---i---~--~::r:~tions. 1
--------· -

Ol>served time --- . - --- Clock-time 

I
' I ' I 1 

of meridian of trunsit. R te Aherra--\i T 1 A . th i Colli- i 
a . tion. utrve. ZlWU • 1mation. t transit. 

~; Z~ 5;: 1~ =o~~: I ~~=-1 · --0~~1--=~~ri o~~, 1-~; -:-s·-::.·24 
18 35. 9, - . 01 I - . 0:2 I - . 02 I + . 37 . 00 I 18 3ti. 30 

27 35. 48 . 011 ' - • 02·- - . 1() 1' -- . 011 • 00 ' 27 35. 30 
37 46.14 + .01 1- .04 - .17 - .37 .00 37 4.5.57 

44 17. 6e + . 02 
1 

- • o;. - . rn \ - . 50 . oo u 16. 96 

44 17.43 +.02j-.05 .oo -.27 .oo 44 11.13 

17 53 41. 00 + . 031- . 0-2 • 00 I - . O.< . 00 17 53 40. 9B 

18 02 33. 6li I + . 04 - . 02 . 00 I + . 071 00 18 02 35. 75 
13 53. 39 , t . 0:1 - . 24 . + . 07 I -2. os - : 02 13 51. 20 

1821ll7.3fl/+·ofll_-.01i .ool +0.16 .oo 182817.57 

22 45 11.30 ' - .04 i - .03 ' - .15 + .17 - .06 22 45 11.19 

50 37. 6i" - • 031- • 02 - - 02 ! - • 25 - . 03 50 37. :l3 
22 58 :i:;_ B4 - _ o3 - . 01 - . o;, ·, - . 12 - . m 22 58 25. ao 
23 13 26. 2s - • 01 I - . 04 - • 161 + . 20 - . 06 23 13 26. 1 s 

23 46. 76 _ ()() ! + . 04 + . JO I - -59 + . 07 23 46. JR 

23 46. 63 • (JO + . 04 + -02 I - . 36 - • 07 23 46. 26 

:n 20. 91 _ oo ! - . 02 l, - _ 02 i • oo + . o4 

34 10. !!6 + . 01 1- . 06 i - • 07 ' + . 3" + .11 

46 01. 20 j + . o~ - . -01 I - . 01 i - . 01 + . o.i 
48 02.M'+.02.-.03 -.01 1, +.04 +.05 

23 52 46.~0 ! + .03 i- .01 i .00 - .09 + .02 

o 01 48. 69 ; + _ 04 I - . o~ j + . 01 - . o:; + . 03 

10 59 16.0BJ-.07
1
-.ll'-.16 -1.65 +.01 

17 08 49.69. - .00 - .01 I - .02 -C0.21 .00 

18 34.59 - -06 - .02 j .oo + .40 .oo 

27 34.14 - .o;, - .02 ! - .03 - .Oti .00 

41 213. 26 - • 03 - • O'~ : - • 02 + . 14 • cw 
44 16. OB - • 03 - . 05 I - - 06 '. - • 54 I • 00 I 
44 16. 30 - • 03 - . 05 ' - . 19 - . 22 • 01> 

17 ;,:i 39. 84 - - 0-J - . 02 ·1· - . 11 : - . 0-J • 00 

1s o~ a4. 36 - _ 01 - • 02 I - . 01 , + . oo • oo 

13 52. 33 I -00 . - . ll4 I - - 86 -1. 68 - . 02 

23 25.13 + .01 - .05 - .18 -U.2:J .00 I 

2tl 16. 10 + -01 - . 02 - - 03 + . 13 - 00 

32 37.78 + .02 - .02 - .07 + .03 .oo 
45 ~2- 83 + _ 03 - . 02 - . Ofi + . 04 • 00 

50 33.::)4 + .04 - .06 - .19 - .29 .oo 

so 33.28 + .04 - .06 + .03 - . rn .w: 
53 50.34 + .04 - .01 + .01 + .05 .0-0 

18 59 33. 12 + -05 - . 02 + . 01 + . 05 . 00 

19 12 3:l.74 + .06 - .04 + .02 - .08 .00 

19 Ill 33. 87 + . 06 - . 04 - . 1:1 - . 08 . 00 

31 20. 91 

34 11. 15 

46 01. 16 

48 o-i. 61 

23 52 -lli. 75 

() 01 48. 70 

16 59 14. 10 

r; 08 4.Q. ~I 

18 34. 91 

27 33. 9ol 

41 28. 33 
44 15. 40 

44 15. 81 

17 53 39. 61 

18 0-~ 34. 32 

13 49. 5.~ 

23 24. 68 

2~ 16. rn 
32 37. 14 

45 22. 8"2 

5-0 32. 74 

5-0 33. 13 

53 50. 43 

18 59. 3:1. 21 

19 12 33. 70 

19 12 :13. 68 

Right alicen
.sion. 

I Clock 
! coircct. 

h_ m. 

17 08 

!
s:.37 f- o·~ 

l~ 35. 27 I 1. 03 

27 34. 47 i 0. ~3 

:n 44. 80 I 

44 16.ot< I 
44 16. Or< I 

17 53 40. 05 ' 

18 02 34. 86 

0. 77* 

o. so• 
1. [)5 .. 

0. 93 

0. tl!l 

13 50. 31 0. ~,,. 

18 28 16. 59 -0. 9,< 

2'2 45 10. 47 {), 72*" 

5-036.72 061 

22 58 2.'5. OJ -0. ;).') 

23 13 25. 44 0. i4"' 

2::1 45_ £4 0. 7.Jll' 

23 45. {)4 {L 62* 

31 20. 32 ll. 5~t 

34 10. 5..1 <J. I)·.!* 

4fi OU, 41 U. 75 

48 01.90, 0.71 

23 52 

0 01 

16 59 

46. Oli i U. MJ 

48. 15 i- 0. 5.> 

14.48 '+ o.~~· 
17 Oil 50. 36 

18 35. 26 

27 34. 44 

41 28. 76 

44 16. 0:1 

44 IO. 03 

17 5-3 40. O:l 

hi 02 34. 85 

13 49. Yll 

23 ':.!5. 01 

28 16. 5,< 

:J-2 38. 32 

4::1 2.3. ~Jtj 

50 33. 4S 

50 33. 4~ 

53 5(}. s-i 
18 59 33. 64 

19 12 34. 32 

19 12 34. 3~ 

-0. 5.) 

-0. :i.> 
0. 4ti 

0. 43 
-0. 6.1* 

0. 2:.!* 

0. 36 

0. 53 

0. 4li* 

o. 3;1• 

o. :rn 
0. 513 

O.H 

o. 74* 

0. 3.i* 

0. 3D 

o. 4;; 

0. t'i~"' 

o. ti-1• 

23 10 33.34 - .02 

13 24.ti3 - .01 

19 00. 90 - • 01 

21 29. 97 - • 01 

23 45. 90 -00 

;14 09. 15 + . 01 

-.01 -.03 - .29 .oo 23 10 3;!. 99 ' 23 10 33. 69 0. 7ll 

0. 6~· 

0. 79 

0. iB 

o. 10• 

o. 77* 

o. 70* 

0.65 
23 34 09.11 + .01 

0 01 47.66 + .03 

-.04 -.11 

-.01 -.05 

-.01 -.04 

+ .04 + .07 
-.06 -.21 

-.06 -.02 

-.02 .oo 
16 ~2 15. 75 - - 06 - . 03 - . 11 

28 14.96 -.05 -.04 -.H 

38 30.40 - .04 - -02 - .07 

41 19. 14 - • 04 + . 03 + -05 

51 36.64 - .03 - .02 - .04 

~9 11.93 - .02 - .11 - .2B 

16 59 11.99 - .02 - .11 - .08 

17 08 48. 75 - • 01 - • 02 - • 01 
17 18 33. 94 0. 00 -0.02 0. 00 

+ .39 .00 

-.lU .00 

- .2" .oo 
-1.10 .oo 
+o. 9;1 .oo 
+ -~6 .00 

- .14 .00 

+ .14 - .01 

+ .2tl -.01 

-.041 .oo 
- .S9 +.~I 

- .16 .oo 
+1.12 

1 
- • oa 

+0.95 I+ .03 
-.12 .oo, 
-0.llJ 0. 00 

13 24. Sil 13 z;. 48 

19 00. 64 19 01. 43 

21 29. 63 21 30. 41 

23 44. 91 23 45. 61 

34 09. 83 34 JO. 60 

23 34 09. 90 23 34 10. 60 

01 47. SJ 0 01 48.18 

16 2"2 15. 6~ 16 22 17. 42 1. 74 

28 15. 00 

38 30. 23 

41 18. 60 

51 36. 39 

59 12. 6L 

16 59 12. 76 

17 ()tj 4tl.59 

17 18 33. 69 

28 16. 53 l. 5:1' 

38 32. 07 1. 84 

41 20. 22 1. b'l* 

s1 as. 21> 1. s1 
59 14. J:l I. 7:1* 

16 59 14. 33 ]_ 57• 

17 Oo 50. 351 1. 76 

17 19 35. 25 :+ 1- 56 
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Computation of observations for clock and instrumental corrections, d'.:c.-Continued. 

Dates. Stars. 

I i Corrections. 
' ' Clock-time \ 

of' meridian 
transit. I

. Observt•<l time i 
1 

, _

1 

___ . 

, L. }>. of transit. 1.. I ~berra·1' I . . Colli- Ii I Rat~. t' Level. A.z:1mutb i . 

1372. -•- I h. m. s. 1--.. -11 · w:•· 1--8.-1· --.-.-.-1rna:~u 1------' 
Ang;. 2 I /1 Dracoms ....... l-:-1 17 27 32.61 1 -0.00 -0.02 \ +0.01 +0.0.1 1 +0.01 I ~~ ; 32~~J 

I

, a~1 DODp:.·...,:c":'n~111h1.:i •.••....•• .I E : 28 59. 81 + . 01 - . 01 \ + . Ol , - . 1a !I . oo j 28 50. 6!) I 
R E: 1' 31 42.:.1 +.02l-.04:+.01i' +.z:1 +.mj 31 42.Fol 

.......... 1 B. H 13.eo + .02

1

1_.o51 + .02 + .31 + .01 I 44 14.:; / 

<¥' Draconis 1 
''"· 

1

, 44 13. !12 + . 02 - . 05 l - . 16 I + . 63 i - . UI : 44 14. 3.• i 
y Dracouis ' w. 17 53 38. 4:J + . OJ : - . o~ ! - • 09 ' + . Oti , - . 01 I 17 53 3~. 40 ! 
0 Herculie.::::::::::1 W. 18 02 33.2Y +.04\-.0-Ji-.lln -.16 .DOI l~ 02 3:1.0!ll 

Unne M:inoris.... .. \V. 13 44. 04 + . 05 ) - . 2-1 : - . 71 +4. 8~ ~ - . 07 ! t:t 47. 9.J 

.Aquilro ...... ...... w. 18 28 15. 23 + . 01 I - . 02 - . o~ -0. 37 i . 01 18 28 14. 88 J 

w. 16 59 10. 81 - . 01 II _ . 11 I: - • 33 + . 85 1' + . 07 '.' 16 59 11. 2i . An~. 3 I!' UrsreMinoris______ I 
at llercuhs - - - - • - - - - -i 'y. 17 o~ 47. 4'1 - . 02 -- . 0 L ; - - 0;1 - . Li I + . 01 I 17 ()8 47. -:g i 

H Ophiuchi .......... ! w. 18 3\l sr, 1- .Ol I - .02 ' - .o~ - .20 I+ .01 ! 18 32.31 I 
fJ Dracon\s ........... i >Y-. 27 31 3~. . 001- 02 - . 09 + . 0:1 j + .ot ; 27 31. 2-' ! 
a Ophiuchi. ......... 1 W. 28 5P.47 .Oil -.ot\-.05 -.111+.0I] 2B 58.311 

w Dra.conis. "\\r. 37 4L 42 + 01 - 04 I - • !A + . 20 I + . u:~ : :n 41. 4~ ! 
I' Ilei·enlis. w. 41 25. 83 + . 01 1· - . 02 I - . 01; - . o; . + . 01 I 41 25, 70 i 

tf;lDraconis .....•..... 
1 

W. 44 12.54 + .01 - .o.·1 i-.Hi + .2~ I+ .03 !

1 

44 12.65 I 
.,,. Draeonis ........... , E. 44 12. 48 + . O'i I - . o.; I + . o~ + . 41 I - . o~ I 44 12. 85 I 
y Draconis........... E. 17 53 36. 98 + . 02 - . 021 + . Ol + . 04 1 - • Ot 1 17 53 :n. 01 [ 

.. !rnl':· 6 f • lJrg;r :Minoris ...... 1 E. 16 59 07.1\:J - .061- .11 1- .09 -1.34 \ + .30' 16 59 06.33 j 

I al Hercnlis ........... · E. 17 08 42.67 - _o;; '-- .Ot • - .02 +0.11 i + .04 17 mi 42.80 

44 Ophiuchi .......... ! E. 18 27. 56 - . 04 - . 02 - . Ol + . 3~ ! + . 04 18 27. ss J 

l /1 Dl'aconis ........... · E. 27 26.Rl - .04 - .02 - .05 - .05 i + .01 27 26.72' 

j a Opbiuchi .......... i E. 28 53. 65 - . 03 - . 01 - • 03 + . 18 I + . 04 28 53. PO I 
I 

w Draconis. ! 1':. Ji :n.lfl -.02 -.0.t -.OR -.32i+·ll 37 3tt8:l
1 . i I' Ilcrculia. E. 41 21. 09 - • 02 - . IN - . 03 + . 1~ 1· + . O~ 41 21. 18 i 

ftt11•Dra.coni~.---·······) E. 44 08.51 -.02 -.05 -.Ct!J -.43,+.l.J 44 0~.051 
J! <¥' Draconis. ·········1 W. 44 09.05 - .02 - .0> - .23 .- .171' - .13 44 08.4~ 

Set I..· ) I y Draconis .......... -. W. 17 53 32. 75 - . 01 - . 02 - . 12 - . 0-2 - . 06 17 53 32. 521 
1 I 0 llercnli• ........... i w. le 02 27. 41 • 00 - . Ol - • o~ + . 04 I - . 05 18 02 27. :11 

J
I o Un<reMinoris ...... : W. 13 44.0o + .01 - .24 - .~ -1.:11 ! - .6' 13 40.98 'I 

1
1 ~qnilre •••••••..••. ! w. 28 09.03 +.02 -.01 -.o;; +o.10j-.04 28 09.05 

j ! v ej?a . . . • • • .. . .. .. I W. 32 30. 83 + . 03 - . 02 - . 11 + . 02 (' - . 05 32 30. 70 

\lff Lyrro ............... ! W. 4o 15.83 +.04 -.0-2 -.11 +.0:1 -.o;; 45 15.721 

11:~;::::::·::::::::::\ ;: : ~~:~~ ~::: =·~~ =:: =:~~1:;::~! ~~ ::~: 
l ~ .Aquila> ............ 

1
1 E. 18 59 26. 06 + . O!i - . 01 - . 03 + . 02 + . 04 18 59 26. 13 

i J Dra.cvuie......... •. E. 19 12 ~U>tl + . 07 - . 04 - . 10 - . 03 
1
. + . 10 19 12 26. 5li 

I . 
Aug. 6fiy Plseiom ....•...... E. 23 10 26.35 -.OJ -.01 -.02 -.24'+.02 23 10 26.08 

j) • Cephei............. E. 13 17. 71; - . O'i - . 04 - . 07 + . 31 + . 04 la 17. !18 

11 8 Piscium ......... - • E. 21 2'J. 9:~ - - oi - . iH - • 02 - . 2-2 + . o~ 21 2'l. 68 

I 
i ~ Dracunis, L. C... • • . E. 23 3H. 70 - • 01 + . 04 + . 04 - . 88 - • OS 23 37. 84 

SetII .. .,j'Cepbei. ............. 

1

E. 340-J.:>:; .00-.06-.12 +.75t-.07 3403.19 

1
1 y Ce1•hei. •••••••••• •• W. 34 O'J. 80 . 00 - . 06 - . 30 + . 7ti - . 07 34 OJ. l:l 

! rb Peg;Mi .... ---···-: W. 45 52.99 + .Ol -.02 -.<n -.17 -:O~ 45 52.72 

Ii ,, u ... siOP6"' ......... ! w. 47 54. 59 + . 01 - . 03 - • 13 + .11 1- . 03 47 54. 52 

ll.·, ., Piscinm . •••••••... W. 23 52 38. 76 ++ .. 0
0

·
3
2 - . 02 - • 05 - , 23 - • O'J 23 5!l 38, 46 

• Androm.,dw . . ...... W. 0 01 40. 'W - . 02 - . 07 - . 12 I - . 02 O Ol 40. 00 

Aug. g " Draconio...... .•. . . E. 16 22 05. 46 - . 07 - . 03 + : 10 + . O\l ! + . 04 16 22 05. 5!l 
t Ophiuchi .•••..•.. E. 29 56."8 - .06 - .Ot + .Ol - .Oil 

1

, + .02 2~ 56.51 

" Herculis ......... - E. 38 20.21 - .05 - .O~ + .03 - .01 + .O'!l 3!l 20. l~ 

9 Cftm<>lop., L. C . • • . . E. 41 09. 16 - • O.'i + . 04 - . O:J - • 07

1 

_ . 04 41 O<J. 01 

k Ophin1>hi. ..•..•... E. 51 26.~ - .04 - .01 + .6.1 - .02 + .o~ 51 26.44 

a U rsie Miuoris.. ... . . E. !19 01. 21 - . O~ - . 11 + . 23 + . 13 I + . 13 59 01. 56 

• Ursml.Unoris ..•. -.' W. 16 59 02.05 -.03 -.111-.111 +.o9J-.1:1 16 59 0!.613 

440pbiucbi. ............ w. 17 18 23.81 -.02 -.02

1

-.01 -.Ollf-.0-J 11 18 2'.J.72 

fl Draconi8. ••••. ••••. W. l!7 22. 71 - • 01 - • 02 - . 08 • 00 - . 03 27 22. 57 

11 Opblnchi. •••.• ~ ••. W. 28 49.73 -.01 -.01 -.05 -.Ol -.02 28 49.113 

"'Draeonis ..•••.••... W. 17 37 32.113 0.00 -!l.041 ~-Ul +0.02 -{l.04 17 37 311.71 

Right RRcen· Clock 
sion. c-orriect. 

h. m. 1. "· 

17 27 34. 42 t- 1. 78 

29 Ol. 35 1. Im 

37 44. 71 

44 15. 97 

44 15. 97 

17 53 40. 01 

18 02 34. 84 

13 49. 67 

1s 28 rn. 58 

16 59 14. 18 

17 08 50.:l4 

18 35. 24 

27 34. 40 

29 01. 34 

37 44. 66 

41 28.74 

44 ta. m 
44 15. 91 

17 53 39. 99 

16 59 13. 71 

n 08 so. :m 
18 35. 21 

27 :-14. 32 I 

29 01.31 I 
:11 44. 52 

41 28. 71 

44 15. 74 

44 15. 74 

17 53 39. 93 

18 02 34. 80 

13 48. 48 

28 16.56 

32 3~. 27 

45 23. 23 

50 33.Sl!! 

:;o 33.22 

18 59 ~3. &.! 

19 12 34.19 

23 10 33. 79 

l:l 25.65 

~1 30. 51 

23 45. ~o 

3-4 10.89 

34 10. 8, 

46 00.55 

48 02.10 

23 52 46. llO 

0 Ol 48. 30 

16 2!l 17. 14 

30 Otl. ll4 

38 31. !l3 

41 20.68 
51 38.12 

59 13. 24 

16 59 13.2' 
17 IA 35.18 

27 34. 94 

1. 91• 

1. fl()* 

I. 62* 

!. 61 

I. 75 

1. 7'2"" 
1. 70 

2. 9~* 

3. 05 

2. 93 

3. 12 

3. 03 

3. 18* 

3. 04 

3. '26* 

3. 06* 

'2. 913 

7. 3fl* 

7. 50 

7. :16 
7. 60 

7. 51 

7. 69"' 

7. 53 

7. 69* 

7. 2f:* 

7. 41 

7. 49 

7. !">()* 

7. 51 

7. 57 

7. 51 

7. e<l* 

7. 47• 

7. 49 

7. 6;1* 

7. 71 

7. ti7* 

~- 83 
7. 66* 

7. 70* 

7. 76* 

7.83 

7. 58 

7.74 
7. 70 

11.62 

11. 73 
11. 75 

11. 67* 

11. 68 
1 l. 68* 

11, 5CJ• 

11. 46 

11.6'1 
!l9 01. ll8 11,C)S 

11 :n «- 37 +u. oo• 



 

Dates. 

1~72. 

Aug. 

An,~. 10 

TBE USITED STATES COAST Sl.JRVEY. 197 

Computation of obserrations for cloek and instrumental eorreetions, <l:·e.-Conti11ue<l. 

Stars. of tn1usit. I 
Rate. A\Jerra-1 L l Azimuth. 

1
, Colli· 
mation. 

Clock-time 
of trlfTidiau 

trau~it. 

lli;:.d1t llRCeil· 

siou. 
Clock 

corrt:ct. 

lt. 1t/;, 8. 

--.. -, tio:.· 1 r:~ ' 
s. 8. h. m. s. h. m. .<. 

t.µ1 llra,eoniR 

t..j;l Dracouis. 

w. 
E. 
E. 
E. i 

17 44 04_ 11 

44 O:J. 56 

+o Ol --0. 04 ' -0. 18 ; +o. o:~ ~ -0. {)ti 

+ . 42 ' + - 00 

+ .o; ! + .o:i 

- .111 ! + .W2 

+:J.:21J ! T -~!I 

17 44 (}J, ~";' 17 44 1:-1. ;"i(''; +11. fi~l"' 

11.'1!Pt 

11. Sl 

11.5!' 

1I.n:v 

y Draeonis. ··-· ...•. 
o HcrcuHs ........•.. 

0 Ors.re .Minoris ...•.. 

17 5.1 ~..i. :l4 

u 02 2~. 22 

J:l :l2. 04 

+ .01 

+ .O:! 

+ .O:! 

+ .04 

-.0:1:+.o;! 
- o;[ _04 

_. 0'1 I _,. .o~ 
- .~4: + .lifi 

44 o-4. o-;- 44 1:1. 5fi 

17 5:J 2:B. :?3 I 17 5:} 39. ~,; 

ts o~ 2:-1. tr- k o~ :H. 77 

D 4'7.ti::! 

A(Jllil:n ...•.•...•.. E. 28 O.J. 23 t- • 05 

:1~ 2t3. fj~ + - 03 

45 11. t;:J + . Oli 

50 20. 71 + . 07 

. O:J + . o:~ : -0. :;!.) ~ + . 02 

J:~ 3;j !}!_I 

~t-1 O~i. 01; 

:\::.! 26. ;)5 l 
2:-' Hi. ,-,4 11. 41::l 

Vt•g3 .............. W. .02 - .-O:i - .O,; - .O! 

.0':2 - .O.J - .12 - .O:l, 

.IHi - .ll + .83 - .07 

4;-; 1L51 

50 21. :l!l 

:i:! :lK. :.!:~ 11. fl..: 

4:; ~3. :.!0 11. ft\• 

:w 3:i.o; 11.c:>· 
8 Lyrre -·-··· W. 
50 Dra.conis ...•... ·-·.: \Y. 

/; Aquilre .......••••. W. lB 59 2"..l. 1~1 + . o~ . O:.! .H:.2 - . '25 ; - . Ui? IS .5~) 21. !lti 18 59 33. 60 IL fi4 

Jt Opl1inchi ··-· ···-·· \.V. 16 51 '15. 2:! - . IJ/i - . Ol . O:J + .OCi - .01 16 51 25. lC 16 51 af3.11 12.!I~ 

Urs°' :'.\[inoris ...•.. f W. tfi 5n 01. :n - . o;. - . 11 - • 2n i - .43: - .':21 I G 5~ 01J. :JI 

al Hcrcuhs _ \ \V. 11 oo n fl - _ oi - , 02 - . 0:1 + . -OG - • ff! 17 Ot' 37. :~7 1'7 01" 50. 2i 12. ~t 

41 Opbinchi .......... ' W. 1 18 22.45 - .O:I - .Ol - .Oc + .10 -.OJ 18 :12.4tl li:": :$5.17 l'..!.71 

{J Drac<>nis........ W. 27 21. 4:> - . 02 - . ()::l - • OD 

a Ophiuchi ··-··---- \V. 2~ 4~. 41:3 ~ . 02 - . in ~ . o.:-. 
Dnwoni.. ....•.•. W. 37 31. 7:l - . 02 - . 04 - . !J 

" llerc11lis _ \\'_ 41 1;,. 81 - . Ol - . O• - . Oti 

\Y. 4-1 0:2. 87 - . Ol - . (K) - . 17 tj,- 1 Dnwonis. 

y1 Draconi~ R. 44 0:2. Gl . 01 - . 05 + . O:J 

y Draconis. 
1 

E. 17 53 2(i. 9~ . ()I) - • \)~ , + . O~ 1 

o H~rrmli~. . j E. 18 02 2L ~E< : + . Ol - . fl:! I + . O: 

- .0:2 i - .0:1o i 
+.oG'-.o3 
- .10 

-+ . ()4 

-.H 
+ .!?O 

+ . 02 
-.o.-) 
+1.f.4 

- .fl~ 

-.o:i, 
-.o:t 
+ .rn• 
+ .o: j 17 
+ _U,I: 18 

+ .47 

27 :1·1.~.! 

~!) 01. 2-; 

:!7 R :12 ' 

41 2P. {);-~ 

44 lJ. :10 ' 

44 13. so 
17 5;1 3!1. "'! ' 
IF: (l-2 34. 75 j 

13 47. :11 ! 

1'1. ~17 

1~. ~o 

12. ~!;-<* 

12. ~12 

13. 0'.I"'" 

l:?. c:1* 

12. ~~) 

12. !11"" UrsreMmonl'!.--~--i E. 13 3~.42 l .Ol,-.241+ .. 01~ Aquil"' .•..•.....• .! E. 2f< 03. 7:; + .0:1. - .Ol .. -0. l:! +.OJ. 

28 42. 41 

37 ~L :H ! 
41 1;,. 7:i I 
H 0'2. 41 

H 0,. ?: 
53 27,0J 

O:! 21. 8:6 

13 34. 4P ; 

2~ o:ttif' t,i 

:~2 2.Y. 21 

45 10. 21 

~r:t HJ. J4 12. -"'tJ 

!)!::::o~;~:-:::::::::! ~: :~ ~~:;~ ::~;, =:~:\'=:E 
- .O:l " .01 :SJ 3e. 21 1:i. oo 

50 IJraoonis ...•..•.... 

1

1 W. 5() 20.00 + .0.), - .05, - .10 

, ~ At1ui1:e ----·-·-··--!_ w_._.__1~_:_59. 20.rm --~~:_'.-H·_:__i_=:-tv2_ 

- .04 

+ .27 
+ .(13 

+.ll 
- .11 

45 2J. 1!1 

:->0 20. o-; 50 :~'J.. !lti 

;;o 20. 11 \ 50 ~~~- ?~ 
-0. to -0. 03 18 59 ~l(I 7() ~ 18 5!• 

' --~------~- ---------· ·----------- -

St. Pierre clock-correction.~, dcducecl f1·om stai·s of less tlwn (i(jO X. declination. 

.rnty 

I 
I Number i I Number 

T. I of I "-To II, Date. To of 
1 j time-stars. l thu-e-sta.rfl 
i ___ I ' _______________ 1 _______ _ 

h. 1n. I •· I !87~. I 'h. m. 1R72. 

9 

9 

~~- ---·--··· 1 

14 ·-··----·I 
14 

17 - •• ··----i 
11 ... ·----·I 

15 2:. 6 -30. 609 I .Jnly 2a --··· ..•. 

1 

2'2 40 
18 36 10 30. 465 28 . •. ••. ••• 17 2-J 

15 oo 3 29.132 29 .......... , 11 Ju 
15 13 

15 41 
18 27 

15 5~ 

18 43 

26.307 30 ·········1 19 05 
2:J.5117 :11 --·······1 17 24 
2:1. 5r>3 31 23 2G 

19. 727 August I. 18 13 
19. 733 1 I 23 21 

18 .•••.••••. 1! 15 
20 .• : •. _____ 20 54 

59. 

9 

9 

9 

8 

9 

5 

9 

8 

7 
7 

18.472 2:::.::::::1 17 21 

15.700 3 .. -----·-·1 17 30 
!4.r,11 G ..••....•. ', 1s 0:1 

14.47fi 0 ..••.•••• ., 23 3J 

12. 16!! 0 ..••.•.••. 1 17 37 

](l 

H 

9 

11 

4 

10 
() 

11 

6 

13 

12 

21 ..••..•••• 1! 16 02 

21. ··- ··---· 19 19 
~3 •••. ·---- 16 2'J 
2.1.. •••••••• f 19 3.1 

i _____ . ___ J_. 
-12.033 10 ..••....•. f 11 55 

.;.T,, 

<. 

-ll.77\l 

3. ::-:02 

2.:JK1 

0. ~~fl 

- o.nJ:i 
-'- 0.H' 

U. 7~:H 

1. 71!1 

~I. tr~,'i 

7. -19' 

7. i32 

n. 6:.?~ 

I~. 9~ 

12. \>l* 

NoTE.-The Rliglit differences bet.ween t.he mean cloek-oorrectionfi\ g-h·en in tbiA table and tb-oRe tleri\etl frnm the C(lmpnt.at.iorif' af\ hrre 
p11blished~ are dn0 to the fa.ct that in the original compntation, from which tllis ta.IJle is form~d, the clock-correction rtlt3Ultintr from t•,ach 

•tar is given to the tllonsaudth plaoo. 



 

198 HEPORT OF THE SUPERINTENDENT OF 

TalAe of adopted cloek-eon·ections, Camb~·idge and St. Pierre, at epochs of e:i:ella.nging longitude 
signals. 

! Cambridge cloclr. 

Daw. 

I St. Pierre chronometer. 

·---~C-o_r_r-ec-t-io_n_s. I Sil1ereal time. I CorrectiODH. ! 

----- 1------J 
I Sidereal time. 

July 

I 

~~7~· •••••.••. 1 

m .......... 1 

23. -· ·-------! 
2:i ..........• 

28. ···- ... ·--· 

28. ···-··· .•. 
28 .......... . 

ZJ .. 

29 .. 

29 ... .. ·----· 
Angnst 1 .......... . 

1. ......... . 

6 .......... . 

6 ........ .. 

9 ...•.... ... 

9 .......... . 

h. m.l 
19 47 

20 02 

20 08 

20 23 

20 :n 
21 12 

21 38 

2l 50 

2'4 03 

22 08 
21 06 

21 16 

21 12 

21 21 
21 57 

2'l 09 

-fg ,111 3. 639 

3. 640 

3. 640 

4. 065 I 
4. 072 

4. 075 

R. 399 

8. 412 

21.202 

21. 219 

29. 611 

- ~9. 632 

h . .... 

20 47 

21 tr.J 

21 23 

21 31 

22 38 

2-J 50 

2.1 03 

"" 08 

22 15 

22 11 
2~ 21 

22 56 

.. 
-14.433 

14. 426 

11. 004 

11. 884 

5.U4l 

4. 9\IB 

4. 971 

3. 477 

3. 4ti1-

- 3.-45\) 

+ U.ti5!3 

0.606 

7. 673 

7. 6'30 

11. 905 

+n. 915 

Table of such clock corrections anil rates at St. Pierre a.~ relate to tlte longitude determinations 
1dth Brest. 

1

1 

.-.. ·---·-------.. /, :-on_1_ly~if~ 11 h!,~~;t::te jl Clock·corro~-1 
Date. I T._. dT'-' t" 

I 
I I ference. at epoch of ion 

·----~--_! _________________ _/ exchimge. at17•om. 

1872. I 
July 9 ............ 

1

. 

9 ............ . 

10 .......... . 

12 ........... . 

14 ........... . 

14.- ....... : .. 

17. -··--··· ·-· i 
17 ........... . 

H<. .......... . 

20 ........... . 

h. m. 
15 2!I 

18 36 

15 09 

15 13 

15 41 

18 27 

15 52 

18 43 

15 59 

20 54 

.. 
~"J0.609 

30. 465 

29. 132 

20.307 

23. 597 

23. 553 

19. 727 

19. 7:J3 

18. 472 

15. 700 

. . 
+o. 0452 

+o. 05813 

+().05::!9 

+0.0159 

-0.0021 

+0.0593 

+o.0~24 

.. 8 • 

-;-0. 0452 -30. 5J7 

26.205 

+0.0159 23. 576 

-0.0021 19. 729 

+0.0570 18. '14 
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Computation of observations for clock and in.~trumental con·eetions at Brest, France; I'aris, Fran('e; 
and Greenwich, England. 

NoTE.-A corr~etion for ra.te is not appli1'fl to tbe individual results for clock-{'.Oft"Betion a.t Br.f',~t. l,ari~. and G-rf'-enwich: hat it\:! eff~·et 
upon the finally-adopted clock-correctiun for each date iA eliruina.ted by the adoption of the ruea.n of the right ascensionH of tllt\ t.imP-AtllrK a1'1 
tho epoch of the mean elock-correctfoa deri\'"cd from th.em. rrhe corre<itiom1 due to collimatiou err-or and <liurnal alJerra.tion are comhiw"-d ancl 
applied a.a one oorrncti<)Il instea.U of bein~ applied separa.tel_y, as at, Cambridge and St. Pierre. 

:GREST. 

(O:...aerver, Francis Bla.k(\ jr.-..l.n asterisk is affi.xe<l to the clock-corrections derived from stura of more than 60G X. Ueeliuation.) 

Oh.:e-rv0f1 ti tn1• 
nates. Stars. 

1 L. l'· of tr<tn:-oit. 

- ------ ·------- 'i _ _I_ ------
1872. / 

1 l h. m. s. 

July 1,: E::::::_::::::::::::::::::::::I ~: 11 l6 E ~~:~ 
9 Camelop .• L.C ...•............. W. 411492 

d Ilerc.ulis ......................... \\.,... lG 56 51.~W 

ar Herculis .•.... -··-·····-···----1 E. ! 17 08 4fJ.S:J 

r,/1 1 Dracouis ··-·-···-·····--······) E. 4·1 13.31 

")' Dra.aonit:i ....................... ! }~. 

""" '! f §f ~-L-~ - -- ·: ii: ~ 
Corome .Borea.hs ............... _ E. 

C Urs::e Minoris ................... j E. 
r Herculie ....•.....• _ .••. i E. 
Tl Drac.onis ........................ i \V. 

9 Cameloµ., L. G ...•..•.....•..•. : W. 

oc' Herculi" ·····-········-····-··'. W. 
{3 Dra.oonis ...•••...••.•..•..•..•. I W. 

July 
' 

: Dra.oonis....... .·.-.·./ W. 
4 i. Ursre 11innris. ...... ••. . . . . . \V. 

i ~ Dracunio. .••. .. .... .• . ... j W. 

July 5 

July 9 

I A Ilraconis .•..••..........•... : W. 

! 11 Herculis ....................... i W. 

(l HAreuliA ---- .•••. --· --- ... j W. 
(1' Roroulis ..••••• ____ ............... ; E 

(:J Draconi•. i E. 
Draconis..... .. ..•. ..••• E. 

µ.1 Boo-tis ..•.•..•....••••..•.•.• 1 E. 
11. Coronre &lre-alis t E. 

t UrsID Miuoris .............. '. E. 

T Hflrenlis. :···---! E. 
9 Draoouio ...... ........ E. 
.1! DraooniH................ 

1 
E. 

Camelop.,L.C ---····-···-·····\ W. 
Opl1iu.,bi ·-··-- .•..• ., ...••.. ·f W. 

d Herculi~ .--------·----- ---·-··1 
a..' Ilerct1lis .......................... . 

Draooois ..•.................... 
1 

• Serpentis ....................... / 

c Coronre.Borealis .....•• ·-····-~ 
~ Herculis ..•..•• ···--- .•••.••.•• \ 
9 Gamelop.,L.C ....•.••.••..•••• , 
d Ilerot1fot ___________________ .•. 

al lierculis .......................... . 

fJ Dr.i.coujs.------ ..... ------ ---1 

w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. <a> Draoonie. ................................. I 

<J-' Draoonis....................... E. 

17 53 

18 04 38. Bi> 

32 34. 61 

14 57 06. 2r-\ 

15 29 14. 9;1 

lG 15 

22 15. 60 

16 41 16. 02 

17 o,i 47. 9B 

27 32- 28 

11 37 4:1. Hi 

15 48 43. 43 

16 22 rn. 1; 

2~ 15. 1)2 

3d 30. 3:) 
16 56 5:2. a,., 
17 OB 48. 2-J 

21 3:,!. 52 

17 37 43, 4;J 

15 rn 3n. o~, 
29 1.). {i:) 

42 4.1. Gl 

16 15 53. 70 

22 ·1n. 42 

2~ (.).1hl 

41 lii.&1 

!H 36. 5~ 

16 56 5:1.03 

11 o,i 4B. ;;~ 

17 37 44. 02 

15 44 

15 52 

16 38 

41 

16 56 

17 08 

21.et I 
18- 80 I 
:J-J. 30 

18-92 
j.J.. 75 

50.45 

ll7 34. 66 

37 4;;.18 

17 44 16.46 

Corrections. I 
i Ce>!lirua-' 

Le•el. L\...zimuth. tiob11 and I 
I a erra.-
! tioll. 

8. 

CloC'k-t;me 
-of rueI"i<iiau 

transit. 

.. 
-0.09 

-.l:l 

6. 

-0.01 

+ .o, 
+. lfi 
- .::HJ 

h. m. B. 

5~- 12 --0 o~ I w 1.; 

- .1:i I 2~ 

- .l[J 

+ .03 

- .O.i I 

- .OJ I 
- .o.; ! 
- .04 

+.Ou 
- .04 

-.o:! 

- .17 

- .Or< 
-.:Jl II 

- .09 

- .14 

+ .07 
- .o:i 
- .05 

- .o~ 

- .07 

- .17 

-.23 

- .12 

- .o.-. 
- .06 

-.11 

- .~l 

-.H 
-.11 

- .37 

- .o~ 

- .l:J 

- .rn 
+ .07 

- .03 

- .O:.! 

.oo 
. 00 

+ .U3 

+ .04 

+ .o~ 
- .01) 

+ .Od 

+ .o~ 
+ . 2(1 

+ . 2:! 
+Cl. 2:! 

- .0.); 
- .0'1 

+ .21 

+ .O.l 

-.0.:i 

- .O'". 

- .12 

- .O:l 

- .OH 

+ .1:' 

- .OL 

+.u 
- . 63 
-.111 

+ .O:l 

+ .27 

+ .29 

+.Of\ 

+ .l~ 

- .o:; 
- .OJ 

- .00 

+ .OL 

t .1() 

+ .01 

+ .01 

- .QG 

. 00 

- .01 

. O::! 

- .30 

- .O!J 

- .01 

- .o• 
+ .13 

-.04 
- .o~ 

-.01 

-.t:l 

- .06 

- .11 

: :~i I 
+o. :l6 

- , lt: I 2ti; 14. 2~ 

+ .1.'i) 

- .0, 

+ .Ol 

+.11 
+ .Ofj 

- .JU 

+. 04 

+ .04 

+ .09 

+ .01"1 

+ .35 

+.rn 
- .~l 

+ .24 

- .06 

- .0:1 

- .1~ 

- .34 

- .15 

- .1!• 

- .09 

- .U9 

+ .o:. 
+ .07 

+.n 
+ .o~ 
+ .05 

+ . '22 
+ .07 

+ .10 

+ .13 

+ .18 

- .o• 
- .Otl 

- .01' 

- .20 

- .02 

- .02 

- .03 

+ .()5 

-.02 
- .02 

- .OJ 

- .06 

+0.0-2 

41 14. 76 

lfi 56 51. 11 

l7 OH 46. 81 

44 13. 5~ 

17 5J 36.7-1 

18 0-1 37. no 
:l'l 34. 5:l 

1~ 45 H). 4~• 

14 57 06.17 

15 2\l 14. 85 

15 48 4~ Bl 

16 15 52. 81'3 

2-.l lZ°>. :•~ 

16 41 l;i. 70 

17 08 47. 74 

27 3-~. ZJ 

17 37 43. 2:{ 

l;) 4B 4::J. 31 

16 22 15. 91 

~ 1:5.30 

33 30. 09 

l6 56 52. 40 

17 08 48. 15 

27 32. 49 

!7 37 43. 42 

15 19 38. 9-; 

29 15. 611 

15 41' 43. 40 

16 1;. 5:-c. tm 

2-2 !H. 38 

26 15. i'4 

41 lfl. 1«l 

51 36. 3!1 

16 56 52 8>' 

17 o~ 4tt.42 i 
17 n 4~.9" I 
15 44 21. :>s I 
15 52 lt<. 80 i 
16 3R 32 '.J4 

.. 18. 78 i 

Hi ,'")fj 54. 7[> 

17 08 5-0. 40 

27 34. 8.'l ! 
45.531

1 

16. P6 

37 

17 44 

ltl.!..::ht a~cen- Clot'k.cor-
siou. r~~ct.iou. 

h. m. s. c . 

