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LETTER 
FROM 

THE SECRETARY OF THE TREASURY, 
COMMUNICATING, 

In obedience w law, a report of the Superintendent of tlw Coast a.nd Geodetic Survey, sluncing the progr68s 
made in the survey of the Atla1itic, Gulf, and Pacific coasts, for the year ending June 30, 1879. 

DECEMBER 15, 1879.-0rdered to lie on the table and be printed. 

TREASURY DEPARTMENT, December 12, 1879. 

Sm: In compliance with section 4690, United States Revised Statutes, I have the honor to 
transmit herewith, for the information of the Senate, a report addressed to this department by Car
lile P. Patterson, Superintendent of the Coast and Geodetic Survey, showing the progriSS made in 
the survey of the Atlantic, Gulf, and Pacific coasts during the year ended June 30, 1879, and 
accompanied with a map illustrating the general progress made in that work. 

Very respectfully, 

Hon. WILLUM A. WHEELER, 
Vice-President of the United States, President of the Senate. 

JOHN SHERMAN, 
Secretary. 

iii 



 

Blank page retained for pagination 



 

ABSTRACT 0}_, CONTENTS OF REPOR1,. 

PA.Rl' !.-Introductory remarks on progress of work of the Coast and Geodetic Survey of the United States, pp.1, 2. 
Magnetic survey of the whole country, a work of immen!le utility, p. 2. Special remarks on deep-11ea soundings in 
the Gulf of Mexico and parts of theCariblJean Sea, pp. 2--4. The problem of tlie Gulf Stream to be investigat.ed, p. 4. 
Meteorological researcJu,s, pp. 4, 5. Synopsis of progress of work for tlrn year, pp. 5-7. Estimates ir1 detall for cou. 
tinning work in the east.em division oftbe Coast and G1>odetic Snrvey, })J>. 7-9. Eetimates for Nmtirming work iu 
westem division ot' the Coast and Geod•~tic Survey, 11p. 9, 10. Estimates for repairn of vessels, 1mblication of 
observations, and general expenses of all the work, p.10. Obituary of Henry "'ootl Badie, l'Jl.10, 11; of Willimn 
H. Mapes, p. 12. 

PA.RT II.-Beference to brief abstracts of work accompHshe<l, pp. 11, 12, 
Ji'iel.d and office work, progrel!8 in, pp. 12-74. 
Smnmary of flel.d work, pp. 12-65. 

SEcnoN I.-Hydrography of c<>ast of Maine, pp. 12, 13. Hy<lrogra1>hy of eastern a11pruaeh t<> Mount Desert Islund, J>. 
13. Mor:rnt Desert Island, p. 13. Hydrography of Frenchman's lfay, Me., 1'· 14. Topography of Fl'encbman's IlliJ', 
Me., p. 14. Topography of Union River Bay, Me., p. 14. Topogm11hy of Bartlett'!> Jsla.ncl and Long Island, near 
Blue Hill B:oy, Mc., pp. 14, 15. Hydrography of Plac·entii; Bay and Jericho Bay, Me., pp. 15, 16. Hydrography of 
Isle au Haut Bay, Me., p.16. Le<lge in MuHCongns Ray, Me., pp. Hi, 17. Tidal observation$ at North Haven, p.17. 
Geodetic optmttiona in New Hampshire, I'· 17. G""'letic oz>1•1·ati<mB, ~fotmt Monadnock, p. 17. Light-house 
positions, coasts of New Hampshire mul "Mas!!lachusetts, pp. 17, 18. Recou11ais1;anee in Vermont, p. 18. Hy<lrog
raphy of Merrima.c River entrance, Ma88., pp. 18, 19. To11ography of Boston HarlJor, p. 19. Sea currents, Gnlf 
of Maine, pp. 19, 20. Aids to navigation, p. W. At!antie Coast Pilot, p. 20. 'l'id~l observations, Bnzzard'8 Ha~~, 

pp. 20, 21. 

SECTION II.-Geo<letie operat.ionis, p. 21. Hyilrograph.r, viciIJity of Block Island, pp. 21, 22. Aids to uavigatfon, I'· 22. 
Survey of Jamaica Bay, N. Y., pp. 2'2, 2.'3. Hydrograplly of Jamaica Biiy, N. Y., p. 2:3. Tidal ol1serva.tions. GoY· 
ernor's Island, p. 23. Topography of Hudson River, N. Y., pp. 2:l, 24. Sttttion marks, coaat of New Je1'S<'y, JI· 24. 

·Geodetic <>1ier&tion~ in New Jersey, pp. 24, 25. Hydrogmphy of Delaware Rfr<>r, p, 25. Special 1Snrw1y at Phila
delphia, pp. 25, 26. Current observations in tbe Delaware, pp. 26, 'a. Geodetic operations in Pennsylvania, l'· 27. 
Pendulum observations, PP: Z7-29. 

S.itCTlON !IL-Longitude determinations, p. 29. Magnetic observations, p. 29. Special hydrographie investigation. 
pp. 29, 30. Tidal obaerva.tions, p. 30. Survey of James RiYer, Ya., l'· 30. Geodet~e connection in Virginia, pp. 30, 

· 31. Goodetic levels, pp. 31, :J'J. Life-saving stations, p. 32. 

S:&CTlON fV.-Life-aaving stations, pp. 32, 33. Atlantic Coast Pilot, p. :JS. Cape Lookout Covi;, pp. 33, 34. Hytlrog
ra.phy, coa.st of North Carolina, p.34. Topogra}lby of Cape Fear, N. C., p.34. Longitude of Statesville, N. C., 

pp.34, 35. 

SECTION V.-Hydrograp11y, coast of Sunth Carolina, p. 35. Hydrograpby of Sampit, River, S. C., pp. 35, 36. Topog
raphy of Stuno River, S. C., p. 36. Longitude of Atlanta, Ga., p. 36. 

SECTlON VI.-Tidal observations, p. 37. Tria.ngnlaLiou and h1pography of Indian River, J:'la., l'P· 37, 38. Surn•y of 
the Gulf coast between Charlotte Hal'bor and Sarasota Inlet, I•· 38. Gulf hydrography near Charlotte Harbor, 
Fla., p. 28. Magnetic observati.ons, pp. 38, 39. 

SxcnoNYill.-Reconnai11S1mce and geodetic work in Alabama and lfissi&!ippi, pp. 39-41. Currents near the Mississip11i 
Delta, p.41. Tidal observations, p. 41. Triangulation of tlie Mil!8iS11ippi River, pp. 41, 42. Death of Capt. JI. T. 
Hutebineon, of the Resea.reh, p. 42. Bydrography of the Mill!!iSSi£l1>i Rive,r, pp. 42, 43. Triangulation of the .l\lil!Si~
llippi River from Natchez to Grlllld Gulf, p. 43. Tria.ngulation of tho Mississippi River above Vicksburg, Pl» 43, H. 
Triangulation of the MllJSissippi. RiYBl' from Bo=ctt'it Landing to Mew phis, 'l'eun., p. 44. 

v 



 

Vl ABSTRACT OF CONTENTS OF REPORT. 

S:H:CTIDN IX.-Hyi\rograI>hY of the coast of Texas, p. 45. Triangulation cf La.guna Ma.dre, Tex., p. 45. HydrograI>hY 
of\Vest Indian ap11roachea to the Gulf of Mexico, pp. 46--50. Magnetic observa.tions, p. &O. 

SECTION X.-Ge.cdetfo o~rations, Santa Barbara Channel, Cal., l'P· 50, 51. TopGgraphy of Catalina e.nd SIUl Clemente 
1slaods, Cal., pp. 51, 52. Jiydrograpby miar Santa Catalfoaand San Clemente Islmids, Cal., p. 52. Hydrography 
of Bahia de los Tremblores and adjacent coast of California, p. 52. Triangulation and topography ()f the coast 
between Point Arguello and Point Sal, pp. 521 53. Hydl'ography of Suisun Bay and San Pablo Bay, Cal., pp. 
53, 54. Tidal observations, p. 54. Geodetic operntionll in California, pp. r>4, 55. Triangulation and topogn-lphy 
west of Fisherman's Bay, coast of Califomia, pp. 55, 56, Geodetic operations north of San Fra.ncll!oo, Ca.l., pp. 
56, 57. Tides at the Sandwich Islands, p. 57. 

SECTION XI.-Triangulation of Columbia River, Oreg., pp. 57, 58. Triangulation of Washington Sound, Wallh. Ter., 
p.58. Hydrography of Puget Sound, WPSh. Ter., pp. 58, 59. Triangulation and topography of Hood's Canal, 
·w a.sh. Ter., p. 59. Triangulation and topography of branches of Puget Sound, Wash. Ter., p. 59. 

SECTION XII--Coast of Alaska, p. 60. 

SECTION XIII.-Geo<letic operations in Kentucky, p. 60. Geodetic operations in Tennessee, p. 61. 

SECTION XIV.-Reconnail!Bance in Ohio, p. 61. Reconnaissance in Indiana, pp. 61, 62. Geodetic reconnai8sanoo, p. 
62. Magnetic observations, pp. 62, 63. Geodetic work in Wisconsin, p. 63. 

SECTION XV.-Geod<itie operations in MiBBOu:ri, pp. 63. 6<1. Magnetic observations, p. 64. 

SECTION XVI.-Geodetic operations in Nevada and Utah, p. 64. Reconnaissance for geodetic points in Colorado, pp. 
64, 65. Magnetic observations, p. 65. 

SECTION XVII.-Magnetic observations, 'Vyoming Territory, p. 6.'1. 

COAST AND GEODETIC .8t:RVEY 0FFICE1 pp. 65-74. 

OPFICE wonK.-Otliccrs in charge, pp. 65--67. Hydrograpbic Division, pp. 67, 68. Computing Division, pp. 68-'70. 
Tldal Division, l'P· 70, 71. D~a.wing Division, pp. 71, 72. Engraving Division, p. 72. Electrotyping and Photo
gra11hing Division, pp. 72, 73. .Miscellaneous Division, p. 73. Archives, pp. 73, '74. Library, p. 74. l111!trnment 
Room, p. 74. Conclusion of Report, p. 74. Appendices, pp. 77-160. 



 

No. 1. 

No. 2. 

No. 3. 

No. 4. 

No. 5. 

No. 6. 

No. 7. 
No. ~. 

No. 9. 

No. 10. 
No. 11. 
No. 12. 
No. 13. 
No. 14. 
No. 15. 
No. 16. 

CONTENTS OF APPENDICES. 

DISTRIBUTION OF SURVEYING PARTIES upou the Atlantic, Gulf of Mexico, and Pacific coasts and 
interior of the United States during the fiscal year 1878--79 ................................... . 

STATISTICS of :field and office work of the United States Coast and Geodetic Survey to the close of 
the year 1878 .................................................................. --~--- •••..••. 

INFORMATION furnished from thfl Coast and Geodetic Survey Office by tracings, &c .• from original 
sheete in reply to special calls during the fiscal year ending with June, 187!! .•••••.•••••....•••• 

DRAWL"i!G lJIYISION.-Charts completed or in progress during the fiscal year ending with June, 

1879 ••.••• ···--- .......... ·--······· ............ •••••••••••••• •••••••••• ·••••• ••••••••• •••••• 
ENGRAVING DIVISION.-Plates completed, continued, or eommeneed during the fiscal year ending 

with June, 1879 ............................................................................. . 
DREDGlNG OPERATIONS in the Caribbean Sea. A letter from Prof. Alexander AglW!siz to the 

Superintendent ..................... · ........................................................ . 
DESCRIPTION of the Davidson Merirlian Instrument. ............................... _ ........... . 
COMPARISON of Loeal Deflections of the Plumb-Line .......................................... . 
ON THE 8ECUI.AR CnANGE of Magnetic Declination in the United States and at some Foreign 

Stations .................................................................................... . 
PHYSlCAL HYDROGRA.PHY of the Gulf of Maine ...... ---·· ········-··· ....................... . 
REPORT ON TUE PREPARATION of Standard Topographical Drawings .... ··-··-·· ......... -··· .. 
ON THE RECONSTRUCTION of the Dividing Engine of the Coast a.nd Geodetic Survey .......... .. 
.ADDENDUM TO A REPORT on a Physical Survey Qf the Delaware River ......................... .. 

THE INTERNAL CONSTITUTION of the Earth •••• ···- ...... ··-·-·---· .......... ··-· ........ ·••••• 
ON INSTRUME1'"TS AND METUODS used for l'recise Leveling ...... -· ........................... .. 
DETERMINATION of Refraction on linea passing near a surface of water in geodesic leveling ....••• 

vii 

Page. 

77-82 

83-84 

88,1:39 

90-!!4 

95-102 
103-10!1 
110-123 

124-174 
175-190 

191 
19'2-198 
199-200 

201 
20'.t-211 
212-213 



 

Blank page retained for pagination 



 

ALPHABETICAL INDEX. 

A. 

ABSTRACTS OF LOCALITIES Ol' WORK ON ATLAJS"TIC, 
GULF, AND PACIFIC COASTS, pp.11--05. 

ACKLEY, S. :M., LIEl'TEN ANT, U.S. N. Reference to work in the 
Gulf of Maine in 1877. p. 13; bydrogTRphy of Frenchman's Bn_y, 
.Me .. p. 14; mapictic obst>rvationsin the Gulf of l-fexico, p .. 39. 

ADD·K~DUM TO A REPORT ON A PHYSICAL SURVEY OF 
TRJIJ DELAWARE RIVER. Ily Henry Mite hell. A•si,tant. 
Appendix No. 13, Jlp, 199-200. 

ADMIRALTY HEAD. Signal. en>ct.ed at, p. 58. 
ADMIRALTY INLET. Refercnof\ to chaJ>t o~ in estimates, p. 10; 

trian~ulatfon Il(IB.T, p. 58. 
AGASSIZ, PROFESSOR ALEXANDER, OF IlARVARD. Deep. 

sea dretlging by. pp. 3, 4, 46; reference to report of, pp. 48-50. 
Dredging -0peratio1H1 in the Carihl,ean Sea. A letter to the Supe1·. 
intendent from. A11pendix No. 6, pp. 95-102. 

AIDS TO NAVIGATION, pp. 20, 22. 
ALABAMA. Ge-0<letie obser-r-ations in northern part of, pp. 6, 39 ; 
ext~nsion of triangnfation ae.ross boUlldary line between Missis
sippi and. p. 40; e-omputation of triangulation between Georgia 
and, p.69. 

.A.LASKA. !Wconnaissance of coast and i•lands of, p. 60; refernnc~ 
to, in estimates. p. 10. 

ALASKA CO.A.ST PILOT. Compilation of, p. 6; referenc<'. to, in 
estimates, p. l(l i continuation of work on, pp. 33, 60. 

..A.T~"BEM AR LE SOUND. Position of life-sa"t""inf! station determinetl 
in, pp. 5, ll2 ; examination of, for Coast Pilot, p. 33. 

AL DINE (schooner), OF PIDLADELPIIlA Assist-ane-0 rendered 
by the Drift to the, p. 20. 

ALEXANIJER ARCHIPELAGO, ALASKA TER .. p. 00. 
ALEXANDER, W. D .. SUPERINTENDENT OJ<' THE GOY

ERNMENT StTRVEY OF THE SANDWICH ISLANDS. Tidal 
observatlons for "year reeei-..ed from, p. 57. 

ALLEGHENY OBSERV A.TORY, P.A.., p. 28. 
AL LEG RJIJNY RANGE. Geodetfo observations in, p. 31. 
ALLIGATOR RIVER. Skekb of, for the Coast Pilot, p. 33. 
AMERICAN ACADEMY OF ARTS .A.ND SCIENCES. ltelative 

to report o-f Professor Peiree, puhlit'lberl. in proceedings of, p. '27. 

AMERICAN BOTTOM, ILLINOIS. Site of ba..e line, pp. 6, 
62, 6:1. 

AM:ERI()AN JOURNAL OF SCIENCES. Paper on Faye's Meth· 
ods, by Professor Peirce, pablishe<l in, p. 28. 

AMERICAN TRANSATLANTIC STEAMSHIP COMPANY. 
R<ll"tive to shoal in vic:inity of wharf of th<i, p. ZT. 

AMSDEN, CHARLES H., ENSIGN, U.S. N. Services in Section 
I, p. 13; in Section IX, p. 45. 

ANACAPA ISLAND, CAL .. p. 52. 
ANDERSON'S ISLAND, WASH. TER., PV· 58, f>li. 
ANDERSON'S 'MOUNTAIN. Triangulation near, p. 35. 
A.NEG.A.DA. CHANNEL CURRENT. Observations near, p. 48. 
ANGUILLA. 'Refe?"enoo to, pp. 48, 49; see also Appendix No. 6, p. 

101. 
ANNUAL DETERMINATION 01<' MAGNETIC DECLIN.A. 

TION, DIP, AND INTENSITY AT STATION ON CAPITOL 
HILL, WASHllWTON, D. C., :BY ASSI8TANT C. A. SCHOTT, 
pp.29,tlS. 

S. Ex. 17--ii 

ANTHONY'S NOSE, HI'DSON RIVER. p. 23. 
.A.NTIG 'CA.. Soundings near, p.47; refereuct_• fo, 11Jt. 431 49; S.l':4' ah10 

Appendix No. 6, pp. 101, 102. 
APP ALACIIIAN:>. The, rnferenct' to, p. 28. 
APPALACHIAN CHAIN. Reference to, p. 41. 
APPARATUS. Wire wuuding. l'P· 2, 3. 
A.PPENDICES. No". l to 16. For title• of. •ce 11aire precediu;.: 

.Al11habetical Index. 
APPENDIX-No.1,pp. 77-82; No. 2,pp. 83, 84;~o.3, pp 85-87; No. 4, 

pp. 88, 89; No. 5, PJ>. 90-94; No. 6, pp 95-102; ~-o. 7, pp. 103-109; No. 
8, pp. 110-123; No. 9, pp. 124-174; 1'o. 10. pp. 175-190; No. ll, I'· 
191; No. 12, pp. 1!12-198; Xo. 13, Pl'· 199-200; No.14, p. 201; No. 1:;, 
pp. 202-211; No. I 6. pp. 212-213. 

..Al'PENDIX-Ko. t reforcnct• to, p11.1, 11; No. 3, refereuc<· to, p. 71: 
No. 4, referenct' to, IJ- 71; No. 5, reference to, p. 72; Xo. 11. 
referred to, p. 72; No. 12, reforenct~ 1.0, p. 74; :So. 24, of Rf"port 
of 18.>9, pp. 296-305, re-ferred to in Appendix No. 9, p.124, Ko. 8, of 
ll.eport. for 1867, referred t.o in Appendix No. 7, p. 103; No. 7, of R1•· 
port for 1869, referred to in.Appen<lix No. 8, p. 113; No.22. of l~<'port 
for 1870, referred b) in Ap1mndix. No. 7, p.104: No. 8, pp. 72-10?". of 
lteport for 1874-1 referred to in Appendix No.!), p.124; Nos. 7, 8, 10, 
12, of Report of' lR7e, referred to. p. 73 . 

APPROPRIATIONS REQT'IRED FOTI WOHK ON THE COAST 
A.ND GEODETIC SURVEY, l'Jl· 7-!U. 

All AGO, OF :FRAJS"CE. Reference t-0, p. 28. 
.ARAGO (at.earner). Use of, in Section II, p. 25. 
ARCHIVES OF TlIE UNITED STATES COAST AND GEO· 

DETIC Sl.'RVEY OFFICE. pp. 73, 74. 
ARLINr:tTON. Trlal base lln1> uear. p. 66. 
ARMY POINT, SUISUN BAY, CAL.,p.53. 
ARSENAL WHARF, BENICIA, CAL.,p.Ml. 
ASHLEY RIVER, S.C., p.36. 
A SIA. Reference to ohservation:.;i fo1· declination on tht• 1..•oast of, 

p.5. 
ASTRONOMICAL OBSERV ATlONS. Referenc~ to progr<•oR of. 

p. li at Prospect Mountain, p. 21: in Virginia, p. 31; iu Alalnmrn. 
p. 40; in Tennessee, p. 44; in California., p. 50. 

ATCHAFALAYA BAY. Referenc" lu,in estimat""· I'- 9. 
ATCHAY!.LAY A RIVER. Soundings in, pp. 6, 42. 
ATHENS. OHIO. Trianj1.ulation near, pp. 6, 32, 61. 
ATL~.\NTA1 GA. Longitude determinrd nt st'3.tfon in, Pl'· 5, 29: 

instruments moved t.0 1 p. 35; longitude of, JI· 36; f'Omputntion nln. 
tive to, p. 69; importance of d~termination of telegraphic lon~itude 
of, Appendi" No. 8, p. llR 

ATLANTA BASE LINE. Referenre to. in e•timates, p.8; retl'r· 
e.nce to completioll of quadrilateral betwe-t-u Dlue Hidgc and. 1'· 
&Q; extension of triaugu)ation WCRf. of. p. 39. 

ATLANTIC ARC. Extension of, Appendix No. S, 1i. l18. 
ATLANTIC COAST. Progres•ofexaminationof,pp. 2.-{;; dc•p·sca 

soundings off, pp. 24, 46-50; rnference in e.stlmatcs t-0 general chart 
of,p.9. 

ATLANTIC COAST. Section I, pp. 12-21: S•ctiou II, Pi'· 21-29: 
Se<':tion Ill,pp.29--82; Section IV, PP-32-85; Rectfon Y, pp. 35,36; 
Section VI, pp. 37-39; !l~ctlon VIII. pp. 311-44; Sc<'!ion IX, pp. 
45-511; Section X, pp. 50-57: Section XI. Pl'· 57-50; 8<-etion XII, J'· 
6<l: Seetlcm XIII, pp. 60, 61; Section XIV, pp. 61-6.~; s,ctiou XV. 
pp. 63, 64; Section XVI, Pl'· 64, 65; Sootion XVIJ, G5. 

ix: 



 

x ALPHABETICAL INDEX. 

ATLASTIC COA8T TIUANGGLATION. R<!forenc.,to, pp. 2,5; 
in estiruutca

1 
p. 8; conueotion of trinngulatiou of Lake Champlain 

witlt, p. ~1;. with New Jersey, p. 25; position of life-saYing sta
tious determined by, p. 32. 

ATI,ANTIC AND PACIFIC COASTS. Prol!ress of geodetic work 
between, p. e; refenmee to, ill eRtimates, Pl'l· ~. lU_ 

ATLU\"TIC .AND GULF COASTS. lfoference to, in estimates, 
l" 9. 

ATLAN'l'IC COAST PILOT. Pnblication of seoourl ,·olume, I" 7; 
reference to. in estimates, p. 9 ; compilation vf, pp. 20, 33, 72; dia
hihutiQU of "-·opie~ of. p 73. 

ATLANTIC, GT'LF, AND PACI< IC COASTS OF THE UNITED 
STATES DUIUNG TUE Sl'RVEYING SEASON OF 1B7S-'~!l. 
Distl'ibution of surveying parties upon, .A.p1>endix No. I, JI))· 77-82; 
reference to progres~. p. 1. 

ATOKA, IND. TEE. Magnetic observations at, VP· 6, 50. 
AFROitA. -~LA. C"m1mtation of latitude of, p. 69. 
.A. V-STIN, TEX. Ma~ne.tic obse1·va.tioni; at, P- 50. 
A VEH.Y, R. S. In charge of Ti<lnl Division of Com~t sud GeodAtic 

Survey Office, p. 7tl. 
.AZIMf'TH. Re.ference to determination of, p. 1; observationa for, 

at Pros11ect ::Mow1ta.in, p. 21; in Yirginia, p. 31; in Alabama, p. 
40; iu Tenn~i:i.see, 'P· 44; in California, p. 50. 

B. 

llACHF. (steanwr). Use of, in GulfStreamexplorations, p. 2' in Sec
tion 1, pp.13, 18; in Section II, p. 21; in Section Vl, p. 36; in Section 
YIU, pp. 42, 43. 

llACHE, l'IWFESSOR A. D. Reforonce to, p. 10. 
llACHE, C. :M., ASSIS'L~.N'1'. Snrve;r of PdawRw River, p. 25. 
llACHE l•'O'ND FOH MAGSETIC OBSERVATIONS. p.67. 
BACHE, R. \V., LATESt:BASSlSTANT. Obituary of.iip.10,11; 

refereuet> to tidal ohMt:>rvations at Fernandina, 1~1a., by, p. 37. 
BACHE, R. M., ASSISTANT. Special survey at l'hiJarlelphia, p. 

26; triang:Hl~tion and topo~i:-aphy of lndit1.n River1 .Fla., p. 37. 
BACK ItI'i'ER HARllOR BAY. Tidal observations at, p. 21. 
BA 1T !\.,MA llANli.S. Soundings nfl', p. 47; rtforcnce to, in Appentlix. 

No. c, pp. 6, 95. 
BAHAMA CHANNEL. SoundingR a1,.oss, PI'· 46, 48. 
BA.HL\MA ISLANDS, pp. 48. 49; see also Appendix No. G, p. 100. 
BAHIA DJ': LOS TREMllLORES, C.J.L. Hydrography of, p. 52. 
BAHL~ HONDA, C\;BA. :Magnetic obseHations 1tt, pp.~. 39. 
BaIRD, N. J., STA'l'ION, p. 24. 
BAIRD, l'ROFESROR s. F, UNITED STATES FISH COMMIS· 

SlONER. Re.fcrnuoe to, p. 80. 
BAL TIM01IB, :MD., pp. 33, 36, 43. 
BAKE!{, MARCUS, COMPUTER. Sen-ice<> in Sect\nn Xll,J>. tiil; 

in Computing Di vh~ion, Cnast and Geodetic Survey otfic~, pp. 69, 
70; Tcf(•,re11ce to, in Appendix. No. 8, p. llO. 

BALCil'S PASSAGE, WASH. TER, p.59. 
llALD KNOB, Y ii.., p. 31. 
BANFORD, J. W. Tidal observations at Sandy Hook, p. 23. 
BANGOR, ME. Rcfert·nco to, in ostimatea, p. 7. 
1lARATAlUA (steamer). L'se of, in Secthm 'Vlll, p.43. 
BAllATAIUA BAY, LA .. p.68. 
BARBADOES, W. I., pp. 46, 47; sec also Appernlix N'o. 6, pp. 97, 99. 
IlARHOUR, l'R(ffES80I\ V. G., OI" Ul\'IVlU{SITY 01« VER 
MO~T. Reconnaissan(·•e in Vernrnnt, P- 18. 

BARB CD A, W. I., pp. 4g, 49: reference to, in Appendix No. 6, p.101. 
BA.It II.ARBOR, MOCN'.1.' DESERT ISLAND, p. 14. 
BAltKER, ,J. R., DRAGGHTSM.AN. Sketchoa of co&St uf Nortl1 

Carolina1 p. 33. 
BARLEE, GOVERNOR, 0.1<' BRITISH HONDURAS. Courtesies 
~xtende-d to officers eugaged in maguetic observl.\.tions at the Tu,lize 
by, p. 39. 

IU.RNEGAT, N.J., p. 19. 
llARHEN INLET, N. C. Progress of survey near, pp. 6,:U. 
BARRQI,L, H. H., MASTEll, U. S. N. Se1'1'ices in Section III, 

p. 30, in Section 1Y, p. 33. 
BARTHOLOMEW COUNTY, IND., pp. 61, 62. 
BARTLE, R. F. Eni:ra.ving Division, Coast and Geodetic Survey 

Office, p. 72. 
1\ARTLETT, J. R., COMMANDER, U.S.N. Command of steamer 

Blake, pp. 3, 12; relative t-0 s11rvey and dredging in the Gnlf of 
:Mexico, pp. 3, 4; hydrogmphy of West. Indian appron.dH•• to the 
Gulf of Mex:lr.o. pp. 46-48; cutTents in Carlbl>oon Sea, pp. 48, 49; 
see o.lso Appendlt: No. 6, pp. 95-102. 

]3..A._lt'fLETT'S I'8LAN1). l,rn!.l't'B8s of surw>iy 111•ar, p. 5; topog" 
raphJ· of, pp. 14, 15. 

llASE LINE, ATLANTA, GA. Reference to, in e•tim:i.tes, p. 8 ; 
south of'Ca1le Lookout.1·efer-e-nceto1 in <·stinmtea, p. 8; in Western 
Division of the snrvcy, estimate for, p. 10; on Bodic'i:; Island, p
&3; \)J)})O'l3ite Memphis, Tenn,_]). 44. 

BASSETT. R. T. Tidal observation• in New York Harbor, JJ· 23; 
Miscellaneous Di Ylsio11, Coast aml Geodetic Su1Tey Office: p. 7-3. 

BASS POINT. Ledge developed near, p. 2~. 
BA TON Rorcrn, LA. Reconnaissance near, p. 42. 
llATO:>: RUCTGE (steamer). t'.se of, \n Section V111, Jl. 44. 
llATTER Y POINT. Progress of bydrography near, pp. 6, 58. 
BAYLOR. J. Il., SDBASSISTANT. Magnetic observations in 

'l:-0xa.o; and Indian Territory, p. 50; in Indian •rerl'itory, Kansas, 
Colorado, Vtah, and Wyoming, pJ>. 62-64; in Colorado ancl Wy
oming, p. 65; CQmputation of magut·tic ohserYationa., p~ 69. 

BEACON HILL. MASS., p. 17. 
"BECK, J. S., Mi~cen1uieou8 Division, Coast antl Geo<letic Surves 

Office, p. 73. 
BELFAST, ME., pp. 15, 16. 
llELlZE, BRITISH HONDURAS. Magnetk obser'l'ations at. pp . 

6, 39. 
BELKNAP, GEORGE E., COMMANDER, U.S. N. U•• of wire 

sounding apparatus iu tho Pacific Uy p. 2. 
BENICIA. ARSENAL. Tidal obsen·ations at, p. 53. 
J3ENNETT'S LANDING. '.l.'riangu.lation near, pp.6,44. 
llEQTTI.A, p. 48. 
:BERGER STATION, MO., p. 63. 
:BERGH, DR. R., OF COPENHAGEN. Paper on the Nudibt'llll· 

chiata of AJaR"kn by, rf•ferP11ce to, on p. 60. 
JlERMT:"DA ISL.ANDS. Tidal o bscrvatfons reeommemled at, p. 70. 
.BESSEL. Comparfaon of Colonel Clarke's data for determining figure 

of the earth with tnat of, p. 2. 
JlESSEL'SAND CLARKE'S SPHEROIDS. Seo Ap1iendix No. 8, 

pp. llU-123. 
IHBH (steamer). Use ot: iu dredging: in forlller yearr; by M. Pour. 

tali)•. referred to in AppeJJdix No. 6, PV· 95, 98. 
J3IG ROCK. Station near Leb!gh RiveT. Pa., p. 27. 
HIG KINNAKEET. J<'ouJJdation of !Hr-saving station. I>. 32. 
!H.lOU RAf'.lN, ELBERT COUNTY, COL. OlJservations of soh11 

eclipse of July, 1878, at, p. fi5. 
BLACK :ROCK SPINDLE. Tidal o\Jservatfons at., p.18. 
BUili, JI. W., Sl'B.ASSJST.ANT. Geodetic operations in Mis

souri, pp. 63, 64; services in Coast and Gcodtitic Sun-tl;y O:ffice, 
p.67. 

llLA.KE 1.steamer). Refere11ceto UHt~ of: inGnlfStn~amcxplurations 
an<l llePp-sea. sournUng, pp. 2, 3; BC(j als-0 Appendix No. 6, pp. 
95-102; relative to change of commander of the, pp. 3, 12; uae of, 
in Section IX, pp. 46, 48, 49. 

BLANCHE, ll. B. M:. SllIP. I{eforr•nce to, p. 4J. 
BLOCK ISL.AND. l'rogreso of hydrogmphy near, j>p. 5, 21, 22; tidal 

o\)&e'l"Vations at, pp. 20, 22, 70; distribution of tJOpies of Atlantic 
Coast rnot, including, p. 73. 

BLOOMFIELD, X. J. It!ontification of station at, p. 24. 
BLUE HILL lJA.Y, ME. Coast chart <>f; reference to, in estimates, 

p. ll; topography near, pp. 14, 15. 
BL'GE MOUNT .. UN RIUGE O.l'' J.AMAIC.A, W. T., p.47. 
llLUE RIDGE. VA. Triangulation along, VP· 30, 31, 35, 69; r~fer

ence to, in Appendix No. 8, p. 110. 
BOARD OF TRADE OP PHILADELPHIA.. Spedal survey of 

the Dela"~are River at request of, p. 5. 
BODEBA. BAY. 'I'opogra11by of, 1·efen."Doe to, in eatimates, p.10. 
BODlE'tl ISL.AND BA.SE LINE. p. 33. 
BODIB'S ISLAND LIGHT-HOUSE. p. 32. 
BOLD ISLAND, ME. Shoal and sunken leclges developed near, 

p.15. 
BONNET CARR"~ CREVASSE. Soundings in, Pl'· 6, 48. 
BOROUGHS. Reference to work on declination published in 16!11 

by; ••e Appendix No. 9, p. 127. 
BOSTON, :MASS. PmgrC8S of survey of upper harboT of, p. :; ; 

publication of Coast Pilot, including navigation cliart.a for New 
York and, 11· 7; reference to, in e•timates, p. 7: topography of 
barl>or of, p. 19; tidal observations at, p. 21; change of position of 
buoy• ""rving ..., aids w navigation between New Y -0rk and, p. 22; 
distribution of copies of Athmtic Coast Pilot, inclnding, p. 73. 

BOUND.A.RY BETWEEN MARYLAND AND VIRGINIA. Ref· 
eronoo to, in estimates, p. 8. 
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JlOU:lHJ BRDOK, N. J. Identification of station at, p. 24. 
JlOUTELLE, C. 0., ASSISTANT. Reconnaissance and geodetic 

work in Alabama and Mississippi, pp. 39-41; computation ofmag
netfo observations made by, p. 60; rcfcrencf' to. in Appendix No. 8, 
p.110. 

JJOUTELLE, J. D., AID. Services in i;ecti<>n YIU, p. 40. 
BOWSER, PlWFESSOH E. A. Geodetic operationa in New Jersey. 

p. 24. 
BOYD, C. H., ASSISTANT. Triangu]ati011 of the Mississippi 

Rh-er, from Ilmm~tt'11 Landing to Memphis, Tenn., p. 44-. 
BRADll'ORD, GERSliOM, ASSISTANT. :Hydrogrnpl1y of Suisun 

Bay and San Pablo Bay, Cal., pp. 53 1 54: tidal ol1servations at 
Mare Islnnd nat"y-)·artl, Cal., p. 54; compilation of Pacific Coast 
Pilot, p. 55. 

JlRADFORD, J. S., .ASSISTANT. Rclo.tiv-c to changes of position 
of buoys and compilation of Atlantic Coast Pilot. pp. 20. 22; in 
charge uf Engraving Divi8ion, Coast and Ge-0detic Surrey Office, 
p. 72. 

ERATD. ANDREW, Su.BASSIST.A.NT. Geodetic leveling: in 
])faryland, pp. 31, 32; in Con.st and Gt'odetic SnTI'P)" Office, p. 67; 
computation of map:netic observations, p. 69; det<1rminations of 
C'ocfti-0i(1nt of refraction over watc~r in geocletic leveling by, .Appen
dix No. 16. pp. 212-213. 

ERATTLEBOIW, YT., p. 18. 
BRAZIL. ObservationB on variations of the co-mpaas at stations in, 

p. 5; relative to flora and fauna of, found on coaBt of West Indies, 
p. 48; see a!J!o Appendix No. 6, p. 100. 

"BREAKING ROCK." Ledge de•eloped off Merrimac River en-
trance, p. IR 

JlRE,'"KW .A.TER (Delaware), p. 20. 
JlRETON SOUND. Reference to, in estimates. p. 9. 

BRIDESRCRG, PA., pp. 25-27. 
nRIG HT, W. T~ In charge of DraV1ing DiYisiou, Coast and G eodPtic 

Survey Office, p. 71. 
JlRlSTOL, R. I .. p. 37. 
ERITISH HITERIAL STAND.A.RD MEASURES, pp. 66, 67. 
BROOKJ.INE BRIDGE. MASS., p.19. 
BROWN COFS-'lT, IND., pp. 61, 62. 
BROWN'S BANK, GrLF OF MAINE, p. 19. 
BROWN'S MOUNTAIN, MOrNT DESEHT ISLAND, p. 13. 

BRYAN, HO:N. GcY M., OF TEXAS. Courtesies extended to 
officers of the survey 1ly, p. 50. 

BUCHANAN, PROFESSOR .A.. Il. Geodetic operations in Tennes
see by, p. 61. 

BUDD'S INLET. WASH. TER., p. 68. 
B"GOY8. Rela.tivP to 1-.ositions of, p. 20. 
BURE.AU OF WEIGHTS AND MJ;~ASTIRES. Compilation of rec. 

ords of, p. 67. 
Jll'RRUS, F.A. THER CHRJSTOPHEH (died 1632). Isogonic chart 

by, referred to in Appendix No. 0, p. 127. 
m:-sn POINT, CAL., P· 54. 
BUZZARD'S B.A.Y, MASS. Progress of tidal observations in, pp. 

5, 20, 21, 70; distribution of copfos of Atlantic Coast Pilot, includ
ing, p. 73. 

(). 