16 1.3 55. 71 +;t. ;;:i 

2:! lti. 44 a 72* 

2.:3 17. fH; a. 6)"1" 

41 IR 4~ :l fill* 

1G 56 ;)4. 2~ 3. 71 

17 08 50. ;)CJ ~-t IHI 

44 li.~..:! a.r;-1~ 

17 53 40. ;}j ;1. ~;, 

1~ 04 41. 51 a. 61* 

32 3~. ;jfl 3. ~6 

18 .j.j 23. 26 J. 1'.!l 

14 57 08. !17 ~- 11:0 

15 29 17. 67 2. ~2 

15 48 45. 60 ~. 7!1* 

16 l;j 5J. 7~ ;.!. :10 

2':2' 1:-3. ;jl"! :!. ~HI"' 

ltl 41 lti. 51 2. ~1* 

17 08 5-0.50 

27 34. R(j 

11 37 4J. 71 

15 4i-I 4~. :>1 

1() 2~ let. ;Jj 

28 17. B;> 

3S 3~. 47 

l.6 5£ 

17 01! -~l~~ ~~ I 
27 :N. ~fl 

..f..'). 7~ I 17 37 

15 l!J 40. !):.! 

~m 17.ll.l 

15 4H 4;J. 43 

lfi 15 5.J. f17 

2;l 1~. ;{3 

~ 17.i"Z 

41 18. 60 

5l 3K. :kl 

lfi !lfi 54. "lO 

11 o...i: 50 . . j.;! 

17 37 4~). 5,..:. 

15 44 27.7'.I 

15 52 1~. 9;1 

Iii :-t,..: 32 4'") 

41 18: R; I 
16 .'lfi 54. 7i 

17 ()8 50. 50 

27 34. t14 
31 4;,_ 59 

17 44 17. 01 

2. it! 

2. ~i3 

2. !r-'"' 

2. 21l* 

2.H* 

2. :l.i* 

2. 40 

1. 9:J 

2. (I,) 

z_ 0:1* 

] . ~·I:' 
1. ~I=-•* 
1. 91"-" 

). ..-:0* 

1.n!1 

J.!l:! 

2. 10 

}. 1:J* 

0. 15 

0. 12 

ti. 01< 

o. o:!* 

0. 02 

+o. 10 

-0.01 

+O.Ofi"" 

+0.05~ 
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Computation of observations for clock and instru11iental corrections, &c.-Continue<l. 

Dates. 

1872. 

.July ll 

Ju1y 12 

Stars. ; L.p. 

,_, Draconis.---···---·--···--··- E. 
.A. Draconis ..•.•...•...........•.. ~ E. 
I( Ophinclli . ___ .. ___ ... ___ .... __ . E. 
d He1·01Ilh ........•...•....•...•. , E. 
al Henmlis .......•.........•.. E. 

I 
Groom. 9CCi, L. U ... -- . ______ -- - I E. 

/J Draconia .....................•. E. 
e> Dra.conis ..................•..•. , E. 
tJ.11 Draconis ...................... W. 

a Lyra; .•......•..••...... --· ..•. , W. 

;1 ~~a~;~:i~_::::::::::::.:::::::::I ::: 
d IIercalh'i . 

a 1 lfrret1li:; . 

P Dt·acll'nis. 

w Draco-uh.; 

w. 
w. 
w. 
w. 

tf.! 1 Drac~onis. ---------······· li. 
IJ Lymo ......................... ' E. 
( A<Jnibe ........................ ' E. 

July 14 • Serpeuti!-l .•••..••..••.••.•..• E. 

• Aquil«'...... . . -1 E. 

,Tnly 

Coron.e norcalis ···-··--··-··-· E. 

Groom. :?.;i:.m_ ..• __ . ·----·. --· ·-1 K 
-r Hurculi1:3 ..••• - .................. E. 

Dl'acouis.---·-····-···-··-···-·! E. 
.A. Draconis .............. --------·! :E. 

Caruelop., L. C .... .• . .......... E. 

• Opl1iuchi . .. . .. . . . . ... ......... E. 

d Ht;reali1:3. ·······--- ...... --- . . E. 
o.1 Ilcrculis. ..•••. .••. ........... W. 
fl Draconis. ..................... W. 
w Draconia ........................ \1ir. 

l/.-1 DrE>oonls ....................... ,V. 
a Lyrte .•....•. ···--· ....•. ---·-- W. 

I fl Lym; .......................... W. 

l ~ Draeonis .......... ---~---········ i:.. 

l
i ,j Aquiim .•.••• ...... ............ E. 

:, Aquilru .......................... E. 
- A1pdla> ............ ...... ...... E. 

Dracouia ....................... 1 E. 

17 1 1 Coronre Borealis ................ E. , I 
Opbiuchi ...... ...... ......... E. 

,. Rercnlis ...................... . 

,, D1·aconi~---···· ..••....•..••... 

.A. Draconis ....... ----··---·-----· 
Camelop., L. C ................. . 

• Ophiuchi .................... . 

d Herculie ..•...• ····-··---·-···-
a.1 Hero11lis ......................... . 

fl Draconis .......... ····-- ..... . 
w Drs.c-onis ........................... . 

1J;1 Dr&e0uis ..................... . 
~ Serpentis .................... . 

l
i ~ ~§:.:·::. :::::: .. :·::: ::· 

: .A.qnille ·-·--··-----···-·-------

E. 
E. 
E. 

E. 
w. 
w. 
w. 
v.-·. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 

Ohlierverl timB 
of transit. 

l~ :· l:.·821 
28 J8.20~ 
51 39. ~3 

16 56 55. 63 

17 08 51. 35 

22 36. 17 

27 35. 6~ 

31 46-. 2(1 

17 44 17.59 

lrl 3; 39.17 

50 34. 57 

18 50 34. G4 

16 56 56. 33 

17 Od 52. 09 

21 36. :n 
37 4G. d9 

17 4t u.;1:1 

hl 45 2-1. 90 

59 35. 2ti 

19 30 04. 07 

15 44 w. 89 

15 :ri 21. 03 

1() l)t) U:i 64 

15 57. 5:! 

22 20. 11 

28 HI. 34 

41 21. 69 

51 40. 17 
16 ;j(j 5J. 79 

li Otl 5;.?. 71 

21 3(j, 1'13 

37 47. 32 

11 44 u~. 79 

18 3\1 40. 47 

ts 45 ~. ~)o 

19 12 3fi.4l 

1!J 07. 01 

40 H. li8 

44 

19 48 

15 52 
lll 07 

36. 52 

41. l~ I 
21. 47 I 

42. 61 

15 5e:. 09 

22 20. r.o 
28 rn. 91 

41 2~. 36 

M 41.1~ 

16 w 5'7. 46 

17 os r>3. 29 

27 37.57 

37 48. 12 

17 44 19.6il 

18 14 46. 07 

1s 20 19. 45 

18 32 41. l:J 

45 26.18 

50 36.83 
18 59 36.52 

s. 
-0.04 

- .07 

+ .04 

+ . 07 

+.OJ 

- .14 

+ . ll 
+ .20 

+ .26 

+ . 21 

+ .60 

+ .14 

+ .12 

+ .07 

+.19 
+.16 
+.H 
+.rn 
+ . 07 

+ .03 

- .03 

- .o:i 
-.1:..! 

- .Ol 

- .04 

- .02 

- .02 

+ .02 

+ .O:! 

+ .Oli 

+.rn 
+.30 
-+ .29 

+. 1ti 

-t . li) 

+ .lfi 
-+ .06 

+.oo 
-+ .04 

+.12 

+ .03 

+.01 
-+ .0-1 

-+ .o• 
+ .15 

-.07 

+ .06 

-+ .10 

+ .09 

+.w 
+ .24 

+ .26 

+ .05 

+.06 
+.rn 

Corrections. 

I 
I i Collima

' Azimuth.! tiou aud 

Clock-ti roe 
of meridian 

tr·anait. 

Rig-lit ascen
t;io-n. 

!\Jlock-cor
rection. 

i I ab~rra.-
\ I t1on. 

s. 
+o. 01] 

+ .14 i 

- .09 ! 
- .04 i 
-.O>'' 
- .4.'i 

+. 02 

+ .H, 

+.19 
- .O:l 

+ .25 i 

- .os 1 

I 
- • 0:.? ~ 
- .Ol 

+ .01 

+.Oil I 

+ .10 ! 

- .O:! 

- .05 

- .Oti 

' - .o:i i 

- .01 i 
+ .02 

.oo 
-.01 

+ .Oc.l 

-.O:i 

- .01 
- .Ol 

- .Od 

+ .02 

+ .13 
+ . l~ 
-.03 

- .U4 

+ .U:I 

-.16 

- .14 

-.14 
+ .24 

+ .O:J 

+ .07 

.Oil 

-.04 
- .08 

+ .19 

- .UI 

.oo I 
- .01 

00' 

+ :ot \ 
+ .01 'l - .01 

- .01 

h. m. •. I 
li'. 921 

28 le. ~G ! 

h. m. s. 
1G 2:l 18.17 

28 17. 59 

8. 

+o. 01 

+ .09 

+ .03 

+ .04 

+.OJ 

- .12 

+ .OG 

+ .o .. 
- .21) 

51 ~-l!l. 2I i 51 , 38. :J7 

16 56 55. 70 ! 16 56 51. 7G 

17 08 51.:1:; Ii 08 5().50 

22 33. 46 22 34. 55 

- .o~ 

27 3:>. t3~ 

3~ 46. G3 

17 4-l 17.84 

18 32 39. 27 

- .24 l 50 :~5. It-! 

- .OG j 18 59 31.6-l 

- • 02 i 16 5fi 56. 41 

-.0'2 1 17 Oil 52.10 

- . 03 2i 30. 54 

- .0:-1 a-; 47.0rl 

+ . Ofi 17 44 l!"". fi:1 

+ . 02 18 45 25. OU 

+ fr"> 

+ .O~ 
.O'.l ! 

59 3~. 30 

19 30 04. 06 

15 44 29. 87 

l:J 52 21. 00 T .03. 

+. lJ~' 16 

+ .Ot ! 
00 03, ti:! I 

15 57. 53 

2'i 20. 14 '1 

2d 19. J;i 

4l 21.55 I 

51 4o. 51 I 

+ .06 

+.OB 
.07 

+ .o~ 
+ .04 

- .Ou 
- .01~ 

16 56 50. ~·J I 
11 o" 52. 6:l 

27 36. 9-J I 
I 

- . lu 37 47. MJ : 

- .19 17 44 19.01 

- . 07 18 32 40. 53 

27 34. d'2 

37 45. 53 

17 44 16. 94 

ld 32 38. 42 

50 34. Zl 

18 5U J;l. 58 

16 56 ~4. 75 

17 O~ 50. 4H 

27 34. El 

37 45. 51 

17 44 Iii. 91 

18 45 2:l. :II 

lt! 59 33. 59 

10 30 02.:ig 

15 44 27. 70 

lS 52 18. 87 

lfi 06 01. 4~ 

15 55. 5~ 

22 18.09 

28 17. 47 

41 19. 07 

:;1 3il. 35 I 

~~ ~: ~. :'.: Ii 

27 ~4 76 

37 45. 45 

174416.841 
38.42 18 3~ 

- .07 

+ .08 

+ .03 

+ .03 

+ .oa 
+ .oe 

1e 45 25. 54 18 45 2:1. 31 

19 12 3G, 84 1 19 3ll 34. fil 

rn 06. 94 04. 70 

40 14. 63 H 12. 47 

44 36. 45 36 34. 30 

19 48 41. 62 19 41 39. 36 

+ . 10 lS !'l2 21. G3 lj 52 18. 84 

+ .09 16 H.78 

+ . 1:J 15 5t;. 26 

+ .18 

+ .24 

- .21 
-.ru 
-.14 
- .12 
- .19 

-.32 
- .31 
~ .11 

- .12 

- .15 

22 20. 72 

28 !IO. 2t 

41 22. r. 
51 41. 11 

16 56 57. 42 

17 08 53. 25 

21 :n. M 

37 4B.05 
17 44 1~.56 

18 14 46.00 

1B ~ 19.38 
18 32 41. ll 

16 07 39. 97 

15 55. 4,; 

2-J 17. 99 

28 17. 3:J 

41 19. 24 

51 38. 3'J 

16 56 54. 70 

17 08 50. 47 
27 34. 74 

37 45. 3:> 

17 44 16. 73 

18 14 43. 22 
18 :la 16 51 

18 32 38. 42 

.. 
-0. 73* 

0 77• 

0.1H 

0. flt 

0. 85 
0. !-ll*. 

1. 00 

1. 10• 

0. 9H* 

0. 8~ 

0. 95"' 

1. OG 

1. 66 

l. fil 

l. 7:1 

1. 57* 

1. I:.!* 

1. 6U 

1. 71 

1. 67 

2. 17 

2. 13 

~ l4~ 

2. 00 

2. 05' 
1. 93* 

2. 48* 

2. 16 

2. 11 

2.H 

~- l<i 

2. H* 

!l. 2:~* 

2. 11 

2. 2a 

2. 2:1* 

2. 24 

2. 10 
2. J;) 

2.201r 

;0::1 ::\I 
+ .02 
-0. 01 

-.14 
- .45 
-0.12 

45 00. 23 

50 37.05 
18 59 36. 5'l 

45 ll3. 32 

50 34. 08 

18 59 33. 611 

2. 79 

2. ~l 

2. 78 

2. 73* 

2. 89* 

:i. o:i• 

2. 78 

2. 7ll 

2. 78 

!?. 80 

!I. 70* 

:i. 83'" 
2. 78 
2. 81 
2. 71 

!I. 91 
!I. !17• 

-2.90 
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Computation of observations for clock and instrumental corrections, &c.-Continned. 

------------------------------------ --- ---

! 

Dates. 

1872. 

J11ly 18 

l 
, ) Observed time 

Stan. I L. p. l of transit. 

• 0"'~"' i-::-1 :, ~ ,; ~ 
d Herculis .. --·-··--··-----·----·i E. 1 16 56 57.55 

•' Horo•"'··-· -···--··-·-------- E I " • ~~ 
~· E~E. : -- ;;: :,·' ~~ ::3'.2~ ~:3~~7::37:4s~~: 
1 Aquiloo .•.......•.. ........... •o 
a Lyrre ...•.••....•.•...... 
P Lyrre .......................... W. 45 26.45 
l Aqrriloo ..... _____ _ 

0 Draoonia ..•.... -- .. 

d Aquiloo ------------
y Aquil"' ..........•....•.....•.. 

1 Dra.conis. -----

w. 
w. 
E. 

E. 
E. 

18 5~1 36. 7!! 

19 12 37. 55 

19 7. 63 

40 15. 34 

19 48 42. 44 
,July 19 • Ophiuchi ................ . E. 

E. 

E. 
E. 

E. 

16 51 41. 26 

16 56 57. 74 

17 8 53. 4;) 

d Hercnlis. 

a 1 Herculis 
ft DrncoDis. 

w Draconitt. 
1/- 1 Draconis ....................... E. 
• Serpentis ...... .......... ... .. W. 
1 Aquiloo ........................ W. 

a Lyrre .......................... W. 

~ Aquilro....... .............. W. 
o Drsoonis..................... w. 
-r Dr&oonis.. .•••. .......... .... . . . W. 
K Aquil.re...................... W. 
a Aquilre ........................ W. 

,foly 20 ( Ophiuchi. ........... . w. 

July 21 

• Ophiuchi. ............ W. 

d Heroulis.--------- W. 
a 1 Herculis............. W. 
{1 Draconis ----· W. 

w Draconis .. --··· .... -·----. .. W. 
1/- 1 DrQOOnis. ----· --- .. W. 
q Serpentio. ...... ... . . .. ..... E. 

l .A.qniloo -------------· ------ E. 
~ Lyrai ....................... . 
P Lyroo ............... . 

E. 
E. 

d DrQOOnis ................... ---, E. 

r Draconie ....••....... ···-····-·i E. 

~ ~:= ::::::::::::::::::::::::! :: 
; ~..: -:-: ~ : : I ; 
; ~;:~::::::::::::::::::::::::I 
l AqnUoo ..••.••.••••..••••..•••• I 

w. 
w. 
w. 

d Dracotiis .................... ___ ; W. 

.o Aquila> ........................ , E. 
y Aquila>........................ E-

~ ~=~:::::::::::::::::::::::1 :: 
: ::.~:::::::::::::::::::::::1 :: 
H. Ex. 100-26 

27 37, 80 

37 48. 36 

17 44 19. 69 

18 14 46. 56 

28 19. 81 

32 41. 38 

18 59 36. 71 

19 12 37. 22 

18 6. 64 

:ro 5. 65 

19 H 37. 43 
16 30 11.60 

51 41. 48 

lfi :;Ii "7. 80 

Jj 53. 61 

27 37. 93 

37 48. 61 

17 44 19. 87 

rn 14 4G. 38 

2.; 19. 74 

32 41. 41 
lt3 45 ~6. 47 

19 12 J7. 18 

18 7. 51 

4(1 15. 57 

44 37. 41 
19 49 6. 70 

18 14 46. 78 

2" ~o 21 

32 42. 01 

45 26. 95 

18 59 37. Zl 

19 12 38. 2-'> 

19 7.99 

40 IS. 68 

48 42. 25 
19 57 58. 50 
20 27 I0.'97 
20 37 9.26 

Corrections. 

Level. 

Collima

Azimuth. tion and' 
a Lerra-

Clo-ck-time 
oi' nwri.1\ia1l 

trausit . 

1 Hight ascm1 · lc1nck·cor-
1:1ion. 1 rcction. 

l-
s. ! s. 

+o. 03 i 
-t . 05 ! 

+ .o~ 

+.10 
+ .15 

+ .17 

+ .06 

+ '05 
+.10 
+ .13 

+ .13 

+.33 
+ . 07 

+ . oe 
+ . 30 

- .02 

- .04 

. 00 

--,- . 03 

+ .02 

- .05 

+.Oil 

I . 03 

+.Ou 
+ '07 

+ '2.'> 

+ '33 
+ . 06 

+ 'll 
.0-0 

'01 

+ .01 

+ .07 

+ 11 

+ '20 

+ . ~· 
+ .02 

-t· . OJ 

+ '04 
. O;l 

+.20 
+,;Jg 

+ .07 

+ .07 

+ -07 

+ .01 

+ '04 

+ .0'3 

-+- • 09 

-;-- '07 

.,- .2U 

+ . 05 

.,. . 03 

+.w 
+ .03 

+ .oo 
-tO. 11 

+0.14 

+ .06 

+ .12 
- .02 

- .21 
- .28 

- .16 

- .17 

- .04 

- .061 
- .12 

- .15 

+ .13 

+.11 
-.HI 

+ .04 

+ .a2 
+ .04 
- .01 

- .06 

- .<JS 

-.~ 

-.25 

- .U6 

- .17 

+ .25 

+ .39 

-.23 
-.It' 

+.14 
+.10 
+ .05 

+ .09 
- .02 

- .JU 

- .21 

+ 'l:l 

+ .14 

+ .05 

+ .07 

-.20 
- .34 

+ .15 

+ .15 

+.16 

+ .o,; 
+ .08 

+ .02 
+ .03 

+.OH 

- .08 

-.03 
-.o:J 

+ .04 
-.03 
-.02 
--0.00 

tion. 

8. 

+o. 01 

+ .02 

+. UI 

+ '02 

+ . 04 

+ '05 
- .04 

- '04 

- .0.5 

- .05 

- .04 

- .11 

+ . 01 

+.OJ 

-1- • U4 

-.01 

h. m. s. 
16 51 41. 41 

16 56 57. 68 

17 0 5:l. 51 

27 37. 64 

37 4i'!. 31 

17 44 19.84 

1~ 14 4fi. 30 

28 10. 58 

32 41. 43 

4,) ~6. 47 

1 ~ 5Y 3ti ti9 

19 12 37. 6:.! 
lY 7 . .,4 
40 15. 51 

Ji' 4d 4:.:!. 59 

lt. m. f. k. 

1G al 38. :l3 -:i. oa 
Hi S6 54. tN ~- 99 

17 50. 47 8. 04 

27 34. 72 2. 92 

37 43. 31 3. oo· 
17 44 lG.tHI 3.15 .. 

1r 14 43. :<!2 3. o~ 

28 lG . .:;t"" 3. OH 

32 3S. 41 3. 02 

45 23. 3:2 3. 15 

H' 59 33. 6:J 3. tili 

19 li 34 . .57 3. Qjl< 

rn 4. 1:~ 3. 11 

to Hl 51 :1. oa 
1!1 48 39. 3.) 3. 24"" 

16 51 4L 27 lf) 51 38. 3~ 

- . 01 J-6 5H 57. 7! lfi 50 54. 6:-- 3. 0:1 

:LU~ 

:J.11 

3. 02' 

2. ~o· 

3.11 

Z. 9H 

2. 94 

2.. 9fi 

:J. 11* 

3 oo-
3. 00 

- . 01 17 ~:l. 4~ : li 50. 4G 

- .01 

- .o~ 

27 ;_r;. e1 

37 4t3. 30 ; 

27 34. ill 

il7 4-5. 2~ 

- . 02 17 44 HI. 5.J ~ 17 44 16. G5 

- . 0-2 lt' 14 46. 33 ' le 14 43. 2-2 

- .02 

-.03 
- .02 

- .05 ( 
- .07 ! 

- .0-2 I 

2@ HI. 57 ! 
32 41. 3.5 ' 

36. 59 

37.67 i 
7.29 i 

18 5[) 

19 12 

18 

30 5. 46 ! 

2~ Hi. oi8 

32 :JB. 41 

18 59 33. i;3 

19 1~ 34. Jli 

18 4. 29 

30 2. 41} 

- .0:2' h• 44 :r7. :H l!I 44 :3.J. :l,) 

- .04 16 30 11.70 16 :JO t.H 

- .04 

- .05 

- .04 
- .07 

- .12' 
- .141 
+ . 0-2 
+ .0-2 

+ .O:! 

+ .02 
..L. .04 

+ .05 
+ .02 

t . 0-J 

+ .O'J 

- .2-2 

-.23 
-.29 
-.26 
-.23 
-.:;8 

+ .20 

+ .20 

.+. 51 

+ .20 

+ -~o 
+o. 21 

51 4I. ;";3 l 51 :~::. 32 

16 56 57"-i'J ' u; 5ti :;4_ 01 I 
17 8 53, /.I I 7 50. 4,; I 

27 36. 01 ; 

37 4 .... 5::t : 

17 44 

lt! 14 

18. 76 

4G. 55 ~ 

2l"l 19. 91 

3'.:! 41.52' 

18 4;) 

19 12 ;i;, ~2 

18 7.!'>() 

40 1s. e1 
44 37. 65-

19 49 6. U5 

18 14 46. f>j < 

28 20. 10 

32 4L ::l:.! 

43 \16. 31 

l~ 59 37_ 13 ; 

19 12 :r;, 79 

19 H. 21 

21 34. 1m i 
37 45. 2-1 I 

tti. nr j 
43. 2<! ' 

10. 5~ ~ 
32 at! .. 11 I 

J.:1 4:1 Z3. 3~ I 
HI 1:.! :J4. S.) i 

4. 2:-' i 
40 I~. 5~~ \ 

44 .14. :I(• I 
rn 4!) 3. 6:.! I 
lH l4 4:-1. ~~ I 

)lt! lli. 5ti ! 
];,! 31'. 4() , 

I~ ~~ ~:~~I 
w 1~ a-1. M 

4. 'j,"1 

40 lfi. 88 4P U. :;3 

4~ 42. 96 4t1 ;l~. :n 
19 57 58 70 lH 57 ;)!J. :UI 

2(J Z'1 11.21 20 ~7 1.00 

26 37 9. 64 20 37 ti. 35 

!!. !}\l 

J. :.!7 

3. :Ji* 

:I. 2il 

:L2!J 

3. :n 

3. 4:J 

'.}, .)2 

:l. 42 

~t 4Y 

:i. 4J 

:t :.?5" 

:t 41\ 

:1.:G 
;i_ 63. 

3. ·IO 

3. 31 

-3. 29 
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Oomputatio·n of observations for ol,ock and instrumental corrections, &-c.-Continued. 

Date?!. Stars. L.p. 

187Q. 

.Tnly21 r Gygni 
fJ Cephoi ....................... .. 

E. 

E. 

uly22 '1 ;1 ~:=~~~B- ··--·· -~:~~~~~~~~~:~~: 
w Draconis. -----------· ---···----

E. 
E. 
E. 
E. 
E. 

E. 
11:. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 

1 

l/11 Draconis .........•..•.•........ 
'1 Serpebtis ... _ ... ___ ........... . 

j 1 Aquilre ..................... .. 
~ Lyne ........................ . 

J '
{1 LyrlP .•..•....•.•.....•.....•.. 

Set I Aquila> ...................... . 

l ~ ~:::i~~~~-~~~~~-~~~~~~--~~~:~: 
~ Aquilre ....................... . 

I, r Aquil>B ....................... . 

• Draoonis ...........••........ -· 
I ,. Aqni1HL ......•.•..••••.. 

I : ~;::ii~~:::·::::::::-.::::::·:: 
July22 ( vi' Aqnarii. ...................... . 

Cygni. ........•.......•....••.. 

"' Urom Majoris, L. C .•.•••••.••.. 

w. 
w. 
w. 
w. 
w. 
w. 
E. 
E. 
E. 
E. 
E. 

Set II. 

I 
2 Cygni. ••......•••.••••..•..••.. 

1 Dr:aconis, L. C -------- ---------· 
P Cephei. ...•••.....•••.....••••. 
11 CepheL ....................... . 
a Aquar:ii ........................ . 

9 Aquarii. ...................... . 

Dra.coniA, L. C . ··--,·- .•.•.•.••. 

I ( Pe~i. ...................... . 

I' Oeph.-~L----------- ---------·-· E. 
a. Peg1Lsi ....... .......... ......... W. 
o Cephei........................... W. 
!>. Draconls, L.C .................. W. 

} ' Piscinm.. ....... .......... ....... .. W. 

t 
w Piscinm ............................. W. 
a A.ndromedal ...•. .. ..••• .••••• W. 

y Pega.•l. .•..•. .. . .•. ...••••. .•. W. 

July23 " Opbinchi .•.•.• ...••. .. .. .•.••. W. 
d Herculie....................... W. 
«1 Herculie ............................. W. 
., Serpentis ••.•• ..••••.•••.• .... W. 
I Aqnilro •. ...... ....... •••••..•. W. 

a. LyraJ ···-······-·-----·-······· W. 
p Lyrie ....••....•• .............. W. 
w Draoonie ....................... W. 
f .Aquioo ..... ... .•.. .. ..••.•. .•. w. 
d Dmoonls .....••.•••••.•••••.••. W. 
T Draoonie. .• • •• . ..... .. . . . . .• ... ... ... E. 
• Aquilm .......•.....•.....•.••• E. 
y Aqnil11> .•••••. ••. .. .•.••• •••••• B. 
• Cygnl...... .••••• ...••• ...•.•.• B. 

ObMrved time 
of transit. 

h. .... •. 

20 52 29. 19 

21 27 6. 12 

17 8 54. 03 

27 38.09 
37 48. 46 

17 « 19. T7 

18 14 46. 75 

28 20. lB 

32 41. 78 

45 27. 28 

18 w 37.50 
19 12 33. 19 

19 8. 79 

30 6. 45 

40 16. 37 

48 43. 04 

19 57 59. 21 

20 27 11. 78 
20 37 10. 16 

45 51.20 

52 30. 04 

20 59 8. 55 

21 7 35.16 
18 38. 36 

27 6. 91 

40 8. 90 

21 59 18. 21 
22 10 10. 4{) 

114 11. 3:) 

35 10. 18 
45 13.fiS 

2~ :;g 28. 7() 

23 13 28. 66 

ll3 50. 24 
33 27.Ml 

23 5l! 49. 'lll 

0 1 51.65 
0 6 44.02 

16 51 4!1.53 

16 56 58. 9-.l 

l't 8 5-1. 71 
18 14 47. 5!2 

28 20.81 

32 4!1.49 

45 ll7. 5l! 

50 38.11 
18 59 37.88 
19 lt 38. 84 

18 s. 07 
30 fl.42 

19 tO lfl. 53 

1111 37 10. lN 

L<>vel. 

.. 
+0.10 

+.22 
- .OJ 

+ .05 
+ .10 

+ .08 

+. 01 

- .02 

+.04 
+ .04 

+ .04 
+.19 
+.06 
+.oo 
+.OB 

+ .26 

+ .07 

+ .oa 
+ .19 

+ .09 

+ .14 

- .12 
+.11 
- .47 

+ .!19 
+-20 

+.06 
+-05 
- .19 
+.06 
+ .2'! 

+.08 
+ .!13 
- .13 

+ .01 

+ .07 

+.09 
+ .07 

-.07 
-.09 

-.06 
- .01 

- .01 

- .04 
-.03 

- .07 
- .01 
-.02 

.00 
- .01 

.00 
-0.llll 

Corrections. 

Collima

Azimuth. tion and 
aoorra-

.. 
-0.0l 

+ .04 

+.04 
- .01 

- .07 
-.Oii 

+.06 
+.06 
- .05 
- .07 
- .13 

+ .19 

- .16 
-.12 

- .09 
+ .15 
-.09 

- .09 
- .01 

- .16 
-.03 

- .45 
- .07 
-1.04 

+0.21 

+ .17 

- .11 
- .13 

-.53 
- .10 

+ .13 

- .11 
+ .16 

- .49 
-.13 

- .13 
-.07 
-.11 

-.07 
-.03 
-.06 
-.08 
- .09 
-.02 
- .03 

+ .19 
+.OS 
-.07 
- .112 
+ .07 

+.05 
+0.01 

tiou. . . 
+o.26 
+ .57 

+ .13 

+ .21 
+ . 35 

+ .42 

+ .13 

+ '13 

+.16 
- .19 

- .16 
- .40 

-.lti 

- .16 

- .16 
- .45 
- .16 

- .16 

- .!l'J 

- .06 

- .08 

+ .15 
- .07 

+ .41 

- .17 

+.09 
+ .03 
+ .03 
- .13 

+ .()3 

+.07 
-.00 
- .15 

+ .17 

-.06 
-.00 
-.07 
-.06 

- .10 

-.l!i 
- .10 
- .10 
-.10 

- .12 
- .lll 

-.38 
- .10 
- .25 

+-!H 
+ .07 
+-07 
+o.10 

Clock-time 
of meridian 

transit. 

h. m. s. 
20 52 29. 54 

21 27 6. 95 

17 8 54. 17 

27 38. 34 

:rr 48. 84 

17 44 20. IS 

18 14 46. 95 

28 20. 3:) 

32 41. 93 

45 27. 06 

18 59 37. 25 
19 12 38. 17 

19 8. 53 
30 6.2.1 

4-0 16. 20 

48 43. 0-2 
Jg :;7 59. 03 

20 27 ll.61 

37 10.12 

45 51. 06 

w 30.07 

20 59 &13 

21 35. 13 
18 37. 26 

27 7.24 
40 9. 36 

21 59 18. 19 

2-2 10 10. 35 

24 10. 5() 

35 J0.17 

45 14.10 

2-2 58 2t'. 62 

Z.l ta :Ii!. 90 

23 49. 79 

3.1 27. 40 

23 52 49.60 

0 51.00 
0 6 43.92 

16 51 42. !19 

16 5fJ 58. 68 

17 s 54.49 
18 l4 47.33 

21! 20. 61 

311 <12. 31 

45 rt.3' 
50 37.85 

18 59 37.82 

19 12 38.00 
18 8.19 
30 6.55 

19 40 16.115 

llO 3'7 lt. IS 

Right IL8c<>n- Clock-eor-
aion. reotion. 

h. m. a. 
20 52 26. 26 

21 21 a.3li 

17 8 -50. 44 

27 34. 65 
37 45. 11 

17 44 16. 52 

18 14 43. 211 

28 16. 58 

32 38. 40 

45 23. 32 

18 59 33. 64 

19 12 34. 52 

19 4. 76 

30 2. 48 

40 12. 54 

48 39. 3~ 
19 57 55. 30 

20 27 7. 91 

37 6. 36 

45 47rl3 
52 26. 27 

20 59 4. 24 

21 7 31. 36 

18 33. 00 

27 3. 38 
40 5. 70 

21 S9 u. so 
22 10 6. 66 

24 6. 50 

35 6. 49 

45 10. 17 

22 58 fM. 85 
23 13 25. 07 

113 45. 89 

33 !13. 62 

23 52 45. 82 

0 1 47. 89 
0 6 .t0.15 

16 lil 38. 30 

16 !'ill 54.64 

17 8 50.4-i 

1s u a.n 
118 16. 511 
31! 38. 311 
45 23.31 

50 33. es 
18 llll 33. 64 

19 111 :w. 51 
18 '4.111 

311 ll..fll 
19 40 lll.U 
• 3'l' ll.3'1 

. . 
-3.28 

3. 59* 

3. 73 

3.69 

3. 67* 

3. 66* 
3. 73 

3. 77 

3.53 

3. 74 

3. 61 
3. 65~ 

3. 77 
3. 75 

3.66 

3. 70* 

3. 73 

3. 70 

3. 76 

3.93 
3. 8-0 
3.89' 

3. 77 
4.26* 

a. 86* 

3.66* 

3.69 
3.69 

4. oo• 
3. 68 

3. 93* 

3. 77 

3.83* 

3. 00* 

3. 78 

3. 78 

3. 71 

3. 77 

3. 99 

4.04 

4.05 
4.11 
4. Oii 

3. 911 
4.03 

3. 96* 
4.18 

3. 99" 

3.98* 
4.06 

4.11 
-3.91 
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Computation of observations for clock and instrumental corrections, &c.-Uontinued. 

PARIS. 

Dates. Stars. 
Observed time 

L. p. of transit. 

1872. 
Aug. 16 

Aug. 17 

rp1 Drac.cmis. _______ ---------- ___ W. 

• Serpentis .......•....•.•...•... W. 
1 Aqnilai ....................... W. 
a Lyrai .......................... W. 

II L.vrie.... .. .... . ...... ... .... . W. 
50 Draconis ------. ___ _ ____ W. 

l. Aquiloo .••. •..••.. .•..•..••••. E. 
~ Draconia ............................. E. 
T Draoonis ............................. E. 
« Aquil"' ........................ E. 
:I' Aqnilre ........................ E. 
a .A.qniloo .•.•••..••.••••.••.••••. E. 
c Draconis ............................. 

1 
E. 

3 Ur.aoo Majoris1 L.C. ......... ......... E. 

• Dolphini ...... .••. ... . .•. .... .. E. 
a Cygni ......................... E 

~· Draconia..... . . E. 
11 S..rpentis . •• . . . . . . . • . .. . . • • • . . . E. 
1 .A.quilai .•.•••.••.••••.••..••••• E. 
a Lyne .......................... E. 
P Lyrre .... . ••.. .•. .•••.• ........ E. 

50 DraooniR .. ----------··--·------ E. 
l. Aquil"'........................ W. 
3 Draoonis ...•..•...••..•••.•.... W. 

PiazziVII,67,L.C ................. W. 
" Aqullie ........................ W. 
r Aqnilm ...................... . 
a. .Aqnilm 
c Draoo11is ....................... . 
r .Aquilre .......................... . 
m.2 Caprlcorni ......................... . 
11' Capricorni ..... _. _ --·. ____ ... __ 

r Delphini ..................... . 
II Cygni ..•.....••...•............ 

w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 

.Ang. 18 '>¥' Draoonis ....................... W. 
~ Serp<intie ...................... W. 
1 Aquila> •.••.....•••.••.....••.. W. 
o. Lyrse .•..••.•...•..••.••...•.. W. 
fl Lyroo ......................... W. 
50 Draoonis ....................... W. 
( AqnilllO ........................ W. 
d Draoo11i&. •••••. ...... ..•...•••. "E. 
K Aquilm ...•.•••......•......•.. E. 
y Aquilm ........................ E. 
a Aquilm .••..••.••..•...•.•..•.. .E. 
1 Dra.oonis...................... E. 
3 U"""":M:ajorle,L.C ............. E. 
a.• Caprioorni. .•••.•.......•..•... E. 
« Capricorn! ..................... E. 
r Delpbini ....................... E. 
" Cygni. ...••..•..•••.••..••••... E. 

Aug. 19 'I-' Draoonia....... .•.. .• ...•.•. E. 
1 Aqnilii> .••.•••..•.•••...•.•••.. E. 
a Lyne ......................... E. 
fl Lyne.......................... E. 
!IO Draoonla ......•••..••..••.•.•• .I B. 

h. m. &. 

17 44 17.!l'.I 

18 14 45. 07 

28 18. 48 

32 39. 86 

45 24. 98 

50 34. 50 

18 59 34. 77 

19 12 34. 0-2 

18 3.10 
30 . 3. 81 

40 13. 73 

44 35. 55 

19 48 38. 87 

20 0 4.65 

27 9. 2fi 

00 37 7. 18 

17 H 15. !l3 

18 H 44.43 

28 17. 84 

32 39.15 

45 24. 23 
50 33. 27 

l~ 59 34. 98 

19 12 34. 98 

17 33.39 

30 3. 98 
40 13. 91 

44 35. 74 

48 311. 90 

19 57 56. 74 

20 11 o. 91 

00 3. 46 

27 9. 36 

20 37 7. 60 

17 44 16. 38 

18 14 44. 63 

28 17. 98 

32 39. 39 

4.5 l!4. 48 

50 33. 60 

18 59 34. 92 

19 12 34. 66 

3Q 3. 78 
40 13. 78 

44 35. 59 

19 48 39. 57 

20 0 3.41 
11 0. 74 
!!O 3. 3l! 
!l7 9. !13 

20 37 7. 43 

17 •• 16.17 

18 28 17. 90 

32 39. 30 

•a R35 
18 50 33.38 

Level. 

.. 
f-0.23 

+.oo 
+.OB 

+ .21 

+ .17 

+ .47 

+ .10 

+·29 
+ .38 
+ .07 

+ ,()8 

+ .08 

+ .26 

- .12 

+ .01 
+ .11 

+ .13 

+ .04 

+ .05 

+ .12 

+ .13 

+ . 39 

+.11 
+.33 
- .17 

+ .()7 

+.10 
+ .10 

+ .36 

+ .11 

+ .08 

+ .07 

+ .14 
+ .23 

+.rn 
+ .03 

+ .03 

+ .08 

+ .12 
+. 41 

+ .10 

+ .115 
+ .06 
+ .08 

+ .07 

+ .20 
-.09 
+ .04 
+ .03 
+ .f.YJ 

+ .12 

+ .05 
+ .01 

+ .02 

+.01 
-0.03 

Corrections~ 

Clock-time! I Collima- of meridian Rig-ht attcen-

Azimnth. tion .a.nd tr.a11sit. sion. 
aberra-

ClDck-cor
rt'Ction. 

.. 
+o. 37 

-.22 
- .24 

- .07 

- .09 

+.so 
-.11 

+.rn 
+ .27 

- .16 

- .12 

- .12 

+.'.IO 
- .-46 

- .12 
-.02 

+ .12 
- .07 

- .08 

-.02 
-.03 
+ .16 

-.06 
+ . ()9 

- .~6 

- ,()9 

- .07 

-.07 
+ .11 

-.07 
-.J9 

-.10 
- .07 

- .01 

+ .16 
- .10 

- .10 

- .03 

-.04 
+ .21 
- .07 

+.IM 
- .04 

- .03 

-.03 
+.os 
- .11 
- .04 

-.IM 
-.03 

.00 

+ .D'l 
-.06 
- .01 
-.02 
+a.10 

_t_io_n_._1 ______ 1-~--
B. h. m. 8. 1 k. ni. s . 

-1. 16 17 44 16. 66 I Ii 44 15. I~ 

-0. 36 18 14 44. 57 I !R 14 43. 08 

- • 36 2H 17. 9fi I 2R lfi. 49 

32 3f<.1'.J 

4:; 23. 11 
- • -16 32 39. 54 

- .43 

-1.40 

+o.34 

+ .85 
+l.13 

+0.33 

+ .33 

+ .33 
+ .96 

- .91 

+ .33 

+ .46 

+ .19 

+ .06 

+ .06 

+ .07 
+ .07 

+ .22 

- .09 

- .2-J 

+.24 

-.09 
- .09 

-.09 
- • 2.l 

-.09 
-.09 
- .09 
- .09 
- .12 

-(), 33 

- .10 

- .10 

- .13 

- .12 

-.39 
- . rn 
+ .18 

+ .07 

+ .07 

+ .07 

+ .20 
-.20 
+ .07 
+ .07 

+ .07 

+ .10 

+ . !!!I 
+ .07 
+ .C9 

+ .06 
+0.21 

45 24. 63 

50 34. 07 50 32. 61 

18 59 35. JO 18 5~ 3:l. 511 

19 12 35. 32 19 12 33. en 
lB 4. 88 

30 4.05 

40 14. 0-2 

44 35. 84 

19 4~ 40. 29 

20 0 3. 16 

27 9.54 

20 37 7. 73 

17 44 16. 37 

18 14 44. 46 

28 17. 87 

32 3'J.32 

45 24. 40 

50 34. 04 

18 59 34. 94 

19 12 35. I~ 

17 33.20 

30 3. 87 

40 13. 8.') 

44 3;,,6f< 

48- 40.12 

18 :1.31 

30 2.51 

40 12. 5;) 

44 3;, 40 

rn 48 :1e. w 
20 1. 7 .. 

27 ~.O'l 

20 37 6. 40 

17 4t 1.'i Oti 

18 14 43. 08 

28 16. 48 

32 38. 11 

45 23.10 

50 32.54 

18 59 3:!. 55 

19 12 :u. 83 

17 31. R4 

30 2.51 

iO l5. 5;. 

44 34. 40 

!II'!: 3~. 7;) 

19 57 

20 11 

20 

0.81 20 ll 
56. 6~ I 5P. 4:;. 

2. O.J 
,,_ 03 

3. 34 20 

27 ~. 34 

7. 70 2tl 37 

17 44 Hi. 40 

18 14 44. 46 

2ll 17. St 

3!,) 3,. 31 

45 24. 44 
5() 33. 83 

18 59 34. 85 

rn 1~ 35. 13 

30 3. 87 

-40 13. 90 

44 35. 70 

19 4A 40. 02 

w 0 3.07 

11 o. ~l 
w 3.as 
27 9.34 

!lO 37 7.65 

11 44 16. 51 

18 28 17. 9;J 

32 39. 40 

45 24.42 

18 50 33. 72 

27 

20 37 ti. 4tl 

17 44 14. 9\l 

18 14 4;1.07 

2" 16. 47 
3~ 3A. (}9 · 

45 2;;. ~B ! 

''° 32. 47 
15 59 3:!. :H 

19 12 3'.l. 79 

30 2. 50 

40 12. 54 

44 34. 39 

19 48 38. 72 

!!() 0 J.87 

11 59. 45 

20 2.0;l 

27 8.fl3 

20 37 6. 40 

17 44 14. 93 

18 28 16. 4fi 

:i2 38. 08 

45 zt or 
18 50 32. 41 

8. 

-t.5:!• 

1. 4' 

I. 47 

1. 41 

1. 52 

I. 4~· 

1. 44 

!. 46' 

l. 57'* 

I. 54 

1. 47 

I. 44 

1. •w 
I. 3f' 

1 51 

I. 33 

I. :n· 
!. 38 

1. 39 

1. 21 

], 30 

1. 50* 

1. 39 

1. 35* 

1. 36' 

1. 36 

1. 30 

1. 28 

I. :n-
1. 31 

I. :16 

1. 29 

i.:n 
I. 30 

I. 41' 

1.39 

i.:H 

J.22 

!.36 

1. 36* 

I. 31 

1. 34" 

]. :l7 

]. 36 

1. 31 

J. 30• 

1. 20" 

!. 36 

t.:13 

1. 31 

t. 2.5 

]. 58' 

J. 47 

1. 32 

1.35 

-I. 31• 
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Oomputati01i of obseriia.tfons for cloek a.nd ·instrumental eorrections, &c.-Continued. 
P.A.l~I~, 

Dates. Star~. 

Level. 

---,1~,.erml t:~-
L. P· i of transiL 

I : 
j ! ----------------1--: --- _ .. ___ _ 

187'!. 

Aug, 1U e Aquilm ......•. 

0 Dr:aconii;i. 

.... I E. 

..... [ W, 

Aug:,~ 

Piazzl V lI, 67, L. C .. 

" Aqnilre 
y Aqnilre 

tt AqnilH~. 

~ DraconiA. 

.,. Ac1nilm 

a.'l Uapricorni 

1T Capricorni 
.c Delphini ....... . 

a Cyg:ni ........... . 

Serpent1H 

Aqnilre 
a Lyrm ...•........... 

50 Dra.coniR 

. .... i w. 
. I w. 
... ! w. 

: 
___ I \V. 

···I w. 
.... I 

-- -I 

:::1 

w. 
W, 
w. 
w. 

--·I w. 
I w. 
i 

-1 
I 

W, 

w. 
w. 

[w 
A(1uilm .......• ;. , W. 

Urae<.mis ..•.........•.. ······i E. 
Piazzi VII, 67, L. C __ -- ...... , E. 

y .A.11ullm -·---- ------------------! E. 

a ~::~:i.:::::::-:::::::::::::::1 ~: 
C Ursm Majoris, L.C... ------1 E. 

a2 Vapricorni .....••.... ------1 E. 
t Delphini............. ..! E. 

a Cygni ......................... \ E. 

h. m. "' 
l~ 59 34,91 

19 12 35. :l~ 

l7 3;1. lf 

30 4, 04 

40 13. 98 
44 3$, 8::2 

48 40. 1G 

rn 57 56. l'!.:= 

~o 11 o, 97 

20 3. 61 

27 9. 48 

~ 37 7. 82 

18 H 44. 84 

28 lB. 2E 

32 39. 7;1 

45 24. 82 

CiO 34. 0~ 

18 59 35. 21 

19 12 34, 91 

17 33, 79 

40 14.15 

44 35. 9o 

19 48 39, 94 

QO 3. 76 

11 L 07 

27 9. 55 

20 37 7. 80 

8. 

+o. Ol 
+.u 
- .04 

I- • 01 

+ .03 

+ .04 

+. !~ 
+ .Ofj 

+ .03 

+ .03 

+ . 06 

+.11 

- .02 

- .01 
- .Ol 

-t '01 

+ .04 

- .01 

-.11 

+ .06 

- .03 

-- .03 

- .09 

+ .04 

- .01 
- .o~ 

--0,0Q 

Correction•. I 
I Collirna- t 

( A..zilnuth. ! tion um1 i 

i j aberra-
i 1 tim1. 

Clook-\ime 
of meridian 

tra.n:sit. 

Right a.seen- Clock-eor-
sion. i rection. 

·--.. -11--.. - ------- ------
h, m. 8, 

18 59 34. 96 -0,-031 +0.07 i 
+ ,05 - .\l5 19 12 35. 23 

17 33, 28 

=:~~I::::~~ 
= :~~ 1· =: ~~ 
+- .(6 - ,21'1 

- .041 
- .05' 

- .10 

-.10 

- ,051 -.10 

=:~~II = :~~ 
- '13 - .10 
-,14 -.10 

-.041 -.12 

- .05 I - .11 

+.281 -.:l7 
- '10 i - .10 

+ .08 i + .17 

-,1!41 -.19 

-.061 +.07 

-.071 +.07 
+ '11 + .19 
-.25 -.19 

-.091 +.07 
-.061 +.07 
--0. ot I +o. o9 

30 3. 90 

40 13. 88 
44 a5. 72 

48 40, 12 

l9 57 

20 1l 

56. BO 

o. 85 

3. 49 

9, 41 

7. 78 

20 

27 

20 37 

18 14 44. 5!I 

28 18. 03 

3'.l 39. 56 

45 24. 67 
50 33. 97 

18 59 35, 00 

l9 12 35. 11 

17 33. 42 

40 14, 13 

44 35. 92 

19 48 40. 15 

20 0 

11 

27 

20 37 

3. 36 

1. 04 

9.54 

7. 82 

h. m. .. 
18 59 33. 53 : 

19 12 33. 75 : 

17 .31. 95 

30 2. 50 

40 12.54 l 
44 34. 39 

4ii 38. 68 ! 

19 51 55. ::16 

20 11 59. 45 

8, 

'-1.43 

l. 48* 

1. 33• 

1. 40 

1. 34 

1. 33 

l. H* 

1. 44 

l. 40 

20 2..05 1.44 

27 8. 03 I. 38 
2Q 37 6.39 1. 39 

18 14 43. 05 
28 16. 45 

32 38. 06 

45 23. 06 
50 32. 33 

18 59 33. 52 
19 12 33. 71 

17 32.01 

40 12. 53 
44 34. 38 

19 48 38. 64 
20 0 1_97! 

11 59. 451 
27 8-03 i 

20 37 6.381 

l.!">4 

1. 58 

1. 50 

1. 6l 

1. 64" 

l. 48 

1. 40• 

1. 41* 

1. 60 
1. 5t 
1. 51* 

1. 39• 

1. 59 

1. 51 

-1.44 

GREENWICH. 

.An:.;-. '2~ 'ff Soq•entis --·· ..... .. E. 

1 .A.qnilm ...... \ E. 

; ~~~: --- -- -- ------ Ii :: 

f Aquilre .... --- .... -- ... .. E. 
nraconis. __ ....•.... -·--· \ E. 

-r Dracouis ..............•....... 1 W. 

< .Aquilru ....................... .' W. 

r .A.quilro ........................ W, 
G .A.qniJro .... ,, .................. \V. 

• I>ra.conis ..••..•...•....•..•.•.. W. 

T .Aqnilm ---------- ....... W. 
• Delphini. .... .. ... .. ..... W. 
" CygnL................. W. 

Aug. 30 1 .Aquilro ........................ W. 

., Lynll ........................ W. 
f:I Lyroo ........................... W. 
50 Draoonis ....... ,, .............. W. 
l Aquilm .... ,, .................. W. 
< Draeouis .. ,, ........ ,, ......... W. 
• .A.qnilro ........................ E. 
r .A.quiloo ........................ E. 

" .A.quilre ----------------------- E. 
' Draoonis .•••.••.•..•..•..•... E. 
T .A.quilre ....................... , E. 

K Cophei .. ,, ......... ------------ E. 
1 DelphinL .. ,, .................. E. 
" Cygni......................... E. 

18 14 41. 29 

28 14. 66 

32 35, 99 

45 21. 12 

18 59 31. 71 

1Y 12 30. 90 

18 2. 00 

30 l. :14 

40 11.17 

44 3:1. 20 

48 37. 39 

19 57 54. 18 
20 27 6, 94 

~ 37 5,05 

18 28 15, 08 

32 35.9{) 

45 20. 8-2 

30 28. 12 

18 59 31. 96 

19 12 30. 57 
30 l, 3!I 

40 11. 'l5 
44 33. 13 

48 36. 66 

19 57 54.13 

20 13 11. 3:1 

27 6. 70 

20 37 4. 79 

-0.0o I 
- .05 

-.11 

- .09 

-.OG 
-.IO 
-.11 

- .O'J 

- .04 

- .03 

- .12 

- .03 
- .01 

- .15 

- .04 

- .09 
- .07 
- .116 
-.07 
- .24 

- .05 
- .07 
-.06 
- .18 

- .05 
-.30 

-.OS 
-0.09 

--0, :io I 
• .32 

- '10 
-,14 

-.~ 

+ ,26 

+ ,40 

-,~ 

-.21 

- .22 

+ . '19 
- ,22 

- .Ill 

- .05 

-.63 

- ,21 

- .27 

+1.15 
-0.4ff 

+ .52 

- .:12 
- ,41 

- ,42 

+-56 
- ,43 

+1.21 

-0,40 
-0.10 

+o.32 I 

+ .321 
+ .411 
+ .381 

1s 12 41. 25 I 1s 14 4-.l.95 

28 14. 61 28 

~~:: ! 32 36, 19 32 

45 21. 27 

~l:: I ~: ~: 
--ll. 32 30 

31. 75 

31. 84 

l, 19 

0. 73 
- • 33 I 40 . 10, 59 

- .32 

-.94 
44 3:!. 63 

48 36..62 

- .3";) 19 57 S3. 61 

- .3.'J' 20 Z7 6.33 

- .45 20 37 4,40 

+ .18 

+ .122 
+.Ill 

+ .69 
+ .18 

+ . -16 
- .21 

·-.Ill 

- .21 
- .59 
..,. .21 

- .93 

- .21 
-0. W 

18 28 14. 59 

32 3.5.8!1 

45 SIO. 69 

50 29. 70 
18 59 31. 61 

19 1ll 31. 31 

30 0.61 
40 10. 56 

44 32. 44 

48 36. 45 
19 57 53. 44 
20 13 11. 31 

27 6.04 
20 37 4.31 

45 

18 59 

2-2. 92 I 

33.431 
19 12 33. 36 

18 2.64 
30 2. 43 

40 12. 47 

44 :u. 3.1 

48 38.31 

19 57 55. 31 
20 27 7.99 

20 37 6..30 

18 l!8 16. 34 

32 37.86 
45 22.89 

50 :n.118 
18 Ml 33.41 

19 HI 33.!i'l 

30 2- 41 
40 12-45 

44 M.31 

48 38.~ 

19 S7 :;5.30 
20 13 12-118 

lli 7.98 
llO 37 6-lll! 

+I. 70 
1. 75 

1. 71 

1. 65 

1. ti8 

1. 52' 
1. 45* 

1- 70 
I. S8 

l. 70 
1.69'" 

1.10 
1.66 
I. 90 

1.75 

2- 04 

[ll.20) 

t.aB* 
1.80 

1.96• 

1.80 

1.89 
LB'T 
1. 77• 

1. 86 

1.117" 
1.94 

+1.97 



 

Dates. 

1872. 
Ang. 31 
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Computation of observations for clock and instrum•:ntnl corrections, tf:c.-Oou ti11 m•(l. 

Star1-1. 

A'111ilre ... 
a. I .. yr.m . __ ... 

{J Lyrre ............... . 
50 Draconis 

~ A'}llilre ... 
d' Draconis 

a Aquilro ... 

E Ura.conis 
T Aqnilre .. 

" Ceph('i ..... --··-----
'Ir Capricorni ..... . 

.e Delpbini. 

a. Cygni --·······-· 
y Cygni ... 

UltEE~WlCH. 

! I i Corroct10ns. 

L 
Obsern~I time ii · ' Clock-time '! Ri~lit aoecu- 1\~lock-15ur-p ' Collhnit· : of mc1·idia•· I • 

· · 1 of tran::;it. 
1

1, .__. i I t' L~vcl. i Azimuth. tion au<l trau8it.
1 
l ~ vn I re(' Jon. 

aberra-
: l i "--- ------~ 1------1 !,------· --l--------1!-

h. m. a. s. fJ. 8. h. m. s h. 1n. s. s. 
E. 1~ ;]-t, 14. e7 -0. o~ -0. 40 -0. 15 1::1 ik-- u. :J-1 11" :J~ JU. 3:1 i- :!. O!I 

F.. 32 ;m. 111 - . 21 - . 1:3 - . rn :J:l :i.:.. 1;,1 :1:J :~i- e--t ~. 21 

E. 4:1 21.2i - .19 .1'7 - .17 4.l eO.i'ct 4:J 22.i<"7 :.!.l:J 
E 

};. 

E 

\V. 

w 
w. 
w. 
w. 
\V. 

w. 
w. 

;..il ~~- 74 

11~ 5!1 31. 72 

19 1:2 ::11. 4~ 

ai 22. ~4 

19 :.17 .ti~I. 52 

20 l:l 9. 6[) 

20 0. 46 

21 fi. 00 

:l7 3. 82 

f..>-0 52 2:~. 91 

5~ + . j::J - . 5f-' ;,1 1 2~1. :-tl :111 :~1. :"d) 

'l~J - .2~J - . 1:-i 18 r,:1 31.1:-; l~ :-1'."-f 3.J. 4\J 

.:n :1:1 - , :l":' 1° 1:! :H. Oii 1!1 ]';! .,:{. '..!:! 

.Oi< - .:it'. • J;J 3:2 31. D5 3~ :H. :n 

. 27 ,: - 41 • 4:~ : 41"- :H.~. l ;) ,' 4...: '.1:•'. I 7 

.01 - .:r; . l:i , l'.1 !"'i7 5a. Z:J l9 .ii ~,;). :2H 

- ,.jj I +LO:J + .<:7: :w rn 10.i:-<.5 ~o n I'.2.flt 
- . o:) -o . .:il . 13 20 0. (lj i?O 2. l)tl I 

- . 10 ' . 34 . + . 1-' : 21 t;. n 
- .14 

- .11 

'()~ 

. 13 

+ .21 37 3.0t a-; (L;?i 

+ . IH QU 5!l 2.1.EU ~O 5:! 2C.3U. 

L 05 

:2.~ti 

:.!. 411 

2. 44 

Sept. 3 a Ophiuchi ..... . w. 
w. 
w. 
\V. 
"\\'. 

w. 

17 2,::3 51.3;) 

37 3~. 45 

17 44 D. 31 

1 ~ 14 :in. 51 

21' 12. ft~ 

32 :J3. 88 

45 lt'. 99 

- .0-0 - .31 

+ . 40 

+ . 22 11 2,~ 37. 2n 17 ~S C:.H~ 

Draconis ···--· 
1./11 D1·a1·onis 

Serpcnti8 

.Aquilcc .. 

a L~1roo. --· .••.••••.•••.••. ·-
{J Lyrru ...... ........... ......... W. 
t Aquilrc .......... ............. E. 

d Draoonis .... .. .. .. .• .. . . E. 

E Draconia ... .. ...... E. 
r Aquilro .. _......... .. E. 
a .Aquilro .•.•.........•.••.... E. 

Sept. 4 Aquil"'..................... E. 

Sept. 5 

a Lyrru ...... ... ............ ... E. 
{J Lyrie ...... ................ ... E. 

/; Aquilre ....................... E. 
Draeuois . . . . . . . . . . . . . . E. 

T Draconia ................. __ .. . B. 
r Aqnilru ................. .. 
a Aquiloo .•.••.....•....••.•.. 

«: Draconis.·-·····--·····--·-··· 
T Aquil"' .................... .. 

" Cephei. ..... 

Serpentis ..•............•...• 
Aquilre ..................... . 

o. Lyrre ...................... . 
{J Lyrro ................... .. 
!iCl Drooonls ................. .. 

K 
E. 
w. 
w. 
IV. 

w. 
w. 
w. 
w. 
w. 

l .A.quilro ...... ............... W. 
Drsconis .. . • . • . • .. • . . .. .. .. • • . W. 

T Draoonis........ ..... ..... ..... E. 
• Aqnilm ........................ E. 

y .A.qnilre . • . • .. .. .. • .. • • • • .. . • . E. 

a. .A.qnilm ·-······--· ... ........ E. 
ir Draoonis. ............................... E. 
.- Cspricorni............. .• . .. . . . E. 
• Dt>lphinl. .. •• .. . • . • • . . .. • • • .. . . E. 
a Cygni.................... ...... E. 

Sept. 6 f Aqnilre .... •• ••• • •••• .• ••••••• W. 
6 Draoon.ls ....................... · W. 
r Dracon.ls....... ....... ....... •. W. 
1t Aqnilile • .. • •• . • ........ ••• • . • .. W. 
y Aqoilm .•.•••••.•••••.•...••.•• W. 
" Aqulli& • ••• •• • •• . . • •• ••• ••• • . •• W. 

18 59 30. 1:1 

rn 1:i 30. 14 

17 59. 3:3 

40 9.13 

19 44 31. 00 

18 28 13. 25 

32 34. 3;; 

4J IR 2ti 

lY l2 2"9. lJ 

17 58. 07 

40 ;. 98 

44 :J0.1!2 

48 33. 14 

rn 57 :\L 3E 

20 13 6. 43 

18 J4 38. 8!l 

28 Ul 31 

32 33. rn 
45 18. 26 

50 2.';. 64 

18 59 29. 19 

19 u 27, 59 

17 58. 16 

29 58, 61 

40 8. 43 

44 30. 26 

19 48 33. 75 

20 19 58. l9 

27 3. 95 

20 37 2. 03 

18 59 ~18 

19 12 27. 30 

17 56. 45 

29 57.17 

40 7.03 

19 44 ll8. ll6 

- .21 

-- . 2.1 

·-. 14 

- .O'.l 

- .03 

+ . 5(i 

.:m 

.4! 

. 14 

- .Ot', - .18 

-.O:l, - .l:l 

-.2;-)'. +.14 

-.201 +.2.'l 

- .01 l - .12 

-.o;I -.H 

+ . ;,ti :n :~9. :23 

. o~ li 44 to. :!::J 

-- . :21 B 14 :~!I. U1 

• :.! l 28 l~. 7-1 

i • 2-'7 :lJ 3'.Lt1:1 

+ . 25 .Jj 1.3, 518 

- , 25 1~ 5~--1 :J(I, (i7 

- .63: 19 1-2 2!•.40 

- . s:1 ; 17 5~. 1C 

- . 2.1 40 8. 6~! 

- • :.!4 1~• 44 ~m . .s::. 

:J7 41. ~!J 

17 4.j 1:L F<:C 

t..::i: 14 4'.! . .... :-: 

3:.2 3":". :7 

4j 2·?. 81 

18 5fl 33. ~G 

l~~ 1:2 3J. 07 i 
17 2. :::;} 

40 12. 4l ! 

19 44 3·1. !J7 

- • 08 - • K1 - • 21 lB 2t-i. 1:!. :n 1:-:l 2.:-: rn. :; . ...: I 

- .11 ~ • 21 - • 21 3'2 :n. io 3:,; 37. i5 

- . 12 ! - . 213 - • :.t5 4:1 11·•. (il 4,) 2"2. jfl 

- • Oi-:l - • 47 - • :.?:? 1.-:: ;i.fl 2!•. 21 ld 5!1 :n. ::i.i 
_ . ~2 1 + . 5;-1 ! ;,;) rn 1 ~ 2.~. 9;1 rn i~ .'n. <J:; 

-.28 +.941 --·~ lf 5:-:".0J 17 2.1~ 
0• I -. , I 

- .05 I 

- .16 

- .03 

- .19 

- .04 

- .05 

- .ll 

- .08 

- .~7 

- .06 

- .20 
-.29 
- .0.'; 

- .06 

- .06 

- .il.1 

- .03 

- .07 
- .13 

- .02 

- .OJ 

- .00 
-.02 
-.02 
-0.02 

- .50 i: 

- .51 

+ . 56: 

- .4:1 

+l.~1 

-0.50 

- .54 

- .17 

- .2:J 

+ .98 
- .39 

+.44 
+ .59 

- .40 

-.31 

- .32 

+ .43 

- .46 

- .31 

- .07 

+ .04 

-.05 

- .ro 
+ .00 

+ .05 
+o.oo 

- .>!1 

- .21 

+ .53 

+ .18 

+ -~3 
+ . lt' 
+ . l~ 
+ . 2'2 

+ .21 

"· . ne 
+ .18 

+ .40 
- .69 

- .20 
- .21 

-.20 
-.59 
- .21 
-.21 

- .28 

+ .27 

+ .68 

+ .00 

+ .26 

+ .27 
+o.26 

40 ~. :!O 

44 ao.u;, 1 

48 :14. 07 

19 ili' 51. 10 

20 13 lb. 21' 

110 14 3f. 6t 

2s 11. 90 I 
32 :l~~· 1(1 I 
45 1~. 16 

:--..o 27. oa 
lB 59 28. 9t 

rn 12 :23. a~ 

17 .'57. 77 

2~~ 57. !Hi 

41) 7.1(:) 

H 2R68 

19 48 33. 3G 

20 l9 !j7, 49 

27 3. 3G 

20 37 l.55 

18 59 28. 47 

19 12 27. 92 

17 57. 20 

2'J 57. 47 

40 7. 3:1 

19 44 119. 15 

40 I:J. 40 

44 3.J. '2H 

4.-:; :r;. n~ ! 

20 1:) l:Z.ti::! ! 
I 

l~ 14 4~. :04 ! 
2t-: Hi.2;-< I 
3:) :li. 7~~ 

4.01 2:2. 77 

5(l 31. fl!• 

I~ 5!1 3J. 32 

HJ 1-::? :~-J. !l7 

17 :J.11 

2!l 2.:J:-.1 
i 

40 l2. :J!) 

44 :l4. 2f> 

19 ..... :fi. fl2 

20 l!J 1.9t<' 

27 7.1141: 
6.~o 

1s .o!I 3:i.:n ' 
l!l 12 3ll. !'.12 

li 2.04 

:Ill 2. :J3 

40 12. 37 

19 44 34. :l3 

4. 20 

I. ~I 

~-1. ~ll 

4. 11 

4. 34' 

4. ~~ 

4. :1.s 
-1.fi;J 

4. Gl 

1.t•tl"" 

4. 4U 
,J_ 5~J 

4. :w 
·i. 30 

4. 54 

4. fi7 

4. :xi' 
4. 49 

4. 5t) 

4. 65 

4. 84 

5. 00*" 

4. 84"" 

4. ~6 

5. 04 

+5. 08 
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Oomputatfon of observations for clock and instrumental corrections, &c.-Continned. 

Date. Sta.rs. 

GREENWICII. 

Observed time 
L. p. of transit. 

Corrections. 

I 
j Collima· 

I I • . th tlon and 
.. ~ve. .a_z1mn . e.berra-

Clook-timA 
of meridian 

transit. 

____ , ______________ , ___ ----- ------

---8. I •· __ tios~· I h. m. 
18'12. 

Sept. 6 

Sept. 7 

&pt. 9 

e Draconie .......................... . 
r A.quilre ...................... .. 
a.~ Caprie,orni. --- ______ ... _. ___ . _. 

< Delphini ...................... . 
a Cygni. ........................ . 

11 Serpentie ...... ----- .....•.... 
1 Aquilro ....................... . 
ri. Lyrm ........................ . 
fl Lyrm ......................... . 
50 Draconis .. -- _ ... --·-- ... _ ... __ . 

~ A.quilw ...... .. 
0: Draoonis ....... . 
r Dra.conis ....... . 
c A.quilre ...... .. 

E. 
E. 
E. 
E. 
E. 

E. 
E. 
E. 

E. 
E. 
E. 

E. 
w. 
w. 

y A.quilro .. . • • . . . . • •. . .. .• •• . .. . . W. 

11 Aquila• ...................... 
1 

W. 
111 Draconia. .. ... ........ ........... W. 
~:tCapricorni .................... W. 
e Delphiui....... ........... W. 
" Cygni. ........................ W. 

? Pegasi ........................ . 
t Cephei. .•••....•..•. _ ........ .. 

Cephei. ................ ____ ... . 

e Pi8<linm ..................... . 

w. 
w. 
w. 
w. 
w. 

,. Pegasi. .•.••... '···· ..•..•. ·_···1 

; ;~::~~~~:--:::::::::::::·:::1 ~: 
4 Ca.ssiopem. --·-- ---· ... ) E. 
II C~ti ................. .. .. ! E. 

i 

h. m. s. 
19 48 34. 37 
19 57 50. 27 

:lO 10 54. 40 

27 2. 92 

20 37 1.38 

18 14 37. 43 

213 10. 82 

32 32. 2'1 

45 17. 36 
50 26. 48 

lB 59 27. 74 

19 12 27. 55 

17 56. 67 

29 56. 74 
40 6. 60 
41 2S.4~ 

19 48 32. 20 

20 IO 53. 70 

27 2. 19 

20 37 0. 22 

22 35 0. 10 

45 3. 80 
2'J 58 18, 50 

23 J:J 18. 78 

21 23, 86 

23 52 39. SS 
1 42. 00 

6 31. 30 

3~ 11. 55 

37 ;;, 33 i 
I 

.. 
-0. 09 I -o. 31 -o. s4 . 19 48 33. 01 

- . 02 I + . 29 - • 29 I' 19 57 so. 25 
- .021 + .37 - .30 20 10 54.45 

=:~:1 ~:: =::~120 :~ ::~ 
- . 04 + . 10 - . 10 18 14 37. 39 

=:~:1 ::~~ =:~: : ~~: 
- .07 + . 04 - .12 45 17. 21 

- .21 / - .19 - ,39_ 50 2S.69 

- . 05 ' + . 08 - . 10 1~ 59 27. 67 

- . 12 I - . 09 - . w 19 12 21. os 
- .091 - .17 

_ .01 I + .12 
-.02 +.09 
-.02] +.09 
- .07 
-t- .01 

+ .Ol 

+ .01 

- .01 

~00 I 
-;- .02 

+ .ll8 

+ .02 
- .02 

- .04 

- .04 

-.IJIJ 

--0. 02 

- .12 

+ .12 

+ .09 

+ .02 

- .05 
+ .05 
- .05 I 

+ .06 i 
- .06 r 
- .01 i 

- .011 

-- .01 I 
.00 I 

--0.0t 

+ . 2.~ 
+ .07 

+ .07 

+ .07 

+ .21 

+ .07 

+ .07 

+.JO 
+ .Od 

+ .19 

+ .08 

+ .20 
+ .08 
-.11 

- .12 
-.11 
- .19 

-0.11 

17 56. 66 

29 56. 93 

40 6. 74 

44 28. 62 

19 48 32. 22 
20 10 53. 90 

ll7 

20 37 
2. 36 

0.35 

2'2 35 o. rn 
45 4. 04 

2~ 58 18. 55 
23 13 19. 12 

21 23. 90 

23 52 39. 71 
41. 83 

6 34.14 

3:.1 ll. 27 

0 37 5.18 

Coinpa.rison of Gree11wich clock and Ooa3t Sun,ey chron1nneter, Septem1'er 10. 

Blake to Ellis. 
h. m. a. 

Greenwich cloek.time_ ......................... 22 3 15.344 

Reduced to COll8t Survey station . .. • .. . .. . . • . . . . + O. 160 
Correction for personal equation ......•........ 
Greenwich standard clook-correetion .......... . 

+ 0. 061 
+48. 733 

Blake's time by Greenwich observer........... 22 4 4. 298 
Blake'sebronometer-time .............. , ....... '1'2 3 56.655 

Correction of lJlake'echronomet.er. ...... ..•••• + 7. 6i3 

h. .... •• 
Adopted at 2ll 6 + 7. 647 

Ellis to Bla.ke. 

h. m. 1. 

22 6 7. 616 

+ 0.100 

+ 0.061 

+48. 734 

22 6 :;6. 573 
22 6 48.11-22 

+ 7.651 

Right aecen- Clook-eor-
sion. rection. 

h. m. s. 1. 

19 48 37. 87 + 4. so• 
19 57 :;:;. 2-2 4. 91 
20 10' 59.35 4.90 

27 7. 93 5. 05 
20 37 6. 16 5. 11 

ltl H 42.81 
28 16. 2-J 
32 37. 69 

45 22. 73 

so 30. 9-2 
18 59 33. 29 

19 12 32. 87 

17 1. 97 

29 2. 32 
40 12. 36 
44 34. 2'J 

19 48 37. 82 
20 10 5!l. 34 

27 7. 92 

20 37 6.16 

22 3!> 7. 10 

45 10. 94 

22 58 25. 55 
23· 13 26. 24 

21 30. 90 

23 52 46. 76 
0 4~. 91 

6 41. 15 
33 l>i. 34 

0 37 12. 29 

5.42 

5.42 

5.65 

5.52 

5.2J* 

5. 62 

5. 79* 

5.31* 

5.39 

5.~ 

5. llll 

5.60" 

5.44 
5.o.11 

5.81 

6.98 

6.00· 
7.00 
1.12• 

1.Cl6 

7. ()2 

1. OB 

1. 01 

7.ll7 

+ 1.ll 
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Adopted chronometer·correctionsfrom all stars south of + ooo N. 11eclination. 

BREST. 

(Observer, F. Blake, jr.-Break-eircuit chronometer.William :Bond &. Sona, No. 380.) 

I 
~ T. Chronometer-cor- j Hourly differ- Adopted hourly icbrouometer-cor-

Date. I (Mean of .At's.) rate at time T. I rection at 18h Orn. I rection attimoPi T. l ence. 
I i I 

1872. h. m. ·- g_ ·- I .. 
July 1 17 36 +3. 748 -0.021 +3. 740 

-0. 021 
3 lG 16 2. 713-2 0.018 ~- 751 

0. 016 
4 17 3 2.388 0.016 2.373 

I 
0.017 

5 1ti 20 1. 9\18 0.018 1. 968 
0.020 

9 16 38 +o. 011 0.020 +o. 050 
0.020 

11 17 40 -0.923 0.027 0.932 
0. 031 

12 1e 8 1. 678 0.024 1.1175 
0. 010 

14 I 17 38 2.145 0.010 ~.149 
0.009 

17 17 ~ 2. 798 0.010 2. 801 
-0. 010 

18 18 13 3.044 0.004 3.043 
+0.001 

19 l~ 11 3. 010 0.005 3. 009 

I --0. 011 
!ID 18 11 3.268 0.008 3. 267 

0.005 
21 19 27 3.404 0.009 3. 391 

0.013 

22 I { 19 1 3. 705} 
0.016 0.016 3.689 

22 :l3 3. 761 
-0. 014 

23. 18 31 --4.043 -0.014 -4.036 
I 

PARIS. 

Aug. 16 19 18 -1.461 I +o.oos -1.469 
+o. 006 

17 19 30 1.325 +o.oo3 1.329 
0. 000 

18 19 2::1 1 •326 -0.002 1. 323 
-0. 003 

19 19 36 1.391 0.004 1.385 
-0. 006 

20 19 22 -1.539 --0. 006 -1.531 
I 

GREENWICH. 

I 

I 
Aug. !l8 19 !l!I 

I 
+l.730 +o. 003 +1. 726 

+0.003 
30 19 33 1.880 0. 010 1. 864 I 

0. 014 I 31 19 39 2.221 0. 016 2.195 
o. 0-21 I 

Sept. 3 18 44 a. ns 0.018 3. 705 i 
o. 017 l 4 19 10 4.126 0. 016 4.107 
0.015 i 5 19 23 4.497 0.018 4. 472 
0. OllO 

I 
6 19 S3 4.989 o. 02S! 4. 948 

C.024 
7 19 23 5.550 0.025 5.515 

0.028 
9 23 46 7.041 0.027 6.885 

+o. 027 
+7. 536 I 10 !12 6 +7.647 +0.021 

I 

:N". B.-Tbe hourly rate f<>r each d&t.e at time T, ill deduood from the h<>urly ditfereneet1 on either aide of it, by giving them weighot 
tm•eraely proportiollal to the intarvala from which they are deri v8d. 
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Errm·s and rates of the sidereal standard clock of the Royal Observatory at Greenwich, connected with 
the determination <>f the longitude differences Greenwich - Brest and Greenwich - Paris. 

I I I Day and 
I solar honr, 
i 1872. 

' 
I rd.h. 
I ,July 1 s 
I 3 9 

I 
4 B 

5 7 

I 
11 12 

Aug.28 9 

I Sept.:~ ~ 
4 8 

5 4 

~ 8 

c. 
L. 
E. 

R. 
E. 

J.C. 
L. 
:K 

H.C. 
L. 
,T. 
J. 

9 

8 

h. 1n. 
15 7 

15 34 

8. 8. 8~ 

47. 24 47. 24 0. 002 

47. 2'2 47. 46 . 010 

10 , 14 45 47. 96 47. 73 . OIO 

rn I 13 31 47. 97 47. s6 . oos 
I 
! 19 33 48. 76 48. 53 . 006 

: 19 35 42. 44 42. 43 . 035 

19 34 43. 55 43. 79 . 023 

6 19 45 44. 53 44. 30 . 023 

5 18 17 46. 19 46.19 . 026 

4 18 39 46. 46 46. 70 . 0-24 

7 14 58 47. 31 47. 25 . 023 

4 19 7 47. 43 47. 37• . 023 

6 9 J.C. 5 i 19 44 51.35 51.:141 .021 

7 8 E. 2 i 19 2 47. 97 47. 74 . 009 

7 9 I P. : 19 43 47. 93 47. BG: . 001! 

!I 12 ! E. 5 22 59 48. 55 48. 32 . 014 l __ 1_0_~!_,J_._c_. __ 6_:_1_9_1);_2_,___4_s._1_0_,__4_s_. 6-9~--· 0_1_11, 

The adopted valnes for personal equati-ons of the Greenwich observers, applicable to ''clock 
slow," as determined from ohservations made during the year 1872, l\Ir. Oriswick hei11g taken as 
standard, are : s. 

c. - w. c. = - 0.07 
C. - E. = - 0.23 
C. - L. = + 0.24 
u. - J. c. = - 0.01 
C. - H. 0. = - 0.00 
C. - P. = - 0.07 
c. - J. = - 0.06 
U.-G. 
C.-H. 

= - 0.11 
= -0.11 

The iuitials W. 0., E., C., L., ,J. C., H. C., P., J., G., a111! H., are those of :\1r. W. H. M. Chris· 
tie, Mr. 'Villiam Ellis, l\Ir. G. S. Criswick, Mr. "\V. T. Lyun, Mr. ,J. Carpenter, Mr. H.J. Carpenter, 
l\Ir. J.P. Potts, Mr. C. A .. Je11ki11s, Mr. G. Golduey, and Mr. W. J. Harding. 

'* ThH a.econ" 1·eRnlt. on SepWmbor 5 (u~ed in the longitude computations) has been obta.ined by emplo~ ... ing the evening observations only 
of the obseTvm", J. The stars used a.re tl10se- of the first li?;roup with the omission of three of them. 

tOu September 6 the clock '•Hardy'' was UE'led in eonJIBqaence of tB.ilnre of thn p;alvanio cnntaot. in the Rider~) etnnila.rd cl'1ck. 
: lteduclng E.'s result to tho epoch of P. 1s1 a.nd combining the two, giving P. 's res alt donhle weight, we have mean, clock slow, red.need to 

standard observer, at 19h. 43m., 47s.82'2. 'l'hi• clock-error ha.a been used in the longitude computations. 
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Computation of observations for clock and instrwrnental corrections f!_f tlte ll'<ftimwl ()l,Ncnatory nt Paris, 
France, relat-ing to the differences of longitude, Paris - Brest tuul l'aris - Green id.ch. 

OBSERVATIONS FOR INCLINATIOX OF AXlS OF THE GAMll.EY MERIDIAN-TRANSIT ("la ln.u,tfr miridimne""). 

0 d . . . f I I " F !.211. 009 l Tb Uir~ct. ne 1Vl810Il 0 eve = - 11
- ()39 '= - -4 -- )( iS = 05

• 034. c inequality of the pivotA- is =F= o•. 040 Re•·er~m· If Wt" drnote hy 7l thc tlff 

ference hetween t.he Rums of the west and east level-readings and by Uthe inclination of tlw axis, we wiU haven == o•_ 0:14 n + o~_ n.u1 1f:~::~~: 
and, the latitude of Paris being 480 50' 12", B sin ~ = o\ 026 n =i:- O\ 030 Il~t~~e--

(Qbserrnr, L. :f'. Folain.) 
·~--~-------------

Level =n. Bsh1 cJ>. LBvel =-:: n. Bt'lin <JJ. 

Time. -------
Direct. I Reverse. Direct. 

Date. Date. Time. 
DirN·t. DirAet. 

---- h. m. --d-.--1--d-.- _________ , .. ____ _ 
a. d. 

June 27 19 20 +2. 60 I ... .. . ... +o. 038 : .•..•.... July 22 

Ji. m. 
17 20 

19 40 

21 20 

+4.00 ..•...... .! +0.0'4 ......... . 

••••••••• 1 0.00 :......... ~-0.0'.lll ! 0 30 +2.70!. ....•.... +0.043, ....... . 
i +5.90 :·--······· +0.12:{ 30 ···-······1 -1.0~ ········-·; 

July 1 15 10 I -2. 40 ..•....•.. ; -0. 032 

17 lO ·········· -1.60 ..•..•.•.. : -0.012 

23 17 00 t 6. 90 

20 45 

i O.H!l 

+o. rn ........ . 
17 15 

19 00 

20 IO 

2 15 30 
3 15 IJO 

+2. ss i.. .. ... ... +o. 039 t ........ . 

-j-3.201·········-· +0.053: ........ . 
+3. 55 . . .. ... ... +o. 002 

+2. so I ........ , +o. 043 •.•..•.... 
+2.80 ! ......... I +0.043 ........ . 

17 40 .••••••.•. \ -1.80 1 •••••••••• , -0.017 

24 rn o~ 

rn 45 Aug. 12 
16 

17 

+3.30 

~5.:W 

0.00 .•..••... 

+U. lOt< 

+0.20 ·-------
+0.101' 

+o. ''° ,. ....... . 
0.00 : ........ . 

__________ : 
19 30 +3 20 I ......... ! +o.053 • .....•... 

17 00 

19 30 

20 10 

17 no 
19 :l5 

20 00 

Ill 17 30 

Ii! 40 

+6. ;n 
+0.20 
-tO.bO 

+5.2!1 ··-······ 4 :; :; .::~~:~:11'·--=:-:~- ::~~~~~:. -::-~~:: 
20 :10 +4. 30 i +o. os2 : 2<J 5.'l +o. 20 

+0.144 

+0.10;; 

s 14 30 +3 60 : +o. 064 rn 17 5o +Loo 
11 00 ···--·····11 ·:·~--~~- ! 1~ 40 I +6.20 ..•....... +o.1:i1 
18 30 +4.10 .••••..... +0.077 L....... 21 00 ! .•.......• ! +O.ffil ......... . 

20 ll8 ·-------·- -1.60 t -0.012 20 17 30 ! +LUU 

6 14 40 -·--··-···1 -0.30 ·-----·--·! +0.021 18 35 i +7.00 ·--·-··---! +0.132 

15 ts +4.oo [···--··-- +o.01t J......... 21 oo: .,i.20 

18 25 ··········i -0.30 ·····-·-··1 +0.021 28 18 ()()II +5.90 , ..•....... +O.IQ3 
:io 10 +s 60 1 +o. nr. . rn I• -0. :!O 

14 25 +a: ao I +o. 069 ·;, 21 10 +5. 50 . ~o. n:i 

15 55 ··········!' -1.401 ......... -0.006
1
] 31 18 40

1
• +fi.fi5 +O.lli2 

:I 

9 15 10 +6. oo 1 +o.126 1 20 40 \···-·· .... 1 +o.ao 
18 50 ...•••.... ! +0.30 ··········: +0.038 !; 23 05 I +5.00 :.......... ,U.lllO' 

19 35 +4.60[ ..••...... +0.0'JOl ....••.... :[Sept. I 18 201 +Ho;. ..•..... i 0. 116 

I 

+o. 033 , 

+o. OJo 

+o. U4:J 

+o.o:lil 

,o. 0:1."i 

,o.04f; I 

+o. 035 

-,-0. U.)·f 

·-+--!,, 04() 

"T 0. o:..; 

-;--0.061 

+0.01:1 
llO 10 ·····-···1 +o.40 I .•...... ; +0.040 11 20 45 i··-······· 1

, -0.li.5 
11 19 00 .••••..... -0.90 1 .••..•..•. , +0.025 1 2-:l D5 I 15. 60 !··-······· +o. trn ; ........ . 
16 19 35 ...••...•. -1.401'·······-··[ -0.006\i 7 19 301 +4.75i·-······· 

!!() oo +s.001---··-··- +o.ns,_'····----··i[ 21 ioi··--·····f o.oo 
19 11 oo +s.30 1----······ +0.10" , ...••.... ,

1 

2:! 40 I +s.ao 
1 
......... . 