C.A.FFREY'S INLET, N. C., p. 33. 
CAL.A.IS, :ME. Adjustment of primary triangnlation at, p. 69. 
CALHOUN, COL. W. L., MAYOR Or' ATLANTA, GA. Courte· 

eies extended to officers of thf' Coast and Geodetic Survey by, p. 36, 
CALIFORNIA. Progress of survey olf eoast of, p. 6; reference to, 

in estime.tes1 p. g; triangulation across, refer.ence to, in estimates, 
p. IO i ocean currents on coast of, reference to, in estimates, p. 10; 
and Kuro Siwo cnrrent1 p. 10; Coast Pilot for, p. 55; reference to, 
iu e1Stimates, p. 10 i geodetic connection between Santa Bar barn 
Ialand and main coOU!t of, p. &O; bydrography of coast of, p. 52; 
geodetic operations in. pp. 54, 55, G4; arrangement of plan for ma!'{· 

netio survey of, p. 66; computation of magnetic observations taken 
in, p. 69; relative to coast triangulation of, p. 69. 

C.A.MBRIDG E, M.A.SS. Reference to publications of the Museum of 
Comparative Zoology at, p. 4; reference to return of Professor 
Agassiz to, p. 46, aee also .Appendix No. 6, p. 98. 

CAMBRIDGE BASlN, MASS., p. 10. 
CAMDEN, N. J_, p. 26. 
CAMDEN WHARYES, DELAWARE RIVER, p. 25. 
CAMPBELL, PROFESSOR J. L. E.econnai8831loo in Indiana, pp. 

61, 62. 
CANADA. :Magnetic observations at statfons In, p. 5. 

CAPE ANN. Old triangulation station, p. 17. 
CAPE ANN LIGHT.HOUSE. Determined posJti<m of, p. 5. 
CAPE CANAvERA.L. Observations on Gulf Stream near. p. 2: 
ref~rence to, in estimateJ.1, p. 8; coast cha.rt of. reforenrf', to, in 
esbmat«s, p. 9; eomputation of triangulation near1 p. 68. 

CAPE COD, ::MAS8. R<·ference Lo, in estimates, p. 8; chart of, re
ferred to in estimatc8, p. 9; singular object olJserved off, p. 20. 

CAPE CREEK, N. C., p. 34. 
CAPE FEAR, N. C. Progress of sounding:s near, pp. 5. 34, 35; 

rt>forence to. in estimates, p. 8; topography of, p. 34; in vicinity 
ot; p. 35. 

C.APE FLORID.A.. Reference to, in eatimatea, p. 8; coast chart of. 
reforence to, in estimates, p. 9. 

CAPE HATTERAS. Sailing charts of. referred to in estimates, p. 
9; examination of lifo-saving station near, p. 32. 

CAPE IlENLOPEN. Reference to1 in estimates. p. 8. 
CAPE :HENRY. Data for Coast rilot, including coast south of, 

nearly ready, p. i; reference to, in estimates, p. 8; examination of 
liff'-sa~ing Rta.tions near, pp. 32, 33. 

CAPE LOOKOUT. Deve1opnwnt of harbor of' refuge insidt~ Qf, pp. 
5, 33; reference to, in 0stima.tes1 p. ~-

C.APE LOOKO"C"T COVE. Harbor of refuge, p. 33. 

CAPE MAL.A.13.A.R. Reference to, in estimates, p. 8. 
CAPE MAY, N. J. Station marks inspected at, p. 24. 
CA.PE MENDOCINO. Reference to, in estimates. p. 10. 
CA.PE ORFORD. Reference to, in estimates, p. I~. 
CAPE SABLE, ME. Sailini;: chart of, reference to, in estimat.e.s, p. 

9: current obRer~ations in Gulf of Maine near, p. 19. 
CA.PE S.AN AJ\TONIO, Cl'Jl.A. Magnetic observations at, pp. 6, 

39; soundings near, p. 48; relative to channel \I.et.ween Yucatan 
Bnnk nnd, p. 50. 

CAPE SEB.A.STlAN. Reference to, in estimates, ]J. 10. 
CAPITOL HILL, W ASHINGTOX, D. C. Annual magnetic obser

vations at, pp. 29, 68. 
CARIBBEAN ISL.A.NDS, pp. 48, 49; fauna of. rcforred win Appen

dix No. 6, pp. 97, 100. 
CARIBBE.iN SEA. Deep-sea sounrlin[(s in parts of, pp. 2. 3, 6, 47: 

report ofi b:r Professor Agassiz, Ap1wrn1ix N(). 6, pp. 95-102; refer
ence to, in estimates

1 
p. 8; relative to currents in the, pp. 46, 48--50: 

temperature· of, p. 47; the onP-hundred-f'athom line. west (m~l of, 
p. 49; theor.> of origin of the, p. 49. 

CA.RR'S INLET, PUGET SOl:ND, p. 5U. 
CAilTEl\ STATION, WYO. TER. Mag11etic obserrations at, pp. 

6, 65. 
CASE'S HiT,ET, PUGET SOrND. Progress of triangulation of, 

pp. 6, 59. 
CASSEL. Visit of Professor Da-ridson to principal manufactoriesof, 

p. 54. 
CASTINE BARBOR, ME. Determination of position of rock in, I'· 

16. 
CASTLE ROCK, UTAH. Magnetic observations at, l'P· 6, 65. 
CASW:ELL (schooner). 'Cee of1 in Section l\T1 p. 34: in Section Y1 

p. 36. 
CATALINA ISLAND, CAL., p. 50; topography of, p. 51; hydrog~ 

raphy near, p. 52. 
C.ATALJNA PEAK, CAL. Computat.ion of latitude of, p. 68. 
CATALOGLE OF ST.A.RS FOR OBSERVATIONS OF LATI· 

Tt'DE. Revision of, by Assistant 0. Il. Tittman, pp. 66, 67; copies 
of, fomished at 1"que.at, p. 73. 

CEDAR :HAMMOCK, N. C. Life-sa>ing •tation, p. 32. 
CEDAR KEYS, FLA. Reft•rnnce to, in estimates, pp. 8, 9; for chart 

of coast. near, p. 9. 
CENTR.AL AMERICA, MEXICO, AND HONDURAS. Reoum· 

blanc(~ of flora and fauna of 'V f'Rt Indit>;S to thosr of, p. 4-8. 
CHALLENGER (steamer). Expedition for cxaminatioIJ of Gulf of 

Mexico and Caribbean Sea, pp. 3, 4: se~ also ApJlendix No. 0, Pl'· 
116, 98. 

CHANDELEUR SOUND. Chart of, referred to, in estimate•. p. 9. 
CII.A.P1\IAN, D. C. Aid given to .A.saistant C. S. Peirce ;n making 

" comparator. p. 28, 
CHARLES RIVER, MASS., p.19. 
CHARLESTON, S. C. ProgTess of topography near, pp .. 5, 34, 36; 

charts of, re-fore.nee to, in -estima.t.es, p. 9; computation of triangula
tion noa.r, p. 69. 

CII..A.RLOTTE HARBOR, FLA. Progress of triangulation near. 
pp. 5

1 
38; reference t-0, in estimatos, p. 8; Gulf 11,ydrography nea.r. 

p. 38. 
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CH~.\ RTS. l'rogrM=1~ of drawing and tmg1·aving1 p. 7; i·eforenc:e to, 
in eRtiruates, pp. 9, 10; i-elative to work on, pp. 71, 72, com1ilete<l 
Gr iu l)'l'Og;n·1:>s during the Ilse.al y(',.ar ~nding with J nne, 1879 ~ AD· 
pendix: No. 4, J•P· 88, 89. 

CllASS,\HOWITZK.A: RIVER. Chart of coast neal', reference to, 
in estimates, p. 9. 

CH.A'.l'HAM B.AY. NANTUCKET SOUND, p. 20. 
CHELSEA CREEK .A:ND BI:IDGE, M.ASR., p. rn. 
CREHRY ISLA.ND FL.A TS, DEL.AW ARE RIVER. Resurvey 

of, p. 71. 
CIIES.AJ>.KAKE B..:,l Y. Hrfr•ren<'t> to, in f'Rtimates, p. 8; special in· 

-veatigation relative to food.supplyi11g mullusks in~ p. 30. 
CHESTER, c. M., LIErTEK.A.KT-CO:llM.A.NDJm, 1". s. :N". Hy· 

drography of eastern approach to Mount Desert Island, p. 13; hy · 
~hography of :Merrimac Rive-r entrance, Mass., pp. 18, 19; hy<lrog
raphy of -..·idnity of B1ock Island, pp. 21, 22; Gulf hJdrography 
near Charlotte Harl>or, Fla .. p. 38; hydrograpby of tho :Mississippi 
RiYer, p. 42. 43. 

CREW, N .• T. Formerly triangulation station, I'· 24. 
CJIE\:"ENNE. Wl~O. TER. ·Magnetic observations at. pp. 6, 65. 
CHICAGO POST-OF.FlCE. Loa• of magnetic tracings for one 

nrnnth by tir~ in tht,>, p. 62'. 
CHICOMICOMICO. Life.saving station, p. 32 
CHBITSE MOUNTAIN .AND STATION, C.AL., l'· 56. 
OHI!f.A. LfW of magnetic needle in, during twelfth century B. C., 
~ee Appt'mlix: :So. 9, pp. 126, 127. 

CHIPPS ISLAND, CAL., p. 53. 
CHOW AN RIVER, N. C. Sketch of entrance to, for Coast rnot 

l'· 33. 
CHRISTIE, ALEXA.XDER S. Computing DiYision, Coast am! 

GPmlet.ic Survey Offic0, p. 69. 
CITY POI:ST. ~ur-vcy of a-am.ea River, Va., near, p. 30. 
CLARK, JOHN. Mechanician, Instrument Room, Coast and Geo. 

de-tic Survey Office, p. 74. 
CLARKE, COL. A. R. Determination offignre oft he earth by, p. 2. 
CL-\.RKE'S POThT, BL"ZZARD"S BAY. Tid"l observations at, 

pp. 2U, rn. 
C LAHKE'S SPHEROID, p. 69; see .Appendix No. 8, pp. 110-123. 
CLARK'S WIIARF. ll!OUKT JJESERT lSJ,AND. Titlal obsena. 

Hons at. p. 13. 
CLAHVOE, G. W. (JarpeDtry work, Coast and Geodetic S11rvey 

Office, l'· 74. 
CLEME~TE ISL.A.ND, CAL., Jl. 50; topogr"phy of, p, 5L 
(JLERICAL FOllCE OF TIIE CO.AST .AND GEODETIC SURVEY 

OFFICE, pp. 65-74. 
CLIFF LEDGE. Position marked, p. 20. 
CO.A.ST AND GEODETIC SURVEY. Remarks on progre•• and 

condition of the. for the year enlling June 30, 1879, pp. 1-7; its 
offic~rs and office work, pp. 65--74; estimat€:s foi.· :field and office 
wo1·k of, pp. 7-10; genera] estimates for repairs and outfits Of 
vuaAels of, p. 10; statifo;tic~ of field arnl office work. of the, to close 
of tho year 1878, Appendix No. 2, pp. 83, 84. 

CO.AST .AND GEODETIC SURVEY OJ<'l<'ICE. Officers and em
plo~t:s, P\l· 65--74; reference t<J new centimeter scale of thlJ} l'· 67; 
in formation funiiahed from t-be, in r<·ply to sp(•cial cnlls1 during the 
fis-cal year ernlin,c; J" une 30 1 1879, Appendix No. 31 pp. sr~. 

COAST AND GEODETIC SURVEY STAND.A.RD YARD. lk 
con1parison with British Imperial standard, p. 66. 

COAST OF .ALASKA, p. 60. 
COAST I'ILOT. l!ell\tfre to publication of, p. 1; compilation of, p. 

5; of Alasko., Pl'· 6, 60; seoond edition of the, fur Gulf of Maine, 
p. 7 j ~econd volume of Atlantic, pubhshed, third volume nearly 
ready, p. 'i; reference to field work for. in estimates, p. 9; for Ca.J. 
ifon1ia, it. t.,;t; reference to, in ebtima.tes, p.10; notes of changes on 
New England coast for the .Atlantic, p. 20i examinatfou of coast of 
Southern Statea for, p. 33; relative to tbc1 of the Pacific1 I•· Mi 
relative to the .Atlautfo, p. 72; etchings for, p. 72; copies ot: sup· 
pliejl un req 1 i. st, p. 73. 

COAST TOPOGRAPHY. Reference to, in estimates. pp. 7-10. 
COBll, A.. H., M.A,.TER, t;. 8. N. Detached from Coast and Geo. 

<ktic Survey, p. 16. 
CO-EFFICIENT OF REFRACTION OJ<' LINES r ASSING NEAR 

.A STCRFACE OF WATER, .AS DETERMINED BY ANDREW 
BRA.ID, SC'BA.SSIS'.l'ANT, Appendix No. 16, pp. 212-213. 

COb'FHi, G. W., COMMANDER U. S. N. Transfer of party of 
Assistant Forney to San Diego by, p. 51; hydrography of Santa 
Catalina anll Sau Clemente Islamls, Cal., p. 52. 

COLD l5PRIN G, CAL. 'l.'riangulation atation, p. 56. 

COLE, CAPT. E., OF TELEGRArH STEA.MER INVESTIG A. 
TOR. Reforenoo to, in Appendix :No. 6, µ. 99. 

COLLECTION O~' MAGNETIC DECLINATIONS OBSERVED 
ATV ARI0Ul5 PLACES IN THE UNITEll ST.A.TES AND AT 
SOME }'OREJGN STATIONS, FROM THE EARLIEST TO 
THE PRESENT T1M1', AND Fcn;Nn SUITABLE FOR THE 
INVESTJGA.TION OF THE SECrLA.R CILA.XGE, Part of 
.Appendix No. 9, pp. 131-160. 

COLLINS, FREDE.RICK, LIEUTENANT. U.S. N. Examinatio• 
uf coasts of All>emarle and Pamplico Sounde for tbe .Atlantic 
Coast Pilot, p. 33. 

COLLINSVILLE. CAL. Tidal observation• at, p. G3; change of 
shore line of Suisun Bay and tLe Sact'amento near. pp. 53, M. 

COLONNA, l\. A., ASSIST.ANT. :Magnetic obseJ"vation• at San 
~Francisco by, p. 55; geodetic operations n0Tt.l1 of San Ji~rancisco, 
Cal., by, pp. 56, 57. 

COLORADO. Progress of geodetic observation8 in. pp. 61 64 ; 
:reference to1 in estimat,os, p. 10; magnetic observations in, pp. 50, 
62, 65; tria.ngnlatfo·n in, JI· 64; obseTYatiQns of solar ec.li:Pse of Jul~· 1 

1878, in, p. 65; apvaratus for work in, p. 07. 
COLOR.ADO SPRINGS. MO'guetiu o\Jservaliuns at, pp. 6, 65; site 

for base line near, p. 64. 
COLl:MilIA CITY, OREG., p. 58. 
COLUMBIA. RIVER, OREG. Progreee -0f triangulation of, pp. 6, 

57; reference to, in estimates, pp. 7, IO; shoal place in, p. 58. 
COLUMBDS, OHlO. Progress of geodetic operations near, pp. 

6, 61. 
COLWELL, J. C., ENSIGN, 1:. S. N. Services in Section VIII, 

Jl· 41. 
COMLY, C., CAPTAIN, U. S . .A. ·comteoies extended by, to 

officMB Qf the Coast and Geodetic Su.n6~· 1 p. 00. 
COMMENCEMENT BAY, PUGET SOT.:ND, WASH. TEH., p. 58. 
COMMISSION OF FISII AND FISHE1UES. Referencfl to, in 
estimates~ pp. 81 9, 10; special inYestigation in the interest of tbf', 
P· 31. 

COMMITTEE :METER {Iron No. 6). Exnmination <lf, P:P· 66, 67. 
COMPARISON OF LOG.AL DEFLECTIONS OF THE PLUMB. 

LINE, by Charles A. Schott, Assistant, Ap1icndix No. 8, pp. 
11()...123. 

COMPASS. Relative t-0 variations of the, pp. 4, 5. 
COMPUTING DIVISION OF COAST .AND GEODETIC Sl'"RVEY 

OFFICE, pp. 68-70, 74. 
CONEY lSLA.Nfl, N. Y., p. 60. 
CONNECTICUT. Progress of examination of coast of, p. 5: com. 

putation of position of light-houses on coast of, p. 68. 
CONNECTICUT RIVER. Reference to, in estimates, p. 8; tri. 

angulation betW('Pll Groen Moun1ains and, p. 18. 
COOPEH, ME. Astronomical statio11, refet'N.'.d to in Appendix No. 

8, p. no. 
COOPER PHILlP H., LlEUTEN ANT-COl:IM.A.NDER, U. S. N. 

Special exploration uf bars u.t entrance ·of ltarbors of the Atlantic 
eoast, pp. 11, 12; assistant to hydrograpbic in•pector, p. 67. 

COOPER, W. W., ASSISTANT. In oflic<> of the Superinten<lent Qf 

United States Coast ancl Geodetic SnrvAy, p. 74. 
COPELAND & BA.CON. New double-cylinder reeling-engine built 

for the Blake by, Appendix No. 6, p. 96. 
COPENHAGEN, DENMAHK. Dr. R Bergh of, p. 60. 
CORE SOUND, N. C. Sketch of cntranee to, p. 33. 
CORMORANT PASS, WASH. TER., p. 58. 
CORPUS CllRISTI, TEX. Reference t<>, in estimates, l'· 9. 
COSTA RICA, p. 49. 
C6T1': BLANCHE. Reference to, in ~stlmates, p. 9. 
COl.:UTEN.AY, EDWARD II. Computing Division, Coast BIJd 

Geodetic Smvey Office, pp. 68, 69, 70. 
COURTENAY, F. Engraving Division, Coast ,indG<.i<1etic S'1rvey 

Office, p. 72. 
COURTLAND, .ALA.., p. 40. 
COWPEN BEND, MISSISSIPPI RIVER, p. 43. 
COZLMEL, OFF YUCATAN. Magnetic observiitions at, pp. 6, 30. 
CREED'S IlILJ,, N. C. Intended location of life-saving atation, 

p. 32 . 
CRESCENT CITY. Reference to, in estimates, p.10. 
CRESCENT CITY REEF. Referenoo to, in estima!Als, p. lo. 
CRESTON, WYO. TER. Magnetic observations at, pp. 6, 65. 
CRISFIELD, MD. Courtesy of tbe oollector and post.rn11ster at, to 

officers of the Colll!t and Geodetic Snrvey, p. 30. 
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CROATAN SOUND, N, C, Sketch of, for Coast l'ilot, p. 33. 
CURA. Deep-sea soundingsnea.t\ pp. 2, 3, 39, 47, nhw Appendix No. 

6, PJ>. 95, 96, lOli 102; obscr"'t"ations by Professor Agassiz on the 
characteristic f'a.nna of the sea in viciuity of, p, 4-6; i-elative to 
curren tR between Jamaica .'HHl 1 pp. 48, 4-0. 

CUMBERLAND ll10UNTAINS. Triangulation near, pp. 6t, C2. 
CURRENT. Relative to the Equatorial, p. 48. 
CURRENT OBSERVATIONS. Near Cuba, pp. 2,3; progress of, 

in Gulf of Maim>, pp. 5, 19: off mouth uf Mi~sissippi River, iu Gulf 
vf Mexico, p. ti; reference to. in estimates. p. 8; oft' California, ref. 
erence to, in estimates, p. 10; in the Delaware Rh-er, p. 26; near 
the MiRsissipJli Delta, p. 41 ~ near Jamaica, :tnd St. Thomas, p. 46: 
of the Caribbean s .... pp. 47, 48. 

Cl'.RRENTS NEAR TRE MISSISSIPPI DELTA. p.41. 
CURRITUCK LIGHT-HOUSE, N. C., p. 33. 
CURRITUCK SOUND, N. C., pp. 32, 33; sketchforCoastPilot, p. 33. 
Cl'TTS, R. D .. ASSTST.A.NT. Special survey of Seneca Lake basin, 

p.11; geodetk operations at :Mount Monadnock in 1878, p. 17; 
reconnaissance ln Vermont, p. 18; geotlt:tic operations ne,ar Lake 
Champlain, p. 21 ; adYice as regards r<"connaissance in Ohio. J1. 51. 

CTTTS, R. :M., LIEl'TENANT. TI. S. N. Hy1lrography of l'uget 
Sonnd, Wash. Tei·., PI>· 58, 59. 

CYCWNES, &r. Reference to inT'estigat:ionB of Mr. l:,errel on. 
p. 4. 

D. 

DABOP BAY, HOOD'S CANAL. Triangulati()Ilof,p.59. 
DALL, W. H .. , ASSISTANT. Coast of Alaslrn. p. 60: collectioJJ 

of rnollu~ksby, refoned to in Appendix No.6, Jl.100. 
D.ANIISH GOVERNOR OF ST. THOMAS, W. J., p. 46. 
DARIEN. ISTHMlCS OF, p. 49; reference to Tertiary anll Creta

eeous clepo,.it.s of thc>, see .A..ppendix No. 6, p. 101. 
D.A.l.:'GlITRY ISL.AND BASE, FLA., Jl.69. 
DAVIDSO:S, GEORGE, ASSISTANT. Station on San Clemente 

iu 1852, oecapied by, p. 51; Rupcrvision of work on Coast Pilot for 
the Pa.cific, pp. 54, 55; tide gau~e established at Saucclito by, p. M; 
commissi001cr at Paris Exposition of 1878 for examination of scieu· 
tificinetmments, visit to workshops of Europe,\ pp. 54, 55; geodetic 
operationR in California, p. 57; sub-office at San Francisco in charge 
of Asslstant Rodgers in ahson£e of', p. 64; description of the DaYid· 
son meri~lian instn1ment by, .Appendix No. 7, pp. loa-109. 

DAVIDSON :MF.RIDI.AN INSTRUMENT. DHACription if . .Ap
pendLx No. 7, pp.103-109. 

DAVIDSON QU.ADRIL.ATERAL, p. 55. 
DA VIES, PROF. J.E. Magneti< obRervations at the Fniversit.y 

of Wisconsin, pp. 62, 63. 
DA VIS, ·w·. JI. Engraving Division. Coast, and Geodetic Surrof'r 

Office, p. 72. 
DEAJ, ISL.AND. Life-saving station, J>. 38. 
DE.AN, G. W .. .ASSISTANT. Longitnde determinations by, p. 29, 

longitude of Statesvillo, N. C., pp. 34, 35; of Atlanta, Ga., p, 36. 
DEATHS. Il. W. llache, subassistllllt, pp. 10, 11; w·. Il. Mapes, 

inspec.ting engineer of Hydrogra.phic Division, p.12; Capt. H. T. 
Hutchinson, p. 42 ; W. H. Pleasant~ engineel' of sten.ml'l· Batou 
Rouge, p. 44. 

DECA.'rUR., TENNESSEE RIVER., p. 40. 
DECLINATION. Magnetic observations for, pp. 5, 6, 29. 39, 50, G5, 

65, 68; see also Appcn-Oix No. 9, pp. 124-160. 
DEEP-SEA CORALS. Reference to work by M. l'ourtal<'-• on, .Ap· 

])end\x No. 6, p. 00. 
DEEP·SEA. SOUNDINGS. Reference to, in esthhates, l•· 8. 
D:EER ISJ,.A.ND THOROUGHFARE. Harbor chart.• of, reference 

to1 in estimates, p. 9; dnng-erons shoal de.veloped near, p. 15. 
DEER ISLE. Sounding in approaches to, pp. 5, 15, hydrograpl1y 

south of, p. 16. 
DEFLECTIONS OF THE PLUMB-LINE, BY CHARLES A. 

SCHOTT, ASSISTANT. Comparison of local, .Appendix No. 
8, pp. 110-123. 

DELAWARE DAY. :Relative to resurvey 1>f, p. 7; reference t-0, in 
e.stimates, p. 8. 

DELA WA.RE BREAKWATER. .Anchorage of the IJrift at, pp. 
19, 20. 

DEL.A. W .ARE RIVER. Progress of tidal observations in, p. 5 ; 
"]>ecfal survey <>f, pp. 25, 71, referred to in estimates, p. 8; chart of, 
referred to, in estimates, p. 9; bydrography of, p. 25; current ob!l4lr
v&tions in the, pp. 26, 27; addendum to a report on a phyRical •ar· 
veyofthe, by Henry Mitchell, A8"ietant, AppendixNo.JS,pp.l!ll>-
208. 

l!ELTA OF THE :MISSISSIPPI. llydrography of, refcrrtd to in 
HRtima.t(~R 1 p. 8: chart of approaclMs t-0, refor611ce to. in eAtimateH, 
p. 9~ currents near the, p. 41. 

llEX-NIS, w·. u., ASSIST.ANT. T1·iangu1ation of thP Miii~issippi 
RiYer from X atl·hez to Gra.lHl Gulf, p. 43. 

DENVER, COLO. llfagnetic observations at. pp. 6. 65. 
DESCRll'TION 01•' THE DAVIDSON MERIDIAN INSTRl;. 

:MENT, BY GEOHGE DA>IDSON. Af\SlSTANT. Appendix 
No. 7. pp. 103-109. 

DETEKMINATIOX OF REFRACTION ON LINE:< PASSING 
KK-\R A f\rRFA.CE OF W .ATEH IN GEODESIC LEVELING, 
llY ANDRE\Y BltAIT>, SeJ!ASSIST.A.NT, Appendix.No. 16, pp. 
21~-213. 

IH:£VELOP..MENTS. (Jf Southwest Ledge, p. 5: of dange.rou~ 
8l10als in Deer IH1l' Thoroughfare, 11. 15; sunken ledges nt.ar Bohl 
Island, p. 15: ledge in Mnscongus Bay. Me., pp. Hi, 17; of k'>rl~e at 
entrmwt.~ of M<'rrimac Rh·er, p. 18; of Cliff Ledge near Bass Point, 
11· 20; of shoal in Delaware J{her abreast of l)hiladclphla

1 
p. 27. 

·DEVOL. l'ROF. R. S. Reconnaissanoo m Ohio. JI. 61. 
DE WITT, CALYIN, SCKGEON, lJ.S . .A. Magnetic observations 

at Jiort Steele, ·wyo. Ter .. hy, 11. 65. 
DIAMOKD ISLAND CREVASSE. Soundings in, pp. 6, 43. 
DlCKlNS. K .!<'., St:BASSISTANT. Maf!uetic obser·rntions at 

San 1''rancisco, directed by .Assistant D.avi<lson1 p. 55: gcodotio 
operationi; north of San Francisco, pp. 56, 57. 

DILLINGHAM, A. C., :MASTER. 1'. S. N. &n"ices in Section J, 
p. 16: in Section lY, p. 34; in Section Y, p. 36. 

DISTRlllCTIO:N of surwyiug partie• upoIJ the .Atlantic, Gulf of 
Mex:ico, and Pacific euasts antl 11.1terior of the Fnited 8mtes during 
the fiscal year 187h-'79, .Ap1wnt1ix No. 1, pp. 77-82. 

DI\-IDTNG EXGIXE uw THE CO.AST AXD GEODETIC srn. 
VEY. On the reeonstruction of the, by G. N. Saegmuller. chief 
mechanici~m, Appendix No. 12, pp~ 192-198, 

DODGE CJTY, KANS. hfaf!lle!ic observations at, pp. 6, !M. 
DOFJ>'LEHEYER POINT. NEAR OLYMPIA, p. 59. 

DOG ISL.A.ND. Line run from. to W!iit., Ilous~ S!ioal, Appendix 
No. 6, p. 102. 

DOLLAR POINT, TEX. Magnetic obsHvations at. p. 50. 
DO:ML~lCA. Ure.dgiug and soundings off. pp. 4G, 47, 49; i;ee also 

Appendix No. H, t•P· 101, 102. 
DON.ALDSONVILLE. LA. Triangulation near. pp. 6, 41,42; eoru-

1mtation of latitutle of. p. 6h. 
DONN. P. C. Hydrographic DiYision, Coast· and Geod·etic Rut·n·y 

Office. p. 68. 
DONN, J. W .. .Af\SISTANT. Surrns of ,Tamaica Dai-. New York. 

pp. 22, 23; sun·e:r of James River. Ya., p. 3l1. 
DOOLITTLE, MYRICK H. Computing DiviRion. Coast and G-eo

detic Snr'\"'"ey Offi.('e, }>. 69. 
DOOLITTL.E. PROF. C. L., OF LEHIUH l:NIYERSIIY. Oeo· 

detic operatious in Penns3rlvania, p. 27. 
DOOP. ROCK. Shoal fo Deer lBle Thorou,1?hfare. p. J5. 
DORN. L. F. Carpeut1·y work, Coast and Geodetic Sur>u)· Office

1 

p. 74. 
DOVEH f\TREE'l' BRIDGE. BOSTON, p. 19. 
DO"~NES, JOHN. Titlal Divfaion. Coast and G'·odctic Survey 

Office. p. 70. 
DRAWING DIYISION, COAST AND mwrmTic s1·1n-:EY 

UP'FIU:f~, p. 71; charts compfoterl or in progre~~ <lnrinµ- th" .\'e&r 
cndin~ June 30, 1879. Ap1wndix No. 4, pp. "8, 89. 

DltAYTOK PASSAGE, l'l;GEI sorKD, p. 58. 
DREDGING OPERATIONS. In Gulf of M<>xico. pp. 2-4, 46, 47, 

ref<~rcnce to, in CHtimatef', r. 8 ; oft' coast of Cnba, P· 3; in the Ca
ribbean Sea, pp. 2-4, see al.so Appendix No. G, Jlp. 9V-102; in th-o 
Gulf Stream~ ref~·rence tu, iu estima.Ws, p. 8; between Island of St. 
Thomas and Sau ta Cruz, Jl. 4b. 

DRIFT (schooner). Use of, in Section I, pp. 19, 20, in 8ection YIII, 
p. 41. 

DRlGGS, "\\T. H., LIEI'T.EKAN'l', r. K N. Sen-ices in Section X, 
p. 52. 

DUCK BAR, NE.Al{ M.ANH.AT1'.AN 1lKACH, N. Y., p. 22. 

Dl.:'MPLING ISLAND, p. 15. 
DUTCH GAP. Snn'e,\· of Jam es River lie.tween City I)oint anil, p. 

311. 

E. 

EAGLE CLIFF, MOUNT DESERT ISLAND, p. 13. 
EAGLE POINT, N, ,T, I·'orrnerly triangulation sti<tfon, p. 25. 
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EAGRE (schooner). Use of, in Section I, p. 14; in Section VI, p. 
39. 

EARNEST (schooner). 'C"so of, in Sootion XI, p. 58. 
EARTH. Fignrti of the, p. 2 ; the internal e.onsti.tntim1 of tht\ by 

Prof. Bn1jamin Pt"irct:!, ..Appendix No. 14, p. 201-
EAST BOSTON FRONTAGE. Resurvey of, p. 19. 
EASTERN DIVISION OF COAST AND GEODETIC Sl,RVEY 

FOR THE YEA.It ENDING JCNE 30, 1881. Estiruat~s for, l'P· 
7-9. 

EASTERN FLORIDA. Triangulation of coast of, reference to in 
-estimates, p. 8. 

EASTERN P.ENNSYLV .ANlA. Prngress of geodetic operations 
in, p. 5. 

EASTPORT, M.E. Positions of U('.W lig:bt-l101.1ses between New 
York and, referencf' to, in Patimates1 p. g; ad,iustmt'nt of primary 
triangulation in vicinity of, p. 69. 

ECHO MOUNTAIN, MOl'NT DESEHT ISLAND, p. 13. 
EDENTON. N. C., 11. 33. 
EDMANDS, ,J. R. Pmflles of mountains aiul hms of New Hamp· 

shire with camera invented b~-, p. 17. 
EGG"EMOGGiN Rl<~ACH. Sonm1ing of shoal spots iu, p. lG. 
EICHHOLTZ, H. Drawing Divii-:iion, Coast a1rd Geodetic Survey 

Office, p. 71. 
EIGHT MILE SWASH. COAST OF SOUTH CAltOLINA, p.35. 
EIMBECK, WILLIAM, .ASSISTANT. Geodetic operation• in 

Nevada. and Uta1l! p. 64; s0r-vices in the Coast an<l Ge-odetic Sur· 
vey (}ffict>, p. 66; annual magnetic observations on Cnpitol Hill, p. 
68; ma!?lletic observaticus in South Carolina, Georgia, and Cali
fornia by, con1pnted at the office, l'· 69. 

ELBEHT l:OI'.XTY, COLO. Observations of solar eclipse of July 
2D, 1878. at Bijmt liasin in, J'I- 65. 

ELD INLE'.1', WASH. TF.R. ProgresR of BIIITPY through, np. 6, 59. 
ELECTROTYPE AND PHOTOGRA.PHING DIVJ810N, COAST 

AND GEODETIC SUiffEY OFFIUE, l'P· 72, 73; reference to, 
in estimatt'is, pp. 9, 10. 

ELIZABETH CITY, N. C. View of, for Coast Pilot, p. 33. 
EJ,T,ICOTT, EUGEXE. Sl"BASSJSTANT. Triangulation lllld to· 

pography of branches of Puget t\ound, "\\"ash. Ter., p. 59. 
ELLIOTT, W. P., MASTER, U. S. N. Senices in Section X, p. 

52. 
ELLIOTT'S KNOB, YA .. p. 31 ; latitnde and longi1ude of, re·dsed, 

p. 68; abstract of dire<·tions at station, p. fill. 
ELLSWORTH, ME. Prugress of topography near, pp. 5, H. 
EMPORIA, KANS. Magneti<- observations at, JlP· 6, 64. 
ENCYCLOPlEDU\. J31UTANNIC,\, 9TH EDITION, VOL. VI, 

ART. COMP.ASS. Refrrence to, .Appendix No. 9, p. 126. 
ENCYCLOPh:DIA OF EXPEHIMENTAL PHILOSOPHY, LON· 

DON, 11148, ART. MAGNETISM. Reference to, in .Appendix No. 
9, p. 126. 

ENDEA \'Olt {steamH). l'se of, in Section I, p. 16: in Section IV, 
p. 34; in Section Y, p. ~5. 

ENGLISH TELEGRAPH STEAMER AT ST. THOMAS, W. I. 
Opinion of the captA.in ou cnrrents in Carihlwan Sea~ p. 46. 

ENGLISHMAN'S BAY. Chart ofapproaches1 reference to, in esti· 
mates, p. 9. 

ENG RA VIN(} DIVISION, COAST AND GEODETIC SURVEY 
OF}"JCE. p. 72; progress in t-ngravin~, pp. 6, 7; reference to, in 
est,imateR, pJ>. 9, 10; plates complet-ed, conthmed, or commenced 
during the fiscal year ending with J1we, 1879, Apjiendix No. 5, pp. 
oo-94. 

ENTHO>'FER, J. Engraving Division, Coast and Geodetic Survev 
M~~~ • 

EQU A TOHIAL CUimENTS. Reference to, pp. 48, 49. 
ERICHSEN, P. V. Drawing Dh·ision, Coast and Geodetic Surrey 

Offic~. p. 71. 
ESHLEMAN, E., MECHA:!<"IC!AN. Instrument Room, Coast and 

Geodetic Sunuy Ofti••, p. 74. 
ESTIMATES, pp. 7-10. 
E'C'FAULA, IND. TER. llfairnetic observations at, pp. 6-50. 
EV .ANS, H. C. Engraving Division, Coast and Geodetic Survey 

Otlioe, p. 72. 
F, 

FAIR]<'IELD, G. A., ASSISTANT. Geodetic reconnaiesance we"t 
of the llli"8issippi River, p. 62. 

I<'ALSE CAPE. Old lifo·aaving station, p. 33. 
.FARQUHAR, G. In onb-offiooofCoO<!tandGeodeticSurvey atSllJl 

Franetaco, p. M. 

FAH ROCKAWAY, N. Y., pp. 22, 23. 
FATHOM.ER {steamer). "C"se of, in Section II, p. 26. 
FAUNA OF SEXECA. LAKE, p.11. 
l-'At'NA .AND FLORA. Geographical distribution of the, of the 

West Indies, J). 48. 
FA.UST, G. Tidal observations at New Orleans, p. 41. 
FAYE. M. Pernlulum observations, p. 28. 
l<'ERGUSON, T. E., OF THE MARYL.AND .FISH COMMISSION 

p. 30. 
FEllNANDiNA, FLA. '.l'idal ohservatlons at, pp. 5, 37, 70; mag· 

netic obaenationR at, pp. 6, 39; the .Eagl'~ swung at, p. 39. 
FERREL, WILLIAM. Reference to investigation of cyclones, &c., 

by-1 vdth general laws of tlJe atmos-phiere, pp. 4, 5; obaeTVatione on 
solar oclipso of July, 187-8, at Grey's Peak, Cvlo., p. 65. 

FIDALGO ISLAND. Triangulation station on, p. 58. 
:FIELD AND OFFICE WOHK O~' TRE UNITED STA.TES 

COAST AND GEODETIC SUHVEY TO THE CLOSE OF THE 
YEAR 1878. lteference to, in estiwates, pp. 7-10 i statistics of, 
Appendix No. 2, pp. 83, 84. 

FIELD Ol'ERA TlONS IN COT:"RSE OF THE FISCAL YEAR 
ENDING JUNE 30, 1879, pp. 5-7; estima.tes for, pp. 7-10. 

FISH .iND FISHERIES. Reference to, in eRtimatf)R, p. 8 : dredging 
in Gulf Stream and Caribbean Sea in connection with CommiRsion 
on, p. 8; inquiries by Commissioner of, on food producing 1nollusks 
of l:hesapeake Bay, p. 30. 

FISHER, RHODES, CHIEJ<' CLERK OF LAND OFFICE, AUS
TIN, TEX. Courtesies eidended to oflice1·a of the Coast and Geo
detic Survey by, p. ~o. 

FISHEltM.AN'S BAY, GAL. Detailed survey of, p. 6; triangulation 
aml topography west of, p. 55. 

1''1 VE MILE POINT, DELAWARE RIVER, p. 27. 
FLOHA AND .FA uNA. Geographical distribution of the, of the 

'\Vest Indies, p. 4.8. 
FLORE!'<CE, TEN:!<"'ESSEE RIVE](, p. 40. 
FLORIDA. Hydrograpby of east and west coa.st of, reference to, in 

estimates, p. 8; chart of coast of~ refcn·ed to, in estimates, p. 9; 
remarks on peculiar geographical distribution of the fauna and 
flora of, p. 48 i relative to supposed formation of, p. 49. 

FLORIDA, GULF OF, p. 2. 
FORNEY, 8TEHMAN, ASSISTANT. Topography of Catalina 

and San Clemente Islands, Cal., pp. ol, 52. 
FOR!' LYON, COI~O. Magnetic ob•mYations at, pp. 6, 6:>. 
FORT Mll<'FLIN, PENN., pp. 25, 26; light-houoe, p. 27. 
l<'ORT MONitOE, VA. Tidal observations at, closed in 1878, pp. 

3017-0. 
FORT PEMBEHTON, S. C., p. 36. 
FOHT POINT CHANNEL, MA.SS., p. 19. 
FORT STEELE, WYO. TER. Magnet observations af,, pp. 6, 65. 
.l<'URT TONGASS, ALA.SKA TER.,p.60. 
FOI~l' "WORTH, TEX. Magnetic ob<ervaticns a.t, pp. 6, 50. 
FOX, C. E., MASTER, U. S. N. Senices in Section IX, p.45. 
FRANCE, relative to experiments for expansion of steel in, p. 67. 
FIIBNCH, W. B. In tbe office of tho Assistant in charge of Coast and 

Geodetic Survey Offiee, p. 74. 
FRENCHMAN'S BAY. Pro11;resaof soundings in, p. 5; cha.rt No. 3 

of~ rflference to, in estimates, p. 9; l1ydrograpby of, p. 14; topogra· 
phy of, p. 14. 

1''RODE, ARE. lcela.ndic historian referred to in .Appendix No. 11, 
p.127. 

FRYING PAN SHOALS, N.C., p. 34. 

G. 
GA.LT, R.H., MASTER, U.S. N. Services in Section X, p. 52. 
G .AL VESTON, TEX. Trlangnlation and chart of ooast near, refor

ence to~ in estimat.e-s, p. 9. 
GA.MEL'S HILL. J,ife.saving statioo, p. 33. 
G.ARMAN, S. W. Assistant to Prof. Alexander AgM!Si•, p. ,61,ref&r· 

~-nee to in Appendix No. 6, p.102. 
G.AHVIN,.TOHN, LIEUTENANT, U.S. N. Services in Section I, p. 

13 ; in SooMon IX, p. 45. 
GASCON.ADE RIVER, p.63. 
GAS-ROUSE WHARF, LYNN., p.20. 
GASP ARILLA PASS, FLA., p. 38 .• 
GEDNEY, C. D., stenographer Jn office of the a88lstant tn charge, 

p. 74. 

GEDNEY, LA.TE LIEUTENA.NT·COMMANDER, U. S.N. Ref
erence to, p. 45-
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GEDNEY !steamer). U•e of, in Section I, pp.12, 13. 
GEHLER'S PIIYSIKALL'iHES WORTERBUCH, LEIPZIG, 1825, 

ART. COMP.ASS, reforred to in Appendix No.9, p. 126. 
GELLIBRAND, OF GRESHAM COLLEGE, ENGLAND. Refer. 

e11ce to, in Appendix No. 9, p.127. 
GENEY A, N. Y. ~ferene" t-0 Hobart College, p.11. 
GENEVA, SWITZERLAND. Principal manufa.ctories of, visited 

by .Assistant Davidson, p. 54. 
GENOA PEAK. Geodetic station, p. 64. 
GEODESIC ASSOCI.ATON (International), p. 66. 
GEODETIC CONNECTION. Off coast of California, p. 6; between 

Lakti Champlain and Atlantic coast,, p. 21; in Virginia, 11-p. 301 31; 
of Simontun Colle,ge, N. C., with the Dlue Rid~e. p. 35; east of the 
Mississippi River am] west of Saint Louis1 p. 62 ; in Colorado. p. 64. 

GEODESIC LEVELING. Hagershnn1, Md., pp. 5, 31, 32; at 
Athens, Ohio, p. 5; I'f'port on Geodesk lt>veling, by 0. H. Titt
mann, A1sist.ant, Appendix: No. 15, pp. 202-211 ; determination.-~ of 
co-effi~ientofrefra.ction o-verwaterin, hy Andrew Braid, Suha.st1ist
ant, Appendix No.16, Pll· 21()..212. 

GEODETIC OBSEHV ATIONS. In New HampshiTe, Vermont, and 
New York, p. 5; at Mount Lola, Cal., p. 55. 

GEODETIC OPERATIONS. 1n New Hampshire, Mount Monnd
nock, p.17; between Lake Champlain and Atlantic coast, p. 21; in 
New Jcrsty, pp. 2.J, 25; in renns,ylvania, p. 27: in Virginia1 pp. 30, 31; 
in North Caroliua, JJV· 34, 35; iu Alabama andM.iBsfasippi, pp. 39, 40; 
S11I1ta Barbara Channel, Cal .. pp. 50. 51; in California, p. 54; north 
of San Franciseo, Cal, pp. 56, 57; in Kentuc"ky1 p. 60; in Tennt>ssee, 
Ohio, an<l Indiana, P- 61: t.m.~t of Mississip11i River, and west of Saint 
LDuis, p. 62: in Wi!-1eonsin, p. 63; in Missouri, pp. 63, 64 ; in Nevada 
and l!tah, p. 64; ref4•TN1ce to, in Colorado, p. 64. 

GEODE'l'JC RECONNAISSANCE, p. 62. 
GEODETIC ST.ATIONR Rofere-nce to, in New Un..mpsbire, p. 5; 

in Vermont, °Nt'W York, New Jt•rse-y, Eastern Penn~ylvania. \V-est 
Virginia, Alabama, p. 5; selectio-ns for, in Ohio, Indiana., IlJinois, 
p. 6; in Missouri. p. 63; iu Nevada and Ftah, p. 64. 

GEODETIC SURVEY. Coast and1 reforencto t.o economy in work 
of, a.ml P~timat.es, J>J). 7-10; abstractH of work of, pp.11-654 

GEODE TIU SURVEY OFFICE. Coast and, ufficer•andoffice work 
of, pp4 {15-74; statisticR of :field and officp WOJ'lr of the. .Appendix 
No. 2, ]lp. 83, 84; inforn1ation fn1·ni~lw,<l from the. in rep-1~ ... to Rpe
cial calls during the fiscal year ending Junf'., 1870, Appendix No. 
a, pp. 85, 87. 

GEOGR.APIIICAL ENUMERATION OF COAST AND GEO. 
DETIC Sl"UVEY WOitK, pp. 2-7. 11-65. 

GEORGETOWN, S. C. Soundings near, pp. 5, 36. 
GEOHGIA... Triangulation of coast of. refer-en()(} to1 in estimates, p. 

8; computation of magnetic observations made in, p. 69. 
GEORGIANA, FLA .. p. 37. 
GEUDES. F. H. 1 ASSI8TA~'.f. Ex:amin11.tfon of station marks on 

coast of New Jersey, p. 24; posit.ions of lit'e~sav-ing stations, pp. 
32, 33. 

GEYER STATION, MO., p. 63. 
GILBERT, J. J., ASSIST.ANT. Geodetic<>bservationsfrom Mount 

Lola, Cal., I'- 55; triangulation and topography of Hood's Canal, 
Wash. Ter .. p. 59. 

GIOJA, FLAYIO, OF A.MALPHI, IN 1302. ltcforenoe to, in Ap-
pendix No. 9, p. 127. 

GLASCOCK (Crevasse), pp. 6, 43. 
GLOUCESTER, MASS., p. 20. 
GLOUCESTER, N. J., p. 25. 
GOLDEN GATE. Tidal aJJd cnrrent obsorvations at, rcforence to, 

iu est.imates. p. 10. 
GOODFELLOW, EDW .ARD, .ASSISTANT. In office of the Assist

ant in charge of the Coast and Geodetic Survey Offioo, p. 66. 
GOOSE COVE, UNION RlVElt BAY, p. 15. 
GOVERNOR'S ISL.AND, N. J. Tidal ob•ervations at, p. 5; close 

of these observations, pp. 23, 70. 
GR.AND GULF, MISS., pp. 6,43. 
GRAND YIEW REACH, MISSISSIPPI RIVER, pp. 6, 42. 
GR.ANGER, F. D., ASSIST.ANT. Reconnai8Sllllee and geodetic 

work in .Alabama and :Mif!Si8"ippi, p. 40. 
GRAY, E. Tid"'l observations •t S..uoolito, Cal., p. 54. 
GRAY'S PE.AK. Ob8ervatloZl of solar e<>lipse of Joly, 1878, by 

William Ferrel from, p. 65. 

GREAT BAHAMA. ISLAND, p. 49. 
GREAT BBND, XANS. Magnetic obaerv11tlen1 at, pp. 6, M. 
GREAT CA.SP il STATION, CAL., pp. 56, 57. 

GREAT NORTH MOUNTAINS, VA., p. 31. 
GREAT SOUTH BAY. Chart ot: refonince t.o, in N:•timat>t<B, p. 9. 
GREELEY, COLO. M•!!l'etic 0\1..,rvations at. pp. 6, 65. 
GUEENE. F. E., MASTER, r. 8. N. Service• in ~ection I, 11. HI; 

in Section T\·1 p. 34: in Section\, p. 36. 
GHEEN M.OUNTA.IXS, VT. Rooonnais~nce near, p.18. 
GREEN IUVER, WYO. TER. Magnetic obsen·ations at, pp. 6, 65. 
GREEN'S HEAD, p.16. 
GREEN'S LANDING, PLACENTIA llA Y. Tit!11l observation• 

at. p.15. 
GREI<;NWELJ,, W. E., ASSISTANT. Trian::;ulation an<! topop;· 

raphy of euast OOtwePTl Point Arguf'lJo an<l Point Sal, pp. 52, 53. 
GREENWICH POINT, DELA W A.R}; RIVER. p. 25. 
GREN.A.DA... Soun1linµ:s' nea1·, and cm:·1·cut observations, pp. 3, 46, 

47, 48; see n.1110 Appendix No. 6. pp. 99, 101. 
GilENADINE8. THE, W. I., p. 46. 
GREYLOCK MOI"NTAIN. MASS. l'rimar;.· Atation,Jlp. 18, 21. 
GRINDSTON}: LEDGE. Development of, J» 15. 
GROESBECK, TEX. Magnetic oLMcrrntiouA at, p. 50. 
Gl.~AUAT,OfTPE. Soundings near, lJ. 47; current observations, V· 

49; sPe n.lso Appendix Xo. 6, pp. 00. 101. 
GULF CO.AST. ProgTP8S in trianJ!ulatfon of. p. 5; n•foreuce to. in 

estimate~. pp. 8, 9; chnrt of, refert:>uce fo, in estimates. p. Y ; sur\'PY 
()f betwepn Charlotte Harbor and Sarn.sota Inlet, p. 38. 

Gl"L}' HYDROGRAPHY. NEA.R CHAllLO'l'TE HARBOR. 
:FL'1.., p, 38. 

GU'Lr' 01'' l''LORillA. Sounding• in. p. 2. 
GT'L}' 01" GEORGIA, ALASKA., p. GO. 
Gl~L.F Of' IIOXDrRAS, p. 48. 
GlTL}" OF MAIXE. CuTrf>nt ohsrrvuti<mH in. JlJl. 5, 19; rei'errtd to 

in estimates, p. 8; pnblic.afinn o f~N·oncl (·f1it.ion of part ofCo~st J>ilot 
for, p. 7: rt~fereuee to tl\h~, p. '20; ref;i;>r~m·e to work in the, p. -H: 
ph~vsical Lydro~rapby of thf'. bs Henry ~1itchPll. A.~Histaut, A fl· 
pendix: No. 10, pp. 175--190. 

G l""'."L}" 01'" :MEXICO. Dec}l·8(~a. soanc.ling-A in, Pl'· 2--4, 12; currellt 
obser\'atiuus in, llP· 6, 41; refon·nce tu, in estimat-t:·s, J>· 8: aurn'y 
of J)art. of coast of, pp. 38, 39: triangulation of', near coast of Tl:'xas, 
p. 45; 11y(lrogra11hy of Wt .. st. Indian Hpproa.cht·s tu tht", l)p. 46-50; 
fauna of tlw. st>t~ ApJu··mlix No. 6, }J]J. 9:l, 99. 

GUL}" STREAM. Current ol.IHPI'Yationi. and dredging in, Jl. 1: ref· 
orenc(• to, iu estimat~s, p. 8; "t11e problPm of t.be-." pp. 2, 4, 46, 49. 

m::L}' WEED, J" 48. 
GUN KEY. FLA., l" 50. 
GGNSTOCK MOT::NTATN, N. H. Gc>odetic ob&•rvations at, pp. 

5, 17. 
GLiNTE.R. Uefl'r't~D<:t.' ta. in Ap11cndix Xo. 9, p. 127~ 
GGYOT 01'' l'HO\lNS. lteferrnce (<J, in Appendix No. 9. lJ. 1~7. 

II. 

HAGERSTOWN, Mll. li<•rnlo~ic leveling at, pp. 5, 31, 32. 
HAL1'' MOON REE.I<' LIGHT, 'l'RX., p. 45. 
H..1.LIFA:S: RIVER Cl1art o[ to ~!os'luito Inlet-. l<'la., reference 

to, in catimatt's, p. 9. 
HALLEY, EDWARD. Is,,g<>nie chart published in 1700 by, refer. 

f'iUOO to, in Appendix No. 9, p. 127. 
HALTER, RE., ASSISTANT. Triun;;ulation of Laguna Madre, 

Tex., p. 45. 
HAMBURG, GERMANY, I•P· 54, 66. 
HAMMERSLEY"S INLET, WASH. TER.. p. f19. 
Il..A.NSTEEN {MaguetismuR der Ertle, 1819J, netl'rencP to lsugu11ic 

chart by, Appendix No. 9. p. 127. 
IT.A.NUS, G. C., MASTER, lT. S. N. SerYiees in St.•ction I, p. 16. 
HANUS' LEDGE, NEAR SW .AN ISLAND, ME .. p. lG. 
HAIW TIMES LANDING, .ABOVE GRAND GULF, ML'iS., 

p. 43. 
HARPER'S FERRY, VA. Geodetic cunnccti011. p. 30. 
HARRISONBURG, V.A.,p.31. 
HABTF'ORD. Surrey of Connecticut Rivi:r as far as. reference tQ, 

in eatimatos, p. 8. 
HARTSTEIN ISL.AND, WASH. TER., p. b9. 
HASSLER (st<>ame.r). Use <>f, in 81oetion X, pp. 51, 52. 
HATTERAS. Relative to new lit'n-saving station, p. 32. 
HATTER.AS INLET. N. C., pp. 33. 34. 
HAUPT, PROFESSOR L. M. Ge°'letic opemlions in Pennsyl. 

vani&1 p4 27. 
RAV ANA, CUBA, p. a; magn•tie oboerv1>tfona at, pp. 6, 39; dredg. 

ing oft', p. •6. 
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HA YEN'S A NCHORAl.U:, COAST OF CALIP'ORNL\, pp. 6, So. 
JIA V ERST RA "\\r. N. Y. Reference to, in estimateH, ]). 8. 
HAWLEY, J.M., LIECTENANT, l'. S. N. Hydrogmphy of Pht· 

oentia Bay and Jericho Bay, Me., l'l1· 15. 16 ~ aid to hydrographic 
inspector. p. 67. 

HA wu:rs LEDGE. ME., p. 16. 
UA YDEN SURVEY. Reference to, p. 65. 
HAYTI. Dredging nt·ar, Jip. 46, 47 _: characturistics of fauna aml 

tiora of. 11. 48; see els<> Appendix No. 6, pp. 100. 101; soundings off• 
p. 49. 

RAZ~:I, POINT, W .ASH. TElt., Pl'· Ii, a!l. 
HEILNER. L. C .• MAST.Klt, C'. S. N. Service~ iu S(·dion X. p. 5~. 
HEIN, SAMl'EL, LIBRAlU.AN, COAST AND GEODETIC sun. 

VEY OF1''ICE, p. 74. 
HELDEJllJEHG. Heliotrope station, l'· 21. 
HELENA, ARK., p. 44; computation of latitmlc of. l'· 68. 
HEMPSTEAD, 1'gX. .Ma~'<Iletic QbserYationlj, p. 50. 
HENDERSON'S INLET. WASIL TER., pp. 6. 58. 
llJ<:RBERT, W. A. In ofti1.;f" of Assistant in charge. CQast antl Geo

detic :Survuy Ofticc, p. 74. 
H:B;RGESHE!MER. E .. AS:-iISTANT. Special to]lographical work 

on 1\[ount DeFtt>rt Island, p. Vf: in Drawinp: Divisiou, Coa!'itanfl GPn· 
deti('. Surw•y Otho~. p. 72; report on th~ Pn•1rnration of Stamlard 

~ Topographical Drawings b~1 , A11pendix No. 11 1 p. 191. 
liERGESHEI.MER, JOSEPH, SCB.l.SSISTANT. Survey of Gulf 

<~on~t lwtwcen Charlotte Harbor and Sarasota Inlet. p. 38. 
IIEHOX ISL.AND. WASH. TEil., p. 59. 
llEHltlCK MOUNTAIN, YT., 1" 18. 
HEHTfllUD, N. C., Ji. 3~. 
HILGARD, J. K. ASSISTANT. In ch1uge ot' Coast and Geodetic 

:-;un·ry Otti.c~. Pll. 65-67: representative of the Coast a1ul Geodetic 
Surn~y at IDt>f•tlng of thf\ Inte.rnational Gernlesic ARsodatiou at, 
Hruubur~. 11. 6H; member-of lntel'national Uornmitte.e on \reights 
nnd ~fpa~rnre1', p. 66: charge of speciul scientific inve~tigation"' in 
the otlice. p. 66 : comparhmu t>f imperial 1:3ta11dartl meaHut·es, pp. 
6C. tli. 

III5RD.AL.K President of llobart College. Gc1wva~ N. Y., p. 11. 
Ill'l'CHCOCK (sfrarner}. rst• uf. in Section Ylll, 11. 43. 
HOBART COLLlWK G.EXEV A, N. Y .. p. 11. 
HOBOKEN, N. J. Pe11clulum t:!XIH:rimtnhi at. p. 27. 
HOCKING RIVER, OHIO. p. 61. 
llOCKHLlCKTNG RTYER, OITIO. p. 32. 
HODGKINS, ·w. C .. ~\ID. :,;ervices in &>ctiou II, Jl· ~4; in Section 

VI, p. 37. 
HODl<ON. T. S., COLLECTOR AT CIUSFU:LD, ~ID. Courtesies 

e:xtendod to officer~ of thu Coast and G<:otlotic Survey by1 p. 30. 
HOLLAND HOF:-iE, ,TAM.AICA BAY, N. Y. 'l'idal station. p. 23. 
HOLLY SPltINGi:l, MISS .. p. 40. 
HOMESTEAD PLANTATION. MISSISSIPPI RIYJ.;R, 11. 42. 
UONDUHAS (llriti•h). Magnetic o\>servationa on coast of, pp. 6. 

39: reft•rt·1we to, p. 48; alRo in A11prndix- ~o. 6. pp. 100. 101; refer· 
ence to Gulf of, JL 48. 

HONOLFLlT. S:ANDWICH ISLANDS. Ti<lal observations, p. 6. 
HOOD'S C.AX AL, WASH. TER. Triangulation and topography 

of, pp. 6) 59. 
HOOD'S POINT, p. 59. 
HOOVER. D. N. Miscellaneou~ Division, Coast anU Geodetic Sur· 

ve~· Office, Ji. 73. 
HOl'EJ<'IELD, OPPOSITE MEMPHIS, TENN .. p. 44; base line, 

P· «. 
BORRE SHOE, DELA.WARE RIVEH. Jl. 25. 
BOSMF:R, CHARLES, ASSIST.A.NT. Topography of Frenchman's 

Bay, Me .• p. U; triangulation of Mississippi Bivcr above Vicks
burg, pp. 43, 44. 

BOW ARD, M.E. Azimut11 station, reference to, Appendix No. 8, 
p.112. 

HOWELL. J. A., LIEUTENANT-COMMANDER. tr. S. N. Sound
ings in the Gulf of Mexico, pp. 2. 3. 

HUDSON RI VER. Eumination of aid• to ua.-igation in, pp. 5, ~2; 
to extend survey o~ reference W, in estimates1 p. S; t.!hart of, 
rofo?Ted to in estim,.tes, p. D; triangulation of valfoy of, p. 18; 
topography of, p. 23. 

HUMBOLDT, KANS. .Magnetic ohaervations st, Pl'· 6, 511, 64. 
HUMBOJ,DT'S COSMOS. Tu>ferene<> to. AppC1ldix No. 9, p. 126. 
HUMPBACK MOUNTAIN, VA. Triangulation otation. l" 31. 
HUTCHINSON, CAPTAIN HENRY T. Late B&Uing n1Mter of 

schooner Re.search. death from yellow fever, p. 42. 

HYDROGRAPHIC DIVISION, UNITED ST.ATES COAST AND 
GEODETIC SURVEY OFFICE, pp. 67, 68. 

HYDROGR.APHIC INSPECTOR. Duties of, p. 67. 
HYDROGRAPHIC OFFICE. Relative to sailing dire-0tions is.-uecl 

Ly. p. 46; rcferer1ce to, p. 73. 
HYDROGRA.PHY. Necessity of 1·evillion of, at importan\ locali

tie-s, J•· 7; prog1·ess of, at various pointB, pp. 5, G; reference to. iu 
estimates. Jlp. 7-10; uf coaMt uf Maine1 pp. 12, 13; of eastorn ap
proaches to Mount Desert Islan<l, p. 1:1; of Frenchman's Bay. Me., 
IJ. 14: of Pl&aentia Bay and ,TAricho Bay, Mr., pp. 15, 16; of JsJ.. 
au Haut. Bay. "}{e., p. 16: of M:erI>imac River entrance,, Mass., pp. 
18) 19; of vicinity of Block lslnnd, pp. 21, 22: of .Tamaiea Bay. N. 
¥., 1'- 23: of Delaware River, Jl· 25; special investigation of Chesa
peake Bay. pp. 29, 30; of coast of North Carolirrn, JI· 34: of coast 
of South Carolina. p. 35; of Sam pit River, S. C., pp. 35, 36: of Gulf. 
near Charlotte Harbor, Fla. 1 p. 38: of coast <>f Texas, Jl. 45; of 
West lndhin approaches to Gulf of Mexico, pp. 45-50; near Santa 
Catalina and San Clemente Ialando, Cal., ll· 52; of Bahia tlo los 
Tr~wltlores aml Hlljacent coast of California, p~ 52: of Suisun Bay 
aud So.u Pablo Bay, Cal., 11. 53: of Puget Sound, ·wasli. Ter., p11. 
58. 59. .. 

IAI:DELLA, C. T., ASSISTANT. Topography of Cape Fear, 
N. C., p. 34; topogra]JhY of St-ono Rh·er. S. C., p. 36. 

IBERVILLE, M£SSISSIPPI ll£VER, p. 6. 
ISLE DE VACHE, W. l., p. 46. 
ILLINOIS. Goo1letic points selecte<l in, l'P· 6, 63; triangulation 

iwross, referenc& to, ]n estimates. p, 9; magnetic observations in, 
p. 50. 

IMPERIAL 8TANDARD NO. 1. Comparison m...:ie in London h,,. 
Asflistant llilgard of standard Jard, bronze. No. 11. withj p. 67. 

IND I.A.NA. Geo(lt·tic point~ sele('te<l in, pp. 6, 60; triangulation 
acros;:i, roferenC'e to, in estimates, p. 9; roouunal~am;c in, JlJJ. 

61, 62. 
INDIANA POT.TS. IND. Geodetiepoint.s Relect.:>d near, PIJ. 6, 62. 

INDIAN HILL. NEWBURYPORT, MASS., p. 17. 
INDIA.N RIVER~ FLA. '£riangnlation and topo~ra1>h.Y of', pp. 51 

37; reference to. in estimates, Jl. 8; computation of trianguln.tion 
of. p. 68. 

INDIAN TERRITORY. Magnetic obscrrntions at stations in. pp. 

6, 50, 62, 64. 
INFORMATION FURNISHED FllOM THE COAST AND GEO

DETIC SURVEY OFFICE BY 'l'RACIXGS, &c., F.ROM ORIG
IN AL SHEl~TS, IN REPLY TO SPECIAL CALLS DURING 
'l'HE FISCAL YEAR ENDING WITH JUNE, 1879. .A11pendix 
No. 3 Jlp. sr>-87. 

INSPECTION OF LIFE-SAVING STATIONS BY ASSIST.ANT 
F. H. GERDES, pp. 32. 33. 

TN8TJlUMENT. lfflMctipt.ion oftlw Davidson Meridian, by Georg(' 
Davidson, Assistant, Appendix Ko. 7, pp. 103-109. 

INSTRUMEXT ROOM, COAST AND GEODETIC SUP.VEY 
OFFICE, p. 74. 

INTERN.AL CONSTITUTION 01" THE EAR'rn. BY PROFES· 
SOR BEK,JAMIN PEIRCE, .Appendix No. 14, p. 201. 

INTERNATIONAL COMMITTEE ON WEIGHTS AND MEAS· 
URES. Iteference to Assistant J". E. Rllgard as member of, p. 66. 

INTERNATIONAL EXPOSITION, PA.RIK Reference tn, pp. 
fl4, 64. 

INTER:SATIONAL GEODESIC ASSOCIA.'l'ION. Assistant J. 
E. Hilg:ird represeutativc of the C!>8&t and Geodetic Survey at 
meet.ing of, I>· 66. 

ISLE .AU HA.UT BAY, ME. Progress of ourvey of approaches 
to, p. 5; shoal spot• developed in, p. 16; hydrograpby of, p. Hl. 

ISOGONIC CHARTS. Reference to, and early history of, "'"' Ap
pendix No. 9, p. 127. 

ISOTHERMAL AND ISOBARIC CHARTS OF ALASKA. Ref. 
erence to1 p. 60. 

ISTJIMDS OF DARIEN (ALSO OF PANAMA AND NICA
RAGUA.) Theory relative to formation of, p. 49; - also Appen
dix No. 6, p. 101. 

ISTHMUS OF TEHUANTEPEC, p. 49. 
IVES. C. A., AU>. Servicee ln Section VIII, p. #. 

~. 

JACKSONVILLE, FLA. Ch&rt of Saint John's River Mnth .,1; 
reference to, in eatimates, p. I. 
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J ACOHI, W. In•trument Room, Coast amlGeo<letic Surrey Ofiiee, 
p. 74. 

JACOHY1 H. M .. J.IA8TEH.. Tl. S. N. R.('f(•rt>uce t-0 serYiei<s in 
<lredgin~ in GulfofMoxlco. JJ. 3; see also .Appendix No. 6. Jl. 96; 
i:s-ervices in Section IX1 p. 48. 

JAMAICA,'-\-...-. I. Dredf.ring 11e.ar, eu1Tent observations auc1 s-0nnd
in~R. pp. 46-49; mountain~ of. p. 47; see also Appendix Xo. 6: pp. 
95, 96. 101. 

JAMA.IC.A BAY, N. Y. flurwy ol'. pp. 5. 22, hydrograpLy of, I" 
2X; cornpntation of triangulation of1 p. 68. 

JAMES RIVE!{ l/ A. Snt'\'"f'Y of and investigation of oyst.£>rreeftt 
in, Ill'· 5. 30: r(~ferenee to. in estim.ateR, JL 8; cluut (.tf, referred to 
in e!'ltimat.es1 p. Q: mountain peaks at heall waters of. p. 31. 

J.iMES l!IVER IMPROVEMENT COMPANY. ltef,.1_.nce !<> 

work of', p. 30. 
tTARBOE. C. \\T., LilJPTEN.AN'l', lT. S. N. ScJ'Yic1·s in Seetion X. 

p. 52. 
,JEFFER80N CITY. l'IIO., Jl. 6:1. 
JERICHO BAY. ME. Soundings in. and h}drogra1lh.Y of. }tp. 5, 

US: Hlwal 8pot8 U1~Ydopetl in, ll· 16. 
,rnWELL. THEODORE }' .. UED'J'ENANT.COMMANDER. L'. 

S. N. n~·drogr:lph;v of coast of Maine, pp. 12. 13; of thf> coast ot" 
Texas. I,, 45. 

J01lDAN'8 181.AND. ME .. p. 14. 
JORDAN'8 :RIYER. L'NION RIVER BAY, ME .. p. 15. 
. fJTLIEN. A. Refon•nr1· to, in Appendix No. 6, p. 10'2. 
J L:\KE]I;, CHARLES. ASSISTANT. Soundini;:s iu Ddaware 

Ri\7 (•r for u.i;:c oftht> Li~ht-Housfi Board. Jt. 2;"t; reft'reIJ<'P to. p. 68: 
Dt·awing HiYision, Con!-lt an<l (ieo,letic S1u-y1•y OfflcP. p. 71. 

K. 

KA.LAM.A. Triau~:ulation of Colnmhia lther tu, l'· 57. 
KANAWHA Rl\-EU. (;eolivti1· O])erationM uiem·, Jl. 31. 
KANSAS. Triangulation acros~ the StatP of, p. 64: n~fr1·ent·e lt>. in 

cstimah's, J). n; magnt•tie ohst•rvntion~ in 1 pp. 50. 64. 6f). 
KAXSM; PACIFIC RAILJWAD. !'· 65. 
KARCHER, L. Drawing Division, CoaHt and Geodetic Surve:'i 

Office. }>. 71. 
:KENSl"liTON W ..l.TEH-WORRS. PA .. p. 27. 
KENTUCKY. Base liI1e near Louisville. p. 6; triangulation in, 

rf'ference to in estimatt's, p. 9; geudt>.tic 01wrations in. pp. 60-62. 
KE\V. Di11 cirdei p. 39: standanl thermonwtt>T', p. 67; magut't-O· 

graph•, !'· ~8. 
KEY '\\""EST, FL.A. Pro~nssofmap;netic obserYationsat, pp. 6, 39: 

arrival of the :Dlake at 1 for coal, p. 46: r~·fl'l'C-JH~o to, J). ttO; see also 
.• :'\.ppt'ndix Nu. t>, J'· U!i. 

KILBURN, WILLIAM, MASTER. 1J. S. N. Service• ill Se.ction 
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STA VE ISLAND, FRENCil::\I AN'S llAY. ME., p. 14. 
ST. llARTHOLO:MEW. 1111. 48, 49. 
ST. CHRISTOPHER. pp. 74. 48. 
RT. CROIX. 'l'l·IUpt>rRtnrt> of St'R nt--al'. p. 47. 
ST. DOMINGO. W. I., pp. 46-4K 
8TEADFAST <•loop). l:se of, in Section \I. p. 37. 
8TEILACOOM. W.A.SH. TER., p. 58. 
STERLING, .T. E .. l'OflTMASTER AT ClUSJ<'lJ<:Lll. '.fD. Courk

sies exkndC"cl offic('T8 of the Const and (~eolletit· Snn·1·;v b~-. p. 30. 
RT. EUSTATI\"'.S, pp. 48, 49. 
STE\VART. G. A. Iu cbargt• of archiV'<'B of Coast and Ge.mfotit• 

Sun·(>~', 11. 73. 
STEW A.UT. J. W., EXSIGN. r. S. N. Currrnt• near tbe Missis

sippi Delta. p. 4.1. 
f-4TEW .ART'S POI.ST. 'lTiangnlation of coast of California near. 

pp. 55. 
ST. LlTCIA. pp. 47. 49. 
ST. MARTIN, l'· 48. 
STONO RIYER, f\. C. Topogra1•h~· of, pp. 5. :ro. 
STRAIT OF FUCA. Triaugulation of, refe1'1'nce to, ln ""tim&tes, 

p. 10. 
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8THA.ITS OF FJ,ORIDA, JI· 5<l. 
ST. THO:!\iA.8, W. I., pp. 46, 47. 49. 
STU A.RT. HON. JOHN T .. OF SPRINGFIELD, ILI, Courtesk• 

f'Xtended by, p. 63. 
STL'\fP PASS. u;MON BAY. :FLA .. p. 08. 
ST. Vl:!i'CE!ST. Vi. I. pp. 46, 47. 
~L'.-RSS, \YERKER. Magnrt.ic ohSt'n·ations at J\IadiBOll, Wi!-1., ]J. 

6~: Computing lh\'ision, CoaRt and (lernlf·tic Survf"y Otnce-. 11. 
GP. 

Sl'GA.R LOAF, HUDSON RI\'ER. N. Y., !'· ~:i. 
8Ul8C.N RAY. Hyclro~rnphy of. Pl>· 6. 5.1. !;4. 
Hl""ISON Cl"1'-0FF'. p. 53; ehanµ:1 R noh·1l ot we"t 1·1}(] of, p. 54. 
SULLTV AN, J. A., AH.KIP.TANT. Geo,lcti«' OllC'ratio-m~ in :1lissouri, 

Jill· 63. 64. 
:o;FMMIT ~'l'ATION . .ALA. Obst~n-atiom1 fmm. p. 40. 
SUMMIT STATIO:N', t::AL. Com1mtatiou of Jatitudc of. p. 61':1. 
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pp. ?l. 23; of James Rivt•r, Jl. 30: of Gulf f~oast betwet:~u CllarlotW 
Har\)or and t-;arasota lnlt•t, p. 38; of" tlu· Ue-lawm·e RiYer. Adden
t1urn to Report, see Appeudix No. 13, l''P- HJ9-200. 

tWRVEY!NG l'ARTIE8 VPON THI' ATLANTIC, l'FLF OJ<' 
:MEXICO, .AND PACIFIC C<L.\ST!< AXD IXTERIOROF TliE 
l:'NITED STATES DrltlNG THE FISCAL YEAR 1878-'79. 
Dif~trilmtion of, Sf'e .Appen<lix No. 1. pp. 77-82. 

SW AN 10\LANIJ. ME. Ledge dfielope<l near, p. 16. 

'I'. 

TAMPA BAY, }'LA. Hydrography iwaL p. :is. i·eft'J'(·nce to, in 
t~i;;timat·P8. V· 8. 

TAX-GIER HOUND. Examinatiu11 of oyKt~r lwdK iu. llP- J. 30. 
TANT A.RD M!ffNTAIN. WEST 0.1'' COC:RTLAXll. ALA., p. 40. 
TARRY-~OT (~tt·am cutter). r!-w of, in Secticm XI. p .• 59. 
TEHrA.NT.IWEC. lsthinus of. J>. 49. 
TENNERSEE. Gt>otletic ohs.ernttions iu, pp. 6, Gl; i·eforence to, in 

c.stimates, p. 9; compntaticm of lt•ngth of hase line in, p. 69. 
TEN NE$HRE RIV EH.. Yell ow fc-YL'I' <' hf'ckin,I!' operations of surve_v 

near. p. 40. 
TERRY. C .. A.ID. S.·rviC<'Sin Section YUi, p. 40. 
TEKHY, CARLISLE., .TR. Compntin~ DiYision, CoastamlGt"odetic 

Survf'y Ott:ice. p. 70. 
TEXAS. Magnetic o1uwrYationR h1. p. 6. 50, &!: b_nlrograplJ,v of 

con8t of', p. 4r,~ refPrrf:'d to in tistimatt>:s, p. 9. 
THAMEH HI\ ... .EH. Chart of, reference to, in estimates, p. H. 
THATCRElfS ISLAND. Determination of position oflig11t-homw 

on, p.17. 
TRE INTERN AL CONSTITUTION lH' THE EA.RTII. lly Pro 

fessor Benjamin JJeitce. Appe1Hlix No. 14, p. 201. 
THE NARROWS. l'l'GET SOCNll, WASH. TER .. p. 53. 
THE N.ARJWWS. l'.NION RIVER BAY, ME .. p. 14. 
'l' HI ESEN, .M. Reference to, p. 4. 
THO.MA.!·l, M. Tidal DiTision. Coast end Geodeti<> Surve~· Offic.,, 

P· 71. 
'l'HOMPSO'N, J. G. Engraving Division. Coast anc1 GrAJ<letic Snr

voy Oftice. p. 72. 
THOMPSON. ".,..·A. Engt·avmg Division, Coa.st a.tHl Geodetic Sur

vey Ollie•'. p. 72. 
THOM.SON, SIR WILLIAM. Referen(:i,e t.o lln11rove111cnts in wire 

sounding apparatus of, p. 2. 
THOROUGHFARE, ME. Ledges near the,p.15. 
THROCKMORTON, N. ,J, Triangulation station. p. 24. 
THURLOW"!; lSLAND. ME., p. 16. 
THURLOW'S ROCK, MK LOOge•developcd, p.16. 
TIDAL DIVISION, COA.ST AND GEODETIC SURVEY OFFICE. 

Pl" 70, 71. 
TIDAI, OBSERVATIONS. ItelRth·e to progrpss of, pp. 5, 6; refer

ence to, in eetimatel'l1 p. Si at Occanvillc, lie., p. 15: a.t North Ha
nn, p. 17; al Plum Island, p. 18; at Providence. R. J,, p. 21; in 
,Jamaica Bay, N. Y., p, 23; at Governor's Island. N. Y., p. 23; clo•· 
inµ of, :at Fort :Monroe. Va., p. 30; at Fenmndina.. Fla., p.37; at
N "w ( lrleAD•, clORing of, p. 41; in California, l>· 53; at Saucellto and 
Mare. Island navy.~anl, p. 54; at. tllft &ndwieh Islands, p. 57. 