19 10 ·-·····-·I +0.101

1 

......... ! +o.o.'l3\ s 1 19 ooj +uo!·········· 

:ill 20 +5.80 !···-······ +0.121 J·······-··1 '20 00 ········-·! -1.10 
20117 00 +4. 40 !·········· ·1-0.o.!4 j··········~' 23 25 I +5. 40 i·••······ 

I~: : --~~.-~/--~~~~.1-·~-~.-;,;·1.-~:~:~~-: 9 : : 11·--~~~~~1···~;_·;.; 
21117 40 +3.75 .•••.•..•. [ +0.1168j_ ...••.•... ! 2li 45 +5.401·········· +O.llO 

20 05 .••..•.•• -t0.10 !---·······: -t0.033: 10: 19 15 +G.10 ! .•••.••••. +U.129 
~1 ao +4 oo ' +o osr • 'w 4o l. ......... j +o.4o ______________ · __ / ·~····:~J . _· ___ , .... -··-J____ __ 2' .45 I __ ~~- 60 i········· +om 

+ll.094 ···-·· .. . 

+o.03U I 

;-0. 1101 

+11.07:.:? 

+0.040 

H. Ex. 100--27 
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AZIMUTHS OF THE MERIDIAN-MARK. 

The micrumeter.rea.diug of the movable thread when in Ulf1 a.:ds of collimation i.s tlete-rmi11f1Cl hy 11oinUng upon the- Mark in tbe di.re.r.t at1d 
reoer/je portion!\- of the instrument,. If Ma.ad M 1 a.re thfl t.wo rearliogs, we will have Va=l (M + M 1). 

D··te. I 11~d1~1 I ~- J! n ·:·--·--r~--~eadiug. v.. ,. 
.... Time. . Vo.. 1 ate. Time. Vu. I ™;;'.' I ~'.-i---1 adopted. :~ ____ ; ___ I; Ili:._t .. : R~~::•e. --· . &tlopted. 

k. m. 1 t. t. t. I t. k. m. I t. I t. t. ·t . 

• Jun~ 27 19 20 /1-i- 14. 031 1.... •. . •• . .• . . . • . •••••••. 
1 

Jul\ 24 '. 18 40 1 · ... .. . . . 16. 3891; IC>. 213 I:>. 211:J 

o :10 . . 017 •. . • . • . n. 21s I 15. ~113 [I I rn 25 15. 037 ••..•.•.. i ......... : ........ . 
I 30 : 1-0. 407 ..••.... 1 ·· ....... ii Aug. 12 I 16 45 I • 1m ' 

July 1 15 10. .394) ··········1 ········I' I 18 40 i .O>!B .••..•..• 1 15.213 · 15.~144 

:~ ~: i :~:~1 ... --~~) .::~~-:~'.~ ! :::::::: lj 16 ! ~~ ::: !::-:::::: ...... . 
20 10 .016) .......... 1: ........ 1 ........ 11 .O~>! ..••. , 15.215 i 

~ ~~ : :~~): :::::::: '::::::::: :::::::::.I ~~ .9%3 ·····.·~~:~ i ....... I 

16 20 .0:1:1 15.110!! ······---1! 17 11 oo .401 ! 
• :184J 11 lti 35 . 397 I 

L7 40 .388 ••.•.. 

1

1: 19 :15 .0~~6 ••••••.•• 1 15.217 13.~f.i-t 

l~l 30 .()3~J . 11 20 00 .3981·-··-··-··' 
4 rn :m .:181 1.·.·_·_·.··.·.·.·. . ........ i 18 17 10 1 .403 I 

17 40 .0491 15.2113 ji 18 35 .402 l 1;:;.215 .••...•. 

rn 15 . Mo>) \ ·. .. . . . . . ]' .. i . 026 ....• 1 

~~ : :~~J .::.·:~~~:I ::.::: ········ \1 19 ~ : 1;·······02~ ····::~~\.::::.·::I,_::::.::. 
11 ::J

1

_:::::::· l!I 30:..... .. .4041 •.....•.. ! ...•••• 

: ·0·8: 1. .058 .••.••.•. 15.214 :: :.:::::::: [---~~:~'.~. --~~:~'.~~ 
<V • 360 .•.• •• .• . . 21 OQ ! •• l • 402 •••. • .. • • . •• •...•. 

14 40 i .:159 20 17 ao .300 

15 45 l . 061 15. 211 18 35 . 393 

lil 25 I . . . . . . . . . 363 . O:l2 . • . . • . . . . . 15. 213 

12() 00 •
1
: .060 HI 42: .032 j __ 

8 14 25 . . !HS 21 00 . :m4 

15 '"' i ..... ... .37~ !........ 15.211.1 28 18 00 .427 

!l ~ I : : I ~' ~· " :: ~ 
·~ r,o. .399 15,210 20 40: 

19 :I'• I . 0-21 2:i 05 

20 10 ' . 403 Sept. 1 18 !IO 

ll 19 00 i ........ . 391 19 40 

16 m a:. I . 40:1 

20 00 '1 . 011 
19 17001 .016 

• 407 

20 o~ ....... . • 403 

21 20 . Ol!l 

19 1-0 , .•....... 

\!O 17 00 . O:J:I •.•••.•• 

21 

17 55 

19 2() 

21 40 

17 40 

I~ !l5 

19 35 ' 
21 :io i 

12 17 2() 

I is 1s 

L
. '1940 

21 l!O _: :~: 

.032 
• o:J8 

.1141 

.031 

.392 
• 39-l 

.386 

.386 

• 384 

• 31!4 

.390 

15. 207 

ta.213 

15.2113 

15. 210 

15.212 

l5.2UI 

15.211 
15. 21L3 

20 45 

2'.I 05 

7 I 19 :io 
I 20 10 

8 

21 10 

23 40 

19 00 

21 30 

l!2 00 
22 2:') 

9 19 00 

20 00 

22 45 

10 19 15 

20 !IO 

14. 005 

13. 987 

14. 008 

.007 

.018 

.021 

• 0'14 
.0~5 

.025 

• Ol!5 
• 0-23 

.0:26 

.OIO 

.oos 

. 435 

15. 2144 

.421 

• 404 15. 213 

• 404 --~~--~~J::: ::::: . 403 I 

··········!········· 

.. ······11 15.214( 

::~ --~~--~~~- ·::~::·:: 

.403 :~:::::J:::::::: 
----~~-!---~~:~~I::::·:::: 

··········1·········· ······-··· 

.... :~'.;_j •5.213 l~il« 
I 
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The diaphragm of the meridian-transit is composed of eight principal threads, 1, 2, 3, 4, 5, 6, 7, 
8 (see figure), symmetrically disposed with respect t-0 the axis. 

8 7 6 0
1 b' e' 5 4 c b a 3 2 1 

11111 11111 
In the longitude-work with Brest and Greenwich six other threads were interpolated: three 

(a, b, c) between the threads 3 and 4, and three (c1, b', a') between the threads 5 aml G, Rym· 
metl'ically arrauged with regard to a, b, awl c. All the observations were mafle upon tlw,;e te11 
threads. Genemlly, Urn ten were used; sometimes only eight, and raL·ely six 01· fonr. 111 all cas1·s 
the olmervatious were made upou symmetrical threads. 

Expressed iu turns and fractious of a turn of the micrometer-screw, we have the followi11g 
readings: 

t. 
From .Tune 24 to .July 3: Mean of threads (.3,a, b,c, 4, 5,c', b', a', 6) or t'10 = 15.~04~ 
From July 5 to Sept€mber 11: Mean of threads (3,a,b,c,4,5,c',b',(//,6) or t'io =Hi 2080 
From .June 24 to September 11: Mean of threatls (a, b, c, 4, 5, c', b', (I/) or v3 = lfi.2088 
From .Time 24.to September 11: Mean of threads (b, c, 4, 5, c', b') or v6 = l;}.2110 
From ,J nne 24 to September 11: Mean of threads (e, 4-, 5, c') or 1,, = 15.2187 

For the reading of the axis of collimation we have-
t. 

J?mm June 16 to July 24: Mean or v0 = 15.2113 
From August 12 to September 11: Mean or v0 = 15.2144 

Let t'm be tbe position of the fictitious " mean tbread," c the collimation, k = 2•.S70i, tlt e val nP 

of one revolution of the micrometer-screw. "\Ve will then have for the collimation, c = :I: 7.: (r., -r"') 

+ JlO_~tti?_ll- di~ec!, ()~_s_c~\-"'_ea~t.__ 
- position re\'erse, or screw west. 

In the following table (obserYation of circnmpolars,• page 6) t
0 

denotes the clock-time of the 
pal-lsage of the circumpolar star over the axis of collimation. Applying to this the correction Cp + 
m, ( Cp =clock-correction), deduced from the obsen·atfon of equatorial time-stars we get t., the sitll'
rial time of the star's passage. 

A denotes the right ascension, as taken from the Nautical Almanac, and to which is addeil a 
correction, as follows: :For). Ursru J\[inoris,-1•.50; for a, + l•.00; and for J,-0•.32. 

+ for upper culmination . 
The quantity ± (A-t.) ..:_-fi)r lower--culoiination bemg multiplied by cos B, where B repn•-

sents the declination of the star, gives n-x, whence n. For Paris, x = o•.0136. 
Let A be the azimuthal deviation of the meridian collimator, that is, the angle fomwd by tbe 

optical axis of the collimator with the plane of the meridian ( + when the collimator is to tile east, 
-when to the west of the meridian); a the deviation of the transit-instrument, that is, the angle 
which the axis of collimation makes with the plane of the meridian, the instrument being pointed 
horizontall_y towards the soutb. The angle a does not vars in rtwersing the telescope. 

'6\ i f; Denoting by M the readings corresponding to the pointi~1g upon the collimator 

\I /;,i h1 one or the other position, we have A= a ::l:: k (1•
0
-M) + .i?irect , and .A cos ~" = 

f ~ • oos • ± k "'" • (•.-M)~ • co• • or R ,;,. •-• ,:,,:::•;:m what l"'°'d". 
ajN ~ The second term of the second member of the above equat10n 1s also known. 

__IL l."!!1 Knowing the different values of A cos 'I we_can, on account <>f their uniforrnity, 
v. M --deduce a mean value for A cos 'I by combining the various results, chrect and rewrsf'. 

This result will be fr~ from the f'fft>ct of flexure in t.lie axis. 

•The cirenmpnl,.r~ ure oh!'<lrved with the 111ovable thread. 



 

212 REPORT OF TIIE SUPERINTENDENT OF 

The correction due to flexure of the instrument is applied to the inclination. This correction is 
given by the formula-

r'J (Il sin tp) = :±:: ~ (A COS 'f' reverse - A COS 'f' direct)• 

The values of A cos <f' awl of iJ (B sin '!') are-

From June 27 to JnlJ· 24: A cos cp mean = 2• .242 ; iJ (B sin qi) = :i: 0•.33 
D 
~ 

From August 12 to 20 : A COS <p mean= 2•.225; rJ (B sin p) = =i= o•.01s ~ 

From A ngust 28 to Sept. 10 : A cos cp mean = 2•.234; r'J (B sin cp) = :i: o•.021 Y ·R 

The equation a cos cp= A cos <p=f kcos 'P ('1\.-m) 1~~~~~~ gives, by the substitution of the above 
•CYerse 

values of A cos tp (mean), a new set of Yalues for a cos cp. The values of m and n were deduced 
with these values of A. cos 'P and those of B siu rp, corrected by the quantities given above. 

OBSEHVATIUNS UPON THE CIRCUMPOLAR STARS a, n, ANll >., UHS1E MINURIS. 

Date. 

1872. 

. ftme 27 

27 

.foJy 1 

1 

3' 

.:l 
3 

a 
4 

4 : 

5 ! 
! 

5' 

6, 

6 ' 

6 ' 

H: 

16 

16 

20 

21 

21 

22 
2!! 

24 

Aug. 12 

16 

16 

16 

17 
17 

18 

18 

18 

'j'~}('lRCOlh~, 

D. ot' n. 

D . 
JL 

R. 

D. 
IL 

IJ. 

IJ. 

R 
IL 
D. 
D. 
R 

lJ, 

I:. 
H. 
IJ. 
n. 
D. 
R. 
R. 
IJ. 

D. 

R 
D. 
R. 
D. 
R. 
D. 
R. 

D. 
R. 

D. 
:R. 

D. 
R. 
R. 
D. 
It. 

Values of en and of the conRtant of tJw collimator. 

8t,ar. t,, t. 

-·-·-·-· ·-~.--., ----·----·---, I : A cosot> 

(.4-1.J, n. , I 
J Direct. I Revel'8e. 

. I 

\-~~-~:.~;~I :~ I s. 
i 1 11 59. 7 i 42. 2 + 1. 2 

j 1 t t 50. !• i 42. 4 t I. 0 

... 1 rn 53 12. 5 I 1. 5 + 9. 4 

A j 19 :;3 18. 6 I 7. 6 + 3. 3 

o j 18 H 2-i. 2 ; 0. 9 - 4. 5 

0 118 14 22.1154.8 +1.6 

A 119 53 37. 4 / 10. 1 + 0. 81 
A 19 53 30. 9 I 9. 6 + 1. 3 . 

" 19 53 21. 6 I 9. 6 + 1. 2 , 

/\ 19 53 26. 2 : R 2 + 2. 61 
/\ l!l 53 Jo. 7 I lo. l + o. 6 

,\ 19 53 2!1. 8 I P. 2 I + I. 5 i 

I 
d 18 14 l~. 7 I 56. ~ I - 0. 61 
,; 118 14 la.1 56 .. Jl-1.0J 

I
. A ! 19 5:i 2!1. 3 

1 
11. 1 - 0. 5 t 

/\ 19 .'i3 28. 5 ! 10. 3 T 0. 3 I 
~ I 18 14 13. 3 54. :1 + 1. 2 II l A I 19 5:J 2?. 7 9. 1 + 1. 2 

I
I ,1, ' 19 53 32. 2 11. 6 - I. 3 l 

l\ 19 53 27. 1 7. 9 + 2. 0 I 
I " , 19 53 26. 6 1. 4 + 2. 5 /

1 

15 7''°4 l
1 

21 25 03 6 59 1 + 0 4 ;in. A. C.) . .. . 

~ 19 53 17. 7 I~ .. 2
1 

-.t 
0
1 .. 

3
S:!I 

~ 19 53 15. 7 c 

rn 53 12. l 4. 9 + 3. 1 I 
19 53 14. 8 7. 6 + 0. 41 
19 !;;l 11.5 4.4 I+ 3.:J 

19 53 20. 7 13. 6 1 - 5. 9 t 

18 13 57. 7 53. 2 I - 0:. 9 l 
18 14 Oti.6 44. I + 11.7 

18 l4 12.9 45.4 -CU 

19 53 17. A 50. 3 , + 3. 8 

19 53 15. 7 48. 2 ' + 5. 9 

19 :;a 19. 8 51. 5 : + 1. 7 

19 :;a 1a 1 49. s ' + a. 4 
18 14 12. 2 43. 2 + 1. 3 

19 5.1 1-0. 4 41. 4 -t 11. 0 

19 53 18.1 49.0 1 + 3.4 

----·- ---1 

'· +o. 043 

+n.03s 
+0.191 

+0.076 
-ll.252 

+0.JOlJ 

+0.02'.l 

+0.033 

+o. 037 
+o.on:i 
+o.025 
+o. 002 

-0. 0-22 

-0.045 
+o. oos 
-'-0. 0-20 

+o. oss 
+o. 037 

-0.010 

.s. s. i 

+2. 244 

+2. 169 

+2. 249 

+2. 205 

+2. 230 

+2. 172 

+2. 052 

+2. 455 

+2.165 

+2. 117 

... , +2. 117 

+2.2jj6 .•..•...•. 

' +2. 242 

+2.192 
+ll.270 ' ......... . 

+2.204 

+2. 301 ......... . 

+2.302 

+0.052 ---·-··--· +2.194 
+2. 321 +0.001 

-j-0.038 +2. 335 ........ . 

-0.000 

+0.020 

+o. 012 

+2. 297 

+o. 022 +2. 281 
+o. 016 1 .•.•.•. -

-o. 097 +2. 430 

-0. 039 

+2.280 

-t-2.181 

+2.170 

,...0.174 +~.175 ··-------· 
+o. oos . ____ . ... . +2. !175 

+0.085 +2.!173 ··---·---· 
+0.125 . - .... ··-. +2.164 
+o. 046 +2. 323 

+ll.078 

+o. 001 

+o. 2!iO 

-t-0.078 
+2.1!17 

+2. llM 

+2. 199 

+2.ll03 
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OB8ERV .ATJU:N",.; TTPOX THE CTRCUMPOT.AR STARS, ETC.--Continn~rl. 

I Date. 

! 

TeleRcope, 
D. or R. 

-------·--· 
1872. 

.Ang. 19 

19 

rn 
20 

!28 

28 
28 

I :~ 

I
. Sept. : , 

7 I 

I 
: . 

10 ' 
I 

IL 
D. 

R. 
D. 

D. 

R. 
.IJ. 

D. 
}{. 

II. 
}(. 

D. 
It. 
D. 
lL 

II. 

I . 
n. Star. I to I t.. (.A-t,) I 

____ ! _____ \~-- 1~-~---- Direct. Uen'T8e. 

I : h m. •· I s. I a. I •· •· . '· 
o '1s 14 rn.9143.0

1
+1.2

1 

+o.os5 +2.211
1 

A HJ 53 15.8 45.9 + 5.7 I ~0.121 +2.2.56 ··--\ 

A 19 53 17. 4 47. 5 + 4. 1 ' +0.1191 •• . .. .. .. . +2. 19~· I 

~ 19 53 17.8 I 47.1 + 3.7 -+lO(J·.081':. ++2'·'·.=29: .... 1', 

V 1~ 13 4tl. ti i :m. 2 : + }. ti V:1' - - C 

A 19 52 ''°· 8 ; 41. 4 + 2. 6 i 4-0. 06:J +2. 269 I 
A Hl 52 43.5 ', 34.0 +10.0: --i O.~IH r2.230 ---------\ 

19 s2 46. 1 i + s. 1 I + o. n1 + 2. 24:1 ; ! 
19 5" 

; 19 52 

i 19 52 

' 1!J 52 
19 52 

lfl 52 

19 52 

19 52 

+ 8. 5 I 

+ 6. 7 i 

~~::,I 
~~: ~;~ + ;: ;;2 ; . : ~~:'.~~.I 
-0.012 ___ ..... 1 +'-l 21:i I 
+o. 063 +2. 277 i'· _ ....... 

1 -;-0. H3 .. _... .,..2. 133 

+0.111 +2.2-29'·········1· 
+o 110 ...... I +2 20" 

, I I 
+0.089 +2.3!Jl··········j 

+ 6.9 I 

+ 5.2 i 
+ 5.1 I 
+ 4.0 

'----

213 

From Juno 27 to J n1y 24: s. From .August lQ to 20: s. From Aug. 28 to Sept. IO: .<. 
M<an rnlue uf .d cos</> direct .. = + 2. 274 
:Me.an vahw of .A oos <P 1·everse. =-= 2. 209 

Mean value of A c-os 4> Uirect _ . .:__::: -+ 2. 243 
Mean Yalue of .A cos f/J ro verse. = 2. 207 

Mean value of .d cos¢ din,cL .. + 2. 261 
Mean va.lne of _A_ coR rfl reverRe. 2. 20fi 

Mean .•.•••••••••.••..••.. =+ 2. 242 Mean .. -----------·~--·---=+ 2.2-25 Mean ....•••.•.•..••.••••. ~ + 2. 214 

Date. 

1872. 
July I 

I 

l 

3 

3 

3 

4 

4 

4 

5 

9 

!J 

9 

19 

19 

19 
20 

20 

20 

21 

21 

21 

22 

22 

22 

Aug.16 
16 
16 

17 
17 

CO-EFFICIENTS EMPLOYED IN THE REDL"CTION OF Tiil!: OBSERVATIONS. 

I Tel., 
D.m·R. m. n. j i. -, j 1 11 ""' .;~.i _·_n_. _ f. • [_! l_j, -.. ,i_ i I- 11

1 

-- ·-- ---~ ~ ~ __ ... __ !!--- -~------ - - ~ -
Ii. H s. S. S. S. ;1 1R12. R. .S. ! B. 8. x. ~- i 

R. 
D. 

R. 

D. 
R. 
D. 
IL 

D. 
R. 
D. 
R. 

D. 
D. 

R. 
IJ. 

IJ. 
R. 
lJ. 
D. 
R. 

IJ. 
D. 

R. 
D. 
D. 
R. 

D. 
R. 

D. 
R. 
R. 
D. 

-0. 02 +o. 0:1 -ll. 03 -0. 0'2 -0. 01 -fO. 01 ~1A11~. 1'. R. +u. 03 ---t-U. Ui ! -0. 03 -0 0:{ ~o. 02 0. ti{_\ ! 
. 02 . 04 + . 01 . 01 . 01 - . 031 16 R . 03 . OB . 03 . 03 . 02 . Ull 

1

. 

- ()~ + . 03 - • 03 . 02 . 01 + . 01 I 18 D. . O!> . 11 . uo . 1111 . 011 -. ll:! . 

+.o3 -.01 +.01 .01 .01 -.0311 18 R. .02 .o7 .03 .0.1 .02 .ooi 
. 04 . 01 - . 03 . 02 . 01 + . 01 19 R. . 04 . 09 . o:l . 0:1 . 0'1 . . Oil l 
. 04 . oo + . 01 • 01 . 01 - . -03 ii 19 IJ. . o7 . 13 . 0:1 . oo . 011 . 0:1 I 
. 04 . 02 - . oJ . 02 . 01 + . 01 / rn R. . 0:1 . 0$ . o3 . m . "" . 011 

1 
. 08 • OJ . 00 . 01 • 01 - . -03 20 R. . tl6 . 07 . 03 • O:i . O" : . 1111 I 

. OU . 05 

.06 - .02 

. 03 

.00 

.02 

.00 
. 00 

. 02 

. 00 

.00 

.02 

.00 

.00 

.02 

.oo 

.00 

.02 

.oo 

.oo 

.tr.l 

.00 

.03 

.00 

. 02 

. 01 

. 02 

. 01 

. 01 

.[)2 

. 01 

.Ol 

. 02 

. 01 

. 01 

. 92 

. 01 

. 01 

. 02 

. 01 

. 01 

.02 

.01 

• 03 
. 00 

.01 

.01 

.01 

.01 

.01 

.01 

. Ol 

.01 

. 01 

.01 

.01 

.01 

.01 

.01 

• OJ 

.Ol 

.OJ 

.01 

.01 

.02 

.oo 

. 08 

. 11 

. 08 

. 07 

.04 

. 05 

. 04 

'07 
• 04 

.00 

.ITT 

. 00 

• 08 

.08 

• 07 

. 09 

. 11 

• 02 
. 05 
.03 
.03 

+ .02 

-.02 
+.09 

. 00 

.06 

. 09 

.09 

.10 

.05 

. 05 

.04 

. 01 

.04 

.03 

• 01 

.04 

.06 

. 08 

.11 

-~ .03 .03 -~ 

.06 -.03 -.03 --~ 

+ .01 

- .03 

+ .Ol 

- .-03 

03 

+ .01 

-.03 

31 

31 

- .03 3] 

+ .01 Sept. l 

- .03 1 
-.03 
+ .01 

- .O:I I 
- .03 

+ .01 

- .03 

-.03 
+ .01 
-.03 

.00 

.03 

• 00 

.oo 

l 

7 

7 

8 

e 
,; 

9 

9 

9 
JO 
10 

10 

+0.11 +0.13 o.oo 0. 00 0.00 --0.03 

ll . 

H. 
IJ. 

R . 
D . 
D . 
R . 

D. 

II . 

R . 
D . 

D . 
R . 
D. 
D. 
R. 
D . 
D. 
R. 

D . 
D. 
R . 
D. 

.12 .13 .oo .oo -'~' . 11:1 I 

.oo .oo .oo .oo .~ ooj 
+ .03 .15 .011 .Oil 011 .03 I 

-.~ _g .oo .03 .~: .00 

- .02 .17 .oo .00 

+ . 05 . 16 • 00 . Oil 

.oo .11 .03 .03 

. 01 .12 . [JO . 011 

.05 . ll .00 .oo 

.02 .05 .03 .03 

. 06 . IO . 00 . 00 

.04 OA .00 .OH 

. 04 .07 .03 .03 

.06 .09 .00 .O<I 

.04 .08 .()() .00 

. 01 . 04 . 03 . O:l 

.06 .09 .00 .00 

.04 .08 .00 .00 

. 07 .11 

. 00 . 09 

. 04 .14 

.02 .11 
+o. oo +0.13 

. 03 . 03 

. 00 .oo I . 00 .00 

o. 00 0.00 
- .03·1- .03 

. 00 

,(l(l 

. o~ 
'00 

. ()(\ 
'-02 
. 00 

(\(I 

02 

. 00 
00 

.(f.! 

. 00 

.00 

.11'2 

.oo 

.VO 

-.02 
o.oo 

. o:i 
'0:1 

.fill 

.0:1 

0:1 

'0(1 

.tn 

. 03 

. 00 

. o:i 

. o:i I 
.flO j 

o:< I 
. o:i 

• OD 

. 03 

. o:i 

.00 

- .03 



 

214 REPORT OF THE SUPERINTENDENT OF 

Ob.~en·ation 1t'ith tlie Gambey meridinn-tran.~it for the determination of the difference of lmigitude 
between Paris and Brest. 

Ob8ervations rooord~d upon a lforse-Diguey chronogt'aph.-Observer, I ... F. Folain, aeaistant $tronomer. I= m + n tan Il + (c-x) sec. E; 
T ·_::-...:time of p.assa.ze correct-f>d for r: .. :-\,--:.:::::compntcd AR: C1.=clock-correction; C'p=mea.n clock-corre.ction. The west corresponds to the 
rererse poRithll of the instrument: the ea_,ijf to the direct.-Cil'curnpolar i;i,tars are observet1 with thti mo\'·a.Ule thread anrl retlucetl to tht• a.x:iR of 
coll irnatiou. 

Stars.. 

,JULY l. 

1'elt!licop¥J revcr8e11. 

! Obs<'rved t .. ime I 
i of pasliagP. 
, I 

1. 

! _________ I _____ _ 

I . •. I h. m. •· I 
Cororn:t>Bort1aliN ....•.••.•.•••....••......•...•.... j lO 11 4'!-1.7\1 i -0.04 

~~m 2:1:~~~:_::::::::::::::::::::::::::::::::::::::::::1 : :.~~ i :~~ 
t Herunlis ·--·--"-·······-"·-----······-··-- .. ·····i 36 40.40 I .Ill 

Iforculi• ·············-·······"·············I 39 53.90 I .04 
011hiuehi. ·--························ -...... 48 09.92 j .04 

Ophincbi .................. ··-· ... . . ... ... .. 16 51 49. 31 I' -0. 04 

TelefMOJJi' 1lirect. 

79 Hercnlis _ ..... _.... .. . 11· 3'2 i.'7. 50 +o. 01 

Ophiuchi ···-···---- ................ ............. :n ~l.75 ! -0.01 

Hercnli~ ......................................... . 

A Horenlis. . ............................. . 

6203 B . .A..C ..•...•.. ---·--··········· 

106 Hereulis ····-·· .... --·· ...................... . 

:l4l28 Laland•·-········-·-····-··-···-········· ....... . 
34319 LaJande. --·. ·-·. __ . ·-·. __ . ·-· ............ __ .. ·-· 

34475 Lalan<lo ···-···········-···-·· ............ . 
'Veira ...•...... ·- .. -- ..... ····--· ............. , 

35005~J,alande .•....... - . 

J,yrm -·---· ---· -·· 

Lyrrn -·------------

Te~'.Jfcope reiie-rsed . 

.Aquila~__ -·--·----------- --------···· 

60:14 U.A.C --------------------

0 .A.quilao ·········-······ .•..... --·. ·-· .••. 
Cyl(Ui.._, ____ ········ ............................ . 

fl1 Cygni.·-········· ·-···········-·· ............... . 
C_yg11i ..•...••.....•••......•..••...•••••..•..•... 

67~8 B.A.C .... ·-··-···-···--·-···--··--·--········· 

p. 

{J 

AquilR'I •••.••.•••..••. ···--· ·••·•• ···--· ••··••· 
Unm; Minorili 

J'clcscnpe dire.ct. 

U-rRre Minoris ...... _ ...... ·- ..•...... ---· .•.. -- . 

JULY 3. 

TelMC<Jpe direct. 

I~c)()tis .. _ ... - ... -· .• - .. --·. -- · -- •· ·•· • ·- • · -· · · - · · • -
Coron~~ lloreaH~- ................................ - -- - . 

:>113 JI . .A.C. ·-········ ...... ______ ·-····· .•.. -····-····· 
Coronoo Eorea.lis .. ___ .•...•.. __ .......•.••..•.•.•• 

a Ser-}>'0ntis ................. ·-···--··-···-···--····--· 

Serp1mtio ......•.. -· .. -· ..••.. -· ..•. -- ..•......• 

Telucope r~ncd. 

:W269 Lalande·-·······-···· ... -···-······-············· 
Hercnlie ......................... ··-····-·· ............ . 

llere11lis ...•.. --· ..... --··- ···-·· .•..•• ···-·· .•... 
5644 E. A. C ............................. -·- ......• 

Opbiuchi.. --- ................ __ ....... _ .. .. 

Opbinchi ..•..•.. --·· ·-· ... -···· ..•..••..••...•..• 

Hercnlia ······-·············· --··················-· 
60 Hercnlis .. --- ·-···-······ .... -·······-····--·-··--· 

11 41 :l9. 78 +o. 01 

Ji< 07 18. 20 

11 53. 03 

15 05. 93 

21 56. 58 

26 :m. 26 

29 11. a5 

3-.? ·Ut.4:! 

4:1 I~. 71 

45 :l4. 27 

1K 4!> ~8. 35 

19 12 01. 22 

14 54. 27 

19 15. 40 

21 4.5. 34 

2.1 46. 2H 

29 '"'· 49 
3-..! 40. H5 

40 23.lli! 

Hl 3:1 12. 50 

19 5:l lf!. 60 

15 20 o~. 2s 

23 0-J. ()4 

25 48. 00 
29 4:>.12 

:l8 26. 84 

15 41 49. 67 

16 3-? 23. 09 

36 !''6. 73 

40 JO. 37 

43 43. 40 

4B 116.32 

52 05. ~1 

55 !Ill. 85 
16. 59 55. Bl 

• O<! 

. O:l 

+o. 01 

-0.(Jl 

.00 

. 00 

. 00 

. Ol 

-0.01 

+o. Ol 

-0.04 

. o~ 

. o:. 
• 04 

.Ol 

. 04 

.01 

-0.0~) 

+o. ~o 

+2.00 

·f-0.0:1 

. O:J 

. 03 

. 04 

.04 

-j-0.04 

+0.01 

.00 

+0.02 

-0.01 

+0.0l 
. 01 

.oo 
+0.01 

T. 

8 . 

•W.1:t 

4l. ll 

06. 69 

40. :19 

53. ~f, 

09. ~8 

49.27 

27.<il 

21. 74 

39. 7!) 

18.22 
[13. (jl} 

05. 94 

56. 57 

:m. 2fi 

17.:{fi 

4fJ. -t:i 
18. 70 

:{4. '.!f) 

2>l. 37 

Ol. I~ 

54. 2.'.'i 

J5. 35 

4,;j_ 3i.l 

40. 25 

58. 45 

4!!. ~)4 

~:rt. 17 

20. 60 

08.'1>' 

02. 07 

48. 03 

45.16 

26.88 

49. 71 

ZJ. 10 

56. 73 

10.39 
43. 39 

26.3J 
05.82 
5!!. 8:) 

ll5. 811 

:Ji'."'' 

:12.20 
44. jtJ 

55.88 

2!l. 47 

4~. 08 

lG. 66 

IU. "ll 

2.•. li6 

07. 1:l 

41. Hf) 

fiL ~n 

4:l. 7:i 

l!I. :.-0 

Oft~n 

3'3. :J2 

07. 93 

2:!.20 

17.32 

50. :i4 

4'.l.39 

01.:;:1 

:14. 5:! 

3;;_ 43 

47.fl7 

30.11 

c,. 

8. 

-1-0.!ll 

.9l 

. H9 , 

. 81 

• 92 . 

• ~B 

. 99 

-10.9:1 

-10.8.1 

--10. 94 

-l0.9:! 

-11.09: 

-11. JO ' 

C'I'· 

.. 
-10.9l 

. 91 

. 90 

. 90 

• 90 

. 89 

'89 

-10.89 

-11.01 

'01 
. 01 

. 00 

,()(] 

-ll.01 .00 

-10. 84 -11. 00 

-ll.16 -10.99 

--11. 06 . 99 

-11.10 I . !19 

-JO. 77 i . 9~ 

-11.06' .98 

-11. 05 -10. 98 

-10. ~4 - IO, ~3 

. SR . t<:l 

. 8'.l • Kl 

.71'3 .Ki 

. 13~ : . ~3 

• 7~ I • !'l:J 

. B:l . >l'.l 

1:!. ~(} -1-0. 9l -10. ~:1 

10.90 

10.90 

40. 9:> 
:J4. 6!J 

20. 4l 

17. fill 

59.36 

~21 

55.~>-l 

29.46 

411.98 

U.96 

se.eo 
38.34 

!!5. :17 

28.28 

-27.:13 

. :18 

.6! 

.50 

.52 

--27. 50 

-27.22 

.27 

.41 

.43 

.44 

.48 

.48 

-!l'!.54 

--27. 4fl 

• 411 

. 48 

• 48 

• 47 

-21.•~ 

-27. 44 

. t4 

• 43 

• 42 

• 4il 

• 41 

.u 
-27.41 

!corcluded Aµp. 

i AH. 

h. • . 

Hi 11 :18. 84 

llJ :1~.20 

24 44. 75 

31 55. 79 

36 !ID. 49 

:J9 42. 97 

47 58. 9,9 

w 51 :J8.3ti 

17 :12 16. !iO 

37 10. 73 

17 41 28. 78 

IH 07 07. 22 

II 42. 06 

14 54. 94 

21 45. 57 

26 19. 27 

~!) 00. 36 

:12 38. 43 

4'.l 07. 72 

4.'i 23, 28 

18 49 17. 311 

rn 11 ;.o. 35 

14 43. 42 

rn 04. 52' 

21 :14. 47 

~;; 35. 42 

~9 47. ti2 

32 :10. 11 

l!l 40 h!. 34 

15 19 40. 79 

2:! :i:i. 5~ 

25 l!O. 51j 

29 17. 68 

37 59. 4J 

15 41 !!'!. 25 

16 31 55. 6ti 

36 !19. !19 

311 42. !Ill 

43 15. 97 

47 58.IH 

51 3B. u 

55 ~·· Hi 159 llll.41 



 

THE UNITED ST.A.TES CO.A.ST SURVEY. 215 

011.ven,ntions with the Gamb<JJf meridian-transit, &c.-Contiuued. 

Stars. 
Obser,,ed time 

ufpa11aagc. I. T. l''p· 
(;HnL·lmlrnlApp. 

JULY 3. 

Jl:lc11cvpe reven:ed-Contiuued. 

5788 B. A. G: ·-···· .•••...••.••...•.....•.•••.••...•. 

a ,. 
70 

73 

Herculis_. ------- ...... --- ...... ---- ........... . 

Ilerculis ...•. ·--- ............ ---- ........... __ ... . 
Herculis ........................ -............... . 
Herculis. .. ___ ------ ---- ____ ------- .. __ 

:Jl844 Lalande ....•..•....••......••...•••............ 
~ J{erculis ........ - - ....•...•..•.. ----- .......... . 

Ophincbi ..•.................................•.... 
Ursoo Minoris ........•..••..•....•••.•••.•••.••••. 1 

Telescope direct. I 
I 

h. m. s. 
17 03 59. 04 

O!l 17. 84 

13 o;;. 23 

16 07.17 

19 14. 5:l 

22 :~!:). (}b 

2i; 03. 32 

17 29 28. 80 

18 14 28.2 

lJraoo Minoris ...................................... -I lB 14 2~. 1 

2~ 411. 34 

'Ill :n fiO 

33 05. 5:; 

Ju 21.16 

40 38. 37 

43 35. 03 

45 :;o. 36 

:14319. Lalande .... -· ..••........•....•...•.............. ·I 
34475 Lalande ... ___ . ________ ... __ .--------- ___ .•••. -----

\'eg-a .•.•.••....•••.•...•.....••..•.. ·-·-·· .•...•. 

03fi5 ll.A.G ..•............•..••..•.........•..••..•.... 

110 Herculis ... - ........ --· .....•... - ........•...•.... 
3500:; LalantlH .... __ .................. _ .. _ ...•. ___ ..•.. __ 

ff Lyne .•....•................•...................... 
r Lyrro ............................................. . 

l Aquilru ..... -- ..•.....•... -- ... --- -- ......•......... 

Ursa;; l1.i11orii;. --- -- ..•......•••.•••. _ ....•........ 

Telescope reversed. 

Ursa~ llinoris .................. ·······-:··········· 

JIJLY 4. 

Telescop• reversed. 

70 HPirc11lis ... __ .. ----- .............................. . 

73 Herct1lis ............. -- ........... -- .•. - -- ..•...•. - . -

31844 Lalamle ........••...•...•..••................... 
>.. llercnlis ....... -· ................................. . 
a Ophiuchi ..•....•.•..••.••..•........... --- ...... . 

79 Ilerculis ........................................... . 

If Ophiucbi.. •..•.••.......•...•..•..•...•......•.... 

T~aoope di'tect. 

106 Jfcrcnlis. ........... ___ . ___ .... _ ..... ___ ......•..... 

109 Horonlis ...••.•....•........•...•....••..•..•...... 
34128 Lalande .....••.••...........•.•..••............... 
34319 La1ande ................................................ . 

34475 Lalande .....••........•.••..•............•...•.... 
Vega ..••...............••..•.....•.•............. 

6365 l!. A.G ....... ·-········--· ·-····················· 
11() Heroulis .......•..•..•...•..•••.........•........ 

35005 Lalruule .•..•..••.••..••.•.•.•.....••..••..••.••... 

If Lyne ..•...•...•....•...•....•...•...•.....•..... 

d Lyra>································--·--····· 
y Lyn" ...•.................. ······ ...•.. ······ ..... . 
( Aqnilm ....••..•..•.....•....•.•.•......•........ 

Lyroo ...•..••..•..•.•••.••........................ 

T~ r""'1"aed. 

6624 B. A. C .••.••..••••. •• : •.••..•••.....•.•..••..•.... 
d Aquilm ....•..•••...•••..••••••..•.•..•....•.••.•. 

/1' 
9 
6128 

14 

T 

Uygni.. -- ............•......•.•..•.•.....•••.••.... 
Uygnl. .••.••••.••••...•.. ••·•·• ...••..••..•....... 
Cygni .•••..••.••••••••..•••••••••.•.......••••.... 
B.A.C ..•...•.•••..•••..••..••....•...•..••...... 
Cygni. •••..•••.•••.•••••.•.••••••.••.••.....•... - . 
Aqullw .•..••.••••. ····---· ••••••••••••..•••.•••.•. 
trnm Minorla ..•••.••••.•••••••...•..••..••••..•... 

l!l 59 38. 52 

rn on oo. 81 

HI 53 37. 4 

19 53 36. g 

17 L) 57.92 

lfl 03. 09 

22 30. 14 

25 53. 80 

29 19. 40 

:i-i 34. 6:! 

17 37 28. 83 

18 15 12. 75 

18 34. 34 

2~ 03. 36 

~ 37.22 
29 24. 40 

32 5'1.25 

;!6 11. 83 

40 29. 04 

43 25. 76 

45 41. 09 

49 35. 30 

54 29. 2!J 

18 59 51. 42 

19 03 03. 93 

19 15 01. 40 

19 2-i. 55 

21 52. 62 

25 5.1. 48 

3{) 05. 61 

32 48. 07 
!5 36. 49 

4tl 30. 29 

19 53 2'1. 6 

-0.01 

..LO. 01 

.00 

• 00 

.00 

• 00 

.00 

+0.01 

-0.40 

-0.~ 

-0.05 

.05 

• (i5 

• Qj 

.OJ 

. 05 

• OJ 

.Ki 

+o.m 
-0.7 

.00 

.oo 
+0.01 

.oo 

.01 

.00 

+0.02 

.,-0.08 

. 08 

.Of' 

.07 

. o~ 

.07 

.06 

.08 

. 07 

. 07 

.07 

.06 

.08 

+o.117 

-0.01 

+o.03 
-0.01 

.m 
+0.02 

.00 

-0.ll'i 

:~0.02 

-0.33 

•. 
59.03 

17.85 

OS.23 

07.17 

14. 5;1 

39. 68 

03. 3~ 

2t=. 81 

27.i' 

21. fl 

46.:m 
3:-t fj!) : 

05.60 
21.2[ I 

3~.42 I 

:n.os ' 
50. 41 

3~.:n 

00. 84 

;J6. ~ 

O:i.09 

30.15 

53.~0 

rn. 41 

3J. 62 

28.85 

12.f3 

:l4. 42 

0:1. 44 

37.29 

24.4B 

56.22 

11. 89 
29.12 

z.,_ea 
41. lti 

~15. :11 

29.3;"; 

:il. !JO 

04.00 

01.39 

22.58 

52.fll 

53.41-l 

05.ti3 

48. 07 

36.ti7 
30.31 

2(.3 

.. 
31. j;") -27. 2r< -2i. 41 

37. 75 

3'.I. 77 

47. 11 

1~. 25 

31. 83 

01. 42 

5ti. 4 

56.1 

lH. 22 

06. 30 

33. 33 

5:J. 8!1 

11.12 

07. 95 

23. 2-2 

11. 30 

33. 44 

10. 9 

10. 9 

:w. 77 

4~. ll 

35. oa 
01. 4:..! 