TIDE-GAUGES. At wbo.rf at Holland Hon...,, Jamaica Bay, p. 23; 
at Governor1s Island, p. 23; at Pe.nole Point, San Pablo .Bay, p. 53. 

TIDE.TABLES. Referon°" !<> publication of, for principal porlo of 
Uniood State& for 1880, p. 6; reference to, in estimates, p. 0; distri
bution of, p. 73. 

TITTM.A.KN. 0. H .. A.SSJST.A.NT. n~oonnais•ance for geoutt.iu 
points in Colorado, pp. H4-. 6.i: revision of list oflatitude stnr8. pp. 
66. 67, nncl other investizntions in office of .ARsi~tant in chHrg-P. p. 
66; report ou ~(·Od("sio l('Vf'ling by. Appendix No. 15, l'P· 202-211. 

Tl1TSVILLE, FLA .. p. a7. 
TOBA<lO TSLA.l\ll. Current" near, Pl'· 48, 49. 
TOMM:Y"S HAl:IMOCK, N. C. Positi011 of ne"\Y lig-ht-hon~f' deter

mined. p. 32. 
'l'OPOGRAPHIGAL URA.WINGS. Report. on 1.he preparnti011 of 

stnrnlard. hy E. HcrgeslwimPr, AAsistant. Appeil(liX No. JL JJ· 
191. 

TOPOGRAPHICAL MANUAL. J>. la. 
TOPOGRAPHY. ProgTess of. pp. 5. 6: refere1uw to, iu t-1'.ltimates, 

pp. 7-10; of lh't•nclimau·s Rn~'. Mf>.., p. 14: of Union IUn:1· Bay. 
M(' ... p. 14; of Hmlson Hiver, N. Y., p. 23; of Ca1w ]'ear. S. C .. p. 
:,4: of Sti<mo Rin·r, S. C., p. 36; of Indian Hiver. Fla., p. 37; of Cat
alina arnl Sa11 Cl~mente, Islands. Cal.. p. 51: c·f foast ber.wet>n Point 
A rgurllu antl Point Sal, pp. !'i2, 53: weMt of Fi.slrnrma.n 's Ila~-. coaRt 
of Califo.rnia.11. :J5: of Hood'~ Canal. '\Vash. Ter .. p. 59': of branches 
of Puget Hountl. \.Va~h. TP,r .. p. 59. 

TORNAHOES, CYCLONES. A.NI! WATF.JtSPOtTS, &C. RPfcr· 
ence to the resean~bes by- William l''errel. p. 4. 

'l'OTTEN"8 ISL.A.XD. Trian,g-ufotion near. pp. 6, 59. 
TOWLER. PROFERSOR .J., OF HOBART COLLEGE. GENEVA, 

N.Y.,p.11. 
TRANSIT OF VENUS lllJILDINO. l,ongitudeobsen·ationstaken 

at the Ka val Observatory iu, p. 29. 
TRIANtlULATIOX. ProgJ'PBfi of. pJl. 5, 6: reforruce to. in esti

mate-A. pp. 7-10; of Inflian RiYPT, F·]a., p.37; of the Mi~siRRippi 
Riw~r. pp. 41. 4:2: of thf' river from Natchez to Grand Gulf. Mi~~-
P- 4;i: ahm·e Yit•k8burg. p. 43: from B(•nnett's Landing- to :Alem
pbis. 'l'f'nn., p. 44; of Laguna Jrladrf', 'l't•x., p. 45; of thu coast lw
twPen Point A1·µudlo and Point Sal p. 52, 53: west of :Fishenmtn"s 
Ba,v. cu:J..St of California 1 p. 55; of Columbia Uiver, Oreg .. p. 57; of 
'Vashington Sound, \.\"a;;h. Ter .. p. 58; of Hood'1::4 Canal, \Yash. 
Tcr .. p11. 7, 719: of l>ranc]1es of Pu~et Sonnd, Wasb. Ter .. p. 59. 

TRINIDAD. pp. 48, 4R 

TRINIDAD HE.AD, C.AL .. p. f>G. 
TURKEY CREEK, FLA .. p. 37. 
TURNBLLL. C. B. Tidal Division. Coast and GL·odetic Sur,·ey 

Officl", 11.71. 

TUSCARORA. (st<>amer). Refer~nce to. p. 2. 
1'USCUMBIA.. AL.A .. p.10. 

l'KIA H, p. fi7. 
u. 

UNDERWOOD. JAMES P., ENSIGN, U. S- N. Dctach~d from 
servicl'M in St~ction \I, p. 37. 

l"NION RIVER BAY. ME. Progress of topography in, pp. 5, 14. 15; 
harbor chart of, refet'e.n,ce to1 in estimates. p. 9. 

l'NITE!l STA.TES. Observations on mai,'Dctic n&Aile in th<', l'P· 
.r), 29, 38. 

UNITED STATES COMMISSION ON FISH A.ND JWlHERIES. 
Reference to, in estimates, to dredging in G-ulf Stream, &.c., in 
conrn•ction with, p 8; relative to information on gl'owthor o;rsters 
furnished, p. 30. 

r:•HTED STA.TES ENGINEER DEP.A.RT.MENT, p.58. 
UNITED STATES LIFE.SAVING STATIOKS, Positions of. 

determined, on coasts of Virginia. and North Carolina., pp. 5, 32, 33. 
"CN!TED STA.TES MINT AT PHILADELPHIA.. Verification 

of set of l!l'Hin weights for. I'· 67. 
UNIT.ED STATES NA V .AL OBSERVATORY. W A.SHU.GTON 

D. C. Telegraphic signal• ootween Statesville, N. C., Atlanta: 
Ga.., and, pp. 29, 36; ref~rcnoe to, p. 35 .. 

t'NITED ST.A.TES NAVY DEPARTMENT. Hydrographfo 
Office, p. 73. 

rNITED STA.TES REVENUE M.ARINE. Sloop Su·ille, refer-
ence to use of, in Section IV, p. 32.. 

UNIVEltSITY OF VERMONT, p. 18: 
UNIVERSITY OF WISCONSIN. Magnetic obsen·ations .. t, p. 62. 
rPPER POTOMAC. Computation of triangulation OD, p. 69. 
tJT A.H. Magnetic obeervationo in, pp, 6, 62, 115; triangulation 

acroso, referred to in eotimates, p, 10; geodetic <>perations in, 
p. 64. 

v. 
V A.N OR.DEN, C. H., A.ID, Tidal observations, Section I, p. 20; 

eerviooa in Sootion vm, p, 43. 
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1. p. la; l1;v1ho;..::rnph~- of M1·nirnal' RiY1•1· (•11tr:UW.E'. :llasR .. p. 1>-': 
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3~. 33. 
W A.1'1'00 CltEEK, NEAH CUAl~LESTON, R. C. 'l'opol(1·aph:v 
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Alabam"" p. 41: reforencu to observations made by~ p. tl9. 
WEIG HTS ANl) MEAR PH.EH. Bureau of1 n:.feTenct.~ f.o records of. 
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REPOR,T. 

rNrnm STATJ.~8 CoAST AND C:Eo])BTJC :->rUYlff 0J<'FICE, 

H'w;lti1111ton, I>('Ci!lllhff l:!, 11'11~1. 

SIR: I have the lrnuor to transmit lterewitli a 1lPtaile1l report of the uperatious prosecuted iu 
the course of the fiscal ;rear 1·111ling .J1111e :~o, 1879, in co11ti1111atiou of the Cm1st aud Geodetic Sur
vey of the United Statf>s. It will he seen by the table gfreu as Appendix No. 1, which shows the 
distribution of the fieltl aml h,v<lrographic parties, tbat tlw work has been ad •auced in thirty of 
the States of the Union and in four of tbe Territories. In general, the \\'(\ather was f;worahle, and 
the regular work has been externled as far he,rowl the limits n'al·hecl in tl1c prl•et•tling ~·t•a1· as could 
be expected with the means aYailaule for the p<uties sen•rall,L 

During tbe earlier :rears of the surre;rJ neither the urgent 1lernaml for the irnportaut pmJimi· 
nary results, 11or the general state of the survey perrnitte<l eTery class of work for which the !:illl',,e~
was instituted to he taken in hand and advauced simultaneously. But I am glad to record the fact 
that during the pa:st year all branches of the work were fiuall.r orga11ized and in progress, so far as 
the reduced appropriations,.wonld Jlermit, aloug the Atlantic, Gulf, aml Padfic coasts, and in many 
of the interior States. 

These classes of work include the measurement of base Iiues; primary, secondary, and tertiary 
triangulation; astronomical determinations of azimuths and latitudes; determinations of telegrapllic 
differences of longitude; pendulum obser,·ations in the fit'ld; verification of stamlard:s of length : 
lines of leYel of precision to extend across the continent; s;p;tematic magnetie ohserYations, both 
on land and at s~a; inYestigations in relation to tl1e best signals for use at nigh9 in geodetic wurk; 
topographical work of seYeral claRses; simultaneous meteorological and magnetic observations on 
mountains uleven thousand feet high, and in \'alleys at their bases onl,y two hundred feet above the 
sea le,·e~; inshore, offshore, aud deep.sea h,Ydrogra11hy, including serial temperatures, current obser
vations aud dredgings, in tlie study of the Gulf Stream; tidal obserrntions at poth permanent and 
u~mporary tidal stations; obserrntiom; of sea currents, other than the Gulf Strett.m; full tidal dis
cussion by harmonic anals sis; observations relatiug to possible tidal or other periodic action of the 
earth's surface; obscn'atious relating t-0 possible change in the surface affecting primary poiut,8 of 
triangulation; publication of the Coast Pilot and charts, hand-books and manuals of the several 
classes of work; meteorological researches in reference to practical uses for the Coast Pilot; phys
ical bydrography of rivers and l1arbors; discussion of eighteen Jrnudre<l miles of primary geodetic 
a.res in relatfon to the figure of the earth; the substitution of glass for metal in theodolite limbs; 
a.nd the planning of a general map of the United States founded on the most accurate geodetic, 
astronomical, bypsometric, and geographical data available. 

At first onl~· the most necessary classes of work were taken in band; as the work progressed 
others were added; some carried on continuously, others from time to time as 011portunities offered; 
but at no one time have all these classes of work beeu carried on simultaneously until the past year. 
The appropriations that were sufficieut when only a certain number of branches of work were in 
progress, a.re certainly not adequate ·to keep them all in hand at the same, time aud h1t\·e tl1c Slll'Y<'Y 

carried on with an enm front, every part ~ming its llne propurtiou to tile whole. It is rnauifeist 
th&t economy and the best interests of tbf. 1mne;y rc1p1ire that no one patt, or a11y one class, he 

S.Ex.11-1 



 

REPORT OF TIIE SCPETIIXTEXDENT OF TIIE 

1wrmittf'rl to lag heltiurl; fol', of 11eeei;i;itJ, when an~ hra1wlt of the work has heeu permitte<l to fall 
hehiud, f<Ome ot lier dac:i;ei-; of work mm;t 1wriotlieall:y 111' 11eglPt'ted, i;o as to hl'iug tlw <•lass that l1atl 
he;>ll suspe111lerl for trn11t of fund:s into proper relation to tlw r<•i;t of till' 1<t11'Yl\Y. The ( 'oa:st irnd 
Geodetic knne,Y in all iti-; hrauehl'H i:-; one ('Ollsi:sleul whole, au1l uu ouP lmrnd1 ea11 he nf'gleete1l 
without <letrimeut to the whole. 

It i:,; P:Spf'cially ,sati:sfactory that the ag·gn~gate leugU1 \eighteen lmmlred 111ile1<) ol' our continu
ous geodetic ares ha,; enabled tm to eontrilmte addit.io11al data fol' the 11etermiuation of the figure of 
the earth. tending to a form more nearly in accord witl1 that. fo1111d \l_y <'olo11d C'l:lrke tliau with 
that of Be..,;Hel, for \Yhieh the tir:st-uamed lig;ure Im:-: aln•a1ly het~11 1<nhstituted. ,\;;our data ac<'U
mulate, that will in iti; tum, donbtleso;, be modified. The g;reat are along· tlw thin~·-ni11th parallel 
from th1~ ~\tla11ti1· to the Paciti\', ahout three thou,;and rnilp;;; in 1<'11gth, will ll:'ad to the i-;olutiou of 
ma11~ diftin11t 11oi11t1' of di~tmssion. But iu all thii,; work, uo arc is heing\ 01· ha;;; hee11, mt>a!"ureil 
rnerel.' as a11 an'. Each are in Urn Mll'\·ey i:s the re..,;ult of work 11eee,;:;ary for the other purposei; of 
tlw sun<'.'· 'l'ht~ thirty-ninth parallel are i;; for the ]Htrpose of coum~1·tiug- the Atlantic ;;y.stem of 
rria11g11latio11 with that of the Pacific, aml for fonning· a lm8e from. whil'l1 accurate i;urn•y,.; can be 
e:uried uortl1 aml south. The liuc of len•l:-; of Jll'l't'i,.,ion bei11g· t:arried aero>:>: tht' coutinent. i::; for 
the purpusc of pnn-idi11g an accnrat.e base for tl1e 1ldcrmim1tiou of all lll'il:;btt; iu the i11terior~ and 
is !ll'ePssary for tlw aecmrate reduction of the g-emletic work. 

A systeumtie 111ag11etic smTey of tht~ whole couutry iis a work of i1u111e11se utility, !ht' ucr•ei;8ity 
for \rhich i:s too rnauitbt for discussion. 

Tlw g1·eat length of the period (nineteen _yem·,;) req 11ired for a full seril'::; of ti\lal olt;;;erntlious 
at each loealit;y, 11as oul_y within the past tliree or four years admitted of their tlise11s,;io11, although 
partial discussions have bee11 made for shorter periods at certain localities. 

Tit(; \leep-sea sounding throughout the Gnlf of Mexico, parti; of the Caribbeau ~ea. aud ehan
ue1s aronnd Cuba, with serial temperature obsernitions from smface to bottom, aud observations 
of c1urent1-;, are beginuiug to ,1>-ield Yaluable result:;; iu thfl direction of a more defi11ite conception 
of the rtow, mass, and directiou of the Gulf Stream. The ''problem of the Gulf Stream" has been 
one of the principal studies of this i;urve:y; but, for several years before. the war, duriug the war, 
anrl for se\·eral years after, the want of means and suitable yesseh.; suspended its investigation. 
After the <lata pre,-iously ;;ecured, those to be obtained wen~: (1st) Depths tbroughont the Gulf of 
:\foxico arnl Gulf of Florida. (2d) 'femperatures from surfaee to bottom m-er the same area. 
(:kl) Character of bottom throughout the same area, (4th) Spedmens of water for analysis from 
:-;urface to bottom thronghout tl1e same area. (5th) C111Tenb;. (6th) Auimal lifo from surface to 
hottom, especiall,Y the latter. After all the data ha\'e Leen obtained in reference to the waters forming· 
the Gulf Stream, including those of the Gulf of l\foxico aml of the Atlantic east of the Caribbean 
jRlauds, the 8tream is to be followed to its oonclusioni;. It..,; oscillations of position, differences of 
Yelocity mouthly aml anuually, and iuerease of n>lnme north of Cape Cauaveral from thf' open sea, 
if any, are also to be determined. 

Congress ha,·ing partiaH~- proYided means, the wo1·k of outaiuiug data nuder the tirst. ti Ye ltea<ls 
wai; begun in 18i2 in the Gulf of )Iexico, by Lieut. Commander J. A. Howell, U. S. :x., Assistant 
Coast Survey, commanding successively the steamers Bache aud Blake. Howell successfull,y ran 
;;;even hundred and forty miles of sounding linei,; from shore out to depths of twefre 1111111lred fath
oms, by the old metlwds, obtaining the collateral data. 

Sir William Thomson's wire sounding apparatus llaving been successfully used in the Pacific 
in depths of forty-six hundred and tiftJ·-five fathoms by Comma11der George E. Belknap, U.S. N., 
'·ommauding steamet· Tuscarora, with impro\·elllents dedsecl by that officer, one set was obtained 
;or use in l'C\~earcheR to he made by officers attad1ed to the Coast Survey. At this time Lieut. Com-· 
mmller Howell was trausforred to other duty. He was 1:mcceeded in the command of the Blake l)y 
Lieut. Commander C. D. Sigsbec, U.S. X., Assistant Coa.-st SurYey, and by that officer the deep-sea 
sonutliugi; (generally beyoud one huntlt'l'<l fatlwms and to depths of twenty-one hundred and fifty 
fathoms) of the whole Gulf of :\lexico were complete1l. He obtained :tt the same time fall data 
under the first five lieadings named. When Sig_sbee saw the Thomson wire soundiug apparatus 
he at once suggested important improyements, and devisec.t additional apparatus to relieve the 
strain on the wire during violent and rapi<l mm·ements of the Yessel. He also made other improve-
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llll\iltS SU ~reatJ_r facilitating the WOl"k that ill two tlionsand fathoms depth the }{lake (of thl'PP 
hundred and twenty tmrn, new mcasnrement), was enabled in nearly all wea.thers to somHl awl 
obtain serial tempemt1ues eontinuousl~· day and uigbt, with a probable error i u sounding 1101 

excee<ling one-quarter of one per cent. of the depth, eyen during moderately scYerc gales. The 
numher of nautical miles of sounding line" run hy f'igsbee in the Gulf, with Rerial temperatures, 
was thirteen thousand seYen hundretl and fifty. This great work was, by th<' energy and lllll"(' 

lnitting labor of Lieut. Commander Rigsbee, earnestly supported hy tbc officers aud crew of tlw 
Blake, eompleted in the early :<nmmer of 18i7. The remaining part of the work, viz, tile colle(' 
tion of specimens of animal life from surface to bottom was yet to he done. .As nanil oftlcers arP 
proft'ssionally 1ieither natnra1ists nor geologists, I Rought the serYices of Prof. Alexarn1er Agasf'iz. 
who consented to takp charge of this special part of the work, requiring only the outl<t.\· needful 
for hi8 daily expenses. From bis great experience with wire rope in mining operations, l'rofcsHor 
Agassiz proposed ib; nse for dredging purposes. I,ient. Commander Sigsbee, after c-0nfcre11ce with 
Professor Agassiz and myself, and to meet the requirementl' of the work in every way, thornnglily 
titte1l tlH' .Hlakc for dredging awl other purpw;es. 

Profes,sor Agassiz jninetl the Hlake at Havana in necemlJer, 1817, wl1en Lient. f'OlllllHlllUN 

:-;;igf'hee at once began a series of dredgings in the Gulf of l\rexico over ground indieate<l hy Prn
fosRor Agasi:;iz, who" viewed" as they came from the water, fook charge of, and presern~<l tlH· 
"fiu<ls" of each hanl of the dredge and tangles. The nets, dredges, &e., had heen made from tl1e 
ht,st modelK formerly usPcl in rei'\earche.- abroad. hut some 11ot. proYing entirely suc-cessfnl were, at 
the first failnr.- ol' ead1, ma•1e completely s1wct•ssfnl h.1· suggest.ions from T.ieut. Co1HmmHler :-!ig·sh1•;>, 
Profol'!snr A,g·as:-;i:o, 1\laster .Ta<•ohy, aml other officers of' tlJe Ycssel. 

Professor Aga.ssiz: \Y<H• ohligecl to retnrn honw at tht> end of l\Iarclt, 1878. A nnmlwr of ,.;111·

Pf•s:-;f11l liaul"' of the 1lreclge Wl.'n' ma1k aftf'r hiR departnrl.'. ""ith his 11snal energ,,·, Lieut. l '0111 

maiHfor Higslif'e, in tlw Blake, co11ti1111P1l nntil .lune other work of sonrnling, :o;erial temperat1ues, 
&r .. , 11111lPr sprcial i nstnH'tion :'I. 

1.'hf' ex1wrienP(' of that s1•aso:1 Hng·g1'Rh•1l to Lieut. Comrnarnler Higshee 111an,Y new iu1 pron'· 
111e11ts of thf' llta<'hi1wry and f'a()iliti1>.~ for (lmilging·, and alRo an improred sonnding a1·c1rnrnlator ol' 
his ow11 1li>sig·11 for relit>Ying th(• stra.in 011 the wirt>. F mler his spPcial 1lirf'l'lion, an1l in aceordarn·.1' 
with l1is pla11s, tl1e lUakfll> was c1m1plt>tc>I,\· refitt~,rl with new reeling f'l1gine, ~lredging- PnginP, somHl
iug- apparatus, &c., for all the yarie1l cla.-.seH of work of 1lPep-s11a f>Ullnlling, 1lretlgii1g, &1'. 

Lieut. Commnn<11•r Sig,.h1•p's tPrm of spn·i<-e 011 the snn·py ha\'ing ex:pirl'<l, hl' was n•lit'\'Pd i11 
the 1•omnu1111l of the Blake liy Co:nmamler .T. H. B:trtlPtt, I:. R. N., "\ssist:rnt ('ua;.;t allll ( :.,111!1•! i1· 
H1ir\·py, in N1ffemhcr, 1878. 

'1'11(~ discover,,·, hr the Challenge1\ of' snhmnriue lakPs, whosl• temperatnre;.; arP co11sta11t to thl• 
greatest lll'pths with that of t11e o(•ea.11 at tl1c depths of their rim8, rrnHlere1l it more thai1 P\l'J" 

imperatiw• to rlt>termitH• the 1lepthR of tlH\ rim8 sPpamting the waters of Uw Gulf of J\1Px:ico from 
tlw Carihll('m1, nrnl Us watei·8 from tltose of the Atlantic, hoth at the eaRtwar<l and unr1hwan1. I 
ll$liigne(l the Blake for this 1len•lop11wnt, an<l l'rofesiwr Agai<siz again acPompaniNl 1hP \'Ps:<l'I 111 
care for his own elm~s of the work. As lw was ohligcd to retnr11 lionw in 1\farch, 1S7ll (tl1c Blal;i• 
lta.ving left \Vashiugton Xm·ember :.?8, 18iS), tlte first work tloue was of com·sc> th!' 1h'P(lgi11g-s. 
Commander Bartlett l'fi'ecte<l these with many snccessfnl haul:<, at loealities indicatl'•l h~- Profr,.,,.,01· 
Agassiz, in tleptl1s of from ten to twenty-four hundred arnl fifty fathoms, e,·er:vthing, Rhip, otlie1•rs, 
mm1, nat.11rali1-ts, all working- in harmony, with the necessar.v re1mlt-complett'\ snecwi-;s. Of com·st> 
the dre1lging oper:ttionR of tlw Yf'SRel were corn1ncterl hy the officers ancl ci·ew mHler 1111~ dfrt•dio11 
i;if Comrna1uh•r Bartlf'tt. A ft(;r tl1t; depnrtlll'<' of l'rofefiHOI' Aga.s8ii, Con11na.11<fo1· Bartlett, 111Hlt>1· 
my instntctio11s, completed all flw req11ired 1<01t1Hling·8 awl 8e1·ial tc1111wratur(~s, &1·., hPtwecIJ all tlw 
itilands in tllfl series from Uren:ula to Cnba arn1 ,J a111afoa, making no Ro11111ling·8 iu tlw 011 lf of \fox il'o. 
The Rlake arrive1l at :N1•w York on 1.lay ~8, 1878. Undt•r the heat! of 81.'f'tion IX a 1l1~t:tilPtl ;;la1'· 

nw.nt, or the operations conductell in tl1at vesRel will he gin~n in thiH l't'JlOrt. 
All tlie deep-Rea sonmlings taken by Lieut .. Commmulers Howell and KigshN~ antl Co11mHrnt!Pr 

Bartl•'tt haye l>eeu or arc heing engraved on the c11arts. .All othl'r phy;;ical !lata are urnfor 1li.s
cassion, anti, at Pmfessor 1\gassiz':< suggestion, entird;r lllJJJl>tH"ed hy me, tlw di.<il'Ussions a11cl 
descriptions of the 8€,·eral natural-history specimens (reserving duplicates for tlw Satioual and 
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other nrnr1eumti) lmYP hoon assigned by him to scientists most eminent in the study of each par
t icnlar hranch without regard to nationality, the scientific world being a cosmopolitan repnbHe in 
whkb the ableRt goYeru. Ry referring .~pecimens to the men w110 can handle them IJest, we obtain 
foll descriptious, assigunwnt to place, and engraved drawings from the most eminent authorities 
known, aml reimltR art• gin~n to th\'. worl<l with the least delay. By his own rapidity in w01·k anti 
tl1e intlucnce of bii,:; energy on others, many of these memoirs have already been completed, with 
illustration;.; of all new Rpccimcus, aml have heen published aml distributed to this office, to 
scientistR and others, as publications of the Museum of <Jomparati\e Zoology at Camhriflge, Mass., 
of wbicu Profcs."lor ilg-as.-iiz is tlie director, all without cost to the govemmeut. Throngh this 
offiN• that institution of <·om·se reeeiw~1:> fnll credit for its work. 

Without specifying the great resi1lts obtaineu from this cmlliimous research, 1 ma_y h1; par1lmwtl 
iu referring with some g-ratiticatiou to the fad. that ill the Rmall ;;tt>amer H\ake, of 011ly thri'C lnm
rlreil and twenty torn;; lumleu, new 11wasureme11t, miller the ent-rgt>tic arnl skillful comm.and of 
I,ieut.. (Jommawler Sigshee aml Oomma11i\e.r Bnrtlett, with lt <'omplmunnt. of forty-live, including 
oflfreri" and rt'ew, font' so111111iugR \\'Cl'<' taken ill th(• depth oft wot homm111l fat11omK ;luring tl11•. >;a\Jw 
lengili of time which the Challenger, of twf'nt.r-tbr~· l11mdi·ed tom~ h1ml1•11, witl1 a f•ompl<>me11t of 
twenty-nine naval a111l 1•iyiJhrn offieern a111l a 1~orrespo111lingl,r large 1·1·t>w, 1wc11pie1l lll taking 0111·; 

autl five hauls of th<> llredgc•. at the same depth we1·e 11n1<lf', h~, t11t- H1ak1' i11 tlu• ti111e, o<·c11pi1·1I h,\' 

tlw nhallengpr in making one. 
J'rnfe11i;m· Agasr;iz all(l his sci<"ntili1• friernls express 1hcmsehPs a1; heing mort' t ha11 ~Tll·tilieil at 

Hie t'Psnli.'i of the dredgiug' operatfons, a111l with the nnmlwr of' newly 11is1~oye1·1\ll a.:-; well as bdi1re 
known "heasts" hmnght from tlie 1lPpth;; of the sea. The 1'1·ofos;;or [ia.>; alsn enga1?:e1l to makf· an 
in1lep1~111]P11t. 1li:-1<:11ssi011 of the" Gnlf ~tream," witl1 it;; relations to tlte present a1J1l fom11~r zon1og" 
i1•al 1·ontinents aull il'llamb, when the ac<"mnulation of fa(\tl'I ;;hall sufticicntly jnstil'.r him. 

In regard tn the ''Gnlf Htream" aml the geueral <•irculation of the waters of the ocenn thert1 
are man.v tlii•orfos, hnt tliis oifaw relit'!'\ 011 ohi,:;ervatiomi null reRts on couc111sio11>1 1fo111011strat1•1l h:.,. 
fa<•ts. 

Ju mcteorologfral resean:hes, witl.r a view to pmd.iea1 u.•w;;.; iu navigatiou, l\fr. \\'ilfo1111 l<'enf'l, 
·having pre,·iously di8cnsse(l the ge1wral motiom; a111l Jaw.<i of tlic atmosphere, haR wil.liiu the ~'ear 

extended investigation to i.ndude the effect of local antl abnormal llisturbance.~ .'Incl! Ml irregular 
11istrilmtion of kmperatnre oym· the globe, cydoucs, tornado<'s, atHl waoorfl.ponts. His thcorebeal 
resmltl'I, aftl'I· t•omparison witlt ohst•n-ation, lian1 fnrni,;hctl unmerons examplt•s slwwing the appli
cahility Of CCl't~1iu tleri\'Ctl laws to the practical pllTJlOSCS Of t.IJe navigatOI'. rfbe aim has been to 
1len~Io1> tht• principles upon which the geueri\l hiws, a1-1 well ~stile almorrnal and local motions of 
tbe atmospl1ere1 are based, sn t1111t tht' mtvigHtor, with kuowledge of the principles, ueetl not be 
sn~ject to mern rule;s that must rnr,Y uuller tliffereut citcmn.stanccs. "ritl1 <llle knowledge he will 
bea.ble to modify the l'ule~ so as to imit rnrions circnmstanees under which they must be applied 
in navigation along onr ext.ended 1;oa,;;t;.;, wl1cre t lw ltydrography, co11tour of shores, ocean currents, 
&r., must he taken into consi1lerntio11. 

In a notice by l\f. '.l'hiesen in the "Zeit,xclirift der 011terrci.chi1Jchcn G68Cll8c1iajt fiir Meteorvwgic," 
it is signified by tllat ahle i11vestigator that, ltowe\rer the course of research may oo widened in 
future, Mr. Ferrel has the merit of being amoug the few who have treated apparently inexplir 
cable maze.sin meteorological pl1enmnrna from a higlier standpoint by applying accurate means of 
n.nal~'sis. 

An aggregate of forty stations wern occupied in t.hc conrse of. the year for determinations of 
magnetic deulina.tion or variation of the compas.-i at points in the region between "Wyoming Terri· 
tory and Yucatan, and inclnding ali.:o points on t.be shores of some of tl1e \Vest India Islands. The 
stations will be mentioned in the .'lf'Veral sections t-0 which I.hey lielong, between Sections VI and 
XVII, inelusi'rn. All previomi results in r(~gartl t~' magnetic doolination were embodied in the map 
i;;sued with m:v annual l'('}>ort for t11e. ;-,·ear 1876. The data since collecred verify the courses then 
drawn t-0 represent lines of equal magnetic variation, and with the observations now in poogress 
means will be afforded for extending the lines from north to south a.cross the Gulf of Mexico. 

Within the year a third edition wa,s issued of the paper by Assistant Charles A. Schott on the 
secular change to which the variation of the eompass neeclle is 1ml>jeet. This will meet a. demand 
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which is constantly increasin~. Of late ;\·earR many applications in regard t-0 tl.Je rate of rnriatiou, 
and magnetic \ariation in former years, haw~ been ma<le by surveyors and by members of thP legal 
profession. 

The paper here referred to explain;.:: the priuci1)al period it~ change in the 11irection of the mag
netic needle, hut the law of secular change is treated in detail and illustrated by two engTawd 
plat.es. The di!icussiou was ·11ase1l on npwan)s of five lmndred observe•! decl inatious recorded at 
fifty-two localities. Tbese inclrnle poi11ts in the Uuited Statel', Brazil, ti.Jc \Vest India Islarnl;.::, 
Canada, the Samlwich falands, au1l the uortheaRt coast of Asia. 

A synopsis showing the lof'alitiN; of work done in the ~-car ending June 30, lS'i!J, is here ap
pended. Prospecth·e work to l.Je me11timw1l in det.aileu estimate::; for the fiscal y<•m· ending ,J 1uw 
30, 1881, will be stated in the usual 1m1er, correspondi11g with the geographical arraug1~meut 
obsen·ed in stating the progress made in Urn survey. 

The operations of the year ending .l mH' 30, 1879, include hydrography of the co:u;t of Maine 
from Petit l\fauan Light soutltwartl and Wl~stwnrd to compldt•ll limits, and soundi11~s iu the easteru 
approaches to Mount Desert Island; dra wi11gs of prominent features of that is);t1Hl; soundings iu 
Frenchman's Bay near the PorcU})ine fala.1111::;; topography of thm1e islands and of the shores of 
Skillillg Hfrer, and of the shores of L"11io11 RiYer Buy nPar Ellsworth, ·.Me.; topographical snrvey1> 
of Lo11g I8la11tl an(l Bartlett's h;Ja,nd; ><onrnlings in the approaches to Deer Isle, includiug parts of 
JericlJO Hay aud Pla.ceutia Bay, and iu the nppro~hes to Isle au Haut, developing there numerous 
ledges, antl ah;o a ledge in l\Iuscongus Ha.r; tidal obsen-ations at North Hanm, in l'(•nobscot. Hay; 
geodetic observations at Gunt'ltock .l\Iountair1, Starr King l\fonutain. and l\fouut }fonmlnock. iu New 
Hampshire; light-house at Portsmouth, :X. TI., and at X 1m·huryport and Cape. Ann, l\Iass., deter
minetl in position; reconnaissance for geo<ktic stittions iu Yt>rmont; hydrog-rapby of the eutrancf' 
anll bar of :Merrimac Ri,·er, !\lass.; in8pection and verification of the ha.rbor commi:i . .,iouers' surn•;-.
of the upper harbor of Bost-0u; sea cnrrcnts observed arnl recorded at stations i11 thf' Gulf of 
Maine; examination for positions of aids to naYigation aloug tlie coast of !tfas811Chm;Pt ts and Rhode 
Island; tidal observations in Buzzard'" Hay and at Prod11e11ce, R. I.; geodetic ohsC'rvations at 
Mount Prospect, N. Y.; hydrograpby of the Yicinity of Block Island, including 1foYrlopment of 
&nth· VVest Ledge; positions examined of the aids to naxigatiou along the <'Oast of Connecticut, 
and in Long Island Sound and Hudson River; the eastem part. of .Jamaica Bay 1mn-eyerl and 
S<>un<le<l; tidal obserYation:; at Sandy Hook, N. J., and at Governor's Island, X ew York Harbor: 
topography of the shores of' the H111bon near Peekskill; ex:unimttion of tlie g-ronml marks at tri. 
angulation points on the coast of New .TersPy; geodetic ohservatious at J>fokles Mountain and at 
Mount Horeb, in New Jersey; triangulation, topography, and· hy1lrography, with l'lpeeial ohsPl'\':l
tions on the tides and currents of Delaware Rirnr, at Phila.de.lpl1ia, for the Boa.rtl of TrMle; lt.nl ro
graphic survey of the Delaware, from Marcus Hook to New Castle, for the lJight-Homie Board: 
geodetic observations connecting stations in }:;astern Peu11sylYai1ia with points in l\far,rland; pen
dulum observations at sta.tions iu Penusyh·ania; astronomical ohserYations at \-...ao:hingtou for 
determining the longit.mle of southern stations; maguetic declination, dip, anrt intensity determine<! 
a.s usual at 1\r ashing ton, D. C.; investigation of the o~-ster reef,,; iu Tangier Hound, Pocomoke 
&nnd, anfl .Tames River, Va.; tidal observations at Olcl Point Comfort; detailed snrYey of tht• 
shores of .James River continued in the vicinit,y of Richmond, Va.; geodetic observations at >;ta. 
tions in vVest Vkginia; geodetic level determined at points between Hagerstown, Md., and Athem1, 
Ohio; positions determined of life.saving stations on the coa.<1t of Virginia arnl North Cal'Oliua 
for entry on engraved charts; in Albemarle and l'ampliN) Sounds; compilation of notes for tlw 
Coast Pilot; development of a harbor of refuge inside of Cape IJookout; r~1ast of North Carolina 
sounded from Barren Inlet southward aml westwarrl to Cape Fear; topography of Smith's Isl.and 
in the vicinity of that cape; longitnde <letermiued at a station in 8tatesville, N. C.; h,y1lrograph,v 
of too coast of South Carolina from Murrell's Inlet southward to the approaches of "'inyah Bay, 
and sonudings of the Sampit River, aboYe Georgetown, R. C.; topography of the shores of partl'I 
of Soono River and '\Vappoo Creek, near ()11arlest<m, s .. C.; longitude determined at a Atation iu 
Atlanta, Ga..; tidal observations at Fernaudina, Fla.; triangulation anti t.opograplty of Indian 
.Biver, Fla. ext.ended sonthwa,rd. to Malabar Point, including the adj3Cent beach of the Atlantic; 
triangulation of the Gulf coast between Cbarl-0tt.e Harb-Or and Sarasota Bay; im1hore bydrography 
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of that vieiuity; magnetic elemei1ts !letermined at Fernandina and Key "' ei-;t, Fla.; at Nu:,;sau 
(N'ew ProYideuce), at South Hemini, Halt Ke;r llank, Matauzas, Bahia Honda, HaYaua and Cape 
San Ant.ouio (C'nha); at Helize, in British Ilondura1;, and at Cmmrnel and .l\Jujercs, off Yucatan; 
geocletic ohsf'n'ations at stations i11 Northern Alabama; currents ohser>ed and rf'corded at RtationR 
in the Gulf of Mexico off the months of thf' Mississippi; at New Orleans, recor1ls of the watel' 
lP\'el; triaug·nlation of tlw }lississippi between Donaldsonville and Iben'ille, between Natchez aml 
Grancl Gnlf, lietwccn Yickshurg arnl J\lillikeu's Bend, arnl from Bennett's Ijanding to Mempliis; 
h~·drngraphy of the Mississippi RiYPl' hetwe(m Grand Yiew Reach an<l Point Honmas; soundingR 
iu tllf' mouth,; of tlie Red Hin•r arnl thP Atclrnfala.rn, and al1<0 of the Bonnet Carre, l\forganzia, 
Gla8l"ock aml Diamoml falawl ('.rt•Yas"e; im;1iore hydrography of the coast of Texas abreast of 
Matagm·da Pe1Jimmln; triaug-nlation of Laguna 1\[adre, uear tlit> Hio Hramle houndary; deep-srn 
,;1mudi11g.i~ serial temperature obsern11.ious, arnl 1lredgings in the water;; of the Carihhean Hea awl 
in passages hetweeu the Vv'i)](lwanl IslamlH; magnetic declination, dip, and intensity 1leterminecl 
at Sau .Antouio. Fort ,,-orth, aml KhPrman, i11 TPxas; arnl at .\toka. a11d Eufaula, in Indian 'J'er
ritory. 

On the l'acitic· coast of thP lini!Ptl State" the work of tlw year iuclndes the geotletic• 1~1mnectio11, 
giYiug true positions of th•• Santa Bm·bara folamls off tbP eoa1;;t of California, a111l the detailed surve,y 
of Santa Catalina Island and San ( 'lemente Island; also the hydrogmphy of the approaches to t!JoRe 
islands; inshore hydrography of the coaRt from Newport Bay to Point Yineente, ~t1Hl l'Om1dings in 
the southern approacl1 to Rau ta Barbara chauuel; coast triangulation from Point .Arguello north
ward to J'oint Sal, and topograpl1y of the coast of California iu tlw \'i<'inity of Point I'nl'issima; 
hydrography of pa1-t of SniRun Bay al!tl part of San Palilo Ray; soundings at thl' months of tl11-" 
8acrarneuto arnl Sau .Joaquin l{i\·cn;; ti fl a.I ohi'i('rvations at Sanef'lito, in San -Francisco Bay; geodetit' 
ohsern1tion1'i at Mount Lola, Cal.; deiailed smTey of the con st from Fit\herm:t11'8 Ray umt LI ward all<! 
weRtwanl to Haseu's .\nd1orng·e; extension northward of the mai11 triaugnlat.ion of tlw eoast of Cali
fornia to the vicinity of Point Uabrillo; tidal rPeords from the sclf-regiRtm·iug gang<' at Honolulu, 
Sandwich Islaml"; tl'iang·u1alio11 of Columbia l{iyer, Oreg., extt>ndell upwanl to "-illamette Sloug!J; 
triangulation aeros...; the waters of "'ashington Sound, in tlle Yieinity of Poiut PartridgP, W. T.; 
h~-drography of the southern part of P11gd. Sound from .Battery Point. to He.nderRou\; Inlet; survey 
of the shores of Ilood's Canal hetweeu Port (;amble HJl(l Hazel Point; triangulation of l\t.'lf?.'s Inlet., 
l'ick<'ring l'assaµ:t', l'ealP's Passage, Eld Inlet., alHl Tottt·n's Inlet, ('Ollllf'<'ting with l'n;.;1't Son ml; 
a111l topogTaphy of tlw shore,; ol' Carr',; llllet, '"· 'J'. 

Fnrther material l1as ht>Pn 1'.0111pil.-d foy tlw l'rn1i-;t Pilot. of Ala1<ka, m11l il111Ntmt.in• of' th<> 
111t"tt-orology of that Tenitor~·. 

In localiti1•s hi>t.m•c11 tht> A tlaut i1'. c·om;t and t.ht~ l';u·.ific f'Oa.8t, geoch·tic work hns hecn a(h-ance<l 
hy marking a ba,•m liiw 11car Lonis,·ill .. , Ky., and seled.i11g: adjacent. poi11ts fol' t1fangnlatio11; h:.· 
g-codctic oh8('l'Yations near Leban011, in Ttmnessce; selection of geodetic points hct.wef'u At.hen" 
mul • 'olnmlmfl, Ohio, arul in I ncliana hetwtwn I ncli:umpolis and New Albany; in Illinoi", points 
lrnn~ heeu st'.lC'dPrl to c:ounect wi1 h t.lw hase liue on ,\ 111eri<"an Bot.tom, a,nd ohsernttions werp 
reNn1le1l at 8pringfiel<l for t.111· ma:,:·netie 1ledination, dip, and i11tensit.y; fnrther westward the opt>
rations of tlw ;\·ear include magnetic obsernttions at l\ladison, Wi1<., aml geodetic work between 
tllat cit~· aml tl1f1 l\lissii-;sippi Hin•r, also i11 l\ih.;so~ll"i, he;rnnd completed stations near the Oasconath• 
Rin\r: magnetic ol>serrations at (heat HPml, Sa.rg-ent., Humboldt, Emporia, and Dodge Oity, in 
Kansas; gP.0tlPtic ohserva.tioni-; in ~cwacla all(} ( 'olora1lo; 11mg1u~tic ohservatiou8 at Bein-er, North 
Puehlo, Fort L.yo11, <!nloraclo ~pri11gs, and HrPeley in Colorado, and at Halt. Lakt• City, Cal'!tle Hock, 
and Ogden, iu Gtal1; at l1ararnie City, l:.ock • '.ri;Pk, C resto11, Point. of lfoeks, Clwyenne, Fort Steele, 
Ureen Hi\·er, aucl l'artn Statio11 in "'ymning 'I'erriJor,v. 

Otlke operations of' t.he ,p•ar iiwhulf' rechict.ion mul 1lisens11ion of all the fidd ohl'mI'\·ations, 
!ll'<')laJ"ation fol' iSSl\P Of tiu• l'Cf'OI'l]S Hild l"C8Hlts; tl1e drawing Of )J~·drograpl1iC charts from tl1P 
original uote hook.._, a,rnl of topographical arnl 11y1lro1,•Taphic malH! 011 t.he se\'eral scaleR of red1w
t.ion from originals, for publicaUon; engraving, electrotyping, arul printing of tJie same; fl.nd repairs 
of instrmnent~ use1l in Hw survC'y. 'l'ide tables of the principal ports of the Uuitecl States for 
the year 1880 han~ heeu pub1iis!Jetl; drawings for fifty-nine charts ltave been in 1>rogrei.<s, and of 
these twenty-eight wei·e completed within the year, nine of which were photolithographed. 
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111 eugra,·i11g, one l111111lred aud fort,r-tin• 11lalt•.:-; ha\'e l'l't'l'i\·c•l additiow.;, twehe dnu·t platt•,.; 
lta\'e het'n eomplete1l, arnl cn;.:-ravi11g is iu progress on te11 others lwgun \Yithi11 the yPar. 

An aggTPgalc of twenty-three thcm,.;aud two lnmdn••I aml tl1il'te1•11 •·011ies of eharts lta,s bl'ell 
issued, and returnl'i show, l-1.'· thn•Pfoh\ increase in saks, a larix1· 1lerna11tl for them: 11i11c l11m1lrefi 
and 1;ixty-thn•1• 1·opie,; of the anunal reports han· been distrilmted; 1·alls luwe i.weu met, as lwr1•to
fore, fur iufonuatio11 relat.iug to loeal topography and l1.nlrogra11h_y. title;;. niagnetil' Yariatiou, geo
graphical position,;, heights, tlistauees, directions, ;.iml other 1mrticnlar,.; 1'.01ttai11t•1l in the office 
records. The :-;econtl ,·0!11111e of the Atlantie Com.;t Pilot. for naYigatiou betWl't'll Boston aJl(l Xew 
York, has he1•11 pnbli><lie1l. and al><o a s1~c,1m1l editio1t of p.ut of the Coa:-<t Pilot for tltt' Oulf of 
)Jaine. 

The thinl n1lu1111', uearl,\ ready for llte priu tt'l'. will emuplete 1k:-<tTiptio11t" of the coast. arnl 
sailing <lirectiom; for naYigatiug· lil'tweeu l'assamaqurnhl.' Bay and Chf'sapeake t'lltrauct•; and 
notes are no'\\· in baud for a fourth n1lnme. t<J inelndt> tlw l'oast l"outh of l 'ape Hc1Jry. 

For continuing the work of the Surn'y during tlrn tiscal year en<liug .Tune ;rn, 181'1, aetailed 
e»timat~s were tram;mitted to the Depart111e11t iii Ol'tohf'r Ja;.;t. Tlw following explanator,\· rt'marks 
were app(•ndell : 

"The aggTega te of t•st i111a ((•,.; now snb111 itlt'cl is gn«t t Pr t ha 11 t lu-· a JlJ •ro1ir1.ttiuu for t h1• pres1"11t 
tiseal ~·ear. <ll,l eontinuetl t>xperienl't! \·erith_•"' tilt> state111P11t 1m11l1~ i11 sulrn1itti11g «:sti11tall•,; for tltt• 
present ~·pa1· iu regard to tlw cost of separate n•snlt>'. To M'cnn•, 1·1~011omy th(' y1•arly aggn•gation 
of l'P8Ultl" "'houl<l lw larger than tlw rcclucpd apprnpriation" of the presp11t awl 1ia:-;t yl'ar;o; \Yill pt'r
mit. The work of the Coa8t a1Hl <.~eo1letie Snrn'.\. tlepewl:-; 011 1lH' aggTe~·atio11 or certain rnrieties 
of faet, formulate1l to obtain unity uf res11lts. It is plain that in sach \Ylll'k thP 1·ost of olitai11i111! 
a i>ingle fact h.\· itself will great]_\· exceed tlJe <fferage co8t of a similar elass if prnYisiou is 1m11le 
for obtaining a consillerahle munbe1· of facts in the ,;;ame period of time. It is also plain tliat then• 
is a limit heyond which an enlarged scale for such \''Ork will not lesse11 tlw a\·emgt> co:-;t ol' spparnte 
facts. As between the extremes hert• adverted to, aud with dose reli.•n•11ce to the moi:;t productin' 
scale of operations, the estimates for eontiuuiug the wllrk are pn'>wnh•lL 

"The appro11riations of tht_• present and recent year:-; <ll'I.\ below th(· a11111n11t 11ec1·s~«n.\· to st>l'lll'e 
iudi\'iclual restllts at the leafl1 co:,;t; heuet> estiuiates are snb111ittt.>d larger in amonnt, bnt, in n•,.;1wct 
of the reomlts to be obtained, less iu proportion than tlw more eostly bnt rPdnced :ippropl'iatio11 fo1· 
the current fiscal year. Public i11tl'l't'8ts, as to time arnl llll':ttis, co11l1l uor he fully realizt•d without 
an appropriation twenty lier ceut. larg·er than the ('Stiurntt>>< now 8Ubu1ittl'd, to pt>rmit tiw ''art,\· 
completion of the coa,;twi:-;e work, arnl the proF:ecution of g·1•otlt>tfr nwasure111e11t,; i11 im11H'diat1• 
demand. 

"Jn addition to the :tppmpriatio11 fol' ti.Jc n';{ular 1n·ogre,.,.,; of tlw work alo11g th1' coa,;t, and for 
determining geographical point:-; i11 the int.>rior, an :u1101111t i>< ip·eatly 11ee1lt>d for re"11ll'\'t',n: of' impot·
tant localities, as part:-; of Xantnckct and J,011g ]:-;laml Somuls, :::\ew Yod;: Ha~· aucl approad1t•,;, 
Delaware Hay, San Francisco Bay, ColnmlJi:i H.i\·er 1•11tra11c<·. &c.; in w11ich, from 11atnral caust'"• 
,<;erions changes have taken place ,.;inee the ori,g'inal Rlll"\'eys were 111a1lt>. 

"L earnei,;tl,y lJOpe that the el'timates HOW preseukd may lie appro\'f'.<l, al'i matlll'P COll8ill1•1·atioll 
of the interest..; coueeruetl l1<L\'I' const.mine1l me to r1,gaf'll them 1·e1111isite for tlte 11111• and Pc•1110111-
ical progress of the Coa;;;t and Geodetie 8urv1•y." 

The Hyno1)sis, alreail.v given, of work done in the emu·,;1• or tl11• fiscal .'"PHI' Pruli11~· .J 1111t• ~JO, 
1~79, accompanied the estimatt>i-.. 

BJilfow tes in 'ldail. 

The estimates for cm1li11n:11g work in the Ea:st1,ru lJivfaio11 of the. Coasl arnl (iprnh•ri1• ~urn•y 
<lnring th~ year ending ,J m1e :m, 1881, are intende1l to provi11e for the followi11g; progTess: 

FIELD woRK.-To contii111e tlw topography of the ":esteru shore arnl islatllls of PasRa11iaq11o!ldy 
Bay and its estuariPs; to complete tlrn topogra1>l1y lwbnwu l'e11ouR1·ot Bay a11d N armgnagm; Bay, 
and that of the shores of the Penob81~ot near BangQr; to (leten11i11c l1ei~l1ts at geodetic points between 
Boston and tbe Saiut Croix, and coefficient of refraction; to complete the hyllrogra11by bet\h~eu 
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Penobscot Bay anu N arraguagus Bay, and continue soundiu gs iu the coast approaches eastward of 
Petit Mamtn Islsml; to continue a topographic:il and hydrographic survey of Portsmouth Harbor, 
and make such a<ltlit.ioual tria11gulci tion as may I.Jc reqnisite for that and other surveys on the ea,stern 
coast; to continue the triangulation of New Hampshire; <letermine the position of new light-houses 
between Eastport, l\1e., anrl Nl~W York; to c-0nti11nc the triangulation of Yermont; to continue 
isotrnuings along the coast of MaiJH•, and other offshore h:ydrography between Cape Cod and Manan, 
and make special examination for the sailiug lines for charts,; to continue the observations of sea 
and tidal ('urrents in the Gulf of l\faiue; to continue tidal observations, and to make such astro
nomical and magnetic obsenations as may be reqnil'ed; to continue such topographical and h;ydro. 
graphic resurveys of the coast between Cape Coll a!Hl New York as ma.r be found neeessar~·; to 
continue the sun-ey of the Connectient Rh-er from its mouth to Hartford; to make such examiua
tions as mas be required in New York Harbor, and such surveys in its vicinity as may be necessary, 
including the continuation of the topographical and h,nlrographic resurvey of the south coast of 
Long lshnd; to make, along this pa1t of the coast, ohsenations on tides and currents; to extend 
the plane-table surve.r of the west slior(' of Hudson l~iver allove Haverstraw; to c011ti11ue triangu
lation bet\n•eu lludson River and Lake Champlain, ancl het\veen Lake Champlain and Lake Ontario; 
to make the reqni.sit~ astronomical observations, to continue the topographical and b.rdrographic 
resurve.ys of the coast of ~e.w Jersey aml of Delaware Ba.Y a.ud l'iver; to continue the triangulation. 
of New Jt'n;ey a1Jd Pennsyl \"auia; to connect the Atlantic coast triangulation with that of the Chesa
J1eake Bay ucar the boundary line between Marrland and Virginia; to comvlete the detailed survey 
of .lames llin•r, Va., ineludiug the lly(h'ography, and continue the })lane-table survey of the Potomac 
Hfrer; to continue westward the main t1-ia11gulation from tile ~tlanta lmse to the Mississippi River 
at or near Mempllis, including astronomical and magnetic observations; to continue the supple
mentary hydrngra.phy between Cape Heulo1)en and Cape Ilenry, awl the tidal observations, including 
also such al'! may be required in Chesaveake Bay; to continue wt%twarc1 the triangulation in ~~est 
\" irgiuia along tlie thirty uiuth pamlleJ; to measure base lhies of verification and determine azimuths 
for the coast trim1gulation south of Ca11e Lookout, and untke the astronomical and magnetic obser· 
rn,tions requi,~ite; to continue the otfahore hydrography IJetwetm Ca-pe. Heury and Cape Fear; to 
complete the hydl'Ography of I•amplieo Sound and it.5 river . .;; to souad the entrance to Cape Pear 
lUver; to contiutic the topographical and h;ydrogra11llic snnes of' rh'ers near the coast of South 
Caroliua and Georgi~~; to ddermine azimuths fm the tl'ia.11gnlation of the coast of South Carolina 
and Georgia; to coutinuc the detailed sm·ve.v of sea islamls and water passages uortlt and south of' 
Hanmuah Uiver entra.nce, :ind make tidal ohser\·ations; to contiuue offsliore bydrogntph~' between 
Cape };'ear aud the Saint John's River, Fht.; to coutinue southward from Cape Malabar, near lati. 
tude ~8° north, tl1e triangulation, topography, and hydrograplty of the eastern coast of Florida, 
i11clmli11~ 111tlht11 Itirnr; to continue the kiaugulation, topogra.pl1.r, and h,rtlrograplly of Saint John's 
Hiver; t-0 make the n;<411isite astroumnical observations; to colJtinne li;r;drogray>by oft' tlie eastern 
coast of Florida from Cape Canaveral to the southward; to eoutinue soundings aud observations 
for deep-sea temptmitures, currents, and dredgiugs in such parts of tbe Gulf Stream, northward of 
the latitude aml eastward of the meridian of Ca.]1e .Florida, as may be deem<id ad,·isabre, and also 
in tlie I 'arihbeau Sea, and, within the same limits, such as may be eo_nsid.erod atha.nt.'lgeous in con· 
jnuction with the United States Commission on Fish and Fisheries; to continue the astronomical and 
magnetic observations r~]nisite throughout the Gulf of Mexit..'O; t-0 comt>letc the J1ydrography of 
< 'harlotte Harhor, Fla., aml continue the triangulation, to1mgra1)by, aud hydrograpb:r of the west· 
Cl'll coast of Florida between Cedar Keys and Tampa Bay, autl between Tampa Bay and lv'harlotte 
Harl>Qr; to continue the same classes of work to the southward of Charlotte Harb&; to run Iiues 
of soutulings and drcd~ing aud make observa.tions of sea. temperatures in the Gulf of Mexico, and 
cl eve lop the ;bydrography of the G-ulf t..'O!Ult included In field operations; to oonnect the trigonomet· 
rical surwy of the }fo1sissip1li River at New Odeans with that of Lake Ilorgne, Lake Po11tchartrain, 
and :M:anre11as; w continue the triangulativn of the Mississi1>pi Rh'er above New Orleans to the head 
of sl1i.p navigation; t-0 determine geograithic-.tl pO!!itionK, an<l ma.ke the astronomical and magnetic 
ob1:1enations requisite; t-0 exteml tbe triangulation, topography, and b~·drogra.pby of the coast of 
L-Onisi~na west"·ard of the Mississippi Delta, and continue the bydrogmpby of the Gulf of Mexico 
between the mouths of the Mississippi aud Galveston, Tex.; to contiune the triangulation, topog· 
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raplty and l1_vdrography of the coast of Texas westward between Sabine Pass and Galveston, and 
between Corpus ( '.hristi and the Rio Grande; and to measure a base line of verification and make 
the astronomical and m~tgnetic observations requisite bi>tween Sabiue l'ass and the Rio Grande; 
to continue tlte h,ydrograph.v of the approadies to the coast of Texa,s; and triangulation across the 
States of Ohio, In di au a, Illinoili', 1\Iissonri, and Kansas; to conned the surveys of the Atlantic and 
Pacific coasts, and continue triangulation iu Kentucky, Tennessee, and \Yis1~onsin; to fumish points 
for State surveys; to continue the det(•rminatiou of the positions of new light llonses and life-s~wiug 
stat.ions along the coast between Xew York alHl the Rio Grande; t-o continue field work for the 
verificat.io11 of data for the Coast Pilot: to continue the organized system of magnetic observations 
required for a complete magnetic smTe~,, and to run lines of le\'els connecting points in the main 
triangulation with the sea level. 

OFFICE WORK.-To continue the deduction of results by computatiou from the field operations 
along the Atlantic mul Gulf c-0asts, and in connection with interior g('Odetic sun·eys, including 
a..truuomical, geographical, magnetic, bypsometric, and tidal work ; to ad nmce the publication of 
the Coast Pilot for the Atlantic al!ll Gulf coasts, and compute tidal predictions for the ;rear 1881 
for those coast8; to continue the publication of original topographical maps, and reductions thereof, 
and to plot the hplrographic surveys; to make additions to the drawings of Railing charts A, from 
Cape 8able to Cape Hatteras, and of No. 1 and "Xo. 2, {'ape Sable to Sandy Hook, and :Xantucket 
to Cape Hatteras; to continue the drawiug and engraving· of foe general chart of the Atlantic coast 
fr~m Qnoddy Ht>ad to Cape Cod, and of coast chart .No. :J, Frenchman's Bay, and l~lue Hill Bay; 
to begin the engraviug of coast charts, Passamaquodd.v Bay to Seal Island Light, and from tllence 
to Petit Manan, and of harbor chart8 of parts of Passamaquoddy Bay, Machia.;;; Bay, and approaches, 
J<Jnglisbman's Bay, l\foose-a-bec Hea,ch all(l Pleasant Bay; to begin the 1!rawings of harbor charts of 
Deer Islaml Thoroughfare aud complE'te those of Frenchman's Bay, Some.s' Sound, Blue Hill Bay, 
arnl Uuion UivE'I' Bay; to be~·in the e11graYing of a 11ew C'ditiou of the cl1art of Newburyport Har
bor, al.so of Lsnu Harbor; to complete drawings of the chart;;; of Thames Hi Yer, and of the harbors 
of New London and Norwich, of Great South Ba.'· arnl the ad.iacent coaf't of Long Island, and of 
a uew edition of the chart of New York Harbor and Hudson Hiyer; to contiune the drawing of a 
chart of the coast of New .Jersey, and of the harbor of Philadelphia; to continue the drawing of ai 

chart of Delaware H.i\-er in tile vicinity of Philadelphia, complete cngr1n·ing-0f the chart of .James 
River, Va., continue drawings of sailing charts from Cape Hatteras to Key \Yest, and drawing 
and engraving of Jocal charts between the same limitt;; to begin drawings of charts of the Inside 
Passage from Charleston to North Edi8to River, S. C., and of Saint .John's }{iyer south of ,Jackson
ville; to 1inisll the engraving of the chart of Halifax River to Mosquito inlet, .Fla., begin drawing 
of the general 1oast chart, Uapc UafJaveml to Cape Florida, complete tile chart of the co<tst. of 
Florida between Cha~sahowitzka River and Cedar Keys, and begin eugr:wiug of that from Cedar 
Ke~-s t,o Steinhatcltee Hin·r; t-0 !Jegin engraring for chart.s of Saint ,Joseph's Ba,>, and Saint A11-
rlrew's Ba;r, Fla.; to begin the engrasing of a cbart of the Gulf coa11t from Mobile Bay to Akbafa
laya Bay; to continue drawing and begin engraving charts of Cbaudcleur Sound, Breton Sound, 
and the approac1ies to the )lississippi Delta; to finish the engr:tYing of Gulf ( ~oast chart from Point 
au Fer to ('Ote Blanche, including Atcbafa.lasa Bay ; to continue the P11graYi11g of cliarts of t hP 
coast of Texas between Gakeston and th~ Rio Grande; for material for drawing, engraving, map
pl'inting, for electrotyping and pLot-0graphing, and for instruments aud apparatus. 

Total for the Atlantic and Gulf coa-sts, and iiffolviug work in thirt,y.four States anrl two Ter
ritories, will require $:371,000. 

The eRtimutes for continuing work iu the \Vt>stem Divisiou of the I 'oast and Geodetic ::-\un-e~, 
of the United StateR are intendecl to JH'OYide for the followi11g progre11s: 

l<'IELD woRK.-To make the requisite observations for latitude, longitude, azimuth, and t]ie 

magnetic elements at stations along the Pacific coast of the United States; to cor1tinue oftshore 
sounding8 along the coast of California, Oregou, an<l \Vashingtou 'l'erritor~·, and tidal obserYations 
at San Francisco, aml sucl1 other localitie8 as may ue neces:-;ary; to couthme the main coa<;t trian· 
gnla.tion from Monterey Bay to the southwiud, anll from Point Concepcion to the northward, and 
from San Pedro toward San Diego; to continue reconuaissauee for the main triangulation of the 
coast from San Pedro t-0 Point Concepcion, from Russian Rinir to the northward, from Oolumhia 

S. l<~x. 17--2 
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l{ivcr north to Puget Sournl, au<l south up the ·wmamette Yalley ; to continue the primary triangu
lation through the Sacrame11to and San Joaquin Yalll',YO: aud measure base lines in the Western 
Division of the Surn'y; to continue the coast triangulation and topography from Newport, Los 
.Angeles County, Cal., toward Sau Diego; to continue thP tertiaQ- triangnlation and topography 
from PoiI1t Huchon towanl San Simeo11, mid hydroi.rraphy between San ])iego and l\Iontere~· Ray; 
to develop hydrographic change;; in San Frai1cisco nay aml its approaclles; to eontirme triangula
tion acroi-1s the States of California, ='le•·ada, C'>lora<lo, antl the Terl"itory of Utah along the thirty
ninth parallel, to comH'ct the snrYey of tht> l'adtk coast with that of the Atlantic, and furnish 
points for the surn'.Y of the ~Hatei:; named; to c·omplete the secondary and tertiar,\· triangulation 
alHl topogTaph,v of the coaBt between Eodegri Bay and Point Arena: to continue simndings between 
Cape ;\[e11doeino aud the .Klamatl1 Ifrrnr, aud hetm·eu Cape Sebastian a11d Point Orford; to observe 
cmTe11tR along the coast, HIH1take1-;011111li11gs and temperature observatiorrn in the Calif(>rnia branch 
of the Knro-Siwo current, and execute i,mcl1 ot lier hydrog·rn pli ie work as local derna1ulR may require; 
to continue tidal a1Hl cnl're11 t ob,,;en·a iious at tlie (;olden (}ate, and obsernttions 011 oeeau currents 
along the eoai-;t of Califon1ia: to continue the tria11gulatio11, topography, and hydrogTaph~· of the 
Columbia Hiyer; to compktc the detailed survey between Cape Sebastian and Crescent City, and 
offshore hydroi.,•Taplty at t'res(·cut City Reef: to rneairnre :t base line and continue the triangulation 
of the Strait of Fnea, and the topogTaphy rmd hydrography of Puget Sound and tlie adjacent waters; 
to contiune recormaissance of the coast an!l islatHls of Alai-;ka with obser\·ations of the tides and 
cnrreuts, arn1 the requisite astronomical and magnetic ohsernitiom1; to continue field work for 
description of the coast, and veritimttion of the Coast Pilot of the coasts of California, Oregon, 
\Vm,>hington Territory, aud Alaska Territory: to contimw the organized SJ'8tem of magnetic obser
nttions required for a <·omplete magnetic survey; and to r1rn lines of level,., connecting points in 
the mai11 triaugulation with the sea leYel. 

OFFICE WOitK.-To make computations of the field observationi;;, including astronomical, 
g·eodetic, magnetic, and tidal work; to continue tlH' compilation of tl1e Coast Pilot, of the coasts of 
Califomia, Oregon, \Yashington Territory, and A1a,;ka Territory; to µrepare tidal predictions for 
the ;\"t'ar 1"'81; to continue the publication of the original topog1·a1lhical maps and reductions of 
them, and to plot the hydrographic surve;p,;; to continue flrawing mid b!'gin engraving of a chart 
of tlie coast of ( 'alifornia between San Diego anrl Santa Monica, and complete the drawing of 
that hetwee11 Santa l'llonica and l>oint Concepcion; to begin the drawing of a new edition of the 
chart of S;m Dieg·o Ba~-, and of coa8t chart;; between Point Co11eepcio11 and Cape Mendocino; to 
begin engraving for a chart of the dcinity of Slioal-water Hay, and of i:;heet No. 4, of Columbia 
n,iver; to execute local harbor chart,s for the waters of Puget Hound, and complt>te engraving for the 
general coast chart of that sound, including .Admiralty Inlet; for materials for drawing, engraving, 
and map printi11g, for electrotyping and photograplii11g, and for instruments and apparatus. 

Total for thf' Pacific coast, aml iuvoh-i11g work in four tltates and seven Territories, will require 
$24B,OOO. 

For repairs aml maintenance of the complement of vessels used in the Coast and Geodetic 
Survey will require $44,000. 

For continuing the publication of obseffntions made iu the progress of tJie Coast and Gr,odetic 
Survey will require $8,000. · 

I<'or general expenses of all the work, rent, fuel, for trausportation of instruments, nmps, and 
charts, miscellaneou~ office expenses, and for the purchase of books, maps, and eharts, will require 
$36,000. 

OBITUARY. 

HENRY Woon ]~ACHE died at Bristol, RI., on Thursday the 7th of November, 1878, in the 
thirty-ninth year of ltis age. 

Though not related by birth, Henry \Vood was adopted in childhood by Prof . .A. D. Bache, 
late ~uperintendeut of the work now under my direction, and hence the name by which the 
deceased was known through life. His phyl'lical constitution was apparently sufficient for any 
actiYe Rervice, hut was conjoined with a t~mperament peculiarly sensitive to changes, and especially 
RO to the efiect, on his system, of labor in the field. During the pre<>,e{ling year he wa.s retained on 
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easy, quiet duty, hut the tram;fer intluced no chauge in the temle11cy to loRs of Yitality i11 tl11~ nus
cular system, arnl 11mler that condition he stewlily declinerl until he tlie1l. 

By associates 11·!10 are ~·et living, :\Ir. Bache will be re111e111uerecl as au amiable auu genial 
friend. In teeliug" he w:rn strongl~, attached to the serdce, the leatlirw; operatiu11s of which Ju• bad 
witnessed in boyhood. 

PART II. 

The abstracts which follow will inclndc nuder separate lrnad:-;, a111l arrange<! in g·eographical 
·order, general uotices of the work do11e. in each locality, proceedinp; from north to south on the 
Atlantic coast to the Rio (iramh• honmh:ry, aml from south to 11orth .~m the Pacifi<' coast. Jn 
accortlauce with that anangemeut, tile sites oecmpied hy field and hydrographic parties in the 
course of the fiscal year eudiug .iuue ;)O, 187H, 11·ilJ he g·i,·e11 in tabular form as heretofon·, iu 
Appendix No. 1. 

The work done in the office will he \Jrietly mentioned in the coucludiug chapter of the report. 
Of the several otlice bra11ches, tlw h~tlrogrnpliic didsion hears near relation to arrangl'lllt'nt;;; for 
work done in the fiehl or artoat. Co11n11a111lt'r Edward P. Lull, lI. S. N., in charge of the diYisiou as 
hydrographic inspector, confers with the chiefa of parties wheu vessels are uectled, a11d hy his inti
mate acquaiutanee with details pertaiuing to hydrogrnph ic work, thP operation" of tl1c year ha,·e 
been greatly facilitated. As lieretofore, the original Lsdrographi<: sheets are carefully inspected iu 
this divi1o1ion, in a1h·ance of their reference to others for 1lrawi11g and eugTaYing. 

Last yoar the authorities of llollart College at GeueYa, N. Y., applied for a<hice iu regard to 
m<:>thods proper for a topogrnphical, h,vdrogn1phic, am! pl1~·sical SlllTe~· of the Seneca Lake baRiu, 
in which work it waR proposed to eugage members of the l'lophomore 01· junior class for a short 
period in each yl•ar, as a scliool of practice. A matter of such public utility being worthy of 
eucouragement, Assi8tant Hichard D. Cutts was re<1uested to coufer personally with President 
Hinsdale, and for that purpose st~journed two days in the spring of 1878 iu the Yicinity of the 
lake. A rapid reconnaissance was made, and the proper locatiou of a hase line wa8 indicated. 
Suggestions were also given in regard to stations for the needful triangnlation. In the emus<:> of 
the year, arrangements were completed at the college, stutlents were selectPd and a:o;signed, field 
w9rk was begun, and, wlieu sufficiently advanced, preparations WP.re made for undertaking work 
needful for constructing a chart of the lake. 

In May last Commander Lull passed four days with the ,;ophomorP class, attended hy Hamil
ton C. Smith, LL. D., and Prof. ,J. Towler, in llracti<-e with instrumeuts for locating poRitions, 
sounding, dredging, ol>fainiug water and bottom specimens at all depths, aml for plotting the 
re~mltR. 'l'he great depth of the lake: itR n1.i1s11al sources of suppl~'; the temperature of the water 
at diftere11t 8easo11s; au<l the Hpecialtieti of its famrn, will doubtless afford useful exercise under 
the direction of the profoRsorn who will he in immediate connection with this interPsting smTe,y. 

Ju the conrse of tlie year Coumnmtlt'r J,ull wa::; associated with hydrograpbic partil'.1' working 
at the entrance of Merrimac Hi Yer, and near Mount Desert lsland, and also with .-;pecial work in 
.Mississippi Uiver. 

'l'he channels from 8ea at some of the barred harbors of our Atlantic coast, are so often 
chauge<.l in direction hy great storms, as to lessen the usefulness of tbe charts, but more especiall,y 
in crossing tbe bars. This fact is well known to navigat.ors, and in snclt ca!>es they depe11d upo11 
the local pilots entirely for crossing the bars. Of conr:-:e the utility of the charts hohl:-i for all 
other purposes of commerce and uavigatiou at any one of the ports, the entrancc8 of which am ~o 
affected. SJmetimes, but not alwa.vs, the depth is maintained notwithstanding the change in 
position of the bar and channel. lu regard to :such ent.ra.nces it -is therefore of much interest that 
record should be made at least of the ,·al'iatious of depth at st,ate<l period,; throughout the year, if 
practicable, and· this, it wa.s judged, miglit be eftecte<l by tmgaging a single person residing at, eacl1 
of the localities to report the condition of the bar once in each month, such conditions to be pub. 
lished iu certain dail.v commercial and local papers. Uudcr that dew, Lieut. Commander Philip 
H. Cooper, U.S. N., while attached to the survey, under my instructions visited all the harbors of 
which the bars were known to be subject to change, along the Atlantic seaboard. Full inquiry 
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at each made it certain that persons of sufficient intelligence could be engaged, but the allotment 
of means for the ordinary work of tbe year did not admit of completing the proposed arrange
ment. The suQ_ject is reserved for consideration when means are availatle, and in order to be of 
immediate use to navigators the results will be 1mblished without dela~-. 

On the 8th of November, lf\78, Lieutenant-Commander Cooper was 1letached from the survey, 
and then entered on special dnty required by tbe Navs Department. 

Lieut. H. E. Nichol,.,, U. 8. N., who had predously rendered acceptable service in the hydro
graphic division of the smTcy, was again asi;igned from the Navy Department, at my request, for 
<lut~- after his return from the Mediterranean, and rlljoined the office on the 1st of February. His 
readiness in details pertaining to cbarts, and to arrangements for the outfit and repair of vessels,· 
has greatlJ· assi8ted in the. dispatch of business connected with the division. 

After a yery active period extending beyond the term usually allowt~rl to officers for na,·al 
Sl'JTiee in the Coast a]l(l Geodetic Survey' J,ieut. Commander Charle8 n. Sigshee, lT. s. N., was 
rnlieverl on the 13th of November, 1878, from the command of the 8teamer Blake, and then entered 
upon dnt.r in the hydrographic office of the Nav~~ Departmeut. 

It is gratit~·ing to record of this accomplished officer that hi1' iugennity and aptitude in pro
feissiuual details" were enforced by energy ~.wd constant de\·otiou to the interests of the survey. 
Intelligent earnestness in securing accurate results, and steady determination equal to the greatest 
emergencies that, ba\·e yet arisen in bytlrographic operations, have added special value to the charts 
which lJear l1is name. 

In m,y preceding annual reports full mention has been made of the difficulties encountered in 
the l1jtlrogra.pliic development of the Gulf of Mexico, and of the successful eompletfo11 oft.hat 
work. The records were iutrusted to Lieutenant-Commander Sigsbee, after his detachment, and 
tlie observations will be cli;;cussed by l1im under· permisfliou of the honorable Secretary of the Navy, 
for the publication of results from this office. 

For extending h;ydrographic research southward, into the waters immediately connected with 
the Gulf of Mexico, the command of the 8teamer Blake was trausf'erred to Commander J. R. Ba1·t
lett, C. S. N. An abstract of the operations of his party will be given in Section IX of this report, 

1\lr. "'illiam H. Mapes, long connected with the liyt!rographic division, and of great usefulness 
as iuspecting engineer, di!'d suddenly 011 the 15th of April, 187!1, in his fort;y-fourth year. He 
eutered the service in 185i, and was employed fou years as engineer on sea-going steamers engaged 
in hydrography. At int<>rv dls he supervhied the repairs of engines and vessels, and the construc· 
tion of all the vessels a,.,signetl for the work of the survey, in tile course of the last ten years. For 
these dutieA Mr. Mapes was e:>pecially qualilied by intelligence, good judgmeut, uative industry 
and uuvarJing kiudnPss towards all. 'l'his record is due to his memory; h'is devotion to the inter
ests of the service w:ts e11t.ire, and hi" bnsiuess intercourse was marked by scrupulous integrity. 

SECTION I. 

:MAINE, NEW HAMPSHI1'E, YERMONT, MASSol.CHliSETts, AND RHODE ISLAND.-(SKETCHE8 Nos. 3, 4, aurl 5.) 

Bydrography, coast of 21fo.ine.-The h~·tlrogra}lby of the approaches to the coast of Mai11e has 
been atlYanced from Na8h Island in a direction southward and westward to Scboodic Head, by 
Lieut. Com~ander Theodore F .• Jewell, U. S. N., Assistant in the Coast and Geodetic Sur\·ey, with 
his party in the steamer Hedney. Soundings were commenced on the 1st of August, 1878, and 
closed for the season on the 29th of October, after which the party was transferred for service 
which will be "tated nuder tue head of Section IX in this report. 

On the coast of Ma~ne the work of the party in the steamer Uedney extends fifteen miles sea
ward, and it:i continuous with that of seYeral others by which the hydrography has been advanced 
from Portland northward and eastward as fa1· as the entrance to Pleasant Bay. The sea.-approa.cbes 
of three-fourths of the coast of that State, includiug within the limits named the most intricate 
bydrograpby, have been fhlly developed. Within the same limits most of the bays and other 
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indentations ha,·e been sounded. The statistics of the work done hy the party in the steamer 
Gedney are: 

Miles run iu sounding 
Angles measured .... 
Number of soundi1tgs 

741 
3,196 
2,343 

Lieuteuant-Commarnler Jewell was assisted in ti.tis work b.v Lieut. John Gardn, U. S. :N"., b,\· 
Masters Charles E. Fox and Milum K. Schwenk, U. S. ~ ., and hy fa1sig11 Charles R. Amsden. 