16. 6ti 

JO. 80 

!ht fl4 

rn. 46 

45. 74 

rn. 22 

06. :o 
:l'l.:l:l 

51. ~9 

11.12 

07. 1)5 

1<. :!4 

11. :11 
a.l .JJ 

46. 06 

. 41 

. 41! 

• 40 

. 4:! . :1~; 

• 43 . :~i-

• ·W 3-.: 

-27. 3U , -:.!7. :~~ 

-27.17 -2i. :2\i 

. :~5 : . !!H 

. 2i .~t< : 
• :Ji? . ~ ..... 

. 30 . ~· 

.13 . ~7 ' 

.19 : . 2G ! 
. 27 . 25 

-27. 40 -!l7. ::!.J 

-lt:-.15 

-17.fl~ 

. VO 

• H7 

. !HI 

-17.fl1j 

-1e.o;; 

-l~.00 

.00 

. 00 

. 00 

.00 

.00 

-IE.00 

-17. ~9 -11. fl~ 

-17. 70 i .tl:--

-1~.07 .!JL' 

-1~. 1s 1 .!!1'"' 

-17.0fJ! .H~ 

-18. 00 .Urt 

-1~.oo ,flr:-

_17_ ~:-! . ~:-' 

1 i. !M , ~l:-

-18. 0.1 .fJ:-' 

. 0-4 • !ll-1 

-lf:l.O;) .!li 

-1'7. !•4 -1i. !Ji 

-tl. 41 -17. HI" -Vi.91" 

-04. 55 -Ht 03 . 9FJ 

34.55 .06 .fl'" 
35. 46 -18. 02 . 913 

47. 71 -17. !12 . 9~ 

:w. 14 I . 9:1 . 9, 

18. 55 i -17. 92 i . 9,;; 

12 3tl I --18. OJ -17. 9il , . I . 
10 . .8 j. ····-···· 1-- -----· --1 

Al:. 

Ii. m . 
1:- n:~ :it. t.J:.! 

o .. : r~o. ·H 

1:.! :r..8:~ 

1:1 :l~. 7~-

1-.: ·ti'. 14 

*'.i 1:.t. ~u 

],._ :!1i HI. JP 

~· lh :~1; 
:l~ ~~.'.I:.! 

:J.-, ~J. 9J 

40 11 1:.i 

4:{ {l'; r-l 

4;, \!:) 1;, 

;)4 11. :I:2 

11 1.1 a~'- 9:2 
1~ 4i. O~l 

'2':.! 12. 1~ • 

~;-i 3:). eu 
"21J Ill. -U 

;32 JG. fi~ 

n ~n 10 ~;! 

]1" 14 ;'H. _,;:i 

}/"' 11!. 44 

'!Jl 4~1, 4li 

2.-; 1~1. a1 

:.?:~ Ofl, !iO 

40 11. 14 

.n o:.I"';, 
4.1 '..;!:~. 1:'"' 

4~) 17.:~!I 

t).i t t. :r; 
1..c .-.fl :t:J. 5'.l 

W II:! 41).0;t 

18 H 4::. 41 

1!~ o-t. r.o 
21 :t.i. (13 

2;, 35. 50 

29 47. G5 

:12 30. fl~ 

35 18. 49 

l!l 40 12. 33 



 

216 REPORT OF THE SUPERINTENDENT OF 

Observations with the Gambey meridian-transit, &c.-Continued. 

Star•. 

Jm.Y 4. 

'lelei<cope direct. 

Ursre Minoris .......................... _ ..................... . 

JULY 5. 

Tel&cnpe dirut. 

Obaervcd time 
of passage. 

.. 
" 

Serpentie................................. 15 38 19.90 

Serpentia .••.•..•.•...••..••..•.........•.......••. 41 42.78 

d Coronro Borealis ...................................... . 
28950 Lal1rnde ........ ····-- ........ __ .............. ·----· 
>.. Cor<>nro Borealis ...................................... . 
5310 B. A.C .......•..••..•............•..•.............. 
29-273 Lalande ...............•...••..•..•..•..••..•....... 

Telescope reversed. 

( Hercnlis ..•.•...••...••..••..•..•..•..•..••..•.••. 

/A Herclllis ...•......•..•....•......•..•..••..•..••.•. 
70 Herculie ______ .. __ ~--· __ ........ -... _________ ... _. ___ . 

73 Hercnlis ........................................••. 

31844 Lalonde ...•.....•.............••....•.••..•..•••.•. 

~ Herculie ................................. -·-·····-
" Opbiuchi ..•••..••........•..•••.•.•..••..••...•••. 
79 Heroulis ..........•...... -·········-···-········-·· 
{J Ophinchi. ..••.....•..... _ .....•.. ____ .....•........ 

/A Hercolis ...........•.........•............... ···-·· 

32ti28 Lalande ...•.• ···-·························-····--·· 
6062 B.A.C ......•..••...•...•••..••.......•......•..•.. 
j Heroulid ....•...•...•...••...•...............•..•• 

9ti Heroulis ..•••........•..••..••...•.•..••..••....•.. 

Herco.lis _ .•.. 

Telurope dfr«I. 

3ll005 Lalande .••••...•..••..•.••..•••...•••.•...•.....•.. 
{J Lyrie ..••••.••••..••..•.....••.••.••.••.••..••..•. 
i• Lyrru .•........•..•.............•..............•.. 

Lyrro •..•••..•••..•••••.••..•....•..••••. --· 
19 Lyrro ..••....••...••.•••••••••.•••..•.•.•.•••••.... 

Aqruloo ... ·········-···-············--··--·--·---
liti24 B. A. C ..•.••.•••..•.••••••.•••• ·-·--·-···-• ..•..•.. 

44 35. 74 

48 05.63 

51 30. 54 

M 36.at 
15 5" 27. 02 

16 3li 50.21 

17 12 58. 20 

16 OU.18 

19 07.50 

22 32. 65 
25 56.24 

29 21. 89 

32 36. 98 

37 31. 32 

41 49. 33 

45 oa 78 

48 17. 26 

52 14.25 
17 57 17. 03 

18 01 00. ST 

18 43 28. 5!1 
45 43. 89 

Ii! 49 38. Oli 

19 03 00. 6P 

07 14. 07 

12 10. 94 

15 04. 00 

I. 

.. 
-1.l 

+o.os 
.07 
.07 

.07 

.06 

.06 

+o. oo 

-1-0.07 

.07 

.07 

.07 

.07 

.07 

.06 

.07 

.06 

.07 

.06 

. 07 

• 07 

• 07 

+0.07 

+0.11 
.10 

.10 

.10 

.10 

• 11 

T. 

.. 
25.1 

19. 98 

42. 85 

35. 81 
05. 70 

30.60 

36.40 

27. 08 

50. !Ii! 

58.27 

00. 2.5 I 

07.57' 

32. 7~ 
56.31 

21. 9.~ 

a1. o:; 
31. 38 

49.40 

08.84 
17.3:1 

U.32 

17.10 
00.94 

.. 
10.8 

c,. 

.. 

C'v· 

.. 

59. 35 -20. 63 -20.67 

.67 

• 67 

.61 

.67 

. 67 

22. 19 . 66 

15.23 
44. 98 

09. 84 

15. 73 

06. 44 

29. 45 

37. 75 

39. 77 

47.11 

12.25 
35. 83 

01. 42 

16. 67 

10. 81 

28.87 
48. 39 

56.90 

53.82 

56. 74 

40. 311 

. 58 

. 72 

. 76 

.61 

-20.64 

-20.83 

.52 

.48 

.46 

.47 

. 48 

.53 

. 38 

.57 

• 53 
• 45 

. 43 

. 50 

.3-0 
-20.55 

-20.67 

-20. 49 

.50 

.50 

.50 

• 50 

.50 

• 50 

. 50 

. 50 

. 50 

.50 

. 51 

. 51 

. 51 

-W.51 

-20. 67 I -20. 72 

• 76 . 72 

. 81 . 72 

.12 . 72 

. 75 . 72 

.66 . 72 

-20. 67 -20. 72 

Concluded A pp. 
AR. 

h. m. fl • 

15 37 59. 31 

H 22.18 

44 15. 14 
47 45. 03 

51 09. 93 

54 15. 73 

15 58 06. u 

16 36 29. 79 

17 12 37. 77 

15 39. 75 
18 47. 07 

22 12. 22 
25 35. 81 

29 01. 45 

32 16. 55 
37 10. 88 

41 2e. 90 

44 48. 34 

47 56. 82 

51 53. 81 

17 56 56. 59 

18 00 40. 43 

18 43 07. 91 

45 23. 21 

18 49 17. 44 

19 0-~ 46. 07 

()fi 53. 45 

11 50.33 

19 14 43. 37 

Urem-Minorie --- ................................................ . 19 :i3 30. 7 

Telucope tt11erud. 

U:raro !(!Doris .•...•.....•.••••..•••..••..••.•..... 19 53 29. 7 

JULY9. 

+0.09 
-1.7 

-3.3 

28.63 

43.99 

38.16 

06.79 

14.17 

11. 05 

04.09 
29.0 

26.4 

07. 96 

23.23 
17.35 

46. 07 

53. 42 

50. 39 

43.42 
10. 7 

10. 7 : •..• : : .1 :: : : ... 

Tilu.rope tlWect. 

l llercnlis ...••.•..•...••.•••••..•.•••••..••.•••••••. 

~ Hercnlie ........................ · ............. • • · • • • · · • • · · · 
564( B..A..c .••••.••••••...•.•..••...•...•.•...•.......•. 

Opbinchi ..•••••.••..••••..••...•.••••••..••.••...•. 

OpbiUllhl ..•. ·-·. ·-· ···- ••.•••.•.•.. ····-- .•••.•.•. 
• H<>wlll.ls .••••••.•••.•••••.•••.•••••••••• ··---- ·•• 
60 Hercnlla .••••••.••..•••.••••..••••..••..••.•••...•. 

T~retJtft'Btd. 

73 Hercnlia ··--············-························· 
3184' Lalande ••.•••••••••••••..•.•.••.••.•••..••..••..••. 

9 

A 
6!l03 

106 
109 

Heronlla ..••••..••..••..•..••• ·····-····-········· 
Ophlll<lbl ..••.••..•••••••••••••••••••.••••••.••••••• -

1Ierc11lla ..••.... --· .• - ••.•••..••. - -- .. · -- · -- • ·-· ••• 

ir ...... 11.Us ······················-·······-············ 
B. A.C .•..•.•..••..••••••••.•••.•••.••••••.••••.••. 

=~:: :::::~::: :::::::::::: :::: :::::::::: :::j 

16 3G 50.12 

40 03. 74 
43 36. llO 

48 19.56 

51 58. 97 
55 46. {)9 

Ul 59 49.06 

1'1 19 OT.81 
22 32. !l3 

ll5 56.M 
'il9 .. 30 

17 51 H.49 

18 fY1 98. 06 
11 02.S3 
15 l~ '71 

18 18 37.5' 

+0.14 
.09 
.lfi 

.10 

.10 
.13 

+0.10 

+0.07 
.O!J ! 

I 
.Ofl 

.oo 

.09 

.-08 

.10 

.07 

+o. G'7 

50.26 
03. 83 
36.. 76 

19. 6G 

S9.07 

46.22 
49.16 

07.88 
33. 02 

5G.T3 

!12.36 
14. tl8 

1!8.13 

OI. 93 
15. 78 
17. fl 

29.43 

<l2.97 
15.112 

5B. 88 

38.33 

!15.35 
ile. 27 

47.11 
12. !14 
35.83 

01. 43 
53. 82 

07.16 
41. 9'T 

!I(. 9'T 

16.ff 

-20. 83 -20. 84 
.86 .84 

.84 .8:1 

. 78 .83 
. 74 .83 

.87 .82 
-IO. 89 -IO. 82 

-1!0. 77 

.78 

.90 

.93 

.711 
.97 
.96 

-90. 81 
-U.lll 

-ifl.115 

.IH 

.93 

.92 

.91 
.90 
.90 

.to 
-111.8' 

lfl 36 29'41 
39 42.W 

43 15. 93 
47 ll8. 83 
51 38. !14 

115 125.40 
16 59 28.34 

17 18 46. 113 
ft lll.08 
115 35. 81) 

!19 Cll. 4C 

17 51 53.67 
18 01 01. lla 

11 AM 
ff M.88 

l6 18 H.1'1 



 

THE UNITED STATES 00AS1' SUHVlff. 

Obsereation111dth the Gambey mc1·idia11-tra118it, d:i'-l'11nti1:ned. 

Star~. 

,JrLY !>. 

Telescope T(~1:f't8ed-Continued. 

;J4121'." Lalarnlc ---· 

110 Jlt•r1·uli~ 

:~;;r~o.i Lahuale 

r 

w 
(ili2 I 

4 • 

fl' 

,,_\quila• ----. 

L~Ta· 

L,vrw __ 

A11nilm 
L_\.Tll' 

Aqnlla" 

Cvg;nL. _ 
Gy)!;:ui __ 

Un,.e~inori8 ..............•.. 

Ur~re Minoris .......•........ 

.Tl LY 10. 

Telc"!Jeope, dirc<"t. 

70 Bcrc11 lis .. 

7:1 lkrculi• .•.. _ .. 

G:J1i.:'1 B. A. C ...•....... ---- ...•. - • - .. -· -- · 

JI o Ht>rculis . _ .. 
:J5003 La.lautle. __ . __ ... 

Lyrro ...........•...... .. : ..... ... ··· ............ . 
Aqnilm .••......••..•.......... 

Telescope ret•e1·scd. 

6524 ll. A. C--·· .... ···· ····-· -····· ·-··--· ·--· 
Aquil"'·--······-···-·· 

4 Cygni ...•.. ------ ...•.. ·-· · -----· 

f:J 1 Cyiini ······ -----
0 (iygni .......... --· - -- ...•. - ... ----- - - -· ------ ---- -

672>' B.A.C ..... ·······-········· ················-···· 
J-4 Cygni ...........•......•.......•. ·············· 
)" Ac1nihc ·-·-·····-·· ·-··:· ..•..................•... 

Aquilie ........ . .......................... __ _ 

f:J Ac1nilro.-··---··-·······-·--······················ 

68.'>7 B.A.C·-······ ·····-··--······-·-····-···-······-
68a2 B..A.0 .............. -··-·······-··-····-·····-··-· 
17 Vulpeculre. --· .. _ ........ --- . -· ................ . 

Tele<cope direct. 

oh.-..u·n:d time 
of pati~flg-1'. 

h. 'Ul. .s. 
1~ 2:.! i,iG. 43 

40 :3:1. 1:2 

4:~ ::J8. r-7 

1~ si ~:.!. 2n 

]l" f,f) 34 04 

1 ~~ O:~ Ofi. 6!-1 

07 14 17 

l~ 11. ~l 

15 o:~. ~.J 

10 2.}. l4 

:.21 J;}, :10 

2;) JG. :-H) 

ll_l ;,;~ 2~J. 7 

17 1.:-1 4-t. '.,!;'"1 

17 11'.'1 :>I (i;) ; 

l.~ 3~ !"")t". ti7 '. 

40 15. ']8 

43 12. 55 

54 16. QI-) 

ltl 5!1 38. 15 

19 14 4~. fi i 
19 09. 6~ 

21 :u 44 

25 40. 50 

52. 68 

32 3;;_ 12 

3;) 2:1. 26 

40 li. 4:1 

44 30.28 

4!J O:l.49 

52 54.15 

19 56 26. 30 

l!O 01 30.35 

L 

.. 
-I O. ll i 

. 07 

.0.) 

·+ !L iJt--

I U. OG 

. o

. o~ 

.11;) 

. OP 

.(11 

. 0" 

i 0. Oi 

i ~.:. 

. o. 0:-

, 09 

. 1~ 

. 0, 

. 09 

.II 

+o. o; 

-+O. 011 

.0:? 

. ]~ ' 

. 06 

• 07 

, 10 

. 10 

• U4 

. 03 
• 1)3 

• 09 

. 0(i 

+u. ori 

T. 

.. 
Oti. ;11 

3~. 19 

:J~. :q 

.14. IO 

(l(i. ii : 

H. ~5 

11. ~(I 

0'.L :1:~ 

-2.i. })'I 

:n. i4 

:.~. w 
l;"i_ t<tl 

1~. 60 

JU.17 

:1~. 2~ ' 

48. !"Kl 

Ofl. 10 

~m. 5t\ 

40. 56 

r-2. 7t) 

:35. 2-2 

~:l 3fi 

17. 4!1 

3!'. 31 

o~. 5!J 

:i.a. 24 

26. 35 

30. 41 

.\, ('1'-

s. 
4~i ';"; -::!(I. °7.f -i!U. , ..... 

--Hi 1(1 

5:). 4(1 

.'JO. 4:) 

.1:t -Hi 

O!. (,'..,? 

:J-1.fil 

111.:1 

!0.3 

. fi7 

~o. i ;- : 

. ~: 

. iO 

,(i'.l 

. (j ~I 

C!l 

,(i· 

.ti-

-'.W.iJ .... 

:ri. 71 -(H. fr.! ~ - 4. ill 

4'7". Oi . f!7 , ill 

~:L !12 • Fi . GH 

11. l!I 

U~. U6 

.6i 

.51 

6!l 

. 6~) 

l I. :n . t"O . Gt< 

43. :JO 

Ol. 'il 

:H:.liti 

33. 5~• 

47. 84 

30.24 

lt".66 

12. 47 

34.3~ 

03. 57 

49. 21 

21.34 

2'.l. 42 

- :i.O(i I 

- 4.!9 i 

• !lO 

. !Ji 

• f-H 

' ~" 
4. j1 

-- 5. ()::.! 

- 4.!.Jfl 

• 1)5 

- 4.97 

- 5.02 

- -4.~l!I 

- 4. ~li 

• ~H_f 

• ~l(j 

• PG 

.911 

.!.l3 

. !)5 

• 9.:-1 

4.1J5 

~17 

i Olll'lu1h•1l L\ ]fp, 

Al:. 

h m . 
lt: :ll .:1.-·. t:l 

4U l l. :i:! 

~.~ Uti. OH 

k ;;-1 1 .. -:l'.l 

k :.!~ :1:t -:11) 

1~ j u-z 4ii. {"'j 

l)ij :-1:J ... )i; 

11 ~O. ;,7 

II fl.~4 

l'.1 UL {JU 

:!l :H.'iD 

1-; 1;=-; :m. ti'.~ 

17 1:- .ii. Oct 

1~ :r) ;,-1. w 
40 11. 1; 

4:l 07. 91 

54 11. 4~1 

lt:l .JH :.ti. ;14 

1[l H. 43. !>H 

l~l CJ.I. i:! 

21 :H. 5~1 

2:i :J5. 5\l 

:w 47. 7~f 

3:! 30. =.!li 

:t• lt'. 40 

40 l:.!:. !"13 

.;J.:J ;JI. :l.J 

49 O:l. :i7 

19 56 2l.41 

20 01 2,j. 4ti 

32 Vulpecnlro .... ·- -·--·· ---· ·-· .... 20 49 12. 74 

52 30. 64 

20 57 32. 97 

21 01 16. 38 

04 13. 52 

07 35. 84 

12 29. 78 

-;-0. 12 

. 15 

.15 

.15 

. 09 

. 13 

12. 86 

~iO. 7B 

3:1. 1~ 

Ht 53 

08. 27 - 4. j}I 4. -(),) I ~It -t9 Ot!. i!l 

Cy!(lli.-·-· ·--· ·-- .. ·-· ·-· ·--- .... -·- ... ·----· ·-·-
7313 B.A.C.·-···-······ ... ··-·······-·-··--··--·····-
61 Cyi:ni. ......•............ -·-. - .................... . 

y Eqnulel. •. ·--····. ·-· ... --·· ··-· ................ . 
( Cygni ..•.......... -·· ·-- .. ·-· ···· .. ·--- · · ··-· ··-·· 

" Cygni..·-···-··:···:·········-···---···-·---····-· 
751'.14 Jl.A.0 .••.•••.••••••...•.•••.•... ---·-··---····· 

JUL>: ~0. 

Tel""""P• direct. 

318.U Lalande 
I>. Hereulis- .....•. ·- ....... ·····-- ··-··-. ---·. 

" Ophinchi ··········-······-··········--······ 
79 Heroulia. ··················-······--·············· 
/1 Opbiuehi. .• -·-·-·············· ·······-······ 

H. Ex. 100--28 

21 25 03.6 

17 22 19. 49 

25 43. 13 

29 01!.!IO 

:12 23. 98 

17 37 18. 34 

+o. 15 

+l.5 

+o. oo 
. 06 

. 05 
• 06 

+o. o4 

13. 61 

35, tl7 i 
~N.!1:3 

05. 1 

19. :!7 

4:1. rn 
OF'.95 

24.04 

18.38 

21:1. 16 i 

2~- 4B ; 

11. 81 . i" 
08.9;J . f)~ 

31. 2i< : . ~9 

2'.32: - 4. lil 

~9. 5 

h.Hi 

:J5. 7" 

01. 40 

l•t 62 
10. 81 

- 7. 41 

. 41 

. 42 

-7.5"; 

-4-.(i:") 

- i.47 

• 47 

• .iti ~ 

• 46 i 

-':'.46 I 

J:.; 2li. l+ 

2tl ;J"j 2~. 4 7 

21 01 IL "b 

04 flt<. HU 

07 31. 3~ 

1 i 22 12. IO 

2fl 01. 4!J 

32 16.58 

17 37 10. ~~ 



 

218 REPOliT OF THE SUPERINTENDENT OF 

Ubseri-ations 11:ith tlie Gambey meridian-transit, &c.-Continued. 

Stars. 

------ I 
Observed time 

of pas~age. 

Juu 20. I' 

Telescope direct-Continued, h. m. s. 

I' 

A 

llerculio .......................... ·-···········.·.--,!Ill 17 41 36.21 
32628 Lalamle .. . . . . . . . . . . . . . .. . . . . . .. ... . .•. ... 44 55. 86 

60011 B.A.C............................................ 17 48 04.13 

Tele8cope rerenul. 

Herculis ... . ... . ... ... ..•. ... . . lll 07 14. 73 

6203 B. A.C.. .......... .... . .......... ! 11 49.50 

106 Herculie·-- ___ .·-- ... _ 

109 Ilcreulis ................. . 
34128 Lalande .•...•............ 

· 34;!19 Lalande ..•.......•.••..................... 
34415 Lalande ..........•................................ 
35005 Lalande .............. . 

13 

"' :r 
l 

19 

Lyrro ................. . 
Lyrre ........................ . 

Lyrw -·····-······-····· ... --···-······· 
Aquiloo .•......••................................ 

Lyrm .............................•.............. 
Lyne .............................. ---·········· 
Aquiloo .•.•••...•...•.................••........•. 

Urstc Minoris ...•...•............................. 

Teles< ope direct. 

15 02. 60 

18. 24. 33 

Ill 53.38 
26 27. ()4 

29 14. 12 

43 15. 60 

45 30. ~9 
49 25. 07 

54 18.98 

18 59 41.07 

19 02 5:l. 14 

07 01.12 

11 58. 20 

19 53 17.7 

Urare Minoris...... ... ........... ... ........... 19 53 15. 7 

Equulei ........•............................. 1· 21 04 16.39' 

Cygnl.. ..................•....................• i 07 38.52 

Cygni. ..•.... ················ ····················1' 1126 3192 .. ::! 
1 Pegaol. .••. .... .... .. . . .. . . ....... ... .... ......... ,.., 
7444 B. A. C ............................................ 

1

1 19 O-l.20 
70 Cygni ............................... ....... ...... 22 17.20 

11 Aqnarii .......... ;................................ 24 58.35 

p C;·gni ........................................... . 

f} 

96 

98 

JULY 21. 

Telll"'°Pt direct. 

H"rculls ............ . 

Hercolis ·---- .•... 
Herculis ............ . 

34422 Lalande ..................................... . 
A Herculis ........... -- .......•...•......•........ __ 
6203 B.A.C ............................................ . 

106 Hereulls ......................................... . 

109 Hercnlis ....................... . 

Telat:Ope rwttaetL 

Vega ...... ···········-···· ...................... .. 
6365 B.A.C ........................................... . 
110 Herculie ............................ , .......... . 
350© Lalande .......................................... , 

~· ~= ::::::::: ::::::::::::::::::::::::::::~:: ::::::! 
f .A.quiloo ........................................... . 

19 LyJ'l!l ................ · ......... ••••· ........... ••· 

., Aqui&e -··-·· ...................... ---·----· - ····-· 
66114 LyJ110 ............................................ . 

Aquil.le .......................................... . 

4 Cygni. -···· ........... -·· .•••••..•••..••..••..•.... 
flt Cygnl ............................................. . 
9 Cytrni ............................................ . 
A Urem lllnorla ..................................... . 

21 29 19.36 

17 52 01. 03 

17 57 O;J. 91 

18 Oil 47. 64 

03 46. 71 

07 i4. :lO 

11 49. 16 

15 02.16 
18 18 23. 85 

18 32 45. 64 

36 01. 13 

40 18. 37 

43 15.12 

45 30.50 

49 24. 50 
54 18. :;i 

18 59 40.80 

19 07 oo. 61 

11 57.67 
14 50.65 
19 11.99 

!11 41. 83 

ll5 f!I. 87 
!!9 55. 00 

19 53 1!1.1 

I. I T. ; A,. i c.. I -1-:--: 
. ! I ~ ~ ~ ~ .. 

+o. 01 36. 2s 28. 82 - 1. 46 : - 7.46 

• 45 

- 7.45 
. 05 

+o. 08 

+0.07 

.08 

• r6 

.06 

. 04 

• 05 

• 08 

. 07 

• 07 

.07 

.05 

. 07 

• 07 

+0.05 

+2.0 

+1.5 
+0.08 

• 09 

• IO 

• 08 

.09 

.10 

,07 
+0.11 

+o. oo. 
• 00 

. 05 

.06 
• 07 

.07 

• 06 

+o. oo 

+o. OD 
.09 

. 07 

.06 

.OS 

.08 

.OS 

.07 

.08 

.1)7 

.09 

.06 

.09 

.08 
+0.09 
+Lii 

55. 91 48. 39 I . 5~ i 
04. 21 56.831 - 7. 38 : 

14. 80 

49.58 

02.66 

24.39 

53.4'2 

27.09 : 
14.20 

l!>. 64 

30.96 

25.14 
19. 05 

41.12 

:13. 81 

01. rn 
58.25 
19. 7 

17.2 
16. 47 

38. 61 

32. 74 

19. 31 

02. 29 

17.38 

58. 42 

19.47 

01.09 

03. 97 

47. ti9 

46. 7'l 

H.37 

-19.113 
0-2. !12 

fla. Ill 

45. 73 
01. 2'.I 

18. 44 

15. 18 

30. 58 

24.118 
18. 5ll 

40.87 
00.69 
57.74 

00. 74 

12.05 
41.951 

ft.95 
16.08 
13.. 

i I 
01. 14 , - 1. 66 I - 7.73 

4t. 92 . 66 I • 73 

~:: ::: 11 

45. 79 . 63 

• 73 

. 72 

. 72 

. 72 19.28 .811 
06.30 .90, • 71 

. 71 

. 71 

. 70 

.70 

. 70 
• 69 

. ti9 

08.00 • 58 
23.27 . 69 

17. 3'! . 76 

11. 37 • 68 

33.56 • 56 

46.13 • 6~ 

53. 51 • 68 

50.50 - 7. 75 - 7.69 

oe.4 

08.4 
08.94 

31.29 

25.33 

11. 9{) 

54.98 

10.!U 
51.17 

12.16 

53. 751 
56. 73 

40.39 
39.4' 

07.13 

41.91 

54.96 

16. 41> 

38.33 

53..91 

11.19 

08.06 
23.26 

17.37 

11.ll1 

33. !56 
53.51 
50.51 

43.5& 

o&.71 
34.1111 
35. llO 

-17.84 
Gll.O 

- 7.5J - 7.35 

.3~ .:is 

• 41 • 34 

.41 .34 

.31 .34 

.14 .34 

• 25 .33 

- 7.31 - 7.33 

-7.34 
.24 
.30 

.33 

.24 

• 3ll 

.26 

-1.d 

- 7.31 

• 31 

• 31 

• 31 
.31 

. 31 

. 31 

- 7.31 

- 7.40 - 7.26 
.lU .Jiii 

.25 .!16 

.l! .!Ml 

• 3!I • llll 
• 21 .Jiii 
.22 .Jiii 

.JI . !16 

• 18 .1111 
• 113 .1111 
.2f .Jiii 
.33 .ll6 
.llll .llll 
.35 ... 

-7.114 -7.116 

on.,Jndecl A.pp. 
AR. 

h. m. •· 
17 •41 28. 82 

44 48.46 

17 47 5&. 76 

18 07 07. 07 

1l 41. 85 

u 54.93 

18 16. 67 

21 45. 70 

26 19.37 

29 06. 49 

43 07. 93 

45 23.25 

49 17. 44 

54 11.35 

18 59 33. 42 

19 02 46.12 

06 53. 50 

19 11 50. !ill 

21 o-& 09. rn 
07 31. 26 

12 25. 40 

16 11.97 
18 M.95 
22 10.04 

!M 51.09 

21 29 12. H 

17 51 53. 78 

17 56 56. 66 

18 00 40. 38 

03 39. 48 

07 07. 06 

ll 41. 9!l 

14 Sl.91 
18 16 16.60 

16 lli 38. 41 

3:1 :13. !ICi 
40 11.18 

c 07.911 

45 113. 311 

4!J 11'. 32 

M 11.33 
18 :Ill 33.Gl 

111 00 53. 43 

11 50,-18 

u 43.48 
11 ot.111 
lll 34.86 

15 35.1111 
11 fll 47.1!11 



 

THE UNITRD ST.ATES COAS1' SUl~VEY. 

Observations with the Uambey meridian-transit, d;c.-Coutinuetl. 

Stars. 

JULY 21. 

TeleBCOJUJ direct. 

A Ursre Minoris-·-···-··--· ......................... . 
32 V11lp€cnhe ...•.•...•..•.•.•••.............•.....•.. 

C.vgni ................................................. . 
7313 B. A. C ....••.........••.•..•......•............... 

61 Cygni. .......•.....................•.....•..••... 

y Eq_uul6i •••.....•...••..•.•..•••......••...•..•••• 
' Cygni ....•......................•........•..•.... 

Cygui. •...•.......••......•..•..•............•..•. 
1 Pego.si ....•.....•...•..•...•...........•..•..•.... 

1:1 Aqnarii .•....... ....... . ..•................. 

6 

96 

9~ 

JULY l!-2. 

Tllucop• direct. 

Reroulis ...........••..•.•••.•............•.•..... 
Ilerculis ............................................ . 
Herculis. 

Observed time : 
or passage. ' 

h. rn. IJ, 

19 53 14. 8 

20 49 15. 48 

52 33. 49 

20 57 35. 70 

21 01 19. 14 

04 16.21' 
07 :i.l. 49 ' 

12 3:1, 51 I 
16 19. l!l i 

21 24 58. 38 ' 

l7 52 00. 97 

17 57 03, 79 

l~ IX! 47. 51 

334!12 Lalande . . . . . • • . . • • . . • . . • • . . • . . . . . • • . . . • • . . • • . . • . . . 03 46. 52 

A Berculis. .•..•. ...••. .•... .••. .....•..... .. .. .... 16 07 ll. 24 

1eltscope r<l!er•ed. 

34128 r,a!ande .......•.•..••••..........•...........•.... 

6365· B. A. C .••.•••.•••.•...•••.•••.•.••....••..••..•.•. 

110 Herculis ..•...•....•...••.•...•.•.•....••••••..... 
35005 L&lan de ................•...•.••..•.....•.........• 
{J Lyrai .•••••.••..•....•........•..•....•..•...•..• 

Lyrai ..•••..........••......••......•..•..•...•.•. 

Lyr1e ..•.........................•.....•...•....•. 

Aqailre .••........••........••..•..•..•..••..•.•. 

.A.qi.ii"' .•.•.•••••.•..•.•••••••••.••••...•.••..•••• 
66\M B. A.C .•........•........••.•......••.•..•....•. 

~ Aqullai ...•...•• : •..•....•.•..•.....••.•.••..•••. 

4 Cygnl. ....•.•....•..•.•.••. ··••·· ···••· ····•· ····· 
flt Cyg11i. ..............•.............•.....•......... 

P Cygni. ••..• ···••• ..•...•....••..•.•...•...•...•. 

A Ursm Minoris ................ ~-·-··-··-······-···-·· 

Tolucope diroct. 

A Ursro Minoris ............. -- .. - --- .... --- . - - --- .. -- -
7313 ll, A. C .........•••...•..•.....••.•.........•...•.. 

fil Cygni. ••...•..••.....••....•.•••..•.....•..•...•.. 
t Equulei ...••..•••..•••.•..•. , ................... . 
l Cygni. .•...••...•.•..••.••••..•••.•.•.•••..•....•. 
a Cygni. .•..........•..•..••••..•.•...••.•..••...•.. 

J!egasl ..•...••..•.•....•... · · .••. ·-···· •·· · ·· · ·· ·· · 
fl Aquaril. •..••..••.•...•...••...•..•............... 
y Aquarii. •............•.....•..••..••..•.•...••.... 

• Aqnarii ..•..•••.•.•..•..•.••••••..•..•......••.... 

e Pegaal .••••••••••••..••••.••••••..•......•..•..... 
C 2dlimb ..•....•...........••..•................... 

18 21 52. 69 

36 01. 00 

40 18. 27 

43 15. 01 

45 30. 33 

49 114. ffi i 
54 1s. 43 I 

ls 59 •o. 69 1 

19 11 :-1. 01 \ 
14 50. 4; ' 

19 II. 8'l I 
~l 41.65\ 
25 42. 64 I 

I 
119 54. 8~ I 

19 53 II. 9 i 
I 

20. 1 I 
a.;_ 53 l 
19.031 

04 16. 09 I 
07 38.47 i 
12 32. 48 I 
16 19. 01 I 

19 5:1 

20 57 

21 01 

21 24 ~-2~ i 

22 19 11. 57 ! 
28 55.671 
35 13.5".l I 

2:1 41 os. 30 I 

I. 

.. 
+1.0 

+o. 09 

. II 

. 10 

.10 

. Oo ; 

.10 

• LO 

.09 

+0.07 

+0.07 

.08 

. 08 

.07 

+0.08 

+0.01 

.11 

.08 

.OT 

.Oii 

.09 

.09 

.08 

.08 

.11 

.07 

.10 

.09 

+0.09 

+1.5 

+2.6 

+0.161 
.16 

. 12 ' 

.14 

.16 
.13 

.10 

. ll 

.11 
.I>? 

+0.09 

T. 

.. 
15. 8 

15. 57 

3.L60 

35. 80 

19.24 

lri. 29 

3-1. 59 

32. 67 

19. 27 

5~. 45 

01.04 

O:J. !l7 

47. 59 

"6.51t 

14. :1t 

52.. 76 

01.11 

18.3:; 

15.0M 

30.42 

>!4.55 

l~.52 

40. 77 

57. 75 

50. 58 

11. 89 

41. 75 

4:!. 73 

51. 91 

l:J. 0 

23.3 

35.69 

19.19 

16.21 

3!'. 61 

32. 64 

rn. 20 

58. 3'J 

1L68 

55. 78 

l::S. 6-1 

O~. 3Y 

s. 
08. 0 

O:!.:lll 

26.18 ' 

2!l.50 

11. 84 

Oe.96 

31. :n 
25.35 

11. 92 

51. IB 

53. 74 

56. 7~ 

40.38 

:!9. 43 

07. 12 

45. 78 i 
53. YO . 

11. l<' 

08. 06 

~3. 26 

17. 37 

11. 36 

33. 56 

50. 51 

4:J. 49 

04. 72 

:u. 66 

35.60 

47. "9 

07. 7 

c •. 

.. 
-i.~tt 

. 42 

• 30 

• 40 

.:l:! 

. :a; 

.32 

• 35 

-7.27 

-7.30 

. 19 

.21 

. 16 

-7.20 

-6.9!l 

-7.21 

.17 

.02 ; 

.lti 

.18 

.16 

.21 

. 24 

• OY 
.17 I 

• 09 ' 

• 13 

-7.06' 

07. 7 : .•••••.•. ; 

2i'. 91 -7. I~ ' 

11. e9 . 34 

tJ8. 97 . 24 

31. :1~' .2!f 

25. 3li .21' 

JI. 9:1 . 27 

51. 20 : . ·~ j 

01. 55 • 13 

4-~. 4~1 . 2H 

06. 41 -7. 27 

219 

C'r-
C()nclnci:Pd .App. 

.d.R. 

8 • 

.:l:l 

.3:1 

.:i:i 

.a:i 

.:n 

.33 

.;J3 

-·7.;H 

-7.:.!U 

.20 

.211 
• 20 

-7.:.!0 

-7.12 

.12 

.H 

. :2 i 

. 13 : 

. 13 

'13' 

.n 
• l:J 

• 13 

. 14 

.14 • 

• 14 • 

-7.14 

-7.z: 
. ~3 

.~:1 

. 24 

• 2.J: 

.:.!f1 

ft. m. s . 

20 49 08. 24 

52 2f.. 2'7 

20 :-17 28. 47 

21 01 11. lll 

04 Cl2. !W 

07 :JI. 2~ 

l~ :l5. :14 

Hi 11. H4 

21 24 ~J. 12 

17 51 5:t i-:4 

17 56 .'Hi. 57 

18 00 40. 3, 

03 :E). 39 

18 Oi Oi.12 

18 21 4o. 64 

35 53. 9!1 

4-0 11. 23 

<f3 07.96 

45 23. 29 

49 17. 4., 

54 It. :lY 

hl 59 3:1. f>4 

19 11 50. G:.? 

14 4::. 49 

Ht 04. 7!~ 

21 31. GI 

'25 35.5!) 

19 29 47. 77 

20 57 2t'. 46 

21 01 11. 9G 

04 08. !ld 

07 31. :lt< 

12 :l5. 4.tJ 

lfi ll.lJ6 

21 24 ;,i. o~ 

2'.l 1!• OJ.4:J 

2~ 41:<. ;:.:i 
3!J Oti. ;:m 

~ 41 ()1.14 



 

220 H.EPOH'l' OF THE SUPELUNTENDENT OF 

LOXGJTJTD~; !'ARIS AND BREST. 

Tablf> of clock-1'orn',ctioIJs arnl bourl;y rates at Paris. 

Date. 

1~72. 

• July 

19 

:i.lO 

21 

(lnly •>-) 

h. m. 
18 07 

17 13 

18 33 

n 21 

18 o;, : 
19 38 : 

: 
10 05; 

lD 22 I 

Ia 49 

8. 

-10. 93 

27. 38 

17. 98 

20. 59 ! 

20. ~2 I 

4. s1 I 
1. 55 I 

1. 2D : 

- 7.18 

. . 
+o. 024 

• 066 

+o. O!O 

-0. 016 

+o. 059 

. 015 

+o. 032 

-O.OD7 

-0. 011 

"'The hourly rate is tlerin~d from tho olaerva,tion.:i wade at the be.ginning and close of c.acb night1.g work, the instrument beiing in the same 
position. 

0/Jsercations 1l'itlt the GambC!J mendian-tran81'.t and the i11or8e-Digney chronograph for tke determina
tion of the dz"f!erenee <!/" per8ona1 equation bet1ceen 11fe.~.~r8. Blake and Folain. 

Stars. 

1'elesaJpc rri·erxrd. 

:12628 Lalande .. _, ..... ····-···--- ...... . 

96 

9'3 

Hercnlis ·-----··-···-·······-······ 
Ilerculis ....... ·----
Hercnlis ....•.... _. 

:l:l422 Lalande ....... . 

.A Herculis ............. ----·- .•................ _. __ . 
Ur-sn~ Minoris 

Vl'g"R. 

6:W5 B. A.C .............................. . 

UO Ilt•rcuHs ..... . 
fl Lym· .•... · ..... . 

I .. yrre .... __ .•.................... 

Lyra• .... .. 
Aquila> ... . 

Aquil~---

A<111ila; ..•. 

G,vg-ni .. --· 
Aquila: ........ . 
Ur.Mm Mitwri~----- ..•...•..•..•............. 

7Wtsc{lpe ret•trsed. 

Urmc Mirmri8 .. --·· 
Cyi:ni. .............. . 

6!'96 B.A.C ................ . 

r CJ gni. .............. - . 
Dulphiui. ........ . 
Delpbini ••. . .• . . . .. .... . ......... - .. 
Cygni............. . ................ . 

Cygui. ......... - .............. . 

A vaus·r 17, 1872. 

1'elPICOfJe revws.ed. 

61!()3 ll..A. C ..... . 

100 llerculis ...... . 

Oh!'ot,ri;·ed time 
of passage. 

h. 1n. .. 
17 45 15. 73 I 

:12 21. 0:1 i 
17 ;37 2-i. 06 i 
180107.67! 

04 06. 75 

07 34. 53 

18 14 12. 9 

IS 33 05. 3e 

:rn !:!t.20 

.\•) 3<'. 43 

45 50. 40 . 