Hydro_qraplty, ea.~tan approach to Mount Desr<rt Island.-After the COIDJlletion of work in several 
sections between the coast of :\faine irnd tlie ~Iississippi Hfrer, of wltich separate mention will be 
made under otller llead1;, Lieut. Couunander C. M. Cbcster, U. ~- X., Assistant in the Coast awl 
Geodetic Sur\·ey, with his party in the steamer Bache, took up soundings in the eastern ap1n·oaeh 
to Mount Desert Island. This wmk wai; begun on the :.!8rh of :\Ia;v, 187fl, and was cornplete<l a few 
days after the close of the fiscal year. The sheet eoutai11i11g the soundings joins on the eastward 
with a snr\'CY made IJy J,ieutenant-Commander .Jewell; on the soutL witL the Lydrography done 
by Lieuteu:mt l\Ioser in 1877, and ou the uorth with souutliu~s recorded ll,y the party of Lieutenant 
Ackley. The statistics of the work done by the party in the steamer Bache are: 

Miles run in souu<ling' .... 
Angles measured .. __ 
Number of soundings . . ... 

.'Up 
4,068 
' •• 5()9 

'Vhile soundings were in progress the tides werp ohsen·ed at Clark's 'Vharf, Son th West 
Harbor, ]\fount Desert Island. A bencll-mark was established, and a des('ription of its position has 
been filed with the hy<lrographic records. 

Lieutenant-Commander Chester was assisted in thii,; snrYPJ lly Lieut. ~\.. \". \Yadlmms, C. S. 
N.; Master T. G. C. Si1lter, U. S- X., and Ensigns H. F. Reich and .l\I. L. Wood, U. S. N. The 
party worked early in the fiscal ,mar at another locahty ill this section, and also iu Sedious II, YI, 
VIJI. 

],fount De.~ert 111la.nd.-The surface of this island is dirnrsitied by almost every variety of 
topographical details, and affords scenery which attracts m:my visit-0rs to the place as a resort Jn 
sumIIu:>r. Its harLors are convenient, and the.outline, the approaches aud views from the sea, a.rt~ 
such as to inviw all who have leisure for excursions afloat. During the i;ummer of each yt",ar the 
i:•lland will doubtless be as heretofore a point second in importance only to the interests whic11 
cluster a.round a commercial center. This is true in refereuce to the whole area. Parties from the 
mainland pass along the eastern and western sides in steamers, enter Hollll'R Sound, land at points 
in the iuterior, traverse the islaml in carriage:o;, aud fiuaH~· reach landingt-1 from which the steamers 
take them to the mainland. The same facilities an1il for tbe inmates of man~· summer resiucucei; 
that are steadily increasing in uumber, aml thus all who resort to the place ma.Y in the course of a 
few hours enjoy the impressions due to association with lakei; and forests, mountains aud ra\·ines, 
the broad ocean bei11g in dew of the spectator while passing· m·er ground, picturesque by uature, 
aud now more enticing to the eye by successful cnlth-ation. Six separate mountains, al·eragiug 
upwarcls of twelYe huudred feet iu height, and i11 proximity a:;; many lakes, all consideralJly abo\·e 
the ocean level, are distinguishing features east and west of Somes Soul!d. The remainder of the 
insular area, which in all is about one hundred sqnarn miles, presents topographieal gradations 
that contrast agreealJly with the bold features of the middle zone of the iisland. On our eugraYed 
charts, Mount Desert Island is shown in detail, with the adjacent hydrograrh.r. 

For the selection of types of representation to l>e emb0<lied in the Topograpliical }fanual, .Mr. 
Edwin Hergesheimer was directed to make special examination of parts of the topographical sur
vey, and to take views of the chara-0teristic features, and tha.t service was snccessfully performed 
in the course of the summer of 18i8. The eight sheets returuetl to t.he offiC!~ contain drawings of 
Eagle Cliff, Brown's Mountain, Echo Mountain, autl Robinson's Mountain. At the end oft.he fiscal 
y{lll,r he made arrangementis for adding to the material already gathered for the l\fannal, specimens 
characteristic of the topography of the Pacific Coast. 
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Hydrogrnphy of Frenchman's Bay, J/e.-In September and October, 1878, the h.vdrography of 
Frcnchman't:i Bay was ad nmcetl l>y a party iu charge of J,ieut. S. M. Ackley, U. S. N., Assistant in 
the Uoast and Geo•letic Survey, working with the schooner Eagre. The pr~jection made to receive 
the somitlings included the space westward of Shwe Islaml and .Jordan's Island. 

At Har Harbor (Mount Desert faland), Uommarnler E. P. Lull, G". A. N., hydrographic inspector, 
joined the iiarty, and a1l\'ised iu regard to methods for prosecuting the work. After identifying 
points of the triangulation, signals were 8et np ou t.he island, and soundings were commenced. 
The hydrogn1phy from Bar Harbor includes t,J1e waterl:'I around the Porct1piue Island8, and also the 
ltarb01· between StaYe hland and the eastern side of Freucbmau's llay. During September tlie 
weatlier was generally fan>rahle, but in the mouth following wind;.;, rain, and cold greatly impeded 
the progrei'is of the work. The statistics are : 

Signals erected . . . . . . . . . . . . . . . 
Angles to locate signals .... - . . . . . . . . . . . . . . . . . . . . . . - . . . .. 
Angles to locate soundings .................•................... 
Nnml>er of soundings _ ......... _ ....... _ .. _.. . .......... _ ........ _ .. _ 

39 
232 

1, 113 
5,874 

·while soundings were in progress the tides were ohserYe<l at three stations within the limits of 
the completed hytlrography. 

In Nm·eml>er the schooner Eagre sailer! to the souU1, aud was emplo~·ed in serYice, of which 
notice will he takPll in St•ciion VlIT. On the coast of l\laine, Lieutenant Ackley was assisted by 
Lieut. H. 'I' . .'.\'Ionahou arnl .'.\laster F. B. Sa1>yer. 

Topography of Preneltman's Bay, J/C.-The pitrt;y of Assh;tant Charles Hosmer took the field ou 
the 8th of July, 1878, to resume the plane-tallle survey of the shores of Skilling River, at the head 
of Freuchman'15 Ba.v, that work hadng heen .~11spm1rled in cousequeuce of tlrn illness of the chief 
of the part,Y, as mentioned in my report. of last ;rear. I 11 the course of the season preceding the 
Gth of Octol>er the detailed snrTey wal:'I completed. On a second projeetion, )fr. Hosmer mapped 
the Porcupine Islands, in Frenchman's Bay. Both sheets l.tave heen deposited in the office. The 
stafoit.ics of the work are : 

Khorn line snrve.red, miles ....... _. . ..... - .... ' .. ' .... 26 
I':.oads, mileR .... _ .............. . . - - .. - . - ..... --- ...... 26 
Area of topograph;r, square miles ...... _ .............. . 22! 

In Sectiou Y III of tliis report refereI)('e will he made to the subsequent work of Assistant 
Hosmer. 

Topography of Fnion Rilirr Bay, olle.-In continuation of the plane-table survey of the coast of 
l\ofaine, Asl:'listant A. "r· I1011gfellow resnmed fielrl work in Ma,.,-, 1878, and in the course of the 
seasou extl•mh•<l work eastwanl from previous limits. The details include topographical fraturC>s 
adjacent to the shores of :'.\Jorgan's Ba~-, Pattf'n'R l~ay, and the east and west sides of Union Hiver 
Bay, with n11111Prons em·es, awl the rin•r at tlw lwad of the bay as far up as 'l'he Narrows, helow 
Ellsworth. ~\11 roads near the water line were traCf'd aud mapped with other surface foatnres. 
The projection taken fo the field was nearly filled with details, but several miles of the east bank 
of the rh·er below Ellsworth remain to he mapped. Plane-tallle work was continued for a. week 
after the ,.;etting· iu of cold weather with snnw, hut it was fournl impractical>le to finish the sheet 
in the field. Mr. Longfellow therefore clrn;ed operations mi the 12th of November, J878. The 
l:'ltatistics are: 

Shore line suryeyed, miles ........... _. . . . . . . . . . . . . . . . . . . . . . . ........... _ 45 
Creeks, miles . . . . . . - . . . . . . ..... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162 
Roads, miles . . . .... _ .... - ........... - ....... _ . . . . . . . . . . . . . . . . . • . . . . . . . . . 21~ 
Area of topography, square miles . . . ...... _ . . . . .. . . . . . . . . . . . . . . . . . . . . . . 12-2-

As;;istaut Longtellow is now engaged i11 extending the detitiled survey iu the vicinity of Union 
HiverBay. 

Topography of Bartlldt's Island and Lrmg Isl;.ind, near Blue Hill Bay, .Me.-For completing the 
detailed surrny of h3lauds west of l\Iount Desert, Assistant H. G. Ogden rook the field on the 3d of 
August, 1878, with projections t-0 include the t-0pography of Long Island and Bartlett's Island. 
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Of these the first named forms the eastern side of Blue Hill Bay. Findi11g uo acco1111nodatio11t;for 
his party 011 that islarnl, l\lr. Ogden wa8 constrained to 1n·osecnte tlie work from a station 011 the 
mainland. Long Island, as represented 011 the resulting sheet, i,; H'r,v hilly, and coYered for titf', 
most part with a dense growth of small trees aud ln1sheH. The sonthPm end iH un(ler partial culti
vation. Only the general outlines of thf' hills arP fi'pre,;ented. as greater minuteut>ss i11 dt>tail 
would have i1ffoh·ed great !'Xpem;e and labor i11 opening line!' for tht' moYement of the pa1ty from 
point to point. 

Less difficulty was found in tlw sun·ey of Bartlett's lslarnl, which }ip,.; hdween Loug fala111l 
aud Mount Desert. All a\'ailahle parts of the surface of Bartlett's are nn<ler t·ultin1tion, and the 
details were mappe<l readily. Qnarters were obtained in farm-honRes, and the party being fayored 
by good weather completed the surrny of the two iKhmds by the 28th of Septem her. 

On a third Hlieet Assi:>taut. Ogden traced the 8hore Jim's of Coo,;e Oon~ and .Jordan's Hin'r. 
two indentations of the mainland eastwanl of Union Hi Yer Ba.'·· Of ue .. essit,'\· this shet•t remaint'd 
unfiuisbed, but will be completed in the course of the ensuing· Ht'at:lon. The party "'a" di,.,banded 
on the 12tll of October, 1878. A sj·nopsis of statisticH of the work i;,; appeuded : 

Sho1·e line surveyed, n1iles .. ......... _ ............ - . . . . . . . . . . . . . . . . . . . . . . . ~)7 

Roads, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . U 
Creeks and ponds, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1:; 
Area of topography, square miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

Assistant Ogden passed the winter arnl spring in duty at the office in \Ya;.;hiugton, an<l at the 
end of the fiscal year made. 1n·Pparntiu11 to resume field work iu tl1is sectio11. 

Hy!lrography <~f' Plaeentia Ba.I/ tillrl .Jericho Bay, .lfe.-Tlie party of LieL1L .l. ".\!. lfa\\-lt>y, r. S. 
N., Assistant Coast antl Geodetic Survey, reacl1ed Bclfa,;t, :If P., in the scllOOJH'r Silliman 011 tlw ~Gtl..t 
of July, 1878. A few da,\'S w·erp. passed tbt\re iu fitting tlle steaaa-lauuch Sagadahock for sen·ke 
and in prodding lumber for signals, but when read,\· to start for tl1e worki11g· ground, calms aud 
foggy weather dela,ved the mcvement of thP vessel, and i11 const'<Jlll'llCt~ tl1t' party w:i,; unable to 
reach Deer Isle until the ,'Jth of August. In that viciuitJ· the space to he somuled was tlte south
eastern approach to the island, indndmg the wnters aro1111d \\'hit111ore's l:,;land, a1Hl as far so11th
ward a:,; Saddlebaek Island. 

A part,Y in the lauuch set up signal1:1, and souuding8 were begun uu the Lith of Angm;t. Many 
signals were 1'l\quisite, as the outlines of the i:,;lamls inchule umu••rous small hays and iulet:,;: hPllCt', 

throughout the season, while rnie. part.y was employed in sonnrling, another was e.ngagP1l i11 :,;ettiug 
marks for continuing the work. The tides were obsen·ed day and night at OePanYille, for deter
mining a plaue of reference in re(l ueing- the soundings. 

Tl1ree dm1gerons shoals were tleYcloped in De<>r fale 'rI10rougJ1farP. Of the~w. two were 
previously known, narnely, Door Hoek, which rises to a small knob with onl,\· fin' feet of water on 
it, half a mile north of BoM Islall(l, aml \:rindstoue Ledge to the 11ortl1ward of Vumvliug- Isla!Hl. 
One hundred awl thirty yards to tht> southward and westward of Grindsto1w Ledg·e, thr\ sounding 
party found a small and da11gerorn; l<>dgc, lun-ing on it seven arnl a half feet at mean low water. 
The channel is deep between this ledge and the Grindstone, whi! 0l1 lailt 0111,v, at the time of the 
survey, wa.s marked b,v a hnoy. Hearings a.1111 distaDees for timliug the clang·l'I' were comm1111i('ated 
to the Light-House Board earl;\· in October, 1878. Su11ken ledges. knowu loeallJ·, hnt as yrt 11ot 
marked by a buoy, were deYeloped about two lrnndre1l yards to the eastward of the Bold lslam! 
ledges; These sunken ledges l.iave from four to six feet of water, and ,.e,.i;1·ls freqnm1tly strikl' 011 

them in beating through the 'l'horonghfare. The l1ydrograph~· of the vicinity of Iker 1;.;ll' was 
410mpleted on the 25th of September. Lieutenant Hawley then tram;fol'l'e<l the patt:;· to :\Iackcrel 
Cove, and commenced work for completing the Ronndings in Placl;ntia Hay. '!'he triangulation 
points were readily found, and thus the erection of signals ·wa1:1 11nu:l1 facilitated. "\.s OetohPr 
opened with favorable weather, the work adYanced nuder unusual advantages. Ti(lal ohservatiow; 
were recoriJed at 1\-fackerel Oovl', and soundings were skadilyprosecnted hyt\\'O pal'ties. As a clwck 
for the resnlt8 of the work <lone in the two separatt' localities, isinrnltaneous obserrn.tious Wt'l'C 
recorded, to connect, the t.icle gaugt•s at OceanvillP, Green's Lam ling·, Mackerel Cove, and ~a;;kcag 
Point. 
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Haviug advanced the hydrography 80llle di8tauce uortl1warrl and westward of Swan Island, the 
vessels were moved to ::Xaskeag Barbor, Oil the 18th of October, 1878, aud soundings were prose
cuted around Pond Island, to fill the upper vart of the pn~jection for work iu this quarter. As 
opportunity offered, 01te of the sounding parties was sP11t tn run tines over shoal spots previously 
developed by the party of Lieutenant Hawle,\' in Eggemoggi11 Heach, Jericho Bay, and Isle au 
Haut Ba_y. In se\'eral instances tlw l:ist soundings showPil that the shoals l1ad increased. Three 
ledges were developed in the l'Onro:e of these subsidiary operations: one, which has been named 
Thurlow's Rock, with eigl1t feet on it at mean low water, lwtween Green's Ilead aml Thurlow's 
Island; the second lies about a third of a mile northwe8t of Swan lRlarnl and Las been marked on 
the chart as Hanus' Ledge. The third, named Hawlt·y's Let1ge, like the one last named, was fonnd 
by tbe partj' while engage<l in sounding. 

After the 20th of October, the weather beca111P very stormy arnl cold, and but little ad,'ance 
conld be made in the survey. The party was couo:eqnently recalled arnl returned to Belfast at the 
end of that month. Aftt'r securing the launch, and \Jef'ore passing southward with the schooner, 
Lieutenant Hawley went to Uastine Harbor, and there determined tile position of a rock 011 which 
be found onl,y four feet. at mean low water. Lmwing Castiue on tlie 10th ofNo\'emher, the Silliman 
was kept on her course as far a:o; 'Yhitl' Head, lmt was com.;traiuet1 li,v stormy weatlier to remain 
four days in Seal Harbor. "'lieu the weather cleared tl1e rnu to New Ym·k was made in three dass. 
'l'he statistics of the work art-: 

l\Iiles run in sounding ........ _ . . . . . . ..... _ ... _ ..... _ ............... . 
Angles measured. . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... _ . _ ...... _ 
Number of soundings . . . . . . . _ .... _ .. _ ........... _... . . . . . . . . . . 

417 
;~, 719 

33, 80() 

'l'wo hundred and nineteen signals were erected h~- the part~- in the coursP of the season. Having 
rendered effective and very acceptable service in hydro graphic surwys throughout the period allowed 
by the regulati.om; of the Navy Depa1tmeut, Lieutpnaut Hawley was detached early in April. 
Masters G-. O. Hanus and L\_. II. Cobb, C S. X., who aHSi8ted in the work during several seasons, 
were detached on the 31st of Deeprnber; and Master Albert. l\Iertz, who wa8 ah;o attached to the 
party in the Silliman, waH tmnsferred to a11otl1er n~ssel for 8erYice in Section Ylll. 

Hydt·ography of Isle mt H11ut Bay, Me.-For completing the h~·drography of the eastern part of 
I:sle au Haut Bay, and of the unt'un·py(•tl ~pace sonth of Deel' Isle, and including the approaches 
to Isle au Haut, two projections were made at the office and taken to the working ground b,v Lieut .• 
Jeff. F. }loser, U. S. :X., Assi8tant in the Coast and G-eodetic Survey. This party reached Rock
land in the steamer Endean1r on the li>th of ,Jnne, 1818, and after prosecuting a detached survey, 
of which mention will he rnatle under a 8eparate head, took up the work requisite for filling the 
projections. On hle au Hant nut! Deer Isle sig-nals were erected without clela.y, ancl soundings 
commenced before the (~IHl of the month. At all fin-orable intcn·als the hydrograph;1-· was conthmecl 
uutil the 22d of Octouer, tlie work heing- then s11cceMfnlly joihcd with soundings 1o the eastward 
a.ud westward nia-de in pre(~eding ,;ensorn<. The space betw<>en the two hydrographic sheets of 
Lieutenant Moser was tilled wit!1 sonwlings hy the part.v of Lieutenant Hawley, whose wdrk bas 
been referred to u11der the preeedi ng head. 

In the conrse of the sea ~ou many le!l;.:es were tlew~loped by the party in the Endeavor. These 
were taken separately, a111l Ht1l>seqnentl.r line;> of sotrnrlingi! wcreruu between the nu'Uerons islands 
included within the working limits. 

Lieutenant Moser was assiRted in thiH Hection by Master:o; J.B. Murdock, A. 0. Dillingham, aud 
F. B. Greene, U. S . .N. The. statistics of the work are: 

.'.\-files run in sounding . ______ ......... . 
Angles mt>asured . _ _. . _ . _ . __ . . _ ... __ . __ . . _ _ _ _ . . . . _ . _ .. _ . _ 
Number of soundings. . . _ ......... . 

755 
12,156 
23,685 

In Novemlwr, 1878, the vessel procelc'deil to Norfolk, and was there refitted for sen·ice, of which 
not.kt• will be taken nnder the head of Section IV. 

Ledge in Jl.f111wu11gu.~ Bay, ~"lfe.-Befon• taking up the work me11tionechrtnlt't' the last head, Lieu
tenant Moser developed l1~- sonncli11g11 the vicinity of a ledge hetwee11 Monhegan Island and Pemaqnicl 
Point. The least water found wa8 seventeen foet, on what proverl to he a pinnacle of rock. '.fbe 
position of the ledge was carefully dett,rmi11e1l, a.nd tidal ollsen'atiom; were recorded during eighteen 
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hours for the adjustment of soundings. This sarvey was begun on the 19th of .Juue, J,')7K. and 
completed on the day following. 

Hydrographic surveys conducted by foeutt'uant :Moser in otlier localities will bl' mP11tio11ed 
under Sections IY and Y in tl1is report. 

Tidal obserrations.-~U Xorth Haven, on one of the i:slauds iu l'euobscot Bay. coast of l\IaiHP, 
the series of obsenatiom; commenced in January, 1870, has been maintained during tlie ;year liy 
Mr. J. G. Spaulding. The self.registering gauge used at the station is proYided with heating appa
ratus to protect the float from ice in the winter. So far the record of obsen·atious is one of tht• 
most perfect yet made. I~rom the outset great care has been taken to guard against iuterrnptio:is. 
\Vbeu short. stoppages become necesBary for repairs tLe series is kept up by frequent sta1f rea.t1i11gs. 
Mr. Spauhling-, in connection with tlw tidal record~ continues the record of metRoro1ogiPa1 ohsP1Ta · 
t.ions. 

Goodetic operations in ... Yett' Ilampskire.-At the opening of the fiseal ,\ear Prof. E. T. <,>uimh,1·, 
having preYiously occupied Gun stock Mountain, was still engaged in the measuremei1t of hol'izm1tal 
angles, and was tletained at that stat.ion, ll,\' nnfa\orable weather, until the 4th of Angm;t, 1871-i. 
Soon aft.er tbe part~· and instrument!; were transferred tu Starr King Mountain, and the rP<p1isit1• 
measurements at that station were completed early iu October. Field work was then snspt•11lled, 
and the camp fixtuff>s and instruments store1l as usual. The statistics of the work arp: 

Stations orcupied .............................. , .... r. . . . . .. .. ... .. . .. . . . . ... .. ... .. .. .. . . . .. • . .. .. . . :.! 
Direct.ions determine~l . • . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H:.? 
Number of I)()intingR . . . . . . . . . . . . . . • . . • . .. . . . . . . . . . . . . . • . . . . . . . . . . . . ..... :!. '.!07 
Vertical angles measured . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . • • . 4~ 

From the angular measurements recortletl at tlte two primar.r stations the poRitious of ni1wt:.v 
out.lying secondary and tertiary stations were determined. 

As the process involYed Yery littlf' expenBe ad<litional to the outlay for triangulation, Professor 
Quimby had com1)lete profiles taken at each station, Hhowing the appearance and re la tin.~ position of 
the hills aml mountains around. This waR done by .1\lr •• J. R. Edmands, a member of the party, 
with a camera of his own inveutfon. The instrument was so constructed that in focusing for near 
and distant objects, no distortion of tlJe image i.~ produced, and t11e accuracy of the profilt> reprl.'· 
sent.s truly the relatirn position of o~jects. 

At tlie close of the fiscal year, June :lO, 187U, l'rofessor Qnimhy tl.rnde arrnngemell ts for re,;nming 
field work. 

Geodetic operations.-ObserYations in the primary triangulation were prosecuted ou J\lonut 
.Monaduock in this section, in September, 1878, by ARsistant Rif'hard n. Cntt:s, but as that :station 
is the eastern limit of lines passing to stations jn New York, the details of the work will LP iudn(1t•tl 
in a subsequent notice in this report, under the heail of Section II. 

Light-house po11itions, ma.~ts of New Hm11pskire and Jl/asst1chUSf!ffs.-Tlte angular rnPasil1·e11Hrnts 
needful for determining tlie positions of lights on the coast. of New England were condncfocl hy 
Asisistant S. C. McCorkJe, in Sept.ember and October, 1878. 

At Port.smoutb, N. II., the triangulation stations Ptdpit l'tock and New Cast.le were fon11tl 
and occupied with the theodolite, as was also Portsmouth light-house. From these the position of 
the new light-house on '\Vl1aie's Back. was determined, and in relation to it that of the old strueture 
now used for a fog-bell. 

At Newburyport, Mass., the positions of the light-house and of the inner antl outer hctwon;, 
were determined hy angular measurements from Indian Hill, a triangulation point west of the hm'
bor, and from an additional station on the ea.st side, both being in connection "\Tith the well cl1>tn
miued stations at Old Town and Powow Hill. 

Near the close of October, 1\Ir. l\foCorkle identified on Cape Ann the marks at Poole's Hill :rn<l 
Beacon Hill, two stations formerly oceui)ied in the coa,'lt triangulation, and from thNn determiuPd 
the. positions of the light-lionses ou That-0he1"s Island. The field statistics are: 

Signals erected . . _ . . . • . . • . . . . . . . . . . . • . . . . • . . . • • . . . . • •. - . • . • . • . . . . . . . . . . . . . . 7 
Stations occupied .......••... _ . _ . . • . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 '.! 
Angles measured .•...•...•.•••.••............. <_ ••••••••••••••• " • • • • • • • • • • • • 50 
Number of observations .•...•......... , . . . . . . . . . . . . . . . . . • . • . . . • . . . . . . . . . . . . 480 

S. Ex.17-3 
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Assistant Mccorkle returned to Philadelphia on the 11th of November, 18i8. His work in 
,that vicinity w-ill he mentioned under a separate head in Section II of this report. 

Re('onnai.~gance in rnm011t.-Between the work mentioned under the preceding head, and the 
triaugnlatiou H"l1ich hiclnues Lake Champlain and the valley of tbe Hudson, an inter,·al remained 
in whid1 110 point>< had liPe11 determined iirevions to the opening of the present fiscal year. This 
interYal embraces nearly all that 1)a!'t of the area of Vermont lying between the Connecticut River 
and the Gw•en Mountains. In due time as tlte work of triangulation advanced westw:m:l i11 .New 
Hampshire, the govl.'rnor of Vermont requested that the benefit of the lnw of Congress in regard 
to geographical pointi;; might be extended to that State, antl pr°'· is ion wal'! ma1lc accordingly. This 
application was tiled on foe 20tb. of July, ISiS. 

Prof. Y. G, Barbour, of the Unfrersit.y of Yermont, was mcommeude1l by the governor, mul 
also by the State gr•ologii;;t and faculty of the unirnrsity, a8 qualifiNl for the iichl operations, and 
was accordingly })laced in charge of tlrn work. HI.' conferred persomtlly with Assistant Richard 
n. Cntts, who wa,. eugagell at a primar~· 8tation in the vicinity, a.ntl commenced 1:econuaissam'e 
from the line Killington-Hawkes, early in September. After tl101·onghly examiuiug the country to 
the southward of ~utland, Pmfessor l~arbour 11rese11te<l a 11racticahlc sclwmc of triangulation. 
'!'bis, as most desirable, eonsists principally of qmulrilatemls, and extends southward from Jforrick 
1\fonntaiu opposite to tlw south end of Lake Champlain. The southern limits of the scheme are 
at ]{rattkboro, on tbl.' ConneC'ticut, arnl Oreylol·k, a primary station in tlw w<·stern part of 1\fassa
chnsPtts. 

The monntaiu featnres of Yermont are well known. In prosecuting t.he reconnaissance the 
diffil.'ulty was, to avoid higlt mountains, as they are generally wooded and comparatively inacces
sible; and in lieu of snch to select stations sufficiently eleyated to secure not only a go°'l scheme 
of work but economy in its execution. The sketch forwarded to tl1e office in October, witl1 the 
re1)0rt of J>rofessor Barbour, shows that he has successfully awomplished the preliminary work. 

Ry<lrograpliy of Merrimac River entra.nce, 11fass.-In order to develop changes known to hM'e 
taken place near the bar of .Merrimac River, a party was detailed under the charge of Lieut. Com
marnler C. J\f. Chester, C. S . .N., Assistant in the Coast and Geodetic Survey, to make the needful 
examination. The steamer Bache with the party on board reached the entrance of the river on 
the 8th day of August, 1878. .At the outset, the hydrographic inspector, Commander E. 1~. Lull, 
U. S. N., personally examiJ:?-ed the place and advised in regard to the method JH'Oper for conduct
ing the hyflrography. 

Hanges were erected on sl10re sixt;y yards apart, on an east and west bearing, and lines of 
R0tmdi11gs were run from the beach outward to depths of six. or seven fathoms. This work was 
1lone by two parties, one conducted by Lieutenant-Commander Chester and Lieut. A. V. 'Wadhams; 
the other by I,ieut. Uriel Sebree and Master T. G. C. Salter. Tlie bar was fouud to be of coarse 
sand, shifting with gales, freshets, and strong tides, and marked by a succession of ridges and 
gullies. 

\Vhi1e soundings were in progress, the Outer Badger Rock was determined in position, hMing 
ouly senm feet of water on it, and also a ledge known as "Breaking Rock," about three miles to 
the northward of the bar, and half a mile from shore. 

For the adjustment of soundings, tidal observati<>ns were recorded at Black Rock Spindle, and 
al.-10 at a station on the north end of Pl nm Island, as near to the bar as the sea would permit. 

'l'11e frequent changes at the bar of the Merrimac make it unsafe to enter at any time without 
a pilot. For the information of the light-house inspector of the district, Lieutenant-Commander 
Chester marked the best pmiition for the outer ra.uge light and gave suggeRtions for moving the 
outer and inner buoys. The statistics of the hydrographic survey are: 

J\1iles rnn in sounding . . . . . . . . . . . . . . . . . . . . • . . . • • • • . . . . . . . • . . • . . . . . . . . . . . . 106 
Angles measured. . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . • • 2, 068 
Number of soundings . . . . . . . . . . . • . • . . . . . . . . . . . . . . • . • . . . . . • • • • . • • . . . . . . . . . 91 .290 

The survey of the Merrimac. bar was completed at the encl of August. Subseqnen,Iy the 
hyclrogra.phic party in the steamer Bache was engagP,d in service which will be referred to under 
separate headings in Sections II, VI, and VIII of this report. At the close of the fiscal year, 
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Lieutenant-Commander Chester was conducting hydrograpldc work in tlle apprmt<'.l1es to 1luuut 
Desert Island, as already mentioned under a preceding head. 

Topography of Boston Harbor.-In my last annual report mention was made of the determiua
tion of points by triangulation, at the request of the board of harbor commissioners for the surwy 
of the upper harbor of Boston. :Means for the topographical surYey having been provilled by the 
city authorities, Assistant H. L. Whiting, at the request of the commissioners, was authorized to 
superYise the work. As the result of subsequent inspection, l\Ir. ·whiting remarks: 

"The accuracy and style of this surYey are of the firi,;t order, and the details miuut(~Jy rl•pre
sentcd. These include the marginal ground between the outer faces of the wliaITes, awl the 1irist 
street bordering the general wharf line. ·within this spaee the outHnes of all structnn•s W!.'rP 
determined, and the character of each is expressed by a con veutioual sign, in wh:trHi; <lh;tingnisll
ing betw!.',en pile work and solid filling, and in buildings dilstingnishing between wood all(l b!'ick 
or El!,?De. This marginal work embraces a large amount of detail, valuable in tlle stud~- mul treat -
mel1t of change and improvement in the harbor frontage." 

The results of this resurvey are on twelve full-sized plane-table sheets. El(•Yell of tlwm :ll'{' 

011 ii scale of Ttoo, ttnd include l~ort Point Channel from Dover street bridge to its mouth: the 
South Boston sea walls and dock; the frontage of the city prop1;r; Charles Hin;r from tlIP 11a ,-y
yard to "Test Boston bridge; Chelsea Creek from tlle u:lYy-yard to l\Ieridia11 i,;trnet awl Clwls1>a 
bridges, with all intermediate improyements; the south channel of l\lyi,;tic Hin'r: awl tl1e frontag·t.· 
of East Boston. The twelftlt sheet, on a scale of -" 1t;;,1, includes Charle8 ltiver or ( 'ambrillg-e H:rni11, 
from w· est Boston to Brookline bridge. 'l'his suney is ba;;ed 011 sixty-seYen point'! carefully (foter
miued by triangulation. The work was completed cal'ly iu ,1 auuary. 

Assistant ·whiting comlucted iu per.':>ou a plaue-tahle 11arty on t11e shorPs of Umh;on Hin•r, of 
which mention will be made in the next section of thit-1 rep01t. 

8ea currents, Oulf of Ma,ine.-.As detailed in m~y last annual report, a 11nrnlJer of po:Jitious \H're 
occupied for the observation of sea currents along a line cur\·ing southward and eastward between 
Cape Sable and Nantucket Island. Four additional statiorns, in1licated as herl'toforc h~· ..it<sistant 
Henry Mitchell, were occupied in the course of the fiscal year by the same party, iu charg·c of )faster 
Robert Platt, U.S. N., Assistant in the Coast and Geodetic Surve.r, with t,he schooner Drift.. Other 
stations were att.empted, hut the n,ssel was forced away from her anchorage b,> had weathrr. ln 
the operations of this year the first position successfully occupied was iu the open sea ahout twcn ty
five miles southeast of Mount Desert Island. 1\lidway between the tin;t i,;tatiou and <Jape Sa\Jle, 
another position was occupied, aud a tltinl to the ;,;out1nvanl of Brnwn's Hauk, where similar ohsPr
vations were made last year. To the westwanl of that Lauk, and in the Yicinity of ,·ery ltt'<ffY 
tide ri1)s, a fourth station was occupied. In· ea.ch case the i,;chooner wa1i brought to anchor, aml 
held while the currents were recortletl. The schooner remaine<l twenty-six hours at anchor in 100 
fathoms at the fourth position. For some days the weather had been good, and the wind very 
moderate, but the sharp, irregular, and confused sea at the nip, was much like that found lal"t 
year when Master Platt was near the same station. Excepting 011 slack water, the Yessel rolled 
and pitched very badly. "bn the flood tide it seems to be made up of numerous small hrokeu rips 
with toppling sea, but on the ebb it is continuous. 1Vith great noise awl confusion the 8e<t rnus up 
and sometimes combs or er against the current as a breaker does he fore read1iu g shore in modt>ra k 

weather." 
Even in favorable weather the rip was extremely rough. Master Platt i,;ugg<'i,;ts thal it must 

be dangerous to small vessels during storms. Coasters and fisbermen aware of their roughness 
avoid the vicinity of the rips, and some European traders make the land as high up :ts ."\iouheg·aJJ 
Island, and from thence pass to the westward of the rough water. 

Master Platt was assisted in work in the Gulf of lfaine, b.r :Mates John Otkmlbal awl Harol1l 
Neilson. 

As bad weather was frequent after the completion of obsen-atious at the four i,;tatiuns, the 
party was recalled on the 8th of October. From Boston southward the passage was storm~-. l )ff 
Barnegat Master Platt was constrained t-0 turn back and aucbor inside of Saud~' Hook, aud agaiu 
at the Delaware Breakwater in consequence of a hurricane on the 22d of October, 18i.'-l. Fmtu
nately no damage was sustained by the Drift, although eight wrecks were then in the harbor, Tlle 
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Amuil'all schooun, \Jdiuc had lo::;t saihi, spars, a111l boat.8, and her crew had been on short allow
ancP <luring twenty-eight days. I'ro,·isions were supplied from the Drift, t-0 enable the master of 
the Aldiue to reach Philadelphia. 

After detention of two days at the Breakwater, )laster PlaU sailed for Xorfolk, and there the 
schooner was r<'fittetl for sen-ice which will be the 1mbjed of mention iu 8edio11 YIU of this report. 

The part;r on board the Drift while that YCS8el was becalmed off Hace Point, Cape Cod, saw 
"·ithin a few hundred yards of them what seemed to he a Yery largl' round spar prQjecting twelve 
to fift.een feet out. of the sea. In the course of three minutes the ol~i<·ct eurrnd and disappeared, 
hnt in half an bonr ag·ain appeared, at some distance on the opposite side of the Ycssel, pr~jecting 
as much as thirty-fiye feet above the water, and near it au oqject. ha Ying the form of au enormomi 
clorsal tin. As before, the object soon cnn-ed and went out of sight. "'hile iu Yiew it was obser,·ed 
with good glasses, aml although it conld not be identified a,s a creature, all on board tlie schooner 
agTPetl that no fragment of floating wreck wai-; auy\Yhern in sight. 

A ins to mi l'igation-In April last, Ass1stant .T. S. Bradfor(l ma<ll• a comprebeusi rn report in 
regard to change8 desirable in the po8itiom: of tlie buo,Ys then in place aloug the coast westward of 
Bo;;ton. His reeommt-mlations were communicated for the iuformation of the Light.-Hou8e Board. 
The report i-;pecifies iu each cai;e the precise po8ition to which 1he lmoy shouhl be moved. In this 
section the recommendations include the aids to ua\'lgation in the approaches to Chatham Ba,y and 
at Kill Pond Bar, in Kantucket Sound. Other suggestions in reganl to changPs of position wil1 be 
me11tio1wll in Section II of this report. 

A.tlantic Coast Pilot.-'Vhile the seoond l~uition of the Coast Pilot for the Gulf of l\Iaine was in 
progress, means were taken to embody in it <les«riptive notes of the more important changes which 
haYe occurred along the coast of Xew England since the issue of the first edition. As hcret-0fore, 
tlw work connecled with the publication remains in charge of .A8sistant .T. R. Rradfrird, and under 
hiis direction several localities were Yisited in October, 1878, by Mr. .John W. Parsons, for the pur
pose of noting the alterations ])roper for mention in the new edition. ~\t Newburyport, Mas8., 
record was made of prominent featm·es now presented in the approacl1e8 to that port by the recent 
erection of large hotels and other structures. It was noticed that the main channel had shifted in 
position, but without auy change in averag<• depth. l\fr. Parsons consultell with the be8t pilots, 
and carefully drew up sailing directions to suit the present. c011ditions for enteriug the harbor. 

A few change.s were obsen·ed at Gloucester, but the c·hart of Umt harbor in respect of a.ccurac;r 
is reganled hy the pilots as sufficient for all 1w1uirement1<. 