49 44. 44 i 
11:3 54 38. 4!) i 
l!J 00 00. !13 : 

12 17. 97 ' 

rn 32. 1e 
2(l 02. !Iii 

40 40. 00 

19 5;1 17. 8 

l!l 53 15. 7 

20 10 06. O:J 

14 01.84 

18 OB. O>l 

21 3•.uB 

34 11. 30 

37 33. !'9 

20 41 31. 54 

18 12 09. 83 

15 22. 99 

109 Hercu1is ...•.......•............. --- ........•... 1 18 -t4.!l.5 

:11128 Lalande ....••..••... ·······-······· .............. 1 18 22 13.73 

I. 
I I 

C/ ,'Concluded App. 
T. A.. C,. " I AR. 

: ' ' 
---i---:------~i---1-----

8· J •· i •· •· I B. I h. in. s. 
+o. 01 l 15. 74 I' 48.17 -21. 57 1

1
- -21. 62 : 17 44 4e. 12 

. 04 , 21. 07 I 5:l. 40 . 67 I . 62 j 51 53. 45 

. 02 ~4. 09 I s6. 50 . 58 I . 63 i 11 56 56. 4.3 

. 02 : 07. 69 I 40. 16 . 5~ I . 63 ' 18 00 4U. 06 

. 05 06. 80 i 39. 05 . 79 '1 . 631' ()~ 39. 17 
+ o. 03 34. 9li \ 06. 86 -27. 70 -27. 63 18 01 06. 93 

+1.2 14.1 _

1 

45.3 ·----···- i r--·-· 
-co. 14 05. 52 ' 38. 00 -27. 46 i -27. 49 I lB '12 38. 03 

21. 34 i 5.1. li5 . 69 I . 49 : 35 5:1. P5 . 14 

.OH 

.12 

.13' 

.12 ' 

.08: 

.07. 

.00' 

. ll 

+0.07 i 
+5. 2 

-t :1.6 . 
-j-0.0H: 

.06 

. 07 

+o. O!J 

+0.04. 

. o-i 

.02 

+0.01: 

38. 52 I ii. ro . . 47 1 . 49 i 40 11. 0:1 

50. 52 I 2.1. 06 .· 4461 l,i • 50 I 4;; 23. 02 
-w. 07 i 17. JG . 50 : 49 17. 07 

3e. 61 I 11. 20 • 41 t . 51 ! 54 11. 10 

01.Ul !J:l.4~ .5:l .51 ! l~ 59 3:J.50 

lB. 04 50. 46 . 58 ! .. -~22 Ii 19 11 50. 52 
32. ~4 04i. 72 • 52 ! ';. 1!) 04. 7~ 
03. ou a5.5a' .53 j . 53 

1 
25 a:;. ri-:1 

~~:~7 ~::~2 -27.55 \--~~~--~~ \·--'.~--~~--'.2.f>3 

~~:~1 ::~ '--~;;_·~~L~~~;~ !--~--~~·-;;_·;,; 
04. !JO 37. OA • 8'2 j . 71 1:1 37. l!l 

OB. 14 40. ll'.l • lli! i • . 72 17 40. 4~ 
35. 70 07. 98 . 7)! i . 72 27 07. ~8 
11. 32 43. 13 . 59 t . 72 3.1 43. 60 

33. u1; 06. 30 . 66 I . n 37 oo. 23 

u. ~ .. ~ . .,I ~.n ~ .. ~· 

09. 87 4 L 53 -28.. ~ 
1
, -28. 18 H' 11 41. 69 

2'J. Ol 54. 76 ~ .1~ 14 54. !!3 

44. s1 1 16. ll9 . 28 I . 1e 18 111. :w 
13. 1• 45. 65 -28. 09 I -ta. is 18 ~1 a oo 



 

THE UNI'rED STATES COAST SUHVI'.:Y. 221 

Observations with the fhrntbey mcridicin-tra11Nit anrl the .llorNe-J>ig11c.1J cl1ro11oymph, ch:.-C011ti11ued. 

StarR. 

.Al7Gt.:6T 17, 11372. 

1'elcs<',ope r"CVf31"8C-d-Continucr1. 

:J4:H!J I .. alande .....•........................ 

3H75 Lalando ........•..••. __ .............. . 

B 
51 

y 

I: 

19 

w 

li624 

51 

Yega .............................. . 

L::n<c 
I,sn~~ 

Lyra· 

Tclc • .-.,copc direcL 

..AJ\llill-P -----· ...• 

Lsr·a• ···--·-----· 
L_yrm .•••••...... 
,.Aquilm .•.•.•...... 

B.A.C .................... .. 

Aqnila_,, ------
C:ygui ..••...•..........•. 

C_ygni ..•..............•...•.•.......... 

Ursa' Minoris ..•..•....... 

Telescope reversed . 

Ursre Minoril'l ................. . 
CyA"ni ..•.••...••..••.....••...•...•.. 

6'fl96 I~alande .•...•......•. 

y C.ygni. ............. . 

Delphini ......... ---· - ... -- ......... -·-· ......... . 

Delphini ..•..•...................•............... .. Cygni ........•...•...•........................ 

Telescope Teverscd-. 

0 Horculis .............................. . 

OlHH'r\·1·d timt• 
of paRsa~e. 

It. m. 
1 .. ~u 47. a: 

.J::l 4J. :-r; 
l"" !J-! :J!I. 4!i 

Hi 0(1 Ol. 7H 

o:i i.i. 11 

1'.! l}.i. 7;2 

}:-1 11. .'">1" 

1 ~l :3:'. o:~ 

2J O:J. 73 

;;1:; o:i. i~l 
lH 5:1 HI. t': 

1n 53 1~. i 

20 JO OC. 2G 

14 O."i. 17 

11' 08. 36 

27 ~{i. 2:~ 

:14 11.!l:J 

20 :17 34. 54 

17 52 22. 48 

lf erm1lis ...•...•...•.....••.•. - ...•.. - . . . . . . 17 J7 2~"i. JO 

Herculis ...... -···---····-·--··-·········--······· lt: 01 09.lt! 
A Horcul1s ..................................... . 
S Ur~ Minoris .................. . 
J09 Ilerculis .............. __ .......• ___ ... _ ........... . 

341:!8 Ldandu .•..•..............•.....•......... 

34319 Lalande .•......•......•. 

{J• 
JI 

r 
: 

w 

66~4 

{JI 

A 
.,, 
6996 

A 

.. 
a 

Tdescope dfree.t. 

L}'fil' .••...•••..••••.•••..•...••........... 

L.rrro ............................................ -
Lyrm 

Aqoilu~ ··············-····-··.····-····- .... 
Lyne ........................... . 

I~:yr~u ...... --- . .• : ...... - .......... . 
Aqnilm .•.....••...•..•....................... 
Jl.A.C .. . ................ . 

..Aquihe ·-··········-···-·--··-
Cygni. ................•........ 

Cy11:ni ........................................... .. 

Ursm Minoris .••.....•...••..•..••..•••............ : 

Tele.srope Teversed. i 
Ursro Minoris .•..•••..•.•••.••.............•....... ! 

I 
Cygni. .•..••..••.•.•.••.....•.•......•.......•.... I 
B. A. C .............................. ·• · ···· - · · · · · · · i 

Cygni .••. ·••·•• ..•... ••·•••·•·•· --- .............. ··I 

~~~~~:-~~~:_:~:: ::: :::: :::: ::::::::::: :::: :: ::::::I 

Oi :i.l. ff; 

14 12.2 

lt3 45. 52 

2~ 14. 7~ 

]~ 26 4~. 33 

4!) 1:>. nz 
18 .)4 40. o~ , 
HI 00 O·.i. 5·l : 

03 14. 81 

()j 22. 2~ I 

12 )~). 4J 

15 12. rn 
19 33. 72 . 

::2-.! n:t :J7 : 

26 04. 37 : 

1:1 53 10. 4 

rn 5:1 lR. n 
!ZO 10 Oi'. 32 

14 Ofi. lJl 

18 09. 27 

27 37. 17 

34 12. 82 

llO 37 3~. 39 

b. 

-t-0. 01 

• O-t 

--0. 04 

y-0. l!I 

.:!I 

I ~I 

.l.J 

.:,!{) 

• 1 ~f 

. 14 

. i~ 

. i2 

. 20 

-i 0. If' 

_J-0. ~~ 

~-3. n 
+o. Ofi 

. o;. 

. o;) 

• 01 

. 02 

-t (I. Oti 

+o. 05 

• 0:1 

• 0;1 

.-;-.tl. f)J 

i 1. 2 

f 0. 04 

. 01 

-r 0. 02 

• 13 

. 12 

. o~ 

. 13 

.12 

• 07 

. 14 

. 06 

.l:J 

·I 0. 11 

·i·5. 2 

+3. 0 

+o.o:; · 
. 04 

.04 

. oo 

.01 

+0.05 

T. 

8. 

47. <lt

a:1. o4 

on. ':!ti 

4.1. !31"'-

3H. f::i 

01.!1:! 

H. :n 
~l. 'j.-... 

lt:<. ffi 

11. ~o 

3>!-.13 

02. !),) 

m.~:1 

2G. 1 

'21. 1 

06.:12 

(l.J.. ~2 

o~ . ..Jl 
:·m. ~t 
11. ~l;) 

:34-.(iO 

Off. ~l 

~"- 01 

4::.. 5(i 

14. 73 

4t<.:m 

52. 04 

4G.03 

40. 20 

02.60 

14.U4 

':.!:?. :~4 

1!). !iO 

12. ;1:~ 

:.t:~. 71'l 

m.5o 
0-t 48 

15. 6 

21.G 

O"l. ;17 

OG.20 

0!1.:JI 

37.17 . 

12. 8.1 : 
35. 44 

Ci·· c ... 

•. 8. s . 
rn.u 
().i.!JI" --:::1.~li 

Ii. U . ·H . 4:.! 

1 J. l!I . .t !' . -4:.; 

:u . .a~ . .t:, 4•) 

-t:i.:H .:n .·1:.! 

:w . .a11 

4:L :~11 

O.J. 7l 

:{--1. 52 

:Js.5:J 

3..-:_2! 

:li. 07 

w.21 

• 4:.! 

. 4ll 

.:10 

. 44 

. t:l 

-2t'. Of 

. lP 

. 20 

. 4c 

-2;;.-.20 

. 20 

• 2lJ 

Cu1Jcl11d1'd A pp. 
AI: . 

h, ni, •"'· 

1 f.. 4,i 22. ~fl"-

4!• I;. it: 

;\.l 1L'.2:i 

I ~i 0:.! >1:1. ~~1 

()!\ ;.:i. :~1; 

1 i :io. -t-i 

1../ 4:1. ~i...-

1~! ti.L ~ J 

1:J 3i.O~ 

17 411. ~I 

Oi. n:-: . 211 • ~(I ~7 Ot. lH 

43. 73 ' '"' 

Oti. :m '. -2~. '.3(1 

.2ll :u ·t:l. '7;°) 

_;zt). :i-11 , 20 37 Cti. 40 

53.:li -2!J.16 -29.15: 17 51 :J:J.:J~ 

5tl. 4~ 

40. H 

• O:J 

. o; 
.15 

.l;'l 

lHL ~~t ~ -2!1. 1 ~ -2~. 1:1 
! 

lf!. 2j -~9. 21-1 -29. 1.ii 

~.5. 64 j • Ofi • 15 

1!1. 12 -~!l. 2:1 -Zl.15 

2:i. 04 -2!J. 110 -2ft (I~ 

11.l!-!: 

3:1. 47 

45. 93 
;)3, :'i.~l 

;jQ_ 4,J ' 

·t:l.2!1 

.B 
-~·~). 01 

. O.J 

'~·L 7 l -~~I. 0"7 

:J.J • .:11 -:.!~. 1Hl 

52. 4 

.i'l. 4 

38. 2:s 
:n. 01 

40. 21 

0"1. fli-1 

43. 73 

Oli.29 

-::9. u 
. 13 

.10 

.l!J 

.10 

-29.15 

. O:! 

.O:l 

.0:1 

. 0:1 ' 

0·' 

.o" 

. 02 

.l1:1 

, O:l 

-2!•.0:J 

-2!l.l:J 

.t:l 

.1:; 

.1:1 

.J:I 

-29.13 

li:' 00 .JU. mi 

1 :-:,: 07 Ofi. 1"'C 

18 lt' IG.41 

Jt< ·1:t :.?:l. 11:! 

4!1 1i. 11:-1-

;·.4 l l. l"' 

1!) 0:.! J;;. H:l 

OG ;,;i_ 3e 

11 ,'it). 4 ... 

JI 4:1.:lJ 

l!l (It ili 

:!I :l4 . .t,.. 

20 O!l as. :.!:4 

l!J :n. 07 

17 40. 18 

:!7 o~. 01 

:J:l 43. 70 

20 37 06. 31 



 

222 REPORT OF THI<J SUPERINTENDENT OF 

Observatfons with the Gambey meridian-tran.~it aiid the J1.orse-Digney chronograph, d';c.-Coutinuetl. 

Stars. I Observed time 1
1 I \ · Concluded App. i of passage. 1 · T. ! A,. c.. C'p. AR. 

I .., ! 

·1 ········~1-1--1---
AUGVBT 19, 1812. 

Telescop~ reversui. 

96 Hercnlis ___ .. __ . _____________ . _ 

98 Hercnlis. __ ......................... _ ................ . 

A Hercnlis ......................................... . 
6'203 B. A. C .. _ ....................................... . 

109 Herculie ........................................... . 
o Ursre Minari& .. _ ............... ·- ............... . 
34128 Lalande ............................ ---- .......... . 

1 I 
h. m. 8. ' s. I s. I 

17 57 26. 32 I +o. 04 ~6. 361 
180tl0,l31 .041 10.17, 

07 36. 80 . 06 36- 86 

12 11. 52 i . 081 11 60 

18 46. 3:; : +o. os I 46. 40 
14- 12. g ; +L 3 14. 2 

34319 Lalanda .......................... __ .,_ 
22 is. 55 [ +o. 02 \ 15. 57 

....... ·-... li:! 26 49. 18 I + 0. 03

1

. 49. 2l 

~· 
r 
l 

! 
TelMcope direct. 

..•..•......... 18 49 46.811 +0.17 46.98 

Lyrm .... _ ....................................... 18 54 40.90 I .15 
1 

41.14 

Lyne ......... ·- ................. . 

.Aquilre ..................... - • 

Lyr~ ·---------------------------
19 Lyrro ......•.................................. 

Aquilru ..•....... ---·····-·····-········-······-
6624 R.A.C ..• - ................................ . 

•• 
4 . 

/J 
lo. 

A<.1uilro ------ ..................................... . 

Cygni. .... - ..................................... . 
Cygni. ....... ---· ___ .............................. . 
Urem MiDor-is ...••••..•.•••...••...•.....••....... 

Tdeicope reversed. • 

A Ursre Minoris ................... ___ ..•............. 
6696 R.A.C ................. _ ....................... .. 

y Cygni ...... -- ..................................... . 
7048 B. A. C ........................................... .. 

llelphini ........ __ ............ -· ................. . 

Delphini ......................................... . 
Cygnl. ......................... .. 

.AUGUST 20, 1872. 

Teltscope rM1ersed. 

8 Heroulis ........................................ .. 
96 Hercnlis .......................................... . 
A Herculie ... _. ______ ...... ____ ........ _. ___ . ____ .•. , 
6203,~ B. A. C ............................. --- .......... .. 

106 Hercnlia ...................... -- ............. ·-· .. . 
109 Hercnlis,. .... -----· ...... ··------ ........... . 

19 

l' 

o• 

Telescop6 direc!. 

Lyrre .. _ ...................................... .. 

Lyrre ........................................... .. 
Lyrm' ......................................... - ... 
Aquilro ............ ----·· ............. _____ ..... .. 

Lyrm. ----- ...... _ ....... ____ ...... __ ........... .. 

Lyra> ................................... _ ........ . 
Aquilie ......................................... .. 
Aquilm ............................... - ...... .. 

~raro:Minoris.;::~-:~;~. ·······-··········[ 
Cyl(Dl ............................................. ; 

B. A. c. -- ...... -- -- ...... --- .. -·· -- -- . --- ...... -- -· i 
Cygnl. ... ·-·· ............. ·------ ..... - .......... .. 
Deljtbini ........................................ .. 
Delpblni .......................................... . 

Cygni. ............... -- ...... - - · - · -- . - -·· ---·-. --· 

19 oo 03. 40 i . 10 I 0:1. 50 
0:1 15. 54 i 

07 23. 04 i 

12 ~- 26 i 

15 13. 05 II 

19 34. 52 I 

22 04. 12 

26 05.17 

19 5.1 15. 8 

19 53 17. 4 

20 14 07. 10 

18 10. 13 

21 59. 65 

27 38. 07 

34 13. 73 

20 :11 36. 2~ 

17 52 24. 40 

11 51 21. :n 
Id 07 37. 82 

12 12. 56 

15 25. 70 
18 18 47. 27 

18 45 53. 62 

49 47.11 
IS 54 41. 79 

rn oo 04. 4.'l 

03 16. 40 

07 uoo 
40 43. o;; 
45 04. 93 

19 53 17.~ 

20 10 09. 02 
14 08. HJ 

18 11. 07 

27 39.07 

34 U.471· 
lilO 37 37.14 

.171 

.151 

.10 

• 18 i 
• OB I 
. rn I 

+o.14 I 
+6.3 I 

-hJ. 6 I 
+0.06 . 

l5.7l 

23. rn 
20.36 

13.23 

34.60 

04.28 

05. 31 

22.1 

21.0 

07. 16 

06 i 10. 19 

: 061 59. 71 
. 01 38. 08 

• 02 13. 19 

+0.01 

+0.08 

.05 

• 07 

. 08 

.Oti 

+0.0ti 

+0.20 
.22 

.20 

.15 

.21 

.20 

.14 

+0.14 

+6.3 

+0.10 

.09 

.10 

.05 

.051 
+0.10 

36.39 

24.48 

27.42 

37.89 
12.IH 

25. 76 

47.33 

53.82 

47.9J 

41. !19 
04.!;'3 

16. 61 

24.20 

43.19 

~5.07 

24.1 

09.12 
08.19 

11.17 

3!1.12 

14.~ 

37.!U 

.. 
56. 47 

40. 12 

OG. et 
41. 49 

16. ~7 

44. 2 

45.6~ 

19. 11 

17. 11 

11.16 

:13. 46 

45. 91 

r>a. 34 

50. 44 

43.27 

.04. 70 

34. 50 

35. 51 

51. 6 

51. 6 
31. 06 

40.20 

29. 5:'l 

07. 97 

43. 73 

06. !l8 

53. 33 

56. 45 

06. 79 

41. 47 

54. 72 

16.29 

.23. 01 

17.10 

11.15 

33. 45 

45. 90 

53. :l2 

12;49 

34. 36 

50. B 

38.lilO 

37.05 

40.19 

07.97 

43. 72 

-06. ll'l' 

s. 
-29. b9 

-30. 05 

.05 

. 11 

-30.13 

-29. 94 

-30.10 

-29. 87 

-29.98 

-30. 04 
-29. 80 

. 89 

. 92 

. 96 

. 90 

. 78 

-29. eo 

-30.10 

-29. 99 

--30. 18 

. 11 

.02 
--30. 07 

-31.15 

--30. 97 

-31.10 

. 17 I 
. 04 I 

-31. 08 

-30.81 

. 83 

-30. 84 

-31.13 
--30. 71 

. 88 

• 7{) 

-30. 71 

-30. !r2 

-31.H 

-30.9i3 

-31. 15 

--30.80 i 
-30.971 

s. 
-30. 03 

. 03 

-30.01 

-30. 04 

-30.04 

-29. 88 

. es 
• 88 
.99 

• 99 

• 90 

• 90 

-29.00 

-30.08 

.OB 

. 08 

• 08 

.08 

-30.08 

-31.09 

• 09 

• 08 
.08 

.07 

-31.07 

-30. 84 

• 84 

• 84 

• S:I 

.83 

• 83 
• 81 

-30.81 

-31.00 

.00 
--30. 91) 

- 91) 

.98 
-30.118 

h. m . .. 
17 56 56. 33 

18 00 40. H 

07 06. 82 

11 41. 56 

18 1~ 16. 36 

18 26 19. 17 

18 49 47. 10 

54 11. 26 

18 59 33. 62 
19 o~ 45. 82 

06 53.30 

11 50. 47 

14 43. 34 

19 04. 70 

21 34. 38 

19 25 35. 41 

20 13 31. 08 

17 40.11 

21 29. 63 

21 oe.oo 
33 43. 67 

20 37 06.27 

17 51 53. 39 

17 !i6 56. 33 

18 07 06.@l 

18 ll 41. :.cl 

\4 54.!lll 
18 18 16. 26 

18 45 22. 98 
49 17. 09 

54 11. 15 

18 59 33. 7S 
19 00 45. 78 

06 53. 37 

40 12. 38 

19 44 34. 26 

lilO Gil 38.U 

13 37.19 
17 40.18 

ll'l' 08.13 

33 43.M 

1111 37 06.lilll 



 

THE UNITED STATES COAST SUJ~VEY. 

1'ablc of clock-corrections and lwul"ly rates. 

PARIR. 

Observations for persona] equation, Folain- Blake.-Observer, L. F. Folain. 

Date. 

1872. 

Aug. 16 

17 

18 

rn 
20 

Sidereal Correc- Ilmnly 
time. tion. rate.• 

h. m. 
19 10 

19 12 

19 08 
19 12 

10 1l 

.. 
-27.60 

-28.30 

-29. 09 

-29.98 

-30.95 

.. 
-0. 03~ 

-0. 010 

+o. OOE 
-0. 018 

+o. 039 

223 

""The hourly rate is dedneed from the ohservations at the beginning and close of each night's w.ork, Uudnstrument being in tile Rame 

position. 

Observations witlt the Gambey nieridimi-transit for the detenninalion of the dijference of lon[!itude 
betiveen P11ris and Gretnwich. O/Jser1'ations recorded upon a 111.orse-Digney clt1·onograph. 

AUGUST 28, 1872. 

Telescope direct. ! h. m. 8. 

114 l~-1. 48. 5 UrsmMinoris----------------------- ... ! 

34128 Lalande .•.......•..•... '. ....................... . 

34Jl9 J.,alande ........................................... j 

34475 Lalantle .............................. ······ -··· i 
Vega .............................................. ! 

:~15 ~e~~u~;~:::: ::::: ::: :: :::: :: : : : ::::: ::::::: :.·: ::: : :\ 
{J Lyne .............................................. i 

Lyrre •••••• ··---~~~~-~~~~a: ___ .............. 1 

~ ~~!-:·······-··-·-········· ·-·-·-· j 
!· ~~:~ .: : ::: :·::::_::: :: : : :: : ·_: :: :: : :: ::~::: :: : : : : : : : : I 
14 Cygni. ............................................ . 
y Aqoiloo ........................................... . 
>.. UTI11e lllinoris ............................... .. 

>.. 
1 

TeleBccpe direct. 

U......,Minorls 
Lacertm .............. . 

y .Aquarii ................................................. . 
4 Lacerte .......................................... . 
5 Lacertre .......................................... . 
11 Aquarli ......................................... .. 
441152 Lalande ........................................ . 
( Pegaai .... : ....................................... . 

AUGUST 31, 1872. 

T~<IWect. 

8etl4 B. A.C ........................................... . 
J ..t..qnllill ........................................... . 
4 Cygni. .•••. ··•••· ........................... ·--··· 
/11 Cy~! ............................................ . 
9 Cygni ........................................... . 

21 54. 97 ' 

26 28. 631 
29 15. 33 

32 47. 15 

;I() 02. 76 

40 ~o. 10 
18 45 32. 14 

113 54 20. 53 

19 07 02. 87 

11 59. 88 
14 52. 61 

19 14. 26 

21 4;j_ 90 

25 44. 9/l 

29 57. 24 

35 27. 98 

40 1!2.08 

19 52 5Q. 8 

19 52 43. 9 
22 10 34. 91 

15 ]4.52 

19 31. 47 

24 ci 41 

l!8 58. 32 

31 50. 12 

22 35 16. 41 

19 14 56. 95 

19 18. 60 
21 48. 26 

25 49. 33 

19 30 01.65 

8. 

+2. :l 
+0.05 

• 07 

.16 

.15 

.1.5 

.09 

+0.13 

+0.01 
+0.01 
-0.04 

+0.03 
-~.06 

+(1.02 

-0.111 

.oo 
+0.04' 
-0.05 

+6.2 

+8.3 
+o.H 
-0.03 

+0.18 

+0.16 
-0.02 

+0.13 

+0.01 

+o.1s 
.06 
.17 

.13 
+o.14 I 

8. 

50. 8 

55.02 

28. 70 

15. 49 ' 

47.30 : 

02. 91 

20. lH ! 

32.27 

20.54 
02.88 
59. 84 

52.64 

H.20 
43.92 

H.!17 

57. 24 

28. 0-l 

22. 03 

57.0 

51. e 
35.02 

14. 49 

31.65 

23.57 

58.30 

50.25 

16. 42 

57.13 

18.116 

48.~ 

49.46 

01.79 

.. 
40. 8 

45. 5~ 

18. 99 

05. 77 ) 

37.84. 

53.44 
10. !JO 

22. E9 

11. o~ 

53.n 
50. 36 I 

43.13 

Ot. 63 

34. 37 

35.50 

47. 65 ! 

1~. 36 ' 

12. 43 

44. 0 

44. 0 

25. 82 

05. otl i 
2"~ 21i 

14.34 

49. 03 

40. 76 

06. 96 

43.07 

04.1i9 

34. 32 

3.5.35 

47.1111 

-!J.50 

. 71 

. 72 

• 46 

. 47 

.2!1 

-9.38 

-~.52 

. 67 

• 48 

. 51 

• 57 

,:;:; 

. 47 

• 59 

. 66 
-9.60 

-9.20 

• 43 

• 39 

. 23 

.27 

• 49 

- 9.46 

-14.otl 
. 07 

.11 1' 

.11 

-14.19 I 

. . 
-9.5t I 

• i>l 1' 

•. )1 

.so I 

. so 

. 50 I 

-9.50 

-9.58 
• 57 

.57 

• 56 

.51i 

• 56 

. 55 

• 55 

•• 'i4 

- 9.54 

- 9.36 
.36 

.15 

. 35 

. 35 

• 34 

- Y.34 

-14.12 
.12 
.12 

.12 

-14.12 

Concluded App. 
AR. 

1,. m. a. 

18 21 4S. 51 

26 19. 19 

29 05. 98 

32 37. EO 

35 53. 41 

40 10. 69 

18 45 2~. 77 

18 54 IO. 9o 

19 06 53. 31 

11 5'l. 27 

14 43. 08 

rn o~. 64 

21 34. 36 

25 3.\. 42 

29 47. &J 

!l.'i rn. 48 

19 40 12. 49 

22 10 25. 66 

15 05. 1:l 

19 22.30 

24 14. 11-i 
28 48. 9;; 

31 40. 95 

22 35 07. 08 

19 14 43. 01 

19 04. 54 
21 34.31 

25 35. 34 

19 il9 47. 6T 



 

224 HEPORT OF THE SUPERINTENDENT OF 

Obse1Tali'.un~ with the Gtwibey meridian-transit, &c.-Coutinued. 

Stars. 

An:Psr 31, 1~7:i. 

Telt)Jcnpe direct-Contin1tt~1t. 

..Aciuilre 

·p rsll! ::\I inoris 

1/Plescopc f'fl..'er~snl. 

l.Jlniened timr, 
of pa....,saµ:e. l. 

Ti. 1n. s. I!. 

u• 40 20. 4!1 : +o. o~ 
1!J 5:.! ~G.1 -T-7.8 

)... Ur&1·Minoris..--. ! rn 5-:! 4G.3 ,5.1 

o~ Cygni 
fi~HJ-0 n. A. C. 

y Cy~11i ··----· .----· 
7048 l:LA.. C ........ - ... . 

Dclt)hini. ............... -
Delvhini ..... __ . __ .... ~- ___ . __ .. 

CJ;!ni ................ . 

Cygni ................ . 

PcgaRi. 

1;f.l:1 Jl.A.C 

14~ Pe.l,!;asi 

1i' Pe~asi. 

Aqnarii 

4·1:!52 Lahrufo 

PPgaf<li 

Peg:a:;i .. 

Pcga,::ii ..•..•. ··-··················-··· 

Po~aHi 

SEPTJ!:~HlEB 1, 1~7:.l. 

Telt'>JCOJH? dire1•t. 

.A.qniloo ...••.. ----· ..•........ ---·- ...... . 
624 l~.A.C ........••...•........•.•.•........•...• 

A11uiJa, ....•..•••.•...........••••..•......••.... 

Cyirni ............. ·----···-· .........•.•. 
(~ .Y )!Di ..••••••••••••.•.••..•••• ······-····--····-· i 
A£1uila· •••••..........•..........•.. ·············! 
Ure.re Miuorifl .............••.•• ···········-·····\ 

Tele.sco-pe reversed. l 
A U'ts:r 1\fin()ris .... _. ) 

0
2 c~·gni ... - ... - ...... -.................. - ... - ·. ·. _· ·_-. ·. -_ ·.1 

G99fo JJ. A.C ............................. . 

r Cygnl ........................... , 

7048 B. A.C .......................................... 

1

! 
D~lpl}ini......................... . ........... . 

Delphiul. ............. _ -· .•... _ ....... _ .....•..... 

7444 B. A.C .......................................... . 

70 Cygui ............................................. . 
_..\(1ua.rii .................................. . 

Telucnpe d.irtlt. 

7:>-;is ll. A.C ·····-·-·············•·········· .•.•... 
l,flga~i ......................................... . 

7'f.l3 ll. A.C .......................................... .. 

14 PeAa.s.i .............................................. . 

20 Pegasl ......... ··----··---··---·-·········-······ 
ll Aql1arii .•.•..........••••. ---···········-·········· 

SEPTEMHEll 7. 

Teluc.ope direct. 

Aquilre ........................ ··--····--·········-
Cy!:?'i. ............................................ . 
Cygni ............................................ . 

Cygni ...•..... ····-·--·--·---····· ............... . 

:.!O O~l 52. 07 ! 

1:3 50. 81 

17 54. 05 

21 4:l. 21 

27 21. 91 

20 ~:J JJ. 70 ! 

21 07 43. ;,,.~ 

12 3:J. 45 

:ff~ 10. 28 

41 27. U:) 

21 44 2i". 22 

~2 0-4 ~t4. 45 

22 15 19. 13 . 

~~:} 2J !):J. 07 

31 5-1. 15 

:1::; 21.0'i 

40 aB. ~kl 
41 o:;. n4 

rn 12 01. io 
14 5!1. 81 

19 21. 4:1 ' 

21 51.0~ 

25 52. l(i 
40 29. 21 

19 52 H. 9 

19 52 58. \! 
20 09 54. 98 

13 53. "i6 
17 57. C3 

21 4f3. 41 

27 24. 99 

20 34 00. 62 

21 19 12. 07 

!12 27. 2'3 

21 25 08. 58 

21 33 ~23 
38 12. 92 
41 30. 83 
44 29. 89 

55 10.1'1 

21 :>9 31. 68 ' 

19 19 26.62 

21 56. 36 

2j .57. 26 

,19 30 09. to 

•-0. 07 

. o;; 

. Oj 

I 0. o;; 
-0.01 

. 00 

+0.0:1 

+o.o:. 
-0.0L 

+0.06 

. 0:1 

+0.0:1. 

-0.0~ 

+0.01 

.12 

• 03 

• ll6 

.Ou 

+O.Ol 

;-o. 01 · 

. 14 

. 05 

.13 I 

. l1 

;-o. 01 

-+~-~ 

+2.0 
+0.03' 

.02 

.02 

.02: 

.OU! 

. 00 

.01 

+o. 02: 
-0.(}l 

+0.10: 

.O<l 

.15 

.12 

.08 

+o.oo 

+0.04 
.10 

.OB 
+o.os 

T. 

.. 
25. 57 

53. 9 

51. 4 

52. 14 : 

50. 92 

54.10 
4:1. 3~ : 

21.% 

57. 7ti : 

4:\. 61 

39. ;;o 
10. 21 

2~- 01 

03.08 

54. 87 .. 

21. 07 ~ 
~~- 44 • 

011.00 I 
~o. 58 

01.17; 

5B. 95 '. 

21. 51 i 
51.15 . 
52. 27 ,. 

29. 28 

55.1 

00. 0 

55. 01 

5.'l. 73 

57.05 

46. (3 

24. 99 

00. 62 

12. 08 

27. 30 
08. ;7 

2~. 33 
13.00 

30. 98 

30. 01 

11). JlS 

31. 74 

'.16.66 

56.46 

57.34 

09.48 

I
Condiuled App. 

AR . 

. --------

I 
s:. s. a. I It. m. s . 

12. 40 ' -14. 17 -14.12 19 40 12. 45 

40. 8 . - .......... ····-

40. 8 1-
38. OD -14. 09 • -14. 0:1 

~rn. u-i . oo '. . O'J 

40. 07 -14. 03 ! . 03 

29. 41 -13. 98 I • O!J 

07. 93 

43. ui' 

:H.4~ 

2.1. 50 

5G. 23 i 

- 14. 03 i 

.08 

.12 

.00 

.04 

. 0:1 

. 03 

. OJ 

. 03 

. 03 

13. fl5 ,: . 01\ , 03 

13. '22 ' -14. 03 : . 03 

20 . .52 -13. £Jfl 

O~. 07 -14. 03 

. 03 

-14. 03 

4!J. 05 I -14. 03 U. ll 

. ll 

. ll 

. 11 

- 11 

40. 77 - 10 

Ofi. H8 •• 09 

24. 29 . 15 

51.83
1 

.17 

25. 43 I -11. 15 -14.11 

50. 31 

43.03 

04. 58 

34. 30 

33. :J4 

12. 39 

39. 8 

39. 8 

38.03 

36. 90 

40. 05 
29. 39 

07.9~ 

43. 68 

55.23 

10. 47 

-16. 861 
• 90 

• 93 

. 85 

-rn. s9 
.89 

• 89 

.89 

• 93 . 89 
-16. 89 -W. 89 

-16.98 -16.00 

-16.88 .96 
-17. 05 • 96 

• 04 • !l6 

-17. 07 . 96 

-16. 94 .96 

. 85 .95 
16. 83 • 95 

51.M -17.03 16.95 

-05. 41 

5&.23 
13.95 
13.22 
53. 43 
14.81 

-04. 51 
34.19 

W.2:1 
of7.50 

--16. 92 
-16. 77 

-17.03 
-16. 79 

.B>! 
-16. 87 

-2¥.15 
.27 

!12.69 

-21.llS 

-16.87 

.S7 

.87 
• a-l 
.S7 

-16.87 

!12.10 

.10 

. u I 
22.11,. 

20 09 38.11 

l~ 36. 89 

17 40. 07 

:Jl 29. 36 

27 07. U3 

20 33 4:J.1:l 
0

210731.58 

12 25. 47 

37 M.2'1 

41 13. 98 

21 44 13. 2-2 

~2 04 20. 4J 
22 l:J (li), 07 

2~ 28 48. 97 

:H 40. 76 

:J5 00. 96 

40 24. 33 

43 51. 89 

22 GS ~5. 47 

19 11 50. 28 
14 43. OG 

19 04. 62 

21 :14. 26 

25 35. 38 

19 40 12. 39 

~ 09 38. 05 
13 36. 82 

11 to. 09 

21 12!1.47 

27 08. 03 

20 33 43. fiti 

21 18 55. 13 

22 10. 35 
21 24 51. 62 

21 33 05. 46 

37 56. 13 
41 U.11 
.. 13. u 
M 53. 38 

21 59 u, 87 

19 1ll 04. 511 
21 34. 311 

115 3:1. ll3 

19 ll9 47. '¥1 



 

THE UNI'l'ED 13TATES COAST SURVEY. 22fi 

Observations with the Gambey 11ier-idian-tran1!it, &c.-Continlled. 

Stars. 
Observed time 

of pas11&µ:e. 

-· ·------·-------~----------!------

14 

'Y 

" 

SEPTl!MllER 7' 1E72. 

'I eluoope direct-Continaed. 

Uygni. ......................... _ .................. . 

Aquil"' ........................................... . 

Ursm Hinoris .... _ .•.•• -· .. --·-·-· ................. . 

TeUll~ r""erud. 

A. Ursm Minoris ....•• ---- .•..••.•.•...........••.... 
Delpbini ........................................ . 

7114 B.A.C ......................................... .. 

Delpbini ......................................... . 
Cygni. ......................................... .. 

• Ci•gni. ................................ ·-· ...... .. 
32 Vulpecnlre ...................................... .. 
61 Cygni. ............................................ . 

Pegasi. ................................ -......... .. 

15 f,aoertre ............................. - .. - ......... .. 

16 Liwertre ......................................... . 

" Pepsi ........................................... .. 

Telelcope direct. 

Andromeda> ................................... . 

Piseinm ............................................ . 

T Pegasi ............................................ . 

" Pegasi ......................................... . 

9 Pegssi ....................................... . 
Andromedre ................................ . 

SEPTU:HBl!.R 8, 18':'2. 

Telacop< di7'eet. 

32 V11lpecnlre ...................................... . 

Cygni. ............... ·-- ---········· ........... .. 
7313 Cxgni ............................................ .. 
61 CygDi. ........................................... .. 

y Eqnulei. .......................................... . 
f Cy,llJli. ........................................... . 

TeJ.ucope r111Jerud. 

15 Pegasi ........................... . 
20 Pegasi ..•... : .................................... .. 

Aquarii. .......................................... . 
.-• Pegaai ........................................... . 
7757 B.A.C ........................................... . 

LMlertal .................... -- .......... -- •.••.... 

y Aquaril. ......... -·-··-················ ........... . 

~direct. 

16 Laoortm .......................................... . 

52 Pegaal ......................................... . 
Androinedro ...................................... . 
Pegaai ............................................ . 

7 A.ndromedlle ...................................... . .. Pegaai. .......... -· ........................... . 

SllPTJIM11ER 9, 1812. 

filMcap<! .un.t. 

m AqnillB ............................ --- •••.•........ 
&6i4 11..A..C .......................................... .. 
I Aquilm ........................................... . 

4 Cygut. ••• ··-- ·-- ·-··· •••• ----- -- ...... -· ··---··. ·--
J!IL (.,'ygai •••• •••·-- •• •••• •• ··•••••• • ••• •••• ••·· •• •••••· 

,. A.quile .•••••••. ·-··· ·-···--·-- ................... . 
>. u-... lfinoria ................... ········--·--······ 

B. Ex. 100--29 

h. m_ s. 

19 35 40.19 

40 34. 30 

19 52 53. 5 

19 52 49. 2 

20 27 30.14 

30 23. 26 

:14 05. 75 

37 28.16 

41 26. 04 

20 49 30. 43 

21 01 34. 12 

2-2 44 14. 10 

46 40. 46 

50 57. 71 

22 58 47. 6!) 

23 07 06. 04 

10 56. 30 

14 42. 80 

19 24. 00 
23 0.';, 49 

23 32 16. 50 

20 49 33. 23 

52 51.09 

20 57 53. 54 

21 01 36. S2 

04 34.17 

21 07 56. 37 

21 47 H. 50 

55 18. 59 

21 59 40. HJ 

22 04 45. 60 

08 14. 1:3 

10 50. 85 

22 15 30. 20 

22 51 00. 88 

53 15.09 

Sil 29. 49 

22 58 50.44 

23 07 08. 64 

23 19 21i. 90 

19 12 UJ. Oil 

15 08. 73 
19 30. 38 

21 59. 87 
j6 01.01 
40 38.19 

19 -~ 52. 9 

I. 

•. 
+0.11 
+0.05 

+3.6 

+3.0 

+o. 0-2 
.06 

.03 

. 07 

• 05 

• 04 

• 06 

• 04 

. 06 

.06 

+0.03 

-i 0. 16 

• 06 

.10 

.10 

. 08 

+o.H 

+o. os 
• 11 

. II 

. 10 

• O!'> 

-0.08 

0.00 

- .01 

.-02 

.00 

• 00 
.oo 

-0.02 

+0.14 

.08 

.14 

.08 
• 16 

+0.10 

+0.06 

.11 

.04 

.10 

.08 
+0.05 

+3.fi 

T. 

.. 
40. 30 

34. 35 

57. 1 

52. 2 

30. 16 

23. 32 

05. 78 

2e. 23 

;)6. 09 

30. 47 

34. 18 

14.14 

40. 52 

57. 77 

47. 72 

06. '.10 

56. 36 

42. 90 

24. 10 

05. 57 

16.64 

33.31 

51. 20 

53.65 

36. 9\l 

34.22 i 
56.45 

U.:>O 

t&.5S 

40. 08 

45.60 

14.13 

.'i0.85 

30.18 

Cl. 02 

15.17 
29.63 

50.52 

08.80 

27.00 

16.06 

08.84 

30.42 

59.97 

01.09 

38.20 

56.1 

'Concluded A pp. 
i Alt. 

.. 
io.17 

12.32 

34.0 

34.0 

01.e1 

01.12 

43.63 

06.06 

03. 97 

08.34 

11.92 

51.H7 

l!". 17 

35.63 

2.5. 4~ 

H.95 

34.21 

20.57> 

01.92 

43.26 

54.26 

JS. j B. 

-22..131 -22.12' 

-22. 03 i -22. 12 : 

-22.29 

.20 

.15 i 

.17 I 

.12 : 

.13 Ii 

.26 i 

-22. 17 

. 17 

. 17 

. 17 

. 18 

.18 

. 19 

.27 .26 I 

. :Jg : . 26 : 

. 14 : • ~7 I 

-2-2. 24 -2-2. 2i 

i 
-2'2. 25 : -2'2. 26 

. l::J ; • 27 

• 35 : • 27 

. 18 . 27 

. 31 .27 

-2-2. 38 -22. 28 

o~. :i:1 -24. 98 · 

26. 12 : -25. 08 : 

--2.'i. 04 

.04 

. 04 

.-05 

.m 

28. 50 .15 

11.91: .01 i 

09. 15 . . 07 

:n. 44 -25. 01 -2.'i.O.'i 

49. Ji' 

.53. 43 

H.t'9 
00. 51 

49.05 

25. 81 

05. 09 

3.'.i.63 
49. 92 

04. 51 

25. 4!l 

43. 95 

01. 93 

50.:.!() 

42. 88 

04. 48 

34.15 

35. 22 

Hl.29 

31. 9 

-25.12 

.15 

.19 

. 09 

. 08 

. 04 

-l!.5. 09 

-1!.~. 39 

.25 

.12 

-':J5.0-1 

-24. 85 

-25. 07 

-21).10 

. IU 

. 11 

.11 

.11 

.12 

-25.12 

...,-25.11 

.11 I 

. 11 I 
. ll 

. 12 

-25. 13 

-25. 86 -25. 8!1 

• 96 • 8!1 

.94 • B9 

.Sil • 89 

• fl7 • ll!I 
-,115. 91 -25. 88 

h. m. s . 
19 ~!5 te:. lt-1 

rn 40 12. 23 

20 27 07. !19 

30 01.15 

33 43. 61 

37 Oti. U6 

41 O;l. 91 

2U 49 08. 29 

21 01 11. 99 

2'i 43 31. RI-< 

46 IE. 2t'i 

50 :J5. 50 

22 5t3 25. 45 

2:1 Ofi 4:L ~4 

!O ~-H. OH 

14 2(1. 63 

19 01. s:i 
::!".? 4:\. :w 

23 31 54. 36 

20 49 o~. 27 

52 26.16 

20 5'7 28. 61 

21 01 11. ,'J7 

04 OH. 17 

~l 07 31. 40 

21 46 4~- 40 

54 OJ. 4b 

21 59 14. !}j 

22 04 20. 49 

07 4!1. il'i 

10 25. 73 

2"~ - 15 05. 00 

Z-2 50 35. 91 

5'2 50. OG 

22 !"1rl 25. 41 

2:l OG 43. 68 

23 19 01. fl"7 

rn u 50. li 

14 42. 95 

rn oc. 5:1 

21 :14. 08 

2:) 35. 2(1 

19 40 12. 32 



 

226 REPORT OF THE SUPERINTENDENT OF 

ObservationJJ u:itk the Ga1nbey meridian-transit, &c.-Continued. 
-------------------------------------------------~--------------

Stars. I, Observed time 

1 
of passage. 

I 
I 

SEPTEMBER 9, 1872. 
r 

Teleseope reverseci.-Continued. 

)!. Urse 'M:inoris .... ___ . _ ..... _ .......... __ .. __ - . 

O' CygnL--- ···- .. __ .. -·-· -----· .. --· ... --·· ···--· 
6996 11. A. C ... __ .. -· ____ -·-- ___ . __ .. -- ....... _ .. --- ..... . 

r Cygni ...... ·--- ... --- .. ·- -·-· .. -- .. _ .............. . 

Delphini ---·--·· ----[ 

Delphini. ... ·- .... ·- .... -· .. __ . ·-· ... -· ............ j 

Cygnt __ .•. - ·-·- .. - ---·· ··- --· .. ---· ---- ···-···- ----1 

..A.quarii .....••. ····-·····------·--· I 
Pegasi ...... _ -;;;;.;,~~~ -~~;.~~- _-_•_•_:_· _:_: _•_:_:_:_•·_ .·.·.··-_, 

PegaRi .... ______ .. __ .. __ .... __ ... . 

a 

Andron1cdre ................. _ .. _ ..... _ .......... __ 1 

Andron1edrn ... __ ••. ___ •. ______ .. ·------- ________ •. 

r Piscium ..•.....•.•..........•....•.•.............. 

v Pega,Ri. -----· --------- ______ . ------------ ---------· 

SEP'I'EMBEH 10, 1872. 

Telescope dirut. 

6728 ll. A. C 

r .Aquil"'-·· ··················-····················· 
Aquilie ..•.....•......•.....•.•••••••..••••.••..•. 

p 
).. 

b' 

o• 

Aquilre .. ----. ·-· __ ... --· ·- .•..•.•••.•. ·--- ... ___ .. 

Urero Minoris ..•..•. ----- ..........•... ____ . _. ·-- .. 

Cygni. ....•.••..•••...•••.•..•.•. ···-·············· 
Cygui ................................ --·- .............. . 

Te(acape reversed. 

y Cygni ........................... ---·-···
Delpbini. . _ .....•• _ ...••.....•......•..•..•.••..... 

7114. RA.. C ............................ -- .••...•••.. _ •.•.. 

Dclphini _ .•.....•.. ····-· .••.••....... ·-· ···-·· .... 
Cygni .......... ·-········ ...•.....•••.......•..... 

32 Vulpeculro .... ·- .•..•......•............•...•..... 

'Y Aqua.rii ..•... ····-· ................................. . 

4 Laeertre ......•.....•.... ······-······· ..•... ·-· .. . 
~ Aqnarli. ••....•.•...••.•..•............•••..•••.... 
~ Peg.,.! ...•.................................... _ .... 

Telewi>JU direct. 

Andromodre ..•...•...•.. ··-········· ..•......•.... 
a Pegasl--··············-·-·-········---············ 
4 Andromedre ..•..••.•••...•.•.•.•••...•.....••... 
7 Andromedro . . • • . . . . • . . . . . .• . . . . . • . . . ..• . ..••... _ 

y PlRCiUm- .. -··················-···············-··· 
"' Pegasi. ·-··-- ..................................... ___ ...... . 

h. m. 
19 5-2 52. 7 

20 10 04.11 

14 02. 97 
18 06. 21 

27 34. 09 

:J4 O<J. 76 

2() 37 31. 94 

22 29 15. 31 

22 35 33. 29 

22 58 ~I. 22 

23 02 16. 5.'J 

07 ()9. 73 

10 59.1!8 

23 19 27. 00 

J9 32 56. 53 

40 38. 93 

45 00. 98 

49 30. 12 

19 52 53. 5 

20 05 09. 00 

20 10 04. 49 

20 18 06. 85 

27 :14. 85 

30 !l7. 91 

34 10. 61 

37 3:~~ 00 

20 49 35. 36 

22 15 3~. }0 

19 49. 21 

2tt 16.20 
'22 3.'; 34. 12 

22 51.i :JQ.9;; 

22 58 52. 09 

23 O:J 17.15 

07 10.36 

11 00. 92 

23 rn 28. r,o 

__ 1_. ___ T_. __ 1~~ 

s. •. i .. 
+5.2 

+o. u 
. 12 

.12 

.06 
• 07 

.14 

• 04 

+o. 06 

+0.08 

. 15 

. 16 

. 06 

+0.10 

+0.17 

. 07 

.Ofi 

+o. os 
+o. s 
+0.14 

+o. rn 

+o. 01 

• Ol 
_ 01 ' 

. Oil 

. 09 

+o. 04 

-0.~ 

+0.10. 
I 

-0.01 I 
+0. 01 I 

+0.15' 

.06 

.16 i 

.1s I 

.04 i 
+o.oo \ 

57.1~ i 
04. 25 I 
03. 09 ' 

oo.,33 I 
34.15: 
oo.e3 
3"2. 08 

15. 3.~ 

33. 3~ 

~1. 30 

JG. 68 

09. 89 

00.04 
27. 70 

56. 70 

39.00' 

01.04 ' 

30.17 

00. 3 

09.14 
04.68 

06. !12 

34.86 i 

27.98 

10.113 i 

33.09 

35.40' 
32.08 

49. :11 I 
16.19 ' 

34.13 i 

31.10 

52.15 

17.31 

I 

~~::I 
I 

2s.as I, 

31. 9 

37.89 

36. 78 

39.9:! 

07. 85 

43.61 

00.02 

49.0e 

07.01 

25.4~ 

50.90 
43. 95 

34.22 

01.93 

29.64 

12.28 

34.16 

03. 44 

30. 8 

42.20 

37.86 

39.9\! 

07.84 

01.07 

43.60 

00.01 

08. 31 

05.09 

22. 24 
49. 08 

07. ()2 

04. 51 

25. 49 

50. 91 

43. 00 

34. 23 

01. 94 

LONGITUDE PARIS ANll GREENWIG1I. 

Table ot clock-corre<'iions and hourly rates at Paris.. 

Date. 

1872. 
Angnai 28 •••. 

31 .•••• 

September 1 ..... 
7 .••.• 

8 .•••. 
g ____ _ 

10 .•••. 

Sidereal time 

1n·~ 8. 

!ill 00 
21 Oti 

!lO 38 

21 24 
211 00 
l!l 00 

l!l 24 

\ Co~ectioo. 
--1-----1 

I
! - 9~~s 

-14.07 
-16.92 

-22.~ 

-25. 09 

-ll6. 04 

-26. 88 

.. 
+0.039 

o.ooo· 
+1).009 
-0.042 

-0.005 

+0.018 

+o.on 

c,. 

.. 
-26.36 

• 31 

• 40 

• :JO 

.22 

.06 

.27 

-26. 34 

-2.5.81 

. 7~ 

. 94 

. il'J 

-25. 77 

-27. 05 

-26. 72 

• RS 

-26. 73 

-26.94 

-26. 82 

-27. 00 

-27.02 
-26.91 

• 03 

. OB 

. 09 

-'16.99 

-27. 07 
. 11 

-27. It 

-26. 59 
. 66 

. 40 

.58 

. 73 
-26. 74 

C'v· 

.. 
-!16. 2!I 

.29 
• il9 

.29 
.. 2il 

.29 

-26.25 

-2fl.82 

.82 

.tl'l 

.82 

-25.82 

-2ti.88 

. B7 
--26. ~7 

-26. 86 

~26. 84 

-26. 83 

-~7.11 

.10 

.10 

. 09 

.09 

-27.0>l 

-116. 97 

. 97 

.!l-0 

-26.95 

-26.63 
.63 

. 62 

• 62 

. 62 

-26.61 

Conchlde<l App. 
A.R. 

h. m. s-. 

20 09 37. 96 

13 36. 80 
17 40. 04 

27 07. 86 

33 4!l. 54 

20 37 05. 79 

22 2g 4!l. JO 

22 35 07.10 

22 58 25. 48 

23 01 50. 86 
06 44. 07 

10 34. 22 

23 19 OL 8B 

19 32 29. 82 

40 12. 13 
44 34. 17 

19 49 03. 31 

20 04 42. 30 

20 O!J 37. ~5 

20 17 39. 81 

27 07. 76 

JO 00. 81' 

3:1 43.54 
37 fM.00 

20 49 08. 3:! 

~.2 15 05.11 

19 22. 34 

28 49. 23 

22 35 07.18 

22 5ll 04.47 
22 58 20.~J 

23 ot 50. 69 
06 43. 9\! 

10 34. 34 
23 19 02. 07 

•The "hourly-rate" is clednoed from the obeervationa ·made at the beginning and cJoee of eaeh n\Rht'& work, t:be ~being Jn 
th& ""me po!!itlou. 



 

Longitime results. Cambridge - St. Pierre; St. Pierre - Brest; Brc.~t - <ireemrich; Brest - Paris; (fl'eenwich - Paris. 

Date. 

RESULTS 01'' TELEGllAPllIO TIME-SIGNALS EXCHANGED llETWEl.;N CAMBRIDGE AND ST. PIERRE. 

I .~ ~ -~-·r .!· ., ... I " 
I
' p:O :i 61. 

I: - .g I 'ii! 

' ~ f l'i i 'Q 

h = clifference of longitude: x =wave and armature time of a time-•i~nnl. 

St. Pierrt3 to Cam bridge. 

-------- -----------
! Cloe k -correction . I Mean differ
! ence of si~-

nals. St. Pierre. : Garn bririge. 
1 

A~-X 

·~ ~ t 
i "5 ~ ' !"' ..0 

.~ 'i ~ 
p.. ~ ~ 

.tJ~~ 

~ s, 
~ 

Cambridge to St. Pif>rrP. 

i\'lflan differ. 

ence of sig
nal:=,, 

Clock-correction. I 
St. J>forre. Cambrhlge.i 

(~tl,(11 rh111i)•·+I.) 

~ +" 

II ,.J~~ 1' 0 "' ~ ------··-----·- ---- -,---1 ------

! (S1µn chrrn11ecl.), 
rr. 

i 

0 
~ '------

1872. 
Jttly 21. _____ _ 

1 I , II. m. I 
__ 

1 
20 47 I 60 

~---·- .. ··-··- .. -···--: :~ :: I :: 
~d.. ................... !{22 38 I 20 

! I 

29 .................... 11: :: I :: 
Angnatl. ..••....•.....••.... 22 06 I 60 

I 
6....... ............. 22 11 I 60 
g,, ___________ ,_ 22 56 co 

Mean ........ . 

m. B. 8. 

5!1 58. 244 --14. 4:J3 

56.198 11. 904 

50. 001 5. 041 

41. 804 4. 971 

48. 001 3. 4fl4 

41. 978 -3.4:m 

39. 600 ·! 0. 658 

19. 600 7. 673 

i;g 07.112 j 11. 90'> 

8. '11. 8. 

H. 842 5Y 4~. 6!i3 

4. 357 48. 6f>l 

i Ii. m. 
~1 02 

21 23 

59 

59 

m. s. 
5!) 58.573 

56. 463 

J.639 l 
3. 640 

4,. !i67' 22 12 59 fl(). 267 -1 
I 
I 

4. 072}' 

4. 075 ; 
48. 604 ::i 50 59 48. :J06 

8. 3!19 48. 657 22 15 59 39. g32 

21. 202 48. 4"5 11-i 21 5!1 l!l. 901 

I 2ll. 611 50 4i'. 62~ I 2:! 08 50 59 07. 435 

.lug. 1 ..................... . 41'. ~:1:1 

fi. -- .. - . ·- - - . --- . -· . - ·1 41'. fi37 
[J ••••••••••••••••••• - 5\J 4~. 8(15 

1-----
1 8. 

°Mf'r-tll .••••••.•••.•••••• : $!} 41?.15~±0.02:i I 

8. 

-11. 42~ 

11. 884 

4. 998 

-3. 477 

.,.o. 666 

7.680 

+ll.915 

.. 
+ 4. 840 

4. 355 

3. 640 

4. 063 

e. 412 

21.21'1 

+29. 632 

The final ol.Jservctl difference of longitude l.Jetweeu the traui;;it-i11Rt1·nnw11ts at Uamlnidge arnl St. T'ierre i~
[){lm 48°.7;1'.!:1:0°.0'.!3 

m. ·'· 
59 48. 987 

48. 934 

48. 909 

48. 894 

49. 010 

48. 800 

!i9 48. 982 

nt. .. 
("9 48. 820) 1 

[ 48. 792H 

59 48. 738 

4~. 749 

48. 833 

48. 637 

!i!l 4.~. 805 

This ntlne has yet to l.Je corrected for the LWrsonal-e11nation dith•rencc l>ctweeu the ob,;crvers, '.\fo'!~r .... Ooo1lf1•llow au1l 8ruitl1. 

x 

s. 

0.167 

0. 141 

II lil 

o. 145 

0. 176 

0. lil:J 

0. lii 

0. lfi3 

8 
~ 
~ 

c:i 

~ 
t_%j 
0 
[/'). 
8 
> 
l'-3 
t_%j 
[/'). 

a 
0 
~ 

~ 

~ 
t;ij 

<l 

~ 

t-::> 
1:--!) 
-.:] 



 

UESULTll OF TELECIUA.PRIC TIME-SLGN.A.LS EXOHA.NGED BETWEEN ST. PH;RRE .A.ND UREST. 

A= dJlf.,renec111f longitude; 2 "'=double the wave and armature time of oable-eignal• plus the sum of Ma••rs. Uoo !follow'• and Blake'• perso11al errors in notin~ them. 

Breat to St. Pierre, 

Date. 
-lI~--i-1_______ -i---~;ock-::o~~ection. 

~ "6 ~ .~ i Mean diJfer-1 
!l a J ~ f enoo of eignala. St. Pierre. '. 
t~ o · 1 Brest. 
~ z ! ,'Signchttngl!'d.)

1 

---------1--i-------- ,----! -----

1872. Ii. 111. I i h. m. 1. I a. s. 
.tulY 9. ••. .... llO 39 I 17 i 3 26 13. SfH +30. 528 -0. 003 

9.. ...... ~o 41 I ll3 

12.. ••••.. I 20 30 25 

12........ 20 37 25 

12..... ... 00 59 24 

14. ....... 20 17 2f 

u........ llO 24 2:J 

14 ........ !IO 31 2.1 

lL...... !10 3S 25 

17..... ••• llO 34 113 

17.. ...... 20 40 24 

17....... 20 47 2.~ 

18 ........ 

1 

21 11 

18...... .. Ill IS 

18 .••.•••• 1 21 i:i 

ti........ llO 46 

!11........ 20 ~8 

Ill........ 21 4 

13........ 21 2 

113........ 111 11 

!13 ........ !11 lD 

13........ !11 ill 

Mean ...... 

25 

24 

24 

ll~ 

24 

24 

19 

25 

19 

93 

13. 906 

19. 918 

20. O'J5 

20. oaa 
23. 227 

23. :i:i4 

23. 274 

2:1.973 

Z/, 766 

27. 806 

27. !l33 

29. 254 

29.2'!5 

29.1193 

aa. :J89 

33. 838 

33. 647 

36.636 

~.639 

36. 648 

3 26 36.650 

30. 522 

26. 202 

26. !~5 

26.173 

23. 579 

zi.;m 

23. 575 

23. 573 

19.7W 

19. 729 

19. 730 

18. 372 

18. 366 

18. 359 

H.534 

14.59@ 

H.525 

12.112 

12. 100 

12. llJl 

+12. 095 

o. 006 

1. 735 

Lrn 

1.W 

Rm 
am 
2.ill 

2.ill 

2.~ 

2.~ 

2.m 

a~ 

a~ 

am 
am 
am 
3. 419 

4. 078 

4.081 

4.082 

-4. 085 

11-;c. 

i-l" 
~ .: . 
:g Q ~ 
: '+>co 
~ ~ .g 
M 

h. m. I. h. m. 

20 35 3 

3 

26 44.409 

H.422 "° 43 

44. 445 i 20 :!4 

H.482 

H.464 

44. 634 

20 56 

21 

20 20 

44.658 20 27 

44. 675 ' 20 34 

44. 671 I 20 41 

44. 006 l 20 37 
I 

u. 10s I 20 44 

44. TJ2 I 20 51 

44. 570 

44. 585 

44. 595 

44. 707 

44. 748. 

f4. 753 

44.670 

44. 664 

U.667 

26 44. 660 

21 14 

21 21 

21 2l! 

20 50 

21 

21 

21 

21 15 

21 23 

21 32 

I 
St. l'ierre to Brest. · I 

--;i-~7----------- -----~----- ---- ----~----------

~ I Clock-correction. 

I : M~nill~~ ~+~ I 
~ 1 ence of signal•. 
. I Ilre•t. 
~ i I 

r h • . h I h i • m. •· ... s. : . m. s. I . m. B • 

16 i :i 26 l:J. 146 +:io. 531 -o. 002 I 3 20 1:;. m:; I J 20 4o. 012 

25 

23 

22 I 

23 

25 

25 

24 

7 

24 

24 

25 

25 

24 

2.'i 

23 

24 

24 

19 

22 

24 

23 

15. 134 

21.Wl 

~l.254 

21.241 

24. 4~5 

24. 4!\4 

24. 496 

24. 517 

28. 976 

29, 003 

28. 974 

30. 443 

30. 433 

30. 427 

34. 803 

34.813 

34. @12 

37. 824 

37. 83.1 

37. 844 

26 37. 8114 

:lO. 524 

26. 198 

>!(;, 177 

26.171 

23. 578 

23. 576 

23. 574 i 

23. 572 

19. 729 

19. 730 

19. 730 

18. 369 

18. 363 

18. 356 

H.532 

14. 527 

u.:m 
12. ;09 

12. l04 

12. 098 

+12. 092 

0. 004 

i.1:n 

1. 745 

L 74e 

2. 172 

2. 173 

2.17~ 

2.176 

2. 829 

2. 830 

2. 831 

3. 055 

3. 056 

:J. 057 

3. 416 

3. 418 ! 

:urn 

4. 080 

4. 082 

4. 083 

-4.0B:i 3 

•15. fi;)4 

45. 682 

45. 681i 

45. ~)64 

45. 871 

45. 857 

45. 805 

4ii. 913 

45. 876 

45, 903 

45. 873 

45. 757 

45. 740 

45. 726 

45. 919 

45. 922 

45. 916 

45.853 

45. 855 

45. 859 

26 45. 871 

45.0:iR 

.••. 064 

45. 084 

45. 064 

45. 252 

45. 258 

45. 285 

45. 29~ 

45. 211 

45. 304 

45. 302 

45. 164 

45.162 

45.160 

45. 313 

45. 335 

45. 3M 

45. 262 

45. 260 

45. 263 

3. 26 45. 266 

----------- ------- -· ·-----

2:r. 

A 
Mean rrnmlt 
on each date 
of exchange. 

--------~~-

$. 1 h. m. •. 

1. 206 ~ i 

I
. 3 26 45. 040 

1. 232 

1. 237 j 

1.204 ~13 26 45.071 

11 1. 200 I 

1.237 j I 
1. 1991 I 

~13 26 45. 272 1. 2~0J 
1. 242 I 
]. 2101 \ 

I. l98rr 3 26 45. 292 

:: ::~f I 
1. 155 ·13 26 45, 162 

1. 131 

1. 2121 I 
1.174 {! 3 26 45.327 

1. ma) I 
1. 183] 1

1 

1.191 

I
. 11·. 3 26 45. 26.1 

1.192 
i 

1. 211 J 1 

-~-I 
1.199 I 

t.:> 
t-:l 
00 

~ 

~ 
0 
>zj 

~ 
tt:: 

~ 
~ 
~ 

~ 
~ z 
~ 
z 
"-3 

0 
"'tj 



 

THE UNITED STATES 00.AST SUHVEY. 

FINAL LONGITt::DE HESULTS ST. PIERRE - ImEST. 

Dat<>. I Weight. 

--------- l-·-·-----

! ,July 
18N. i h. m. "· 

1 

1:: :·.::: :· ::: . ::: : : . I 3 2fi ::: ::: 

I 

::·::·:::·:::· :::·::1 
18 .•.. ·--· ·-· ..••... 1 

21- •••••..•.......•. : 

45. 272 

45. 29:2 

45. 16~ 

4&. 32"7 

O.!i 

o. 5 

!.ti 

I. 0 

1.0 

1.0 

23 ........ -- ... -- .. -1
1 

_ a_26_4~2tm ___ 1_. ~ 

"· 1\Jean __ -·-· ·--·--J 3 26 45.229 ± 0.0'2..'l 