~':l..t Salrm change8 in the appearance of the shores ha,-e takeu 11laee siuct~ thl~ first issue uf the 
( 'oast l'ilot, dne mainly to the erection of numerous lmildiug,;, and in particular to the erection of 
the reform ;;cltool, a large rstrncture on ·winter IRland. Here, as at the places already noticed, the 
Hailing lines were tested, and the ranges for e11te1'ing were fonnd correct. 

At Lynn considerable changes wen'l t'ouml in the channels, increased depth haYing been gained 
hy frec111ent dredging. Alterations thu,; occasioned hy pri\·ate parties, include the cutting of a 
secoml channel from the vicinit,y of Sand Point to what is locally known as the Gas house wharf. 
As these operations ha.-e been pr-0secuted since tlw co1111)letio11 of tlie hydrographic suryey, the 
chart merely represents the contlitiou of the harbor as it formerly existed. 

Before leaving the section a 8hoal "ith twelre feet at low water, and known as Cliff Ledge \Vas 
marked in approximate 1msitiou on a copy of the engraYed chart. The ledge iH about two ~iiles 
south by east from Rass J>oiut. 

The notes recorded by l\Ir. Parsons haye been used hy Assistant Bradford in the revision of 
the Yolume, the issue of which mas be expected soon after Urn close of the fiscal year to which this 
report corresponds. 

Tidal obs<'rmtion.s.-In t11e autumn of 1878 a systematic examination was begun of the tides of 
.Buzzard's llay. :Assistant Henry Mitchell selected positions at which recol'lls were desirable, and 
Mr. C. H. Van Orden was assigned to make arrangements for the observations. By himself and 
others teu stations were ooeupied. At the two outside stations (lHoek Island and Clarke's Point) 
Relf-registering gange.'i were used for periods of about three months. The other stations w~ 
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selected at suitable distances along the shores of Buzzar<l',.; Ha.'-· At these glas_$ tubes were used, 
and the height of the water was recorded at inteiTals of fifteen 111inute1i. 

At Back River Harbor the obserYatiorns were continued nearly a month, and at th<> other sta 
tionfi simultaneous obserYations were recor<led during 8ix days. As shown by the records, the tim(' 
of high or low water seems to he Yery uearl.r the same at all the station:;; on the shores of I3uzzard'" 
Bay. 

Tidal records from the self-registering gauge leut to the cit.'· anthorities of l'roYidence, R. I., 
have been reeeh-ed up to January, 1878. The im;trurneut. is still k1.1pt in operation under the direc
tion of the city engineer, arnl the record,; already sliow tl1at thr series will he of special value. 
Discussion of the ohserYations will lie deferred uutil the series can he conjoined with ohservations 
made at Boston itml New York. 

SECTIO~ 11. 

CONNECTIC!"T.~rnw YORK. NEW .JERSEY, PENNSYLYANIA, ANll DEL.I. ""ARE.-(SKETCHE~Nos.4. 5.fl, and 7.) 

Geodetic operntions.-In pursuance of the scheme of triangulation for connecting the survey of 
Lake Champlain with that of tlw Atlantic coai;t, Assistant Hichard D. Cutts compl<'ted arrange
ments for field work late in .r nne, 18i8, aml occ11pii>d Prospect 11ountain, a station about twent:r 
miles to the southward aml westwanl of the soutl1 e11t1 of tlie lake. lustr111neuts were i1romptly 
set in place and adjusted for ddermilmtions of tiwt-, azinmtli, am! latitude, as well al'l for the meas
urement of horizontal and vertical angles, but during a.u entire mouth the region north aud l'lonth 
of the station was em·eloped ill smoke from the uurning foreists in Xortltern ~ew York. The ont
lying signals of the triaugnlatiou were in Yiew oul~' once preceding the 20tli of .Jul.'·· After that 
date the <lrnwbaek lessened, aud the re<JUisite obsern1tio11s were completed h;y the 2!1th of August. 

To provide for the J'eady occupation of Killington Station to the eastward of the :,;;outh end of 
Lake Champlain, Assistant Cu tt.s stored liis camp fixtures aml iustrnments at Hutland, reserdug 
only the theodolite and observing tent for occup~·ing l\Jount ::\louadnock, in New Hampshire. The 
sea.son proved to be unfaxorable, and for days in sncressiou that summit, was em-eloped in fog, 
but the chief of the party arnl his aid, Mr. C. IL Siuclah', watched patiently nntil the close of 
September, and finally COID})leted the recof(l of horizontal anglrs. 

The length of the lines obser,·ed in the course of the season Ya1'ie'1 from thirt.v-sen•u to sixty. 
three miles. On Prospect l\Ionntain horizontal angles were measnred b.r means of heliotropes sta
tioned at Helderberg, Greylock, Killington~ anll Potato Bill. 'Yhile at )foua<l11oek heliotrope:;; 
were observed on at ~lmrnt Tom, Gre;\-lock, and )lonnt I~qainox. The horizontal augle;.; were det~r
mined by se"\"en hundred and eigl1ty-four poiutings, and the rertical b~- one hundred arnl eiglity-th"e 
don ble-zeIIit11 di1itances. 

Besides the usual ohscnatio11s for <lctermi11ing local tiUH', :uicl the ,-ahw of Sl':lle tli\·isions of 
tlrn level and micromekr, the latitude at Prospect was dmlnced from one lmndre<l ancl twenty-eight 
observations on twenty-six pairs of stars. For azimuth, two hnn1lre1l and Stffenty-two obse1TationR 
were made on PolariR at a111l near it,s eastt"rn elongation. 

The records of the field work in elen~n volumei,; have hee11 1luplicated and placctl in tlw officf'. 
Before lea Ying the section an examination was ma.Ile of the region along the west side• of l1ake 

Champlain for selecting a station near Plattsburg to perfect the gemfotic co1111eetion het1n'Hll the 
primary triangulation and that of the lake. After his.return to the office, Assistant Cutti-: com
puted and turned in the results of l1is field ohsen·atiow; for triangulation, latitude, azimuth, and 
local time. 

Hydrogm11hy, ridni('f of Blrn'.li I.~kmd.-WiLh :1 suitable projeeticm, I,ient. Comrnarulei· C. )[. 
Chester, U. S. N., A&Sistant iu the Coast and {'reodctic Sm·wy, proceeded with his party i11 tl1e 
steamer Bache t.o the vicinity of Block Island, and comme11ced soundings in the middlt1 of Septem· 
ber, 1878. In the course of the following three weekR all the approaches to the island were care
fully sounded to the distance of one mile off shore, and the results are given on two hydrographic 
aJieets. On a third sheet, Lieuten;i.nt-Commander Chester r>lotted the soundings made in the 
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course of a close survey of Southwest Ledge. The following remarks are taken from the con· 
eluding report of that officer: 

"The southern and southwesterl'I shores parUcularly are i:;tuddeu with large bowluers, man;r of 
them entirely below the surface, making it extremely hazardous to approach nearer thau half a mile 
from the lan<l. Ily inquiry it appeared that most of the acciuents hare occurred on the southwest 
coast an1l in foggy weather, the strong title from the sound forcing ressels on the isla.nu. Owing 
to the rocky nature of the bottom only a small proportion of the wrecks get off again even iu 
smooU1 weather. 

"'Vith a chart, careful leadsmen can know when they are nearing this part of Block Island, as 
Southwest Ledge is joined to the island by a ridge with eight or nine fathoms of water. This 
ridge is steep-t-0 on its northern side, and shoals gradually on its southern side. 

''The breakwater now in course of construction on the east eoast of :Block Island makes a sung 
little harbor for small ,-essels during a southeast gale of wind, lmt with wind to northward of east
northeast heavy sea sets in, making it dangerous to remain near for auy vessel that cannot enter 
the basin. 

"The basin, about one hundred yards square, is dredged out to seven feet at mean low water, 
and in it 8mall vessels can lie in almost any weather. 

''To the northward of the breakwater vessels may anchor, protected from westerly winds in 
fi rn and six fathomR of water; hard, sandy bottom. 'l'hc best anchorage, 110"·ever, is on the west 
side of Lile islaml, abreast of low land adjoining the salt ponds, where in eight or nine fathorus a 
soft clay mixed with sand makes very good holding ground." 

:For the aJjustment of soundings the tides were obscnTed at a station on the west side of the 
basin, east coast of Block Island. The ordinary statistics of the work are : 

.l\liles run in sounding .................................. __ . _ .............. . 

.Angles n1easured ......... _ .............................. _ .............. . 
Number of soundings . . . . . .. . . . . . . . . . . . . . . . . . . . ..... _ . . . . . . . . . . • . .... , . 

352 
3,109 

10,350 

Hentenant-Cornmamler Chester was assisted in this section by Lieu ts. Uriel Sebree and A. V. 
\Vadhams, U.S. N., and b.)' :Master T. G. U. Salter, U.S. N. The party was subsequently engaged 
in Sections I, VI, and VIII. 

.A idg to narigation.-After personal examination, Assistant J. S. Bradfonl reported in April 
last Uw changes desirable in the positions of buo_)·s that heret-0fore have served as aids in coast 
navigation between Boston aIHl ~ew York. Thirty-four separate localities were examined. The 
rPcomme111lations iudicate iu each instance the exaet position to which the buoys should be moyed 
so as to be most effective in aiding the naYigator. In this S(iction the entire sailing course was 
carofnlly followed through IJong Island Sound, and continuously by the way of New York up the 
Hudson Rh-er to Troy. The changes deemed expedient ha\'e been made known to the Light-House 
Board. 

Surrey of Jamaica Bay, N. Y.-Field opemtions for this survey were resumed early in .July, 
1878, by Assistant J. \V. Donn, who extended eastward his triangulation work of the preceding 
year. Additional points were determined to the eastward to include Far Rockaway, and also the 
head of the bay. The shore lines were tra.ced as rapidly as possible, and results were f'urnisbec1 
for the use of the hydrogra1}hic party. In its progress the surrny by Mr. Donn was made so as to 
show the changes that have taken place, especially in front of Far Rockaway. At Rockaway Inlet 
the shore was resur\Teyed, proyiug that a retrograde mo\·eruent had oecurred in the course of the 
year. This, however, is regarded as temporary. Assistaut Donn reports that the inlet is surely 
moving westward, and at a considerable rate. "The small sandy island called Duck"Bar, by recent 
accretions is now abo,·e the mean high-water level, and lies nearly due south of the east end of 
Manhattan Beach. During the summer of 1877 no part of it was .visible at mean high water. The 
point. of the beach has receded abont three hundred meters, but very shoal water extends as far 
into the inlet as the high-water line of last year. 

"The shore line of the beach from the point at which the survey was begun in the present year, 
and on as far as the site of the hotels, has suffered little by abrasion or scour, notwithst.anding the 
fact that the sea swept over it in many places during the storm of January, 1879. 
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"There is no evidence of weakness at any point between the inlet and Far Rockawa~-, and it 
seems probable that the westward a<lvancc of the inlet will continue for some years.'' 

The statistics of the plane-table surYey are: 

Shore line sune;yed, miles _ .... __ . . . . . . . . . . . . ... _ .. . . . . . . . . . . .. . . . . . . . . . . . . 19:) 
Roads, miles ....................... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Area of topogra11h;y, square miles ............. _ .................... _ . . . . . . . . 25 

Assistant Donn was suhse11n<mtl.Y employed in field work in Section III, arnl at tlrn close of 
the fiscal year resumed work on tlui coast of Long lsJand. 

Hydt·ography of Jamaica Bay, N. r.-Soundings were commence.cl in the eastern part of ,Jamaica 
Bay on the 14th of August, 1878, by Lieut. ,V. I. Moore, U. S. N., Assistant in the Coast and 
Geodetic Surrey, with a party on board the schooner Ready. The requisite shore Jine was fur
nished by Assistant Donn, of whose work mention was made under the preceding· head. Lieutenant 
Moore at the outset of work established a fafo-gange on the wharf in front of the Holland Honse, 
on the south side of the bay, at a point nearly midway of the spaee to be inclnded in soundings. 
After joining properly with the 11,nlrograph~- done b_v Lienternmt 1\fa_vnard in the summer of 187i, 
the sonrnlings were extende1l to inclmle tlw eastern part of thr bar. The lines W('re run genemll:· 
at high water, a111l were crossed uy others for deYeloping the channels. 

"In the channels of the eastern part of ,Jamaica Bay the bottom was found to be uniformly 
hard sand. In the small passages, or in deep water cnt off by liars, the hottom is soft, black mm.I, 
probably washings of the peat formation of the marsh islands." 

From the observations recorded at the ti<le-gauge tlie. mean rise and fall was found to be 4.5 
foct. The statistics of the hy1lrography are: 

l\files run in sounding . _ .............. _ ............ __ . . . . . . . . . . . . . . . . • . . . 151 
Angles ineasured •• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • . . 1, 732 
Number of casts of the lead .......... , . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . . 13, Of.S 

Immediately aft.er tl1e completion of tlw l1y<lrography the chart of Jamaica Bay was issued 
by phot-0lithography. IJicutcrnmt 1\foore wa.~ assisttid iu the wod;: afloat b,r Lients. IV. F. Low arnl 
S. H. May, 'G. S. :X. 

Tidal observations.-Observatious with the self-registering tide-gauge at Governor's Island, iu 
New Yor!' Harbor, were kept up by Mr. R. T. Bassett until the 1st of May, 18W, when the series 
was brought to a close, fair observations having been recorded continuousl;y for a period of nine
teen years. The occasional breaks in the record were ca~ISed by ice in extremely cold weather, lmt 
that inconvenience in late years was generally overcome by the free use of hot water. 

The self-registering gauge was first started at Governor's Island in 1852. Owing to the diffi
culty of keeping it in opocation during cold winters, the series of continuous obserrntions was not 
begun unt.il the year 18GO, but since that date the series ha11 been well maintained. The records 
are of great value, and will be subject to further discussion. 

At Sandy Hook a well-furnished self-registering tide-gauge was put up in October, 18i5, 011 one 
of the wharves of the New Jersey Southern Railroad. Since tl1at date the record hwi been kept 
up by Mr. J. W. Banford with success. The best position was selected for the gauge, yet the water 
is sometimes very rough, and causes rapid wear in the working parts of the apparatus. As might 
be expected, the tides at this })lace when great storms are raging are much affected by tlrn wiml. 

Topography of Hud~on River, N. Y.-In continuation of the detailed snrwy of the slton·s of the 
Hudson, Assistant H. L. Whiting took the field early in the fiscal year, and prosecuted the work 
northward from the limits reached in the previous season near Peekskill. Two sheets were filled 
in the course of the season preceding the 1st of Decemher, 18i8, representing the topographir~a1 
details of the east hank of the river. The survey was c~rried iuland to the best practicable bouml
ary, and includes the characteristic features of the valley of the Hudson between the wot·king 
limits. The headlands known as Sugar Loaf and Ant.hony's Nose are shown on the map of the 
present year. 

The locality included in this survey is of peculiar interest; many difficulties offer in its ad-
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vance, but it is nevertheless desirable that the work shoulcl he done with precision. In alhtding 
to the topographical features, l\Ir. Whiting remarks: 

"Most of the hill-sides and summits are thickl,v wooded with trees common to the latitude arnl 
soil-oaks, chestnut, hickory, maple, hirch, &c., with some pines and ce1lars, the deciduous trees 
being the characteristic growth. Mon~ment with instruments was much impeded and obsenTations 
rendered difficult, the summits being as inaccessible as the valleys and ra-vines. Changes in con
tour are abrupt, and the feat.mes of such magnitude that no system for generalization can be 
assumed. It became neces1mry, therefore, not only to go o\·er all the ground, but to record ob
servations and measurement.R muler difficulties which made the progress of the 8UrYP,V laboriom; 
and slow." 

As the historical interest arnl general importance of this particula,r section of topography call 
for the ntmost'that can be uone in the way of delineation, Mr. "'biting spare1l no effort. The 
results of his work will meet all possible rnquirements. Bxpedients suggested by his experie11ce 
in the fteld, bnt not commonly employed, were brought int-0 requisition when it became apparent 
that ordinary methods, carried of nece8sity in this case li<1yoml controlling points, would involve 
errors in position and in detail. The plane.table sheets represent all surface features with such 
precision that beyond their limits tht> suryey of the State in the Yicinity of the H utlson will be 
greatly facilitated. The statistics are: 

Shore line snr-veyetl, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . HI 
Streams and ponds, miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 21 
Roads, miles . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . H81 
Area of topography, square miles ....•............•..•.•...................• 12 

Mr. ''T· C. Ho<lgkins served as aid in tht> imn·ey on tl1e Hudson, and suhseqnently with a party 
in Section VI. 

Station 111a1·ks.-In Jul.v and Angnst, 1878, Assistant F. H. Gerdes examine<! the vicinity of 
eight stations of the secondary triangulation of the coast of ~ew Jersey. These were occupied 
many years ago, and ground markR had been set sufficient for the time, tlle advance of improve
ment beiug slow. But here and elsewhere along the coast the surface of the ground ha:; been 
materially cl1anged in recent years. Knolls and elevations on which signals once Rtootl ha,·e been 
levelled, the ground thus couyerted has heen planted in corn, and in some cases no trace remains 
of points formerly marked and occupied by tbe theo(lolite. Such change;;; were to be expectea; 
hence, at the outset, range minks were set at some distance from the triangulation point, and so 
described iu the record as to admit of ww in idt>nti(\'ing the position, e-ven after the remm·al of the 
original ground surface. 

Five of the stations visit,ecl were i1lentifi.ed by Mr. Gerdes, three in the upper part of New 
Jersey, at Bound Brook, Bloornll.eld, and Throckmorton, and two in the vicinity of Cape l\fay, at 
Baird and Learning"s Point. At the former station, Chew, it was made eYident by outlying range 
mark8 that thP hill on w hic11 the tlieollolite stood has heen levelled, and a turnpike now 11as1ms oYer 
the site. 

I~ield work subsequent!~· prm•ecnted by Assistant Gerdes will be described in Section IV. 
Geo<ltltic opera.timis -in Net" Jersey.-At the beginning of the fiscal year, Prof. Edward A. Bowser 

was engaged in the measurement of horizontal angles at Pickles Mountain, a station connecting 
with an important g-eodetic point in Pennsyh·ania, and "\\ith five others in New .Tersey. 

Early in August, 1878, angular measurements were completed at Pickles, and the theodolite 
was tntnsferTed and placed in position on l\Ionnt JJoreb, where observations were continued until 
the .'30th of October. The signals observed on from the first-named station vary in diRtance from 
fifteen ro twenty miles, and from the last-named eighteen to thirty miles. 

At the close of the fiscal year, Professor Bowst'l' ma.ile arrangements to resume work at Mount 
Horeb. The statistics of tht> field work include: 

Angles measute<l ..................................................... __ . . . . . 18 
Nun1her of ohservations . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . . 498 
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This work has been kept in close geodetic counection with adjacent primary stations of th 
triangulation of tlie Atlantic coast. 

Rydrography of J)elau:are River.-For the uses of tl1e Light-House Board, thP Del:nrnrP HivPr 
was sounded between Marcus Hook and t11e New Castle Flats in Augm;t alld Heptemher, 1878. hy 
a party in charge of l\ir. Charles .Tun ken, of the Coast Survey Office. The steamrr Arago was as
signed for tbe service. Col. \V. F. ltaynold>i, United States Engineers, in cliarg<" as engineer of' 
the Fourth Light-House District, indicated the limits and scale of the work, and in conjunction 
with Commander G. B. White, U. S. ~.,inspector of the district, selected three rangl' lit1es wlticl1 
were marked by Mr .• Jun ken in the course of his o}ierations. 

Signall'I were set up early in Angust for tlle needful triangulation, and soundings wpre hog1111 
in tlie middle of that month. 'fhe weatller was fa\·orable, and in gen_eral the plotting of th(• sou111l
ings was kept well up with thp, progress of work afloat.. As soon as praeticable tlw chart wa-. 
completed, representing about ten miles of thr courst> of tlw riwr, aml was 1lf'linre1l to Colom•! 
Raynolds. The statistics of the hytlrogTaphi1• work urp: 

)files.run in sounding ........ ___ .......•................................ 
Angles n1easured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... 
Xumber of soundings ...•.............................................. 

2S-t 
:!, 8G2 

]j~[iO{i 

As usnal the records of the work haw: been filed in the oftler. The wnrkiug ex1w11ses of tl11• 
Jlarty were }laid from the funds of the Lig·ht-Honse iwrYiee. 

Mr. \Y. C. \Yillenhucber· aided Mr .. Tnnken in this hyrlrogTaphil' 8lll'Vr>·, aml at'tt•1· its ('nttqtlPI ion 
both rP-turned to clut.y in the offil'e. 

Rpeeial surz•ey ltt l'hilaiielphia.-For tl1e g1~11eral 1mrpose8 of the suryey of the Delaware RiYer 
hegun last year at Philadelphia, additional points were determined along the shores in the ,-icinity 
of J,eagne Island by Assistant S. C . .:\lcUorkle in the summer of 1878. On several lines of' the 
original triangulation it was found that structures erected since the stations were first oecupi<"d 
Lid from view the poiuts needful for the ;;urvey near the mouth of the Schuylkill. New statiou8 
were tl1errfore established, and additional points determined on both sides of the river between 
Fort Milllin and Philadephia.. On the .Tersey side a new station was substituted for the one pre
viom;ly occupied at Ragle Point, the statio11 there being lost hy the caving in of a.bout one lmndrt>tl 
feet of the rh·er embankment. 

Ab°'·e Philadelphia additional statiom; were occupied in Xovember and December, 1878, hy 
Assistant C. M. Bache. The aui,'1.tlar measurements then made determined the positions of fonr 
points exclusive of a station in connectiou with them rm Pett..v"s Island. The aggregate statisticR 
are: 

Signals erected . . . . . . . ..... - . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Stations occupied . . ......................................... _ . . . . . . • . . . . .1:1 
Angles measured . . . . . . • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 
Xu1nber of obsen·ations ................................................... I, 326 

During the winter of' 1878-'79 the movement of ice in the Delaware was closely examined hy 
Assist;ant McCorkle along the stretch of river from Bridesburg, above Philadelphia, to Fort Miftii11, 
below the city. After completing his observations, the courses taken by the floating ice both on 
the flood a.nd on the ebb tide were traced on charts. It was noticed that between Greenwich Point 
and the Horse Shoe, and also immediately opposite to the Horse Shoe, the tendency of the ice wa,., 
to pack on both tides, but below the old navy yard the ice packed mostly on the flood tide. TbP 
ebb deposited ice opposite Gloucester, N .• T., an•l the flood above and below on the same sitfo of 
the river. During \he winter the channel wa.'J generally free of ice abreast of League Island, hut 
ftoa.ting ice packed on the flood. at Fort Mifflin. Opposite to Philadelphia the ice when moving with 
the flood tide kept a course along the city whan·es, but on the ebb the ice left the main channel 
near the upper end of Smith's Island, ancl passed down in the ea.filtern channel miclway between the 
island e.nd the Camden wharves. 

The observations recorded at Philadelphia by Mr. McCorkle, having close relation to studieR 
m which the effects of tides and currents must be carefully consirlered, were placed in the hands 

S. Ex.17-4 
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of Assistant l\litclwll, nwlPr whose 1lirection tht' spl'cia.l snrn~y for the city of Philadelphia has 
hN• n cmul n cted. 

Field work vrosecn1ecl hy .\l'si,.;tnul .l\fi·Corkle in tlw antnmu of 1878 ]ms ll('t\ll mrn1imwd in 
':-\1•1·tio11 I of thiH report. 

The city conncill.; of l'hihulelphia haYing made au additional appropriation, t.ht> topograpl1ical 
;;urn•y hrgnn in .• \ugust, 1878, was 1·0111.inned by four plmrn-ta.hlc parties workiug nuder th<• 1liree
tiou of Assistant R. M. Bache. 'l'hrn<' of the prqjediom; wen' fille<1 with details h;r the close of 
~oYemher, aud the shl'Pts w<'n' inked i11 the cmirst> of the following spriu:,.?;. 'fhe fourth shek't, 
i1wlncliug the eity front· oppoRite to Ca.mdtm, N .• J., alJ(l the wharf Jines of that dt.y, was mapped in 
April of the presm1t ymn. ,\LI the work iH on a i:wa.10 of four lmuclretl fof"t· to tlw inch, and wa8 
execntNl with PXtreme care. The statistics are: 

Hig·h-water outline tracPd, miles . • • . . . . . . • . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 
Low-water outline, miles . • . . . . . . . . • • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4,3 
.1\.'larsh outlineR, inile~ ............... _. ~ .................... - ..... - - ............ - - - - - - - . :!3 
Dit<:hes, ruiles • . • • • • . • • . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . iii' 
Streets and roads, miles ......................................... - - ... - .. - - . - 57 

The sheets represent ahw au aggregate of senmty-se~eu miles of railroa1l within an area of 
t wenty-one,square mile.s. ]\Jore than half of that area is acttrnlly 1•tJ>ered hy tlu~ wha1Tes, hoti8e8, 
arnl other detail8 give11 on the topographical sheets. 

After completing his fielcl work am] inkiug the drawings, Assistant Badie made duplicates and 
traced on them, for cowpad>ion with his own as given hy this last survey, the shore lines found on 
the oldeRt maps of the vicinit:v of Philadelphia. These were compiled trom documents representing 
at various dates parts of the river out.line between Rrideslmrg and Fort "Iiffiin. On the compara
tive map the dates were attached to out.lines, which in earlier years were regarded as reprnsenting 
the condition of the rker when the outlines were traced. 

'fhis special survey, as mentioned in my last annual report, was made at the request of the 
board of trade committee on coastwise and foreign commerce. The members of the hoard being 
largely interested in foreign trade, have gh·en earnest attention to all stept'l in the work, the aim ot 
whi!'.h it-1 to add, if possible, to the facilities tor commerce at the port of Philadelphia. 

Current obseri•ati<m8 in the De1aware.-Iu continuation of the operations in physical hydrog
ri1phy, 1lirected hy Assistant Henry l\Iitehell, and of which au abstract waa given in my last annual 
report, ~.\.s:.istant II. L. 1\forill(lin resumed work early in May, 187S, with a party iu the st.ea.mer 
Patl10mer. Base li111•:-1 were measured for current obserYations on cross-Rections, adllitional to those 
nm last .n~r, a111l these were joined with the work of the previous season off J•ett.y's r sland. 

Until the micldle of August current olJser\'ations were recorded for trans\·erse cun'es of v1·loci
ties at fifty-three ci·oss-sections of tlrn bed of the Delaware, the object being to obtain reA>ords at 
the moment of maximum velocity of lXlth ebb and flood, and theliC were made in oom1ectiou with 
soumlings to develop the perimeter of tlie sections. The currents were observed hy means of 
loaded poles drawing six feet of water, left. to fioat free, and started in the stream ahoni ranges 
two lnmdred toot apart. At each range the time of the passage of the fioat was noted by observers 
with theodolites at each end of the base line. The position of the float while crossing ea.ch range 
w:.u~ noted by another ousmTer with a theodolite stationed at a position suitable for determining 
the point on the range at which the float crossed. The positions of the bases and stations of the 
observers were determined in t11e usual way from the triangulation pofots of the surve,y. Statis
tics 0£ the current obserYations are: 

Cross-sections observed. • . . . . • . . . . . . . . . . . . . • . . . • . . . . . . . • • • . . . • . . . . . . . . . . . 5..3 
Ploat observations • • • • • . • . • • . . . . . . . . .. . . . • • • . . . . . . . • • . • . . . • . • . . . . . • • • • . . • . l, !!3!l 
Angles measured on ti oats . • • . • . . . . . . • . . . . . . . . . . . • . . • . • • • • . • • • • • . • • • • • • • • • 2, 312 
8oundings on cross-sections . • . . . . . . . . . . . . • . . . . . . • • . • • • . • • . . . • • . • • . . . • • • . • 8, 520 
Angles for soundings .•.•.•..........•...................•. · .••..••..•• -: . • . 3, 324 
Angles measured with theodolites . • . • . • . • . • . . . . . • • • . • • • . • • • • • • • • • • • • • • • • • • 878 

While current observations ~re in progress the hydrographic survey was begun and prose
cuted a.t intervals until the middle of Augnst, 1878, when the entire party was enlisted for sounding 
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the bed of the JIJelawa.w, between Britlesburg and Fort '.\Iiftliu light-homm. Tile sotuHli11gs mad1• 
are represented by four sheets on a s~ile of four hundred feet to the inch, corre::;r><>n<liug to tlw 
scale of the topographical sheets, t.he completion of which lias been alrca.tly mcutioued. 'l'ht• 
h,vdrographic statistics arc : 

1\Iiles ruu in soun1li11g ...........•........................•............ _ . 
_Angles measured for po;;ition ............... _ ..................•..•••.... 
~uniber of sonudiugs ................. ,.. ..........................•....... 

;):,!;\ 

10, a:>o 
30, illi 

Permauent beuch-mttrks were cHtahlil'lhed at _Five )lile Point, at- Ke11siug-to11 watl'r-works, at 
the old naYy-yard, ;111<l at League h;land. B<wh of these was refel'l'ed to ti.Jc othPrs hy simul
taneous tidal observations. As mmaI, careful descriptions of tlte bench-marks were sent- to thl' 
office. 

\V!tile AsRint.ant. l\-fariudin was at. work in the Dtlla,ware, uperatiuns for impron111eut 11·ere in 
progress m11ler the eharge of Gen. ,J. X. )facQmh, Unite(l ~tates Engineero;. At the re<1uest of that 
officer, Mr. l\lariullin wa.o; authorized tu furuish the reimlts of hii; o;urn•y of tllc bulk hea~l at ·Fin' 
Mile Point. 

In prosecuting the general h:ydrogra1ihy of the Delaware, abreast uf tile city of Pllilatlelphia, 
a SQoal was developed in the vicinity of the whar,-es of the American Trausatlantic Steamship 
Company. Fnll particulars in regard to the obstruction were communicated in September, 1878, 
to the mayor of Philadelphia, in order that measures might he taken for its remornl. 

Assistant Mariudin was aide<l at PhiladelJlhia by -:\Ir .• J.B. Weir. \Yhen the operations of the 
party afloat were closed in November, the bydrographic sheets were completed and results of the 
current observations were put in form. Assistant :Mitchell iu dtie timt• presented an elaborate 
report, in which all the results of observations are embodied. 

Gooiktic operations in Pennsylvania .. - 'Vhen my la-st annual report was closed, tll(• party of l'rof. 
L. M. Ha.opt was engaged at Big Rock, a station near the Lehigh River, and at the ea-stNn extrem
ity of the scheme of triangulation in Pennsylvania. Ang11lar measurements at tltat point were 
made by Prof. C. L. Doolittle, of Lehigh University. In Jul;r, 18i8, the p;trty was transferred to 
Maryland, and there two stations, Meeting House Hill and Principio, and, in Pennsyh·ania, Lon
donderry and Rawlinsville, were occupied in succession in the inten-al preceding the micldle of 
October when the field work was closed. At these stations the geodetic operations were conduct-ed 
alternately by Professors Doolittle and Haupt. The statistics are : 

Observing tripods and scaftolds erected . . .. . . . . .. . . • . . . . . . . . . • . . . . . . . . . . . . . J 
Stations occupied . . . . • . . . . . • . . . . . . . . • • • . • . . . . . . . . • . . . . . . . . . . . . . . • . . . • . . . . .-. 
_,\ngula.r measurements .•........••.••........•.•...••• , • . • . . • . . . . • • • • . . . . 2, 150 

·when the fiscal year closed, Professor Haupt wa.s in readinmis to resume field operation,;. Of 
these further mention will be ma.de in my next annual report. 

Pendul1t11i observations.-Experimental and mathematical stu!lies for the determiuatio11 of 
gravity have been oontinned by Assistant C. S. Peirce. .Flexnr(~, as a source of error in the orcli
ua.ry support used for pendulum experiments, aud the possibilit;\· of allowing for t111i error, as 
suggested by him iu 1875, are now allmittecl by European obser~ers to he essentials for l'lll\C('ss in 
the investiga.tion. Mr. Peirce says: 

"There still remains a question in regard to the difference between the tlexm·e under a forc1~ 
applied continuously and under one intermittent like tlta.t caused by a swingin~ pendnlnrn. Ex
periment.8 at Hobo-ken, N. J., show that this difference is large upon a woo<len support, lint "insig
nificant upon a metallic support." 

In a. mathematical analysis published in the "Proceedings of the American .Academy or Arts 
and Sciences," Assistant Peirce has shown that any difference between the statical and dynamkal 
fle:11100 which could po!!ISibly ha.ve an a11prcciable effect on the time of oscillation of the penclulum, 
would largely increase the rate of decrement of the am}llitude of oscillation. He remarks fnrth<•r: 

"No considerable eft'ect of' this sort exists, tlte rate of decrement being almost exactl.Y th(' 
same upon the Repsohl tripod that it is npou anotl1er support of much greater stiffness. But, 
alt.hough the di«'erenee betw~ the irt;Q,tical and dynamical tle:u1re will be yery small when good 
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judgment has been usetl in u10uutiug the pt•ndulum, the correction for fiexurc remaius a source of 
anxiety and trouble in making the experiments. l•'or this reason a careful mathematical study has 
heeu made of the method of avoiding the difficult~·, as proposed lly 1\1. I<'aye, which consists in 
swingiug two similar pendulums sinmltaueom,;ly on the same support, with e•1nal amplitudes of 
vst·illation, lmt opposite phases." 

The yfows of Assistant Peirce in this connection are fully set forth in his pa11cr ou l"ase's 
method, communicated to the American Jomual of Science. 

The concluding report of the season mentions, as a spechil difficulty in determiuiug gravity, the 
uncertain effect of the wearing anu blunting of the knife edge uvon which the iiemlulnm rests, and 
of its motion upon the plane which supports it. Experimental in\'estiga.tions of these subjects 
ha,·e already been undertaken, and will be fnl'ther prosecuted in the course of the coming year. 

The acceleration of gravity has been accurately measured by Assistant Peirce, at the Alleghany 
Observatory in Pennsylvania. Stations on the mountains in that i:-;tate will be occupied in suc
cessio11, as means for estimating the disturbing· effel'.t of the mass of the Appalachians on results 
for latitude, longitude, aud a.zinmth. 

Ju geuc>ral reference to researches for completing U1e i:;pectnuu meter, ~\s:-;i;.;taut Peirce tlms 
remarks: 

"01H• of the difticultiel'i iu the measm·erncnt of graYity is the circumstance that metallic bars, 
hitherto our ult,imate standards of length, prohalJly change iu length in t.he course of :years. The 
l'onfn:;iou into whieh such spontaneous cbaug·es in stamlartls of length may throw all vreci:;c meas-
11rements rtiforre<l to them, is too obvious to be insisted upou. Hence search has been made for a 
h'ugth in nature which should be more strictly invariable than that of a metallic bar." 

The idea that a wave length of light would be more invariable than any substantial memmre 
has been entertained by sernral distinguished physicists, such as Arago and Clarke :Maxwell, but 
tlleir suggestions are to be regarded as purely speculatirn. 'L'he means of -comparing with great 
Jll'Ccision a wave length of light with a tangible object were not known when the sugges.tions were 
recorded. In reference to the basis for his subse<1uent development of the idea, Assistant Peirce 
thus observes: 

"It was not uutil our ingenious countryman Lewis }I. Uutherfurd, b;r variouis mechanical 
achicwments, and especially by his manufacture of diffraction plates of extreme accuracy, had 
made the attempt practicable, that any one could seriouslJ· propose to measure a warn length to 
011e-rnillionth part of its own length. 

••The length of the wave tlepends, first, 011 the iuternal constitution of the chemical atoms of 
t lw sttllstance which gives rise to the spectral line, and this we ham reason to believe the most 
unalterable thing known in nature; seconlll;v, on the densit,\· aud elaRticity of the luminiferous 
ether as it exists iu Yacuo; aucl though we have as yet no positire information in regard to the in
alterability of these qualities, we have reason to suppose that they are free from influences whfoh 
cause the s11ontaneons alterations of metallic bars." 

The matter must necessarily remain tentative, but the end sought ii; well brought out in the 
results. After many essa,ys Mr. Peirce succeeded in manufacturing in .Mr. Rutherford's laboratory, 
with the aid of his trained assistant, :l\-Ir. D. C. Chapman, a comparator by which a diffraction plate 
or one centimeter width has been compared with each one of a decimeter scale of centimeters accu· 
raJely to the one-millionth part of a centimeter. The fnrtlier comparison of the decimeter with 
each one of a meter scale of decimeters has been commenced but not conclmled. 

The ot11er part of the investigation, to compare the waye length of light with the breadth of 
the difl'raction plate, has been successfully accomplished by means of a spectrometer of orif,rinal 
construction, IJrovided with a circle divided upon glass, after Mr. Rutherfurd's design. 

In studying the various sources of error in measurements of the deviation of a line in the dif· 
fraction spectrum, Assistant Peirce observed the supplementary images, commonly called "ghost-I!!," 
due to irregularities in ruling the lines. These he found to be an entirely new speciea of diffraction 
J•henomena, and tha,t instead of their position depending on lihe amount of irregularity in the ruling, 
as had been commonly supposed, only their brightness depends upon this, while their position depends 
solely on the period of the inequality. After confirming his mathematical analysis of the sab.jeet 
by carefiµ angular and photometric measurements, Mr. Peirce preseuted the results in a Il!emoif 
which was read. at tpe last mi:ieting of the National Academy of Sciences, 
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Among seYeral forms of projection devised by As;;istant l'eirec, there is one by whieh the 
whole sphere is represented upon repeating squares. This projection, as showing the connection of 
all parts of the surface, is convenient for meteorological, magnetological, and other purposes. The 
angular relation of meridians and parallel:,; is exactly prei;;erved; and the distortion of area." is 
mucl1 short of the tlh;tortion incident to a11,Y other pro,iectiou for tlw entire sphere. 