229 

The final obsen-ed difference of longitude between the tra.nsit-instrume11ts at Ht. Piern· mid 
Brest is-

This value has yet to be correctell for tbe persoual-equation difference between the ob~ern•ro;, 
Mc;;srs. Goodfellow and Blake, c1ud for half the differeIJce of their persoual errors iu 1wtiug- thl' 
cahle-signalis. 



 

Date. 
-; H 

~-= . 
~:~ 
~.§.a 

RESULTS OF TELEGRAPllIC TI\!E-SIGNALS EXCHANGED BETWEEN BREST AND PARIS. 

~ ~ diffe1·ente of longitude; "'=.,.·ave and armature time of 11 time-siiwal. 
--------------------·------··-· 

i 
~~h~ ~~~ I 

___ .i_T_ ·---.--·--·-~ ----·----- ------------· 1 ;;a-;\- ---~-~-----.---- T --·1 
II •Meand1lferene-0 Cl<>ck-cortection. 1 :; ~ " ,Mean ditferMce: Clock-correct!op. 
j I ofaignale,cor· : ~ ~ ii.: .~ 1 ofsignals,cor·L ________ _ 
w reeted for 1 A-~. ·oo ;1 ':!- ~ recteU forl ! 
~ Pari.ll pen-er- r .. r!e. Brest. I il -~ ] '<! Paris pen-or- i Paris. i Bre•t. 

>-+x. 
A 

:e"" -----1' P:i • 
1Sli. ---;:-;;-

.,0 i l'Ot. '(:1jig11 ehani:wd. )1 ~ '"'" " O ror. j j{S1gn chflmlf'd. 
_r::__, _____ .. _ .. ______ , ------ ~ z ·-·----.. - .. --:_ I ---- - ___________ , ---.---- .. _. __ 

J" uly t.. ...... 1 1:; 23 I 30 

1.. .... ..I 17 20 
I 

3 .••••. ··1 15 32 

3 ........ 1 17 !Ml 

4 ........ , 16 

L .... ··; 11 a:; 

5.. ...... 
1 

15 '" 

5 ····--·1 17 43 
9........ 15 58 

9... . . ·1 17 59 

19 ........ 119 :;a 

20........ 20 3 

~i. .... ··I 20 2 

flt ........ 1 20 3 

Mean 

30 

30 

26 

1~ 

24 

30 

30 

~ 

30 

30 

30 

30 

30 

m. 8. 

~7 3~. 981 

32. 9Q6 

48. 469 

48. 35~ 

38. :;14 

38. 529 

40. 834 

40. 833 

39.fl57 

39.1137 

19.m i 

2'.l. 532 

22. 054 

7 :11. ~ 79 

8. 

-10. 985 

10. ~38 

27. 461 i 

27. 336 

18. 000 

17. 985 

20. 570 

20. 601 

20. 918 

20. 799 

4. 809 

7. 505 

7. 298 

- 7.188 

.. 
-3. 795 

3. 754 

2. 790 

2. 761 

2. 403 

~. 3"0 

2, 000 

1. 073 

0. 091 

-0. 050 

+3. 018 

3. 283 

3. 409 

+3. 722 

m. .. 
27 lR. 201 

18.214 

li3.213 

18. 258 

18.111 

18.164 

18. 264 

18. 259 

18. 248 

18. 388 

18.H9 

lil. 310 

18.165 

27 !8. 106 

h. flt. 1U., 8. B. 

15 26 25 27 33. 007 -10. 98'1 

17 35 25 32. Pfi 10. 93:! 

15 35 23 48. ~!I 27. 4:i8 

17 30 23 48. 404 27. 33:! 

16 12 27 38. 597 17. 999 

17 41 29 :Jr'. 584 17. 984 

16 1 30 40. 93:1 20. 574 

17 46 30 40. 949 20. 602 

1G 1 30 39. 342 20. 915 

18 1 30 39. 317 20. W1 

19 57 1 30 20. 010 4. 799 

20 7 30 22. 582 7. 503 

20 12 30 22. 136 7. 299 

20 15 30 27 21. 684 - 7. 190 

8. 

-:J.794 

3. 749 

2. 79::; 

2. 760 

!.!. 402 

2. 378 

2. 004 

1. 972 

0. 090 

-0.050 

+:1.019 

3. 284 

3. 411 

+3. 725 i 

FINAL LONGITUDE ltESULTS BR~;ST-PARIS. 
~c------·-------------1 

1872. m. 1. 1872. : m. s. 

Date. A I Dat:: _____ [____ ---A---·--1 

July I............... 27 18. 228 July 20 ............... j. 27 18. 336 I 
3 .............. 18.268 21. .............. f 18.2115 

4............... IA. 188 2-2.. ............. j 27 IB. 16~ 
5 ............... 

1 

1B.3H /------,.-1 
9 ........... ·•· 18· 360 M~an ......... ; 21 Ii<. 250±0. orn I 

19........... .. .. 27 18. 190 
' 

The final observed difference of longitude between the trausit-iustrnments at Brest and Paris is-
27m 18•.2!10 ± 0•.016 

m. 
27 18. 22!J 

18. 206 

18. 2<36 

18. 312 

18. 196 

18. 2-J2 

18. 355 

18. 375 i 

18. 337 ' 

18. 470 

1a. 2:m 

18. 363 

18. 248 i 

27 18. 219 

')it. 8. 

27 18. 215 

18. 240 

18. 250 

18. 285 

18. 184 

18. 193 

18. 310 

18. 317 

18. 292 

18. 429 

18. 190 

18. 336 

18. 206 

27 18. 162 

This value has yet to be corrected for the personal-equation difftirence het1feen the observers, Messrs. Folain and Blake. 

-

"" 

.. 
0. 014 

0. 026 

0. 036 

0. 027 

0. 012 

o. 029 

0. 046 

>. 
Mean result 

. on eacl1 
I date of ex-

1 clrnuge. 

!---·~···-· 

I 
r 1n. s . 

27 18.228 

18. 268 

18.188 

18. 3l4 
o. ooe I 

0. 044 
18. 360 

0. 041 

o. 040 18. 190 

o. 020 1e. 336 

0. 042 18. 206 

0. 056 I 27 18. 162 

0. 036 

b:I 
~ 
0 

~ 
t;j 
l'rj 
0 

~ 
c 
~ 

8 
~ 
t_tj 

'(fl 

~ 
t_tj 
t::z:1 

~ z 
t:;! 
t_;j 

~ 
0 
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Date. 

181'!1. 

July 1 ••••••••••••.•.•.•.••.. 

3 ....................... 

········-············· .. 
5 .• ·--·······-··-······· 

11--············---· ..... 

RESULTS OF TEJ,EGRAPHIC TL\1E·SIGXALS EXU HANGED BETWEEN BREST AND GREENWICH. 

. .... .. 
~"' . 01 

t .g ~ ; §, 
·iii_§ g ·;; 

..... ~ ~'g 

" J-;t ~ ~ ---,--
A. m.I 

17 55 30 

18 2 30 

18 7 30 

18 10 30 

IS 34 30 

1' = difference of longitmle; :i: = wavo anti armature time of a time.signal. 

Greenwich to Brost. 

I
I·---·-·----- ____ ----·-~:t to Greenwich. 

~ 's . I $ 
, '" ~ I "' I .Clock·currectlon. ! ~ o ;g' , ~ Mean differ-

A - :r. ! ·; ._2 ~ i :~ ence of sig- .\ + x. 
I ~ - ~ I ~ I nals. Brest. Greenwich 

I Clock-.oo.rrectlou. 
Mean differ· 

I i.. :i: ~ 

1

1-c::i • (~ign d1~ng-e!l. ! • 

I ;q - - ,.; 

m. s. I h. m. m. "· s. •· I m. s. 

enee of sig· i---··----1·---· .. ·-·
nal•. Brest. I Greenwieh 

(Sign changed. )i 
I i ,-----~-~--· ----·------· --·- --

m. 8. 8. .. 
11 57. 097 1 1s 1 I :io 11 n 688 -3. Ho +47. 216 11 57. 194 

57. 066 ! 18 8 30 12. 437 2. 749 47. 48~ I 57. 177 

17 13. 593 - 3. 742 +47.246 ! 
! 

12. 328 ' 2. 750 47.4~ 
I 

57. oso i 1s u . 30 11. 1r.o 2. a10 : 47. 11n : 57. 157 
I ' ' 

57. 036 ! 18 16
1 

30 11. 1:14 -1. 963 47. 900 I 57.1)71 

n 56. 951 I 1s 37 , :io 11 7. 627 +o. 949 · +1~. 326 17 ;;1. 102 

11. 684 2. 371 47. 7ti7 I 
I 

JI. 101 -1.960 47. 900 i 
17 7. 478 +o. 947 +48. 5~6 

Mean .•.• ·-·············-····-···-······--··-·········--- ...... -···-- ···-·· 

FINAL J,QNGITUDE RESULTS BREST- GRFmNWICH. 

Date. 

1872. I m. •. 
July 1 .. - ... -··-·---· 17 57.141i 

:1............... 57.rn2 

5 .. ·-·--··-·-·· 57.054 

4 .•••••..••.••• 

1

. 57.11.o 

JI .... -··--·---

1 

__ 57.021i _ 

.. 
:\Iean _________ .117 57.093±0.lll5 j 

'rhe final observed difference of longitnde betwee.n the transit-ins.trtHnPnts at BrPst and Greenwich is
l'im i)'j•. ()!)3 :l: 0'. 01;). 

" "· 

m. ,, g, 

17 57. 146 0. 048 

o7. 122 0. 056 

57. ue 0. 038 

57. 054 o. 018 

17 57. 026 0. 076 

,---
0, 047 

This value has yet to be corrected for the persoual·equation differe11ce \wtwern the observertii, "Grrenwich ~tandanl obRerrer'' and Blake. 
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RESULTS OF TELEGRAPHIC TIME.SIGNALS EXCHANGED BETWJ!;EN GltEENWICH (COAST-SURVEY TRANSIT) AND PARIS. 

Paria to Greenwich. I GrPen wich to Puris. 

Date. 
-~-:;i-_""§-ot-o-l-~~.-M-ea_n_dl_ft'erenoe1 Clock.co.rr ___ ectlon.·-·-·1 ·--------' ; .§ ~ II. ~--~u~1'.~ifforenue -~~~:c~-~~~~::-_io~.--1 

.Q ~ .ti 

1 

-~ ofaigoals1 cor- -~----- _ _ ______ .~ ~ ~ .~ ofs1gnals 1cor- __ _ _ 
h 

~ 'i a ,: re e te d for · I • I >. - "· I< ·.. ., I ,:; re c t o <I for ' . I >. + :t. 
i .. ~ I ~ I Paris pen-er-\ p . :_Grnenwwh.I ~ e 11 I <: Paris p~n-<>r p . I Greenwich. i; ~ 'to! 0 ar1s. . ~ ¢:i :o.o 1 0 an~. 1 • 

I t:!l."' c 1~-~---------1'8''"':"'.':~·~1 ~'°" r; 1~ ror. !'s''''"""':+------1-------' 
s. m. a. h. m. I m. s. •· I •· I m. " 

-1. 737 9 20. 934 21 46 I 40 9 32. 255 - 9. 405 I -I. 7;17 l ~I 21. 113 

m. s. 
g 21. 024 

:Mean .••••••••••. 

2. 247 I w. 895 21 24 I 41 37. 3'33 H. 070 I 2. 249 I 
2-2. 232 5. Gl5 I 21. 001 22 rn I 41 4il. !187 22. 241 5. 621 \ 

o. o:n ti. 9~5 ' 20. 852 ~'2 2 I 40 5•1. 01s 20. ms 'I fi. 994 : 

21 24 41 

22 13 41 

~'2 2 40 

6. 842 -· 7. 638 . 9 20. 965 21 51 i :l5 9 55. 510 -26. 8~0 -7. U40 I 21 51 :l5 

FINAL J,O"N"GITUDE RESULTS GR~:ENWICII-PAltIS. 

I Date. I ___ A---

i 1872. I m. •. 
I Aug. 28 ............... ! 9 21. 024 

I 31 ............ I 20.9so 

I
'_ Sept. 7 ...•.......•• · 1 21. utiti 

' 9. .•..•. ..•. ... 20. 9:l!l 
' 10 .............. \ 21.004 

1------
i 8. 

Mean .•...•.•• I 9 21. 001 ±;O. OtG 
I 

21. 064 20. 9~0 

21.125 21. 066 ' 

21. 006 20. 929 

21. 043 !I 21. 004 

:i;, 

s. 
0. 090 

0.084 

0. 059 

0.077 

0.039 

-
0. 070 

As the Coast-Survey transit was o•.160 east of the Greenwich transit-circle the mean longitude obtained above must be increased by that 
amount. This having been done, the final obseryed difference of longitude between the transit-instruments at Greenwich and Paris is-

9m 21 •. 161 :±: o•. 016 
This value bas yet to be corrected for the personal-equation difference between tlie observers, Messrs. Folain and Blake. 
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Results of observations for perso1ial error ·in noting cable time-signals at St. Pier1·c and Brest. 

This su~ject is fully discussed in Section VII. Below is ginn a set as obsern<l by Mr. Good
fellow at St. Pierre, after which only the mean of each set is gi"Ven. 

l'ERSOKAL EIUWR IN NOTIKG CABLE TIME-SIGXALS AT !iT. PIERRE. 

OllsArrnr, Edward Goodfellow . ......July 26, B72. 

Set .No. 1. 

I. ' I j'I I I . . I Time of 1 • . Time of \ I Tnne of s1gnaL noting. i Diff. j I Time of signal. noting. Diff. 

I

, k. m. •· i •· Ii s. IJ· h. m. •· s. I •· , 
9 21 57. 92 j 5:::t. 52 o. f.iO i• j g 23 o:t 01 o3. 39 o. :12 -

9 22 ~~: :~ i 03. 40 I . 4B Ii OS. 11 I 08. 36 • 25 

I 08
-

21 
·

41 'I 13.07 i 13.29 .22 
I 13.0fi 13.2n .39 !I 17.01 i 18. 11 .26 

I
I 17. DI 18. 20 . 29 :.'.! 23. 00 I 23. 30 . 30 

22. 90 23.19 • 29 
1
,1 28. 20 1 2~. 48 • 28 

28. 00 28. 24 . 24 : I 33. 11 I 33. 41 i . 30 

32. 98 33. 24 . 2G Iii 38. 12 I 433P .• 5530 j • 38 
38.00 38.29. -~": 43.31 i I .22 ! 

43. 00 43. 27 II . 27 ! i 48. 11 I 48. 39 .-28 

47. ~n II 48. 10 , • ~o ( i 53. 08 I 53. 3fi I . 28 
52. 82 53. 10 , . 28 1' I 9 23 58. 091 58. 40 I 0. 3l 

2~ 58. 00 58. :J3 i 0.33 i :--ii ! I o. 313 , 

II. Ex. 100-..'lO 
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Results of observations for personal error in noting cable time-sfgnals, &c -Continued. 

The following are tlie mean results of each set: 

D1ttc. 

le7:1. 

: J"ul.r 26 

i ~r111y 2i 

I 
j 

i 

~ ---:m~ i ·; - Iliff. --li-:atc~r~- 1

1 Time. ! i ., 1

/. 

~ ~ ~ ~ 11 I ~ o ~ ;; 
" ,,, i~ z z I 

Diff. 

I. 
II. 

III. 
IV. 
v. 
YI. 

VII. 

VIII. I 
IX. 
x. 
r. ' 
II. 
III. 
IY. 
Y. 

YI. 
VIL 

VIII. 
IX. 

r. 
JI. 

nr. 
IV. 
v. 

---- - I 
h . .,,,, i 

22 I 
33 
4;, 

47 

GO 

;;4 

fr 56 

10 02 

10 o;; 

12 54 

13 10 

24 

21 

41 

H 
.'j.(J 

13 52 i 
I 

11 121 
1.J 

~II 

2:1 I 
11 25 i 

-----~----·----- _________ t ___ ---!-------

:[ li. m. i s. 
2:-i i 0.

8

~13 

18 

22 

2.J 

24 

23 

2S 

24 

24 

23 

25 

25 

24 

2.1 

. 271 

. ~H4 

• ~4'.} 

• 2:.!4 

• 2{l:3 

• 2-0ll 

. 277 

.2715 

• 2GO 

• 295 

. 2jfi 

.250 

• 235 

.237 

• 246 

.2G!J 

• ~4fi 

• 24~ 
. ~5~ 

.SHO 

23 0.2::!9 

·-----

i' Julv 27 VI. 11 27 24 I o. 2GO 
1i . VII. 11 29 25 . 2:J6 

I; .Tu1.r 2:1 
I! 

Ii 
1: 
1! 

Ii ,, 
i, I 
Ii ' 
I' I 
!! ,July 30 

r. 
11. 

III. 
IV. 
v. 
VI. 

YU. 
VIII. 
IX . 
x. 

XI. 
XII. 
XIU . 

XIV. 

I. ,I I 
pl 11 II. nr. 

IY. 
, I 

I II I 
I 

v . 
YI . 

13 lG 

28 

30 

33 

3:J 

37 

45 

50 

13 55 
14 ();) 

l l 

1-5 

14 18 

7 54 
7 ()G 

s o:i 

23 

25 
24 

25 

25 

2J 

16 

24 

.2fl3 

.270 

.2ns 

.!258 

.248 

.256 

.239 

.263 

.254 

.266 

.272 

.~3 

.274 

.268 

.26~ 

.243 

.274 

05 12 & 258 

141 24 .272 
8 lG _ ____::_ 0. 253 __ _ 

I 1,090 I 0.259±0~~0-Z 
PEHSOKAI~ EI:I!Olt IN NOTING CABLE TIME-SIGNALS. 

Ob~erver, F. Blake, jr.-Drest1 France. 

--------------- ------~--- ---

j 

I Date. Time. 

I 
h. m. [i 

4 30p.m. 1 -~~1~2;4 24 10 OOp.m. 

.. 
44 0. 244 

H .'230 

4 oo p. m. 44 I (). 2.19 -,--.. -
132 I o. 238 ±0. 004 



 

Results of observations for personal-equation differences bcti<:een the transatlantic longitude obsen'el's of 1872. 

DH'FEil.&NCE OF PERSONAL EQUATION IlETWEEN MESSRS. FOL!l.IN AND BLAKK 

ll6!1Ult8 of telegraphic time 0 signal8 at Paria between !11 luntlle mi!riditm>M and the Coast-Stlrve:r trnusit.-Coast-Sul'vey transit 0•.005 \Vest of lunetle mericUenne. 

··-----

Folain to Blake. Blnko t-0 Folaln, 

" t Mea.n dift'o=r--~ock-correctton. " I .. j ti 8 cl oi 
llate. I 

..... b(· 

:ii Blake west of ~" §, of signals, cor- , " 'iii .g "iii }'olain. -"" 'iil 
reoted for Fol-1 "" ~ ~ ~ Blake. ~ v. .... 
nln'epen-error. . Folain. .1.-X. "'" 0 

"" .... ~ 
(Sign chanael.) ~~ 0 w Cl k ---- ------· 

1872. h. m. 
8. I 8. '· 8. h. m. 

.A.ugust 16-············· 20 52 21 + 26. 091 -27. 665 +1. 4:;2 -0.1~ QO 53 30 

17 ...••••.••...• 20 51 3() + 27. 060 -118. 316 • 320 +o. 013 !lO 54 32 

.. 
-O.l'J8 

+ o. 070 

M<'an cl1ff,>1:::1--~~o~~~c-=-r~:i~~: --,.---.,·------! ninke we<t of 

of signals, cor.

1

1 ----- lllake wost of Folain. 

I ~Ct'U for :Fol- • . Blnke. I l'olain. /.. 
am spcn·CTlor. l (1lu111. >-+ :r . 

("1!lJJ('!J111113r'<l,) 

-------- ·-!-----·------- I 

.. .. 8. 8. 

-j 26. 06~ -27. G66 +1.451 -0.133 

-I 27. OG5 -28. ~17 . 320 +o.ous 
18 ••••••••••••.. 20 45 24 +21. 930 -29. 077 • 3'19 • 182 20 48 31 + 27. 901 -20. 077 . 328 . l!'i3 .1G8 

19 ••••..•.•••••. 20 43 20 +28. 707 -30. 007 . 3~6 .006 20 46 31 

20 •••••••••••••• 20 41 21 +29.424 -30. 892 +1. 547 +o. 079 20 41 I 29 

. 073 

+o. 0;;5 

+ 28. G63 I -30. 008 • 395 I • o:;o 

+ 20. 37·1 -30. 890 +1.547 -lo. o:n 

Mean •.•••••..•••..•••••••••••••••••••••.••..••..••.•••••••. 

FIN~\L PERSONAL-EQUATION RESUfll'S FULAIN - BL\KE. 

Dato. 
I 

lllake Wf'St of .Folain. I 
rn>2. s. I 

1

---------· ···---1 

A ugnHt llL . . . . . • • . -- 0 llS I 
17 .•.•.•... 

18 .•••..... 

lG .•........ 

~o ··-·· ... 

ll<'an ..... ~··· 

0. o:o 
. lli8 

. 073 

+ O.O:ij 
----- i 

f:'. I 

·!· O. i!IC j: i'. 014 ! 

"'· 

. . 
-0.016 

.002 

. 014 

. 023 

-0.024 
--
-0. 016 

'fhe mean ol1H0ne<l 11ifforr11ce of lo11gLrnle (V.OHi ::-!: o·•.O:H !liminisl1<·tl 11,r 0".00.1-tlir'. adual dii-:1a11''0 rn ltJngittHle lwtween tl1e two 
translt-instrumrnts-gi\·ec; t lie fl na11y-:H1opl etl pcrsrmal-rqnation <1i:'l'vrr·1; c:o : 

make '\'l'St or Fo'.aill, o·.1~.: l :! (F.o;~ 1. 

It is oh\"ioas t1wt: an 0h;eryc(1 t1iil('JC1lee of lo:i;dtmk h<'t·.n·P11 tl11''C' two 11l1~PITP1·~ m1Nt Ii(• iN'l'•'''Sd ('I' 11imi11i~!ic.1 ;l('•'dl'(ling flf( l.lh1kc 
cccupics the eastern or u·c8tfrn station. 

1-3 
~ 
t;:j 

d z 
""" ~ 
~ 
"(/). 
1-3 

~ 
l°';l 
00 

c 
0 p.. 
"(/1 
1-3 
U1 
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<: 
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Date. 

DIFFERENCE OF PEUSONAL EQT!ATIO~ BETWEEN THE "GREENWICll STANDAUTl UJISgRVER" (MR. CRISWICK) AND MR. llLAKE. 

i 
"' -~ 
al 

Results of telegrnphlc time-si~Mls bet..veon the Greonwioh transit.circle nnd the Coast.Survey trnMit.-Tnnsit o•.rno eRSt of tran•it.circle. 

1 
Greenwich observer to Blake. I Blake to Greenwich observer. I 

Cloek-conectlon. \ I ~ I . ·~ I Clock·correction. I Mean' Blake ~ ... 
"' ",; e Oil 
:;l ; 

-; ~ 

~ 
§i 

·:;;; 

'O 

~ 
" 

-~ 
'Q 

~1 
~ ~ 

I •Blake en•t of 'O .; 'cl ---·-·-·------ Blake east of eastofGreen. 
o; §'. 8 n • h Greenwich wich stanil. 

Blake. 

Greenwich 
observer 

reduced to 
standard. 

Greenwich 
smnclnrd ob
ser\•er. 

"+"'· 

~ ~ ..... i:i • '..Treenw1c d 1J 
-~ § ~ ~ ~ obAerver stanrlard ob· m· 0 ser-ver. 
..... 0 ~ i:i 
~ ~ I k !E i niako. rNluced to surrer. >.. 

~ I ~ ~ f etanrlard. lo.-x. 

x. 

:S j f~ ~ I (Signch1111~t'd,}I I 
_w ___ ! ~' "' I _____ _ ______ ,' ____ _ ~ j ,,lll:ll changf'd 'I 

---.-. I -~~---1 
~ ! 

1872. 

August 29 ........•.• ·1 J. C 

30............ L 

31............ E. 

h. m. 

ll053119 
21 5 24 

21 41 24 

September 3 ........... -I H. C. I 20 51 I 29 

4 ............ 1 L; 

5............ J 

6 ............ J.C 

0054130 
2!l 13 25 

21 13 28 

'T •••••••••••• IE.&P.I 22 36 I 30 

9 .•••••••••• .1 E. 2ll 20 I 27 

Mean ................ .' .... . 

8. 

+40. 985 

t42. 242 

.382 

• 670 

+42. 886 

+43. 086 

+4tl. 484 

+42. 355 

+41. 5S4 

-t 1. 7:35 --42. 476 I 

+ 1. 895 -43. 825 

+2. 254 

+3. 756 

+4.153 

+4. 548 

+s. ow 
+s. ~ao 
+7. 002 

-44.3'14 

-46.257 

-4$. 754 I 

-47. 441 

-51.371 

-47. 848 

-48,311 

s. 
f0.2H 

.312 

• 2D2 

.109 

• S285 

.193 

.132 

.137 

-t 0. 275 

h. m. 

21 18 

21 8 

21 41 

20 55 

20 58 

22 1G 

21 rn 

22 :l9 

22 23 

30 

27 

26 

30 

30 

26 

22 

30 

20 

$. I 
-HO. 086 

+12.231 I 

• 378 I 
• 6!;2 

+ 42. 887 

f 4:1. OU6 

+46. 460 

+42. 379 

+41. 551 

8. 

+1. 736 

11. 895 

+2.255 

+3. 758 

+4.1:>5 

+ 4. 549 

+5. 020 

+5. 630 

+7. 003 

.. 
-4Q.490 

-43,826 

-4·l.3J5 

_,4fj_ 258 

-45, 736 

-47.H2 

-51. 372 

-47. 848 

-43.312 

s. 

o .. :m 
. 300 

. 288 

. 152 

.2"6 

.173 

. 108 

.162 

+o. 212 

FINAL PERSONAL-EQUATION RESULTS, GREENWICH STANTlARD 011s1mn~R - BLAKE. 

I 

Date. Date. 
lllnke cMt of G1·eenwicb 

starnlard observer. D•tc. I 
Blake east of Greenwich 

standard observer. 

-------. 1--· I !!------
1872. 

August 28 ....... .. 

30 ....... .. 

31. .•...•• 

Mean ............... . 

8. 

+ 0. 238 

• 306 

+ 0. 290 

1872. 

Sept<!mber 3 ...... .. 

4 ...... .. 

5 ....... . 

s. 
-t 0.160 

• 286 

+ 0.183 

1872 .. 

Septom lior 6 ...... .. 

7 ...... .. 

9 ....... . 

Bluke east of Greenwich 
standard ohRerver. 

s. 
+ 0.120 

.150 

+ 0. 258 

+ 0. 221 ± O<. Olfi 

.. I 
-j0.233 i 

• 306 I 
. 200 

.160 

• 286 

. 1S3 

. 120 

.130 

.'. 0. 258 

. . 
-t 0. 006 

. 006 

.002 

-t 0. 008 

.000 

-t 0. 010 

+0.012 

-0.012 

+ 0. 016 

+0.005 

The mean observed difference of longitude 0•.221 ± o•.016 diminished by O•.lGO-the actual distance in longitude between the two 
transit-instruments-gives the finally-adopted personal-equation difference: 

Blake east of Greenwich standard observer, 0".061 ± o•.orn. 
It is obvious that an observed difference of longitude between these two obserrers must be diminished or inm·eased according as Blake 

OOCU})ies the eastern or western station. 
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PEUSONAL EQUATION. 

GOODFELLOW, DLAKE AND SMITH. 

After the return of the European party, Messrs. Goodfellow, Blake, and Smith assembled at 
Cambridge to obser,·e for personal equation. The three instruments used in the longitude-work 
were set up in the same meridian. Each obserrnr used the instrument he had bad in the field, and 
determined indepeudently, from the same stars, tlrn error of the south cloek of tile llarvard 
Otisen·atory, a relay, breaking three circuits, enabling them to note the time entirely independent 
of each other. 

The following are the observations from which the personal equation is derived. Transit Xo. 
U was used by l\fr. Goodfollow, No. 5 by .Mr. Smith, and No. 4 by ~Ir. Blake. The clock correction 
is deduced from stars whose declinations are lm;s than 65°. 

Observations for _personal equation: Cambridge, Mass., Oc(ober and November, 187!:. 

I Date., Star. 

I 

• 1 Correction . 
; Observed. time : ---------

Lp. of transit. I' I 1 
• ' 11· 

i Rate. ~A~erra-, LeYel. I Az1- Co i-

Clock-time 

of mcridian
transit. i t10n. I 1 muth. mation. 

----- , ___ , ___ , -- 1 ___ --- -----

1

- - 1'. "'· •. , "· i •. I •. 1 s. . •. 

I ___ _ 

1872. I A. m. s. 

Oct. 1911 Ilrnconis, L. C.... 5 Vi". 21 18 36. 83 i --0. 02 : ·! 0. 11 I ... o. 17 !. . .. . . . .. . . . .. . . . . .............. . 
I w. 33. 78 I . 0'2 ! . 11 i + . -08 l : 

la 
I 

I 
4 ' w. 34. 9tj : • 02 ! + .11 + . \l-2 

Ccphd........... W. 26 53.24 i .011 - .04 + .48 

! : : ~: ~:::~II :~~ :~: =:~:I 
A(1na1"iL ........ : 5 ! W. 30 51.33 .Ul .0-2 + .11 -0.38 ---0.Ut:: 

I 
, E 

! 6, w. 51.03 .01 .02 -.0'2 -.05;-.04 

II 4 W. 51. 12 f • 01 . 02 ' - . 04 , - .16 . + . 04 

• Pc;::.·,u1· ••••••. ···1 s I , , :: ~ - - w. 37 48. 79 . 01 • 02 ! + .14 - . !17 - . 08 

! 6 w. 48.61 i .01 .()'2 i, - .04: - .05 - .04 
-.11 l,4 1

W. 48.6€i .01! .cr2J-.05 + .04 

- .08 p. Capricurni. ··--~· ! 5 \\T, 46 14. 27 j .01 .02 
1 +. 08, - .41 

6, \V. 14.01! .01 .02 -.02 -.U6 -.04 

4 ·, \\... 14.0() ! -.01 .02: - .03] - .17 + .04 

59 01.671 .oo .0'2' + .rn I - .33 - .08 
1 

a Aquarii.-----

Pt.iga!:ii ..•• 

5 

6 

6 

5 
6 

4 

w. 
E. 
W, 
E. 
w. 
E. 
w. 

0 ..l.quarii. ... -..... 5 E. 

, n- Aq_11ariL-- ....... . 

; 9 Draconls, L. C .•. 

i 
'226 CeplrnL ••••.•.••. 

I 
j ( Pegasi.- ........ . 
I 

' 
1.. Aqaa.rii ......... . 

6 E. 

6 

4 

5 

6 

6 

4 

5 

ti 

4 

5 

6 

4 
5 

6 
4 

K 

E. 
E. 
E. 
E. 
E. 
w. 
E. 
E. 
w. 
E. 
E. 
w. 
E. 
E. 
w. 
E. 

,. Pegaai ........... 5 E. 
6 w. 
4 E. 

07. 27 ' . 00 • 02 ' + . 04 - • 04 + . 04 

22 00 57. 98 l . llO j 0>' 1 + . 14 ' - .16 - • 09 

57. ~5 i . 00 ' 
03 39. li5 I .{)O 

39.31 I .00 

.oo 

.oo 

.00 

+ .05 

.o-i + .11 

.02 + .04 

.02 - .04 

.02 +.13 

.02 +.02 

39. 44 

O:l 59. 7!1 

59. 61 

59, 78 

18 39. 32 

39. 24 

3!l. 41 

.00 .O:! - .02 

+ .05 

- .os 
+.04 

+ .04 

+ .08 

+ .04 

- .04 

+ .08 
+.04 
-0,04 

24 04.13 

02. 33 

02. 00 

02. 21 

29 54. 52 

56. 64 

56. 57 

34 59. 52 

59. 67 

59, 73 

45 51, 33 

51.3.'> 
51,3.'> 

.00 

.OU 

.00 

+ .01 
• 01 
• 01 

. 01 

.()'2 + .15 

.02 + .Oll 

-.02 1 -.03 
+ .01 

.07 

.07 

+ .07 

- .41 
- .04 

.01 - .06 

+ .07' 
+.10 
+ .oo 

.01 

.01 

.01 

. 01 

.01 I 

.01 l 

.01 

. 01" 

.06 - .11! 

.06 - .17 

• 02 + . 17 -lU!2 +o. 08 

.02 -.03 -.04 -.04 

.02 -.O!i -.01 -.04 

.02 +.14 --~ +.08 

.02 -.If.I -.06 -.04 

.02 - .04 - .10 - .04 

58 18.12 .Oil .02 I+,!!!! - .19 +.OS 
lB.l!!I '.Oil .02

1

. - .ill - .04 - .04 

58 18. 28 +o. Oil -o. Oil -o. o4 -0. oo -0. 04 

21 30 50. 95 

so. eu 
50. UJ 

37 4S, 55 

48. 45 

48, 53 

46 13. 8-2 

13. 86 
13, 86 

59 07. 34 

07. 29 

2'2 DO 57. B5 

57. 71 

03 39. 37 
39, 34 

39. 30 

09 59. 6G 

59. 67 

59. 60 

18 30. 27 

39.~ 

30. ::!;J 

2'J 34 50. !)4 

59.~5 

59. :>6 
45 51. 24 

51. 22 

51.16 

58 18.W 

18.18 

18.14 

Right, asce11- Clock-cor-
sion, 1·ectiuu.. 

11. tn. s. s. 
21 lcl 41. 08 

3-0 58.2";.? +i.27 

37 .55. 87 j 

46 ~1. 13 f 

7. 33 

7. 29 

7. 32 

'7. 4'.! 

7. 34 

i. 3l 

•. 27 

7. 27 

5Y 14. G4 ' i. 30 

"" 01 O:l. U!• i 
OJ 46. GG 

10 OG. 81' 

lb 46, 58 

24 OlJ. 2-l 

30 03. 65 

35 06. 8!1 

4-5 58.49 

58 25. 42 

7. 34 

7_ 24 

7. :i8 

'· ~J 

7. 36 

7. 22 

7. 21 

7. 21'! 

7. 31 

7. 33 

+i. 35 

+7.35 

7. 34 

7. 33 

7.2J 

7.27 

1.33 

7.19 

7.24 

-j-7. 2!l 
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Observations for personal equation, Cambridge, Mass., &c.-Continued. 

StaT. 

I ·;] I 1a 
~I I,p. 

z 

Correction. 

Observed time 1---~---------~--
of transit. 

Rate. i A. ~erra· Level. Azi-
j tion. muth. 

ColH
mation. 

Clock· time 
of meridian. 

transit. 

Right e.acen- Clook-cor-
sion.. rection. 

--------- --- ----1------1------1----
k. 'In. s. 8. 8. .. 8. h. m. s. . . 

Oct. 21. 11 Ceplwi.. •...•.••. E. 
E. 
E. 
E. 
E. 
E. 
E. 

E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
w. 
E. 
w. 
w. 
E. 
w. 
w. 
E. 

w. 
w. 
·w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 

21 39 53. 81 
.. 

-0.0~ -0.05 +o. 52 

.05 -.03 

.05 - .12 

.02 +.11 

It. m. g. 

Ill 40 03.63 

Oct.l!i< 

I" Cap1·10orin .••..• -I 

a .Aqttarii. •.••..... 
6 

4 

< Pugaai. •..•••. ... 5 
6 

4 

0 Pegaai........ ... 5 

U Aquarii.. .•...•.. I ~ 
6 
4 

n- .Aqu::irii...... .•.. 5 
6 
4 

9 Dnteonis,L.C_._ 1 5 

Ccplwi-----···-·· 

~ l'egasi. 

o CcpLlcL •••••••••. 

A. Draconis, L. C ... 

a Al]IUlrii. ••••••••. 

' Pog:a.si. .••..••.•. 

6 Peg:a.si ........... . 
6 .Aqnarti .••..•. : .. 

r Aquaril .......... . 

9 Draoollh, L. C ... 

'lll6 Cephei ..••..••••• 

6 

4 

5 

G 

4 

5 

6 

4 

I> 

4 

6 
6 

5 

6 
4 

5 

6 

6 

6 

6 
4 

4 

5 
6 

4 

6 

6 
6 

w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
E. 
w. 

55.30 

55. 51 I 
46 13. 21 I 

12. 80 

12. 92 

59 Ou. 53 

06.13 

06. 34 

2:'l oo :;o. n 
56. 61 

56. 8fi 

03 38. 45 

38.17 

38.35 

. 02 

'02 
. 01 

. 01 

. 01 

. 01 

. 01 

. 01 

. 01 

. 01 

. 01 

. 01 

. 01 

. 01 

• 0"2 - .-01 

-0.52 

+ .02 
+o.oo 
+ .05 

09 58. 89 . 01 

.02 - .03 - .04 - .05 

. 02 + . 14 - • 42 + . 06 

.02 - .01 + .02 + .05 

.02 - .03 - .04 - .05 

.02 + .20 - .20 + .07 

.0-2 - .O:l + .01 + .05 

.02 - .03 - .0-2 - .06 

.02 + .15 - .a7 + .os 

.02 - .01 + .o~ + .o5 

.02 - .02 - .03 - .o:i 

.Ol! +.H -.40 -.06 

. 02 - . 01 + . 02 + . o:; 

.02 - .03 - .14 + .05 

.02 + .16 - .34 - .06 

.02 - .01 + .02 + .05 

58. 48 . 01 

58. 75 - • 01 

18 38. 53 .• 00 
38.07 

38.19 

24 0:-s.1;, 

Ol.06 

00.!!7 

01.80 

.00 
• 00 - • 02 - . 03 - . l~ + . 05 

. 00 + . 07 - . 42 

.oo . 01 + o~ 

.00 + .0·1 + .17 

.oo - .06 + .07 

.00 .06 +.Ci' 

.00 ,'OG - .2g 

.00 .06 - .10 

21 46 12. 8ll 
12.83 

12. 77 

59 Oil.28 

06.16 

06.19 

22 00 56. 75 
56. 62 

56.72 

03 38. 26 

38.20 

38. 2"2 

09 58. 54 

58. 51 

58.60 

18 38. 27 

38.11 

3~. 07 

2!} 53. 75 

55. 94 

e.4.7::.C 

34 58. 74 

58.51 

.oo .02 + .17 - .28 - .06 22 34 38.55 

45 ~o. 53 
50.21 

50.27 

58 17. 2\) 

17.05 

17.03 

23 13 16.49 

17.68 

23 37. 50 

21 59 02. 98 
03. 32 

03.30 
22 00 53. 38 

53. 76 

03 35. 27 

10 55.18 

55. 75 

5:;. 59 

lS 34. 73 
35.22 

35.22 

23 59.18 
58.1~ 

59.87 

29 l'>0.91 

51. 51 

51.00 

.00 

.oo 

. 00 

. 00 

.00 

+. 01 
.01 

.Oi - .07 + .05 - .05 

.02 - .02 - .10 + .05 

.02 + .13 - .40 - .06 

.02 - .06 + .07 - .05 

.02 - .01 - .14 + .05 

.oz +.17 -.241-.:>6 

.02 - .09 + .04 - .05 

.01 .02 - .o~ - .09 + . 05 

.02 .04' + .43 

.02 -.04 -.2'J 

+.02 +.05 +.14 
- .03 - .02 + .25 +.03

1
-.02 

.03 

.OJ 

.03 

.03 

.03 
• O'Z 

.02 - .04 - .12 - .oo 

. o-i - . 07 - . 19 + . 08 

.0-2 + .36 + .01 - .02 

. 02 - . 06 - . 06 - . 07 

.02 

.02 
- .05 

+ .21 

-.10 -.06 

+.03 -.02 
.02 .02 -.04 -.13 -.06 

.02 .02 - .05 - .21 + .-08 

.02 .02 +.l!S +.03 -.Oll 

.02 .02 - .04 - .12 - .Otl ! 

.02 - .02 - .07 - .18 + .08 

58. 4~ 

58.4fi 

45 :lO. 18 

50.15 

S0.15 

58 17. 08 

lo. 95 

lG. 96 

21 59 0.1. 19 

OJ. 05 

03. 07 

22 00 53. 68 

53. 5l! 

03 35. 01 

10 55. 36 

55. 4B 

55.37 
lrl 34. 95 

34.% 

:l5. 01 

.02 + .oo - .67 .•••.••. ·--···-· ........ - ...... . 
.02 .Oii + .09 

.02 + .00 +o. 20 

,01 - ,06 +t.10 •••oo•-• ••-•••••,••••••••••••oo-

.01 .00 -0.14 

.01 .06 + .10 
51. 28 -0. 01 -0. 06 _.(). 32 i 

46 21.10 

50 U.61 

22 01 O:J.Ofi 

03 4G.64 

10 OG. 86 

18 46. 5G I 
24 09. 41 I 

:so U3. 52 

J5 06.87 

45 58. 48 

58 25. 41 

23 13 25. 58 

23 46. 30 

21 59 H.S2 

22 01 04. 96 

03 4<i. 00 

lO . 00. 78 

18 4<i. 48 

24 10. 65 

30 03.@4 

+8.21 
8. 27 

8. :13 

8. 33 

8. 45 

8. 42 

8. 31 

8. 44 

8. 34 

8. 3t! 

6. 44 

8. 42 

8. 32 

8. 35 

8. 26 

8. Z9 
8. 45 

+8. 49 

+8.32 
8. 45 

B. 41 

8. 20 

8. 33 

8. 33 

8. 33 

8. 46 

+8.45 

+ll.33 
ll. (7 

11.45 

11.28 

11. 14 

11.,55 

11.42 

11.30 
11.41 
11. lra 

11.52 
+tl.47 
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Date. Star. 

r.: [I I I : Correction. 

I 
t"! Obsf'rverl time i ________________ 1 Clock-time 

,!: I Lp. of transit. I j 'I i of meridia.n-o 
1 

A berra- ..A.zi- Colli- I 
e I Rate. I Level th t' ' transit. ! ~ t1on. I mu ma 10n. 

--------··:--:-- ------ ---i---1--- --- --- ----
1872. i. I, I ' I I ' I h. m. s. e. I s. a. ! s. · s. j h. m. s. 

Oet.28.1 ~ l'cgasi. ... ------' 5 j W. 22 34 55.lG -0.0l, -0.02 +o.2s 1 +0.02 -0.02; Z2 34 5J.41 

. 6 1 E 55. 3:; . 01 I . 02 + . 03 I - . Ofi + . 06 I 55. 35 

! 4 ..;, 55.~:I - .01 
1
1 .02 - .OB 1- .15 + .Oo 55.30 

;>< Aqnarii. .. _ ... _ .. 

1

. 5 :B. 4;. 46.64 .oo' .02

1

+.2s +.18 +.02 45 47.10 

G , E. 47. 01 . 00 i . 0-:! + . 02 - . 09 + . 06 1 46. ~8 
4 I E. 47. 31 . oo I • 02 I - • 06 ,- . 15 - . o~ I n oo 

ct Pc"'aai I 5 ! E ~8 13. 45 + . 01 j • 02 1 + . 39 + . 12 + . 02 I JF 13. 9"i 

~ ... -....... I o
4 

II, EE:. 13. 86 . 01 1 . o~ + . 04 - . ou I + . or. I 13. sg 
14. 11 . 01 i . 02 -o. 10 ! - . 09 - . os I 13. 8.1 

Cephei.. ......... 5 i K Zl 13 ~~:~: :~~' :~: !~:~: 1--- .. - ······+· .. ········· 
v l'cgasi. ......... 1

1 

;, I :: 18 ~:::: :~~ :~ :; ::~ l +.ml + .02 23 18 50. 55 

6 : E. 5o. 40 o·> . 02 + . 02 [ - . 04 + . o~ ; 50. 45 

I 
E. so. 7~ . 02 ' - . 02 - .14 : - • 07 - . o~ .

1

' w. 4<' 

A Draconis, L. C . - : E. ~3 35. OS . 02 : + . O-t f.il ! 

r Ce1>l1-0i. .......... ~ :: 34 :~.:~I :~~ ~ :~~ ~~:~: i ......... :- .. :r::::::::::::. 
6 K 58.76 .m .07 +0.01 ,--"·· i 

1

1 
6 w. 59. s3 • 03 • 01 - • 21 I 
4 1 E. 59. 82 ~ 03 . Oi - . 54 i j 

q, Pc~asi ....... . 5 \ E. 4;; 49. 1 il . 04 . 02 + . 45 i + .10 l + . U2 23 4U 4!l. :4 

6 · w. 49.86 .o4 .02 - ·°' 1 - .0'21- .01 

ru Piscium. _ -· 

Oct. 29 " .Aq111trii ......... . 

1 Pegasi ......•.... 

4 

6 P~gasi. ........ .. 
6 

4 

U .Aqna1ii.......... 5 

6 

4 

1r .Aquaril ......... 1 : 

l{;. 

E. 
w. 
E. 

E. 

E. 
E. 
E. 
E. 

E. 
E. 
E. 
E. 

E. 
E. 
E. 
E. 
E. 
E. 

9 Draconia, L.C.... 5 E. 
6 E. 
4 E. 

226 Cephei........... 5 E. 
6 E. 
6 w. 

I 4 E. 
~ l'egaoL . • . • • . . • . . 5 E. 

6 w. 
4 E. 

>< Aquarii.......... 5 W. 
6 w. 
4 w. 

a. .Pega11i.. .... •••.• 5 W. 
6 w. 
4 w. 

49. 72 

:.0.10 .o4 .02 -.13 1-.os·i'-.o; 
52 34. 92 • 04 • 02 + . 38 I + . H + . 02 52 35. 48 

49. 83 

35.56 .04 .02 - .OG l - .03 - .00 35. 4:1 

23 52 35. 69 + . 04 . 02 - .10 i - . ll - . 08 33. 42 

. 02 + . 05 ! - • 05 + . 04 21 59 02. 08 

:: ~:~!!=:~ ~:~~ 
21 59 02.09 - .03 

0-2. 26 

02.51 

22 Oil 52. 50 

52. 61 

53.00 
03 34. 08 

34.~ 

34.55 

O!) 54. 38 

. 03 

.03: 

.03' 

.03' 

. 03 

.03 

.03 

.03 

• o.1 

. 03 

.02 +.081--03 +.05 

.02 +.05 -.11 +.01 

.02 -.14 -.08 -.05 

.02 +.071-.05 +.04 
.02 + .04 -.19 + .01 
.02 -.11 -.15 -.05 

.02 +.06 -.00 +.041 

.02 +.021-.2.5 +.01 

. 02 - .10 ' - • 19 - • 05 

.!l'..! + .08 - .05 + .04 

• 02 + . 01 - • 2'.! + . 01 

02.03 

02. 14 

22 00 &:!. 55 
::i2. 51 

52.68 
03 3-l 09 

34.07 
34.19 

09 54.37 

54.42 
54445 

lB 33. 96 

33.97 

• 54. 69 

54. 84 

18 33. 93 

34. 21 

3t.54 ., 
24 58. 41 

58.88 

58.09 

.02 

.02 

.02 

.112 

.01 

• 01 

.01 

.01 

. 01 

-o. 02 - • rn -0.16 -o.o5 34.17 
I 

+0.071- .25 ........ ····---- ----·-···--·--·· 
.07,-.04 

+0.01 + .33 

29 49. 85 
49.40 

:;o. 74 

50.71 

-0:: II!::~ ········ ...................... .. 
.06 - .08 
.06 - .51 

34 54.19 

54.68 .01 

54.87 -0.01 

45 46. O\l • 00 
ffi.32 .oo 

.02 

.02 

.02 

.02 

+.1:11-0.04 

-.02,-.11 
-.13:-.13 

+ .03 + .05 

+0.04 
-.08 
- .05 

- .04 
.02 -.01 -.16 -.08 

46.31 .00 .02 - .07 -.!151+.05 
5S 12.89 +0.01 .02 + .06 + .03 - .05 

13.211 .01 .02 -.Oil - .10 - .08 

13. 34 +o. 01 -O. 02 -0. JO -0.16 +0.05 

22 34 54.29 

5·1. 44 

:>4. 53 

45 4-0. 04 
46. ()5 
46. 02 

58 12. 92 
13. 01 

13. 12 

Right a.qcen- ,Clock-cor. 
sion. 

k. m. s. 
22 35 ou. rll 

45 ;it!. 41 

2.1 13 25, 3fi 

19 01. 87 

23 4u. 7;; 

34 10. 7!> 

52 4G. 79 

21 59 H. :H 

2~ -01 04. 95 

03 46. :;4 

10 05. 77 

1F; 46.4"i 

24 10.H 

30 02. !Ji 

3.3 06. 79 

4:; 59. 40 

5>l 25. 33 

rection. 

8. 

+11.3~ 

] 1. 45 

11. 4;; 

11. 31 

11. 43 

11. 41 

11. 3; 

11. 4:; 

11.!Jl 

11.32 

11. 4~ 

-j-11.3!) 

+11. 38 

ll. 40 

11. 29 

11. 31 

•11. 36 

ll. 37 

12. 43 

12. 48 

12. 37 

12. 40 

12. 44 

1~. 27 

12. 45 

12. 47 

12. 3~> 

12. 40 

1~. 35 

12. 32 

12. ;jl 

12. 50 

+12. 30 

+12.50 

12. 35 

12. 26 

12. 36 

12. 35 
12. 38 

12.41 

12. 3'l 

+12. 21 
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Observations for personal equat-ioii, Cambridge, JJfass., cf:c.-Continued. 

'iil 

" 
Date. Star. E Lp. 

1872. 

" c z 

Oct. !.!9 • Cephei.. . . • . . • . . 5 ·w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
w. 
E. 
w. 
w. 
E. 
w. 
w. 
:R. 

w. 

6 

4 

v FegasL............... 5 
6 

4 

>.. Draconi~,I ... C .... 5 
6 

4 

y Cephei. .••.•••... 5 
6 

6 
4 

tf> Pcgasi. ........... 5 
6 

4 

ClJ Piscinm ........... 5 

Nov. 1 a Pegasi ............ . 

6 

4 

5 

6 

4 

o Copliei...... •• . •. 5 
6 

4 

· v Pegasi. ............. 5 
6 

.0 Piscinru........... 5 
6 

y Cepbci .......... . 

6 

w. 
w. 
w. 
w. 
w. 
w. 
w. 
w 
w. 
w . 
w. 
w. 
w. 
w. 
E. 

4 w. 
-Cr.) Piooium. .... ......... 5 W. 

6 i. 
4 w. 

.a. Androme<lro.......... 5 E. 
6 E. 
4 E. 

r Peg1111i........... 5 E. 
6 E. 
4 E. 

1 Cati.............. 5 E. 

6 E. 
4 E. 

re Draconis,L.C ••.. 5 E. 
6 E. 
4 E. 

ill Ca..al-0peai . •••• •• 5. E. 
6 E. 
6 w. 
4 E. 

32 Ca.m&lop., L. C . • . 5 E. 
4 E. 

c l'il!Cium ..... .... ~ E-
6 w. 

0 bserveil ti me 
of trausit. 

Corre~Hon. I ---1------
Clock-time , I 

Right ascen- IClock-cor· 

Rat 1,aberra-1 L 
1 
I ..A.zi. I Col1i. of t~~:~~:an. I sion. r-ectmu. 

o. I . eve . th . I , tlon. I mu . mntrnn. j 

-8-. _ _1_.-.-j-.-.-,·-8-.-1-.-.- -;:-;,.~·-.. -! h. m. ~-1---.. -
h. m. •· 
23 13 12. 97 

12. 98 

12. 88 

18 49. 42 

+o. 02 --0. 04 ' +o. 25 --0. 12 ............... · / 23 13 2;;. ;21 
• w2 • 04 -0. ~6 I ; , 
.02 .04 --0.261 I i 

49. 05 

49.n 
23 33. 79 

34. 50 

35. 33 

33 57. 94 

58. 03 

57. 73 

57.92 

45 48. 58 

48. 74 

49. 03 

52 34. 31 

34. 48 

34. 58 

2-l 58 10. 77 

10.58 

10. ::;9 

23 13 10. 94 

11. 05 

09. 94 

18 47. 22 

47.07 

47.01 

21 16. 24 

16.00 

16.16 

33 56.39 

56.10 

55..SG 

• 02 • 02 +o. 11 I +o. 02 i -o. 05 23 rn 49. 50 
1 

• 02 • 02 --0. 03

1

-o. 01 I -o. 09 44~.· !: ·,·,I, 

• 02 - • 02 - • 12 -0.12 I +o. 05 • ,_ 

:: + :~: ~:~: r----·-r------ ............... 1 

.&i +.04 +.14, I I 
:~~ -:E ~:~: 1------·r--.................. · 
. 03 . 07 --0. 471 I I 
• 04 • 02 +o. 11 , +o. 03 -O. o:; 23 4~ 48. 59 I 
, 04 • 02 + o. 051 -0. 03 + 0. OD 48. ~71 
• 04 • 02 -o. 12 ! -o. 14 +o. 05 48. 84 

• 04 . 02 +o. o9 I +o. o4 -o. o4 52 34. 42 1 
• 04 . 02 +o. 04 I -0. 05 : +o. 09 34. 58 i 

+o. 04 • 02 -0. 09 i -o. rn +o. os 34. 371 
-0. 01 , 02 - , 06 +0. 01 -0. OC 22 58 10. 63 I 

I 
• 01 

.-01 

• 01 

.01 

.01 

.01 

• 01 

- .Ol 

.00 

.00 

.oo 

.00 

.00 

.oo 

• 02 -0. 01 +o. Oil -0. 04 

. 02 +o. o5 -o. rn +o. os 

.04 --0.11 ......... 
,04 -0.04 

• 04 +0.12 I . !l21-o. 02 j +o. 01 -o. 06 
• 02 -o. 02 i +o. 02 -o. 05 

• 02 +o. 05 I -0. 11 +o. OS 

. 02 -0. 01 I +o. 01 i -0. 06 
• 02 -o. 02 +o. <J3 i -O. 04 

.02 +o.03 -0.1s: +0.01 

10. 52 i 
I . ........ ~~ .. ~~·! 

23 18 47. 12 I 
4(J 99 l 
47. 02 ! 

21 16. 16 I 
rn. 01 I 
16. ll6 I 

................ ! 
i 

54. 60 • 00 

,07 --0.15 

.07 -0.12 

.01 +o.oo 

.07 +0.12 

• Oii -0. 01 
! 

52 32.17 + .01 
32. 03 • 01 

32. 10 • 01 
0 01 34..15 . 01 

34. 10 . 01 

34.. 31 • 01 

06 26. 49 • 02 

26. 40 • 02 

26. 67 . 02 
12 42.17 . 02 

.021 +0.02 

.02 +0.02 

.02 --0.01 

.02 +0.03 

.0-2 +0.05 

.02 -0.01 

• o;i +o. oa 

.00 +.04 

.02 .oo 
42. 11 

42. 41 

27 44. 70 

H.60 

45. 00 

37 04. 58 

.02 .02 + .01 

.02 - .0-2 +0.02 

.02 + .05 -0.03 

04.37 

05. 01 

.05 - .02 

. 02 + . 05 --0. 03 

.oo I - .os +o.oo 

.03 .06 +0.07 

.o3 .oa -0.oa 
o.t.21 .w - .06 +o.cs 

47 50. 73 • 03 + . 15 -0. 09 

51.65 .03 + .l.'S -0.14 
w 05.99 .04 .02 +0.01 

oo. 01 +o. 04 -o. O'J -o. 01 

+o. 01 i -o. oG 
. 00 I +o. 04 

-0, 18 + .07 

-0.01 i + .07 

.00 i +0.05 

- .09 / -0.08 

- .02 ! +0.06 

.oo i +0.04 
- .16 j -0.08 

- .03 I +0.0-0 

23 52 

0 01 

:12.10 I 
:r.i. os I 
32.00 I 
34. 191 
34. 171 
34. 18 

oo 26. s2 I 
26. 47 I 
2'). 47 

12 42. 20 

42. 16 . oo I +o. 04 

~-~1~-~ .......... 00 

--·-··-·1 ·-···· ................. . 

...... ..). ...................... ! 

-0. 02 \ +o. oo 
+o.os -o.ro 

0 ~ 00.06 
00.11'1 

18 01. SG 

23 4G. ~II 

34 10. 74 

46 Ol.12 

52 46. 79 

22 58 25. 30 

23 13 25. ~2 

19 01.83 

21 30. 87 

34 10. 56 

52 46. 77 

0 01 48. 97 

06 41. 28 

u 50.07 

27 ~9.26 

37 18. 78 

•a 04.4f 

i l;J. 3G 

12. 40 

+12. 34 

+11!. 43 

12. ~5 

l:l. 28 

rn. 37 

12. 21 

12. 42 

14. 67 

14. 78 

+14. 76 

+14. 71 
14. 81 

14. 81 

14. 71 

14. 86 

+14. 81 

+14. 67 

14.C9 

14. 77 

14. 78 

14. 80 

14. 79 

14. 7f> 

14. 81 

14. 81 

14, 77 
14. 81 

+14.88 
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Star. 

!t Dr~conis, T '· C .. 

A Aqurii. ....... . 

o:. Pegasi ...... . 

o Cephei ........ .. 

ti' Pe_gasi. 

0 Piscium 

y Ceph.,L ........ 

<I> Pegasi. ........ . 

w Pieciam .••.•.... 

o. Andromedre .. - . 

r Pegasi. .... 

, Cetl ......... .. 

Lp. 

. 1 I E 
I E. 

41 E. 

.:.'5 E. 
6 R. 

E. 
5 E. 

E. 
5 E. 
6 E. 
4 F. 

.1 E. 
6 E. 

E. ' 
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LIS'I, OF SKETOr.lES. 

PROGRESS SKETCHES. 

No. 1. General progress. 
2. &ction I, Northern part. 
3. Section I, Primary triangulation between the Hudson and Saint <Jroix Rivers and Lake 

Champlain. 
4. Section II, Triangulation and geographical positions in Section II, from New York City 

to Point Judith. 
5. Section II, Triangulation and geographical positions in Section II, from New York City 

to Cape Henlopen. 
6. Section III, Chesapeake Bay and tributaries. 
7. Section IV, Coast of North Carolina, including Albemarle and Pamplico Sounds. 
8. Section IIJ, Primary triangulation between the .Maryland and Georgia base-lines (north

ern part). 
9. Sections IV and V, Primary triangulation between the Maryland and Georgia. base-lines 

(southern part). 
10. Section V, Coast of South Carolina and Georgia. 
lla. Section VI, East Coast of Florida (Amelia Island to Halifax River). 
llb. Section VI, East Coast of Florida (Halifax River to Cape Canaveral). 
12. Section VI, West Coast of Florida (Tampa Bay and vicinity). 
13. Section VII, West Coast of Florida (Saint Joseph's Ba..v to Mobile Bay). 
14. Section VIII, Coast of Alabama, Mississippi, and Louisiana. 
15. --, Geodetic connection of the Atlantic and Pacific coast triangulations (Sec-

tion from Saint Louis westward). 
16. Section IX, Uoast of Texas. 
17. Section X, Coast of California (lower sheet)~ From San Diego to Point Sa.I. 
18. Section X, Coast of California (middle sheet), From Point Sal to Tomales Bay. 
19. Section X, Coast of California (upper sheet), From Tomales Bay to the Oregon line, and 

section XI (lower sheet), From the California line to Tillamook Bay. 
20. Section XI (upper sheet), From Tillamook Bay to the Boundary. 
21. Section XII, Explorations in Alaska. 

ILLUSTRATIONS. 

· 22. Bay of San Jose del Oabo, Lower Oalifornia. (See Appendix No. 10, page 131.) 
23. Handy method of detaching shot in deep-sea sounding. (See Appendix No. 14, page 

152.) 
24. Personal equation apparatus. (See Appendix: No. 17, page 161.) 
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