HECTIOX III. 

:\iAHYLA,\"D, Vlf{hlNIA, AND \YEST YlRlHNIA. (l-'1u:1-cHE~ ).'"~· >:', 10, ASH 11.) 

Longit~de detennination.~.-f'or determining the longitude of a point in States\'ille, X. C., of 
which further mention will be made under Section I Y; and ab;o of a point in Atlanta, Ga., to be 
referred t-0 under the bead of' Section Y, the usual arrangements were made,.aL \Yashington, D. C., 
in Kovembcr, 1878. The work was under the geJLeral charge of A;;sistant G. \Y. Deau, aml Assist
ant Edwin Smith was direded to eo-operate in the senice. Uy pern,ission of' !{ear-Admiral Johu 
Rodgen;, er. s. K., S11perinte11dent of the .Na Ya! ObserYator:.·, the station oceupied h~· the ohserYers 
in vVashiuglon for teh•gTaphic longitude exchangei-; with the southern stations, wai,; located in tbe 
Observatory gmuuds, and due arrangementH were made for erecting a temporary structure. Mean
while, -;\Iessrs. Dean and Rmitli were accommodated in the Trausit of' Yenm; building, and there, 
with Transit No. 8, each obsen·er recortle•l one hundred autl tweuty-two obserYatious on fift:.·-four 
stars for personal equation during liYe nights of Ko\·ember and Decnmller. 18i8. 

Assistant Sruith prol'eeded to States,·illc, N. C., ou tl1c l:Jth of Hecember accompanie1l h,r Mr. 
C. H. Sinclair. :Uetweeu the station there iselecte1l, and the station at \\-aslLingtou, telegraphic 
exchanges were recortlell hy l\lr. Dean during four nights iu December. As usual, the observers 
then changed places, Assistant Dean rnceiYing at State:-;ville the signals sent by )Ir. Smith dtiri11g 
three nights from \Y~shiugtou. 

Mr. Dean transferretl the iwstrume11ts from StatesYille, to Atlanta, Ua., and from that station 
exchanged signals <lnring frrn night:; with As:-;istant Smith, who remained at the XaYal Oll;;errn.
tory in Washington. Changing place,; as hefore, )fr. Smith :;ent fro111 Atlanta, lluring six nights, 
signals which were recorded hy Assistant Dean, at "·ashingt,.m. 

Exclusive of details immediately eounected with longitude determinatiou:;, the two olmeners 
recorded at the :Naval Observatory three hundred and ninety-two obsen·ations in .Jannary and 
.Febnmry on ninet;r-three stars fb1· chronometer corrections. Iu the next section reference will he 
made to the determination of longitude at Statei-;dlle, N. C. For the operation1:1 of the longitude 
pa.rty the usual facilities were aftlirded free of eharge by the officers aud operators of the \\' estcm 
Union Telegraph Company. 

In March, when Assistants Dean and Smith again 111et iu \Yashiugton, oue huutll'ell aud four
teen obse1·vations were r.ecorded by each on thirt;v-six stars duriHg four nights with Tran:;it ~o. 8. 

During .January 1md February, ~lr. Ji'. II. Parsons aidctl iu the work at the ~aval Ob.sen-atory 
in recording and also in computations. 

Magnetic: obse,-1~atfons.-At the station cstalllished some ,year.s ag·o on Capitol Hill, in \Vashiug· 
ton, D. C., the magnetic declination, dip, and inteusity luwe been obseiTed a.nmmlly hy Assi8ta11t 
Charles A. Schott. Iu J nue, 1878, the series w1t8 continued by ohserYiug ou thl:' Hth, 10th, aud 11th 
of that month. 

Assistant Schott reportis that uii:; last oll:ie1·ntti0Gs sho\V the law in regard to secular changt• of 
the magnetic ileclimtt.iou at \Vashingtou to be a::; it was found ll.Y the obsen-atioms of pn•1·rnli11g
years. 

A third discussion of the i;t~ular change of decliuat.io11 (nuiatiou of the <'omJta&-1) i11 the 
United States and adjacent countJ:ies hW5 heeu com1>lcted hy )lr. ~cllott, antl will he n·.ad~· for issue 
at an early day. 

Special hydrograpltic inr1esti.gatio1i.-Iuquiry has frequently been made fol' such iuformatiou as 
could be incidentally gathered by parties workiug afloat in regard to the growth of o.rster,;, which. 

, in the mass, are cormnouly termed reeytiJ, and sometimes ,-ocks. ln ortler to meet the interest maui
fested, some general remarks by L. F. Pourtales, Esq., formerly Assistant in the Coast Surve,r, were 
given to the public in 1873, relating chiefly to oyster supply anq to the ma.nifest waste in the 
method employed in taking them h:i the waters noor New York, 
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Recently, inquiries on the subject were renewed by the United States Fish Commissioner, Prof. 
S. F. Baird, with reference to the adoption of snch means as might be practica.hle for preserving
tl1e supply of fornl-pro<luciug mollusks in Chesa})Cak(" llay, aud as all needful appliances were at 
hand the in\•estigation desire(l l)y the Commissioner w~ promptly unrlertaken. The work was 
committed to Master Francis \Vinslow, U.S. N., Assistant in the Coast and Geodetic Survey, with 
a party in the schooner Palinurus. 

Earl.\- in Angnst, 18781 Master "\:Yiwslow cxaminetl the oystt•r h<•tfa i11 the ,Tames Ri\'et from 
Sewall's Point upwards, ai11l clol'.let1 inYestiga.tion i11 that rinir on tlle 171.h aft(lr tmnm-1ing forty 
miles of existing heels. During the 1>1tnmgth of the title, cnrrtmt ol>serv1~tio11s wen• recurifod at th{• 
separate beds, and specimens of water were taken at different tleptlit; for amilysi8. The tem1wra
tllre of the water was carefully noted. 

The latter part of August was employetl by the party in Tangier Sound. Many specimens 
were taken of dift''erent ages, some from ·each bed or "rock," as the' mass is termed by the local 
oystermen, and with the living mollusks specimens of the bottom on wbicl1 they were fotind. Over 
each "rock" the current was me.asured as nearly as possible at half flood and ebb. A1l the beds 
were marked on copies of the engraved chart, and traverse lines of soundings were nm to de\"elop 
the locality, the proceeding at each being like that conducted in reconnaissance about a shoal. 

Subsequently the oyster reef:; in Pocomoke Sound were examined and mapped as in the locali
ties already referred to. B,r the schooner, and her boats, upwards of nine hundred stations were 
occupied for determining positions, and eight hundred and fourteen miles were run in sounding. 
The records show five hundred and seventy.fixe observations for temperatnre, and four hundred 
and twelve specimens of bottom were preserved. The dredge was u11ed :in depths varying from 
twelve fathoms t:-0 as little as eight feet. 

Master R. R. Barron, G. 8. N., was attached to the Pa.Iinurw;, and effectiYel;r assisted in the 
investigations. In his concluding report, Master Winslow cordially mentions his obligations to Mr. 
T. S. Hodson, collector, and )Ir .• J. E. Sterling, postmaster at Crisfield, for their kindness, and for 
suggestions that facilitated the work in many way~. Mr. T. B. Ferg-uson, of the Maryland Fish 
Commission, futthered the im·estigations, and Mr. H.J. Rice garn direct assistane~ in the details 
and valuable suggestions for prosecuting the work. The informatfon gathered by Master \'Vinslow 
>l'iH be placed at the disposal of tlie United Stat€s Commissioner on Fish and Fisheries. 

)!asters 'Vinslow and BarroH were subsequently engagetl in hydrograpbic work, notice of 
which will be taken in the next section iu this report. 

Tidal ohserrt1tion.~.-The serieR of tidal obst>rvati<ms continued for many ~·ears at Furt Monroe, 
Va., with lt oolf-regisroriug gauge, was clo11ed in Jul;r, 18i8. l'he observations will in time be 
thoroughly discussed by the method most suita-ble for a continuous record of many ;rears. 

S11Yrey of James Rii•er, Va.-Field work for the (letailed survey of the river between City Point 
aud Dutch Gap was resumed b;r Assistant J. \V. Donn early in November, 1878, his party using, 
a.s beret.afore, the schooner Scoresby. Above the Gap, signals were set up for extending the sur,,ey 
to Ihchmond and Manchester, and computations were made of the points requisite for the plane
table work. .As opportunity offered, tlle stations were occupied with the theodolite, and angular 
measurements were made on spires and objects in Richmond for connecting with points used in the 
early survey of tbe riYer. The markings of the base line of that survey were sought for, but have 
not yet been itlent.ified. Thorough examination will be made in the course of the ensuing season 
when the party wUI again be a.t ~fanchester, a.ml it is deemed probable that the ground-marks may 
yet be recovered. 

The topographical surrey was adrnnced to a lWJiut a.hoiit tixe miles below Richmond, and 
includes inft.etail the jettees an1l ot.her works of the James Uiver Improvement Company. Owing to 
restriction in the means for work and the necessity of maintaining parties on stretches of the coast 
not previously developed~ it was found inexpedient to continue the survey in the vicinity of Rich· 
mon<l. The. detailed survey, including tbe hydrograpby, will, however, be extended up to that 
city in the course of the ensuing season. 

Geodetic oonnection in Virginia.-After completing the chain of quadrilaterals along the Blue 
Ridge between Harper's Ferry and tbe base line at Atlanta, reconnaissance w!WI made for stations 
by wbieh a similar chaia might be e:xtooded from the headwaters of the Rappahannock we8tW'atd 
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to the Ohio River. Some of the stations having been selected aml marked by signals in the usual 
way, Assistant A. T. Mosman rook the field on the 20th of April, 1878, and occupie.d Humpback 
Mountain, and in succession, in the c,ourse of the present fiscal year, four other primary stations 
in comwction with it to the westward. Three of the points occupied are upward8 of fort~·-thrPe 
lrnudred feet above the sea level. In addition to angular mea:mrements requisite for t11e geodetit' 
connection, twenty-four mountains of the Blue Ridge, Great North Mountains, and the main Alle
ghany range were determined in approximate position and elevation. Tweke of these peak81 mostly 
at the headwat~rs of the Potomac, James, and Kanawha Rivers, are more than four thousand feet 
above the sea. Mr. Mosman also included, by proper measurements, the astronomical station 
occupied at Staunton, Ya., in 1866; and incidentally traced a meridiau line two miles in length near 
that city. As usual, the ends of the line were marked by stone posts. 

After completing work at Humpback, the twenty-inP-h theodolite was used in succession at 
Elliott's Knob, Bald Knob, Paddy's Knob, and State Springs, the last-named station being some 
miles to the northward and westward of Harrisonburg. 

Three secondary stations were occupied in the vicinity of l::ltaunton. At Elliott's Knob, azimuth 
was determined by two hundred and forty-five observations on Polaris. For"time, forty-two stars 
were obsen'e1l on ten nig·ht:-1; and for latitude one hundred and eighty-nine obRer\'atious were 
recorded with twenty-three pairs of star:oi on eighteen nights. All the points observed on from the 
four primary positions occupied within the fiscal year were determined in height by the measurement 
of vertical angles. Observations were completed at Elliott's Knob on the Gth of August.. llaltl 
Knob was occupied a few days after, but of necessity the camp of the party was 8ixtel'n lmndreil 
feet below the 1mmmit, as no water could be found near the station. 

Paddy's Knob was occupied early iu October, and State Springs later in the same mouth, 
Both are difficult of access and distant from an,\- roa<l. The party put up log cabins for shelter, ancl 
occupied them while the obserYations were iu progTeS8. TTp to the middle of October the weather 
was such as to admit of rapid progress, but observations were interrupted by a Yiolent storm of 
wind, hail, and snow, continuing four days after the 17th of tliat month. During two days tlie 
temperature was below freezing. ObAernt.tions at Padd,r's Knob were finaUy completed ou the 24th 
of October, and the measurements at St~.t"' Spriugs 011 the hit of Nornmher, 1878, the temperature 
for som('; days previous heiug as l<lw as t:)O Fah., with a st1·011g wind. 

The secondary work at Staunton was completed early in ~ol\'ember and gave clata for determiu. 
ing the position of the court-house, and other public buildings, as well as fo1· c.,-ounecting the a>itm· 
nomical station with the primary triangulation. The statistics are: 

Rtation11 occnpie<l - ..... _ . - - _ .. __ . . . . . __ ... _ - . _ . . . - ... __ ... - - . - .... - . . . . . 7 
Signals erected .. _ .. _ . _ .... _ ......... ___ ..... __ ........ ___ . _ .. _ _ __ ..... _ 13 
Horizontal angles nuwmred .......... __ ...... __ . ___ . - ... ___ .. __ .. __ . _. _ _ _ 21~3 

·y ertical angles ...... _ .... _ .. _ .... ______ ..... _ ............... _ . __ .... __ . . . . 63 
Number of observations, p1'imary .. ___ . _. _ ..........••. __ ..........•. _ .. - . . 2, 102 
Number of observations, secondary .... _ ...• _ .. ___ . __ . ___ ...... _ ...••.. _. . . 567 

The records of the work have been :filed in the office. Assistant Mosman, at the end of the 
.fiscal year, ma.de arrangements for occupying stations near the headwaters of the Kanawl1a Rinr 
for extcmling the geodetic connection westwarll towards the Ohio. 

Oe<>ietic le11els.-Me.n.tion was made in my report of last year that a line of levels of pr<>cision 
had been st.arted westward from Hagerstown, )[d., and run towards the Ohio River, and that work 
on the line was :resumed by.Subassistant Andrew Braid in May, 1878. After testing the work pre
vim.tsly done, the line was extemlec.l westward with the geodesic micrometer lm-el, No. 1. At the 
office the constants of the instrument were carefully determined, and in the course of operations in 
tltc field have been verified. 

Instead of working in opposite directions, two lines were ruu simultaneously, and generally the 
rods were at difterent dLtances from the instrument. The record of each rod is a complete line, so 
that it is unneoossa.ry t-0 apply any correction for difference of zero poiuts of their scales. 

A.s the work advanced, two orders of permanent bench-marks were used, the primary being 
specially distinguished from the secondary. The first primary was marked on the court house in 
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Hagerstown, and the last of the working season on the pier of the bridge across the liockhocking 
River, at Atl1ens, Ohio, where llfr. Braid closed operations in December, after including an aggre· 
gate lengt,h of three hundred and thirty-five miles in operations with the levelling instrument. 
Sixteen primary bench-marks were inscribed for future identification, and fifty secondar;r ones. 
Temporary hcnch-marks were set at three hundred and seventy positions on the line. In the main 
the weather was favorable, but duriug NoYember and December the work was carded on under 
many disadvantages. In the middle of the last-nametl month the party was disbanded. Mr. Braid 
then returned to "\Vashington and entered upon the computation iucident to his field operations. 
These involve great labor, due to t111~ 11rocpsse11, and clwcks fon11d needful for securing· ae<>ura,cy in 
t11e observations. 

At the close of the fi;;ral ~~f'ar, Subassistant Braid agaiu took the field, to a<hance the geodetic 
leveliug westward of Athem>1. In 111,v next anunal report, this work will he referred to nnder tbe 
lwad of Section XIV. 

Life-saving stations.-In the course of the fiscal year tlw position.~ of a nmnher of stations of 
the Life-Saving SerYice were di~termined Ly .Assistant F. IT. Gerdes. On the coast of X orth Carolina 
Ile took the field in .June, 1878, and again in October, and proceeded northward t-0wards Cape Henry. 
Most of the stations being in Section IV, the work done in that service will be describt>Al in the 
next chapter of tbif! rt>port. The occupation of l\fr. Gerdes in the summer of 1818 has heen men
tioned il1 Section II. 

NORTH CAUOL1NA. (SKETCHEH Nos. ~l A~Jl 11.) 

I.A/esal'ing sf,<1-tions.-In preceding seasons the stations of the J,ife-Saving Service have been 
determined in position, and marked on the original plane-table sheets of the survey of the Atlantic 
coast from the northeastern boundary as far south as Cape Henry, on the coa8t of Virginia. Some 
of the engraved chart plates have been already marked with the positions, and all others will be 
when charts are iRsucd in future. Of the ten stations between. Cape Henry and Cape Hatteras, eigbt, 
were marked in position last year by Assistant F. H. Oerdes. The serYice was re1mmed early in 
,June of the present year, and the two remaining stations, Chicomicomico and Little Kinnakeet, 
were determined and recorded for office use in marking the charts. }'or the same district Congress 
appropriated means for thirteen additional life-saving stations, hut 1\iI r. Gerde8 found that Yery few 
of the localities were selected, and that the construction of station-houses had not been commenced 
Pending the aetion towards that end, he therefore returned to Washington, and after due prepara· 
tion took the field for other duty, of which mention ha-s hoon matfo in Section II of this report. 

Early in October Assistant Gerdes again proceeded to North Carolina. In Albemarle Sound 
tbe use of the T:nited States Revenue Marine sloop Saville was courteonsly offered by Lieut. Walter 
"\Yalton, and with the co-operation of tliat officer the work of determining positions was resumed. 

finding that the Oregon Inlet station had been mo>e<l southward on account of sea washings, 
:Mr. Herdes carefully determined the new position, and two others, which had been in his temporary 
absence from the section decided upon near Bodie's Island Jight-honse. The buildings were then 
in progress at Pea Island and Tonm1y's Hammock, and for cha,rt purposes were located by angular 
measmements from adjacent trigonometrical stations. 

At the ne"r stations, Hatteras aml Creed's Hill, four posts were set by officers of the Life-SaYing 
Service to mark the intende,d locations, but the erection of the buildings had not been begun. The 
positions of the post were determined b~· reference to known points. While engaged in this service 
the Saville weathered in Pam1)lico Sound a lmrricane of seven hours' duration. At Cape Hatteras 
the velocity of the wind was eighty miles per hour, and by its force a vessel was cast ashore :tll(l 
totally WTeeked at a position only a few miles from that of the littfo revenue sloop. When the 
weather moderated, Lieutenant ·walton sailed outside and Mr. Gerdes rook angles and bearings for 
marking the position at Big Kinnakeet, where the foundation of a lite-saving station had been laid 
out. At Cedar Hammock the house was finished, though not then occupied, and fixed in position 
by reference to trigonometrical points. The passage to Currituck Sound was boisoorous, but the 
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Jlarty safely anchored in Kittyhawk Bay, and in that vicinity two new stations, known as Kill 
Devil Hill and Gamel's Hill, were located in poRition by reliable observations . 

.At Caffrey's Inlet Assistant Gerdes left the vessel and tra\elled north ward sixty miles along 
tl1e beach, accompanied by I,ieutenant Y'i'alton, who had official business at several stations in the 
direction towards Xorfolk. On reaching the new station, Poynes Hill, Mr. Gerdes made needful 
measurements for marking its position on the chart.. At Currituck light·house he was detained 
several days b~· stormy weather, but as soon as practicable visited the stations at Old Curritu<:k 
1nlet and Deal Island and ascertained their positions by good observations. SeYere weather delayed 
operations two days, during which the party remained at the olll station lwuse, False CaJle, but 
then passed on without further delay. Little Island station had been ma1·ked by four posts for the 
site of the building, but after diligent search, in which Lieutenant Walton pe1·sonally assisted, the 
posts could not be found. As a dense fog prevailed at the time, a sketch was left with Lieutenant 
Walton, who subsequently measured the necessary augles and forwarded the llata to 1\Ir. Gerdes. 

The last of the new life-saving stationfl determined in position was Seatack, about ftve miles 
below Cape Henry. From the site of tlte iutendell building (marked as in other cases merel.Y by 
four posts) no permanent OQject waR visible, and of neces>1ity the location was approximately fixed 
by reference to tbe topographical sheet. 

In connectio11 with the work here described Assistant Gerdes examined tlte ground marks of 
six of the principal triangulation points in this section, and also the marks at the ends of the base 
line on Rodie's Island. Additional marks were set where they seemed to be required for ready 
identification in future. 

Before taking the field for service on the eoast. of YirginiaandNorth Carolina, l\Ir. Gertles ~s 
furnished at the office of the Life-Saving Service with notes and i·eferences to aid in his moYements 
from station to station along the coast. The Superintendent of that service, S. I. Kimball, afforded 
all the facilities in his power to further the work. Assistant Gerdes closed operations on the coast 
of Virginia on the 29th of November, 18i8. After his return to the office the results of his obser 
vations were adjusted and applied to the original sheets. The life-saying stations thus determined 
in position will be marked on the engraved charts without delay. 

Atlantic Ooast Pilot.-I11 continuation of his work of last. year, whil'h was confined to dl:'scrip
tions of the onter coast of the Southem States, I,ient. Frederick Collins, r. S.S., AsRistant in the 
(Joast and Heodetic Snrvf'y, with a. party in the schooner l'aliunrns, sailed from Balti11101·p on the 
21st of October, a.ml in the com·se of the following six weeks exami11ed all points of interest to naYi
gators in Albemarle and Pamplico Sounds, including the t.rilmt.a.ries. As heretofore, noteR for the com· 
11ilatiou of tlie Coast Pilot were reconled itt all point8 like].)' to be resorte1l to hy trading yessels. 

Mr. J. R. Barkei' accom11anied the party as draughtsman aml sketcl1ed views of Hatteras Inlet, 
· Ocraooke Inlet; <>f the entrances to Core Sound and X euse m \'er; of the >icinity of New Berne and 
Washington, X. C.; of Pamplico River entrance; four views of Roanoke Sound and Cmatan Sound: 
views of Kittyhawk Bay, Currituck Sound, Alligator Rh'er, Plymouth, aml Edenton: of tJie 
entrances to Chowan River, Roanoke Rfrer, Scuppernong Ri\·er, Perqu..imons, Pasquotank, Little 
River, ancl North mver; and views of Hertford and Elizabeth City. 

J,ieutenant Collins wa.s assisted in this service by l\fasten~ Francis "'inslow aml H. II. Barrull, 
U. S. N. After the retnru of the Palinnrus to ~orfolk 011 the 1st of December, 1878, the officers 
proceeded to ·washington, and there completed the descriptfre 11otm1 pertaining to the work do1w 
in Albemarle and Pamplico Sounds. 

Cape Lookout Oove.-It has been noticed for some years that the small bight in!:)ide of Cape 
Lookout so increased a:s to promise the a.dvantages of a harbor of refuge. In orller to denlop the 
improved condition of the place, a careful survey of tlie cove was included in the plan of work foi· 

... the party in the schooner Palinnrus, the prosecution of which was mentioned under the last head. 
At a favorable interval in the general work- Lieutenant Collins, assisted by l\Iast('rS 1Vinslow and 
Barron, trace<l the shore Jine of the cove and carefully sounded out the haroor. The statistics of 
the work are: 

Miles run in sounding ...................•..........•••.............. - . . . • . 12 
Angles measured • . . . . • • . . .••.•..•...••.••...•..........•......... -•... • 211 
Number of soundings •••....•.••........ , ....•••.•..••••.••.••...... - .. - .• 1, 920 

s. Ex. 17-.-5 
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This surny was made on the 2d anrl 3d of Kovember, IS78. The soumling!-1 were plotted with
out delay, and a chart of the Jrnrbor was issued. 

Hyd1·ogmpliy, coast <~f North Carolina.-,Yitlt bis party in the steamer Endea\~or, l1ieut. Jeff. 
F. l\Ioser, lT. S. N., Assistant in the Coast arnl Geodetic RmTey, left Norfolk on the 16th of Decem
ber, 1878, and by way of the interior sonnds and water passages reached Hatteras Inlet a few days 
after. Some delay was incurred on account of bad weatl1cr, but the ;-essel arrived at 'Vilmington, 
N. C., on the 2Gth and there c01nplet<'cl arrangementR for prosecuting hydrographic work, of which 
notice will he taken in its proper place under Section Y. J,ieutenant Moser returued to Section IV, 
and commenced inshore sou111lings al)ff\"e Cape Fear on the 3d of 1\farch, 1879. As heretofore, the 
erection of Rignals along tlw beach proyef1 to be the greatest difficulty in tlie work. The coast line 
being inaccessible, lmnber for signal;.; was of necessity brought into place by transportation on 
land. Only a ff'w of the triangulation points could be found. New Inlet was de~med unsafe as a 
harbor for the vessel, antl the part.y was ('Onstrained to double Frying Pan Shoals in going to and 
from work. After setting np signals along the beach as far to nortliward as Barren Inlet, lines of 
soundings were run off shore to a distance of about teu milm;. At the southern limit t.he hydrog
raplty was joinetl with sourn1ings Jll'eYionsly made in the approaches to Cape Fear. The weather 
during the time employed hy the party in this section was unusuall~, severe. Lieutenant Moser 
closed work near Cape ]?ear on the l 9t.h of A prU, and a f1•w days after, his party reaehf'tl New York 
with the steamer. Thr. statisti1·s of f,]ip work are: 

:Miles mn in soumli 11g • . • • . . . . . . . • . • • • • • • • . . • • . . . . . . . • . . . • . . . . . . . . . . • • . . • • 271 
• .Angles 1nemmred.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 662 

Number of sonm1ings ..................................................... 41 029 

Ilyllrogmphie work previously done by the party in the Endeavor has been mentioned under 
tbf\ head of Section I. Under a sn bsequent. l1ead in this report the hydrography done by the party 
~fore taking np the snn·ey above Cape Fear will lw tlescrihed. 

J,ieutenant l\foser was efficiently asRist.ed t11roughont tl1e season h.Y MaRters J. B. Murdock, _A. 
C. Dillingham, and F. E. Greene, U. 8. 5. 

Topography of Cape Fear, .J.Y. 0.-For completing the survey of Smith's Island a party was sent 
iu tl1e s<•hooner Caswell early in .January of the present year, to work under the direction of 
ARsiRtant C. T. Iardella. Jn consequence of very low tides and head winds the vessel was compelled 
to remain some time at a11ch01· opposih> Smit.hville, the party meanwhile going daily to work on the 
island, Ji rn miles distant from the anclwrage. Soon after the middle of the month, weather and 
tide 1mn-ing favorable, tlrn schooner was taken into the Sine, near the working ground, and the 
detailed snryey without further hindrance was completed at the end of ,January. During much of 
the time employed near the cape, the cold was extreme and high winds prevailed. The tempera
tnrn w:is frequently below the freezing point. 

As represented by the plane-taule sheet, the interior of Smit11's Isla.ml is traversed hy nn
rncromi water-conrseR, ancl marked by many hammocks surrounded with marsh. During high 
water of spring ti a es the marsh is entirely submerged. Among the details are the coursPA'! of Cape 
Creek and Light-Honse Creek. Points requisite for the plane-table survey were obtained by erect
ing thirty-six signals, and determining the positions by observations with a theodolite. The topo
graphical statistics arc: 

Hhore lines of water-courses, miles .........• " ..............•....... _.. . . . . . . . . 3G 
Area of topography, squarn mifo8 .......................... _.. . . . . . . . . . . . . . . . 5 

On the 9tlt of February tlrn schooner Caswell sailed for Charleston, S. C., 1war which city Mr. 
larclella prosecutetl field work, as will be mentioned in the next section. 

L<Jngitude o.f Statesrille, N. 0.-As mentioned in thtr last section, arrangements were completed 
.in No>emher, 1878, at Washington, D. C., for determining the longitude of a. point in Stat.esville, 
N. C. Assistant Edwin Smith reached the last-uametl place in the middle of December, and se
lected a station in the grounds of Simonton College. The resulting determination for longitude 
was, however, referred by proper measurements to the cupola of the college building. 

Assistant G. W. Dean, in general charge of the work, aided by Mr. F. H. Parsons, remained 
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at Washington, where, at the outset, Assistants Deall aml Smith recunl1~d ohsen·atious for det Pr
mining the difforcrwc in their personal C(JLiatiou. 

After conducting a tclcgrapll loop of half a mile to the station ai Statesdll1', l\lr. Smith sP! iu 
plaee transit No. G, aml dl1ring fonr niglJts iu Deeember seut by tl'lt•graph to V\'ashiugton, D. C., 
signals, for which returns were made by As,.;ista11t Dean. At Ktaksvill1•, ~\_ssistaut Smith was 
aided by l\fr. C. H. Sinclair. 

In January Mr. Dean repaired to the statiou in Simuutou Collt•ge grounds, aml was replaced 
at the Naval Obliervatory iu 'Vashiugton by l\ir. Smith. 'l'degraphic sig-uals werP agaiu success
fully exchanged between the obscn·ers during three nights. 'l'he chronometer corrections at 
Statesville were derh·ed from ouc hurnlrrnl aml fortv-two ohscrnttions on forn·-two stars on clear 
nights iu December an(l .January. The geodetic co11;iectiou of 8i111outo11 Collt•gc with the primar~· 
triangulation along the Blue Hidgc was etfoctell by measuring horizontal angles to iuclnde the 
cupola of the college as a station additional to the ai~jaeent st:ttioul'i occnpie1l 011 Young's Mountain 
and Anderson's Mountain when the trianglllation was in progress. Four days were occn1>ied by 
l\Ir. Sinclair with the theodolite at the college; three days were p~tssed in angular measurements 
at YOLmg's Mountain, and two days at Audcr.,;on's. 

After closing observations at StatesYille, Assistant Dean, accompauied by Mr. Sinclair, mond 
the instruments to Atlanta, Ga. The operations there will he described maler a vroper head in the 
netl section. 

SEUTIO~ Y. 

SOUTH CAROLI::lfA AND GEORGlA.-(8Kt:TCllt:" N•>"· 11 AXI• 12.) 

Hydrography, coast of 8otttli Oarolina.-As stated umler a preceding head this work was taken 
up by Lieut. ,J. F. Moser, G. S. N., .Assistant Coast and Geodetic Suryey, at the cml of December, 
1878. The space sounded incll1dc8 the sea approaches to \Vinyah lfay, R O., and inshore sound
ings along the coast of South Carolina as far northward as Murrell's lnlt:'1t. Thiis work wa;-; closed 
at the end of February. The steamer Endeavor was theu mo,·ell to the Yicinity of Cape Fear, and 
the party engaged in work, of which mention has already becu made. lu reference to the eastern 
approach of Winyah Bay, Lieutenant :Moser remarks: 

"There appear to. be several ridges running parallel to the coast. These show about oui; 
fathom less water than on either side. They are said to be coral. "" e failed iu attempti-; to bring 
up specimens, but saw pieces of coral along the beach. 

"At Murrell's Inlet numerous specimens of phosphate rock \'ere timml, avpareutl.r as iik('es 
broken from a mass in the Yicinity and thrown up by the action of the sea. 

"Along the beach ledges of limestone were noticed, cropping out at different points beh,·eeu 
Eight Mile Swash and North Inlet. 

"The soundings in approaching the bar at Winyah Bay are not regular, anll the diseolored 
water that extends more than ten miles to the northeast is deceptiYe, the (liscoluration l>eing due 
to a mere film of muddy river water sustained on the 8Urface hy the greater cleusity of tho elt•ar 

water of the sea." 
The following synopsis of statistics appears on the hydrogm11hic sheet of the \'ieiuity of 

Winya.h Bay : 

Miles run in sounding .......•... -....... _ - ... - . -. - - ............. - _ . . . . . . :H6 
Angles measured . _ • . . • - - _ .••.. - . . . . . • • . . . • . • . . . . . . . ...... - - •.. - ....• - . . . 936 
Number of sounding8 ...•. _ ..•.....•.. __ ........••.. __ .. _ ................ S. l'.!H 

Another <letache<l surrny 1n·o;;oouted IJ~· Lieuteuaut :\loser iu illis :section will be referred to 

under the next bead. 
Hydrograpliy of 8a11111it Rit'cr, JS. G.-lu l\larch last the parts of Lieutenant l\ioser, _iu the 

.ste~er Endeavor, surveyed about five miles of the cour:se of th<' Sampit mvcr, ahoye its entrance 



 

36 REPORT OF THE SUPERINTENDENT OF THE 

into 'Vinyah Bay. The Bheet, of soundings includes the river front at Georgetown, S. C., and it 
junction with the hydrography of 'Yin;rah Ra;r. PreYioui;; and subse'luent sun·eys by this part 
haYe been mentioned under other heads. Of tlw work on the Sampit, the following is a synopsi 
of statistics: 

.l\liles in 1-iOnnding lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
Angles measured •... ,. . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . • . . . . . . . . . . 524 
Xnmber of soundings .... , . . .. . . . . . . . . . . . . . .. . . . . . . . . . . .. ............... 1, 631 

Lieutenant Moser was assisted in this section by Masters .J.B. }lurdock, A. C. Dillingham, and 
F. E. Greene, U.S. X. 

Topo[Jraphy of 8tono River, 6". C.-For this work, Assistant C. T. Iardella proceeded to Charles
ton with the schooner Caswell, after com1ileting a surny in the vicinity of Cape Fear, as stated 
in the preceding Rection. Signals were put np for defining the courses of "·appoo Creek and iti-; 
connections with the Stono. The :-;hore lines were traced, and (,he grountl was mapped north and 
1-;outh of the creek, to include the roadH and other adjacent topographical details, to the eastward 
below Fort Pemberton. 

From the Stono Ri,·er, large tug-boats drawing seven feet of water take th1:ough Wappoo 
Creek scows laden with phosphate for delivery at Charleston, but on reaching Ashley River, as on 
starting from the Stono, the tugs wait for high water in order to cross tiie sand banks that obstruct 
both ends of the Vlappoo. 

Twent;"l·-spyen r;;ignals were erected and determined in pmlition. The general statistics of the 
w&k are: · 

River and creek shore line, sun·eyed, mile;; .••...... _ .. . . . . . .. . . . . . . . . . . . . . . . . 18 
Streams, miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • .. • . . 9 
Roads, mile:-; . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 25 
A1·ea of topography, square miles . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • 3 

:Field work wiu; closed at the en1l of February, when the Ca:-;well wa.s uispatclied for Baltimore 
and laid up. 
· J,011gitudt· '!l ~4.tlanta, Ga.-Aftcr the completion of operations, which ha\·e been described under 
separate heads in Section Ill and Section IV of this report, Assistant G. W. Dean proceeded to 
Atlanta, Ga., for determining the difference of longitude between the Naval Observatory in 'Vash
ington, D. C., and the station which hail been occupied by Assistant Edwin Smith in 1874, _when 
the difference was determined between a point in the city hall square of Atlanta aml the astronom· 
ical station in SaYannah, Ga. 

Assistm1t Dean, aide<l by Mr. U. H. Sinclair, mounted transit Xo. 8 at the station point in 
Atlanta, anrl sncc-0ssfully exchanged t:;ignals on five nights with l\Ir. Smith, who remained in Wash. 
ington. The obseners tllcn changed places, and during six nights in .February and l\Iarch Assist
a11t Smith sent signals from .Atlanta to be recorded b)· l\lr. Dean at the Naval Obser\'atory in 
"'ashiugton. The chronometer corrections were ascertained in Atlanta from two lnmdred and 
nineteen observations on fifty-five stars during favorable nights in January, :Febrnary, and March. 

As before mentioned, observations for personal equation were recorded at "rashington iu 
advance of taking up the longitude work, and again after the close of operations. The records of 
the obsen·ations for longitude have been duplicated as usual and deposited in the office. 

The observations at Atlanta were facilitated by the courtesies and friendly assistauce of the 
mayor, Col. W. L. Calhoun, and his associates in the city government. As usual, the operators of 
the 'Vcsteru Union Telegra1lh Company cordially assisted in the work, under the sanction of the 
officers of the company, who at all times have manifested great intere.st in the longitude deter· 
m inatfou s. 
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RECTJOX YI. 

EAST FLORIDA. SAI"'.'<T MARY'S HIYEH TO AXCLOTE KEYS mr WEST COAST.-(SKETCHE~ Xo~. l:J. H 
15. A .. '\'D Hi. ) 

Tidal obserrnfi,ons.-A t Fernandina, Fla., the continuit~- of the record of tidal aud meteorolog
ical obsen-ations was iuterrnpteu h,y the illness of the obsen-er, ::\Ir. H. '"· Bache, who died at 
Bristol, R. J., on the 7th of Xo\ember, 1878, a.s mentioned elsewhere' in this report. So far. the 
endeavor to maintain the gauge iu operation with untraineu observers has heen unsuccessful, but 
arrangements will be made for resumiug the record at an early da;y. 1\Ir. M. O'D. \Yhite, a natiYe 
of the climate, is now preparing to fake charge of the apparatus. A series of obsen·ations at this 
station is very desirable, and in due time will be secured. · 

Triangulation and topOf/Y'<l/111!/ of Indian Rfrcr, Fla.-For 1•011tinuing this work Sul.Jassistaut 
\V. I. Vinal completed preparations iu the early part of :Nm·ember, 1878, and reached Georgiana 
on the 22d of that month. The 8loop Steadfast serred in pre,·ious seasons for transportation, and 
was relied on for continuing the survey. But the vessel had been blown from her moorings at 
Titusville by a hurricane on the 11th of September, and was thereby considerably injured. As 
soon as possible the sloo11 was refitted, and was atloat when ::\Ir. Viual arriYcd, yet much labor was 
requiretl for replacing on board the articles taken on shore of neccssit.r at the time of the accident. 
All arrangements were complete early in December, and the party rnoYed to th(' working ground, 
and resumed the triaugulatiou at l\Ialabar station, wllert• the operations of the preceding i<easou 
had been closed by Assistant. R l\I. Bache. After setting 1:1ignal1:1 to extend the triangulation soutll
ward, obserrntious with the theodolite were i•ro,,;ecuted as st.eadily as the ,-iuying conditions of the 
weather allowed. On the :.?:M of }larch the work was clooicd for the seat>ou at station!'.' about teu 
mile.-; below l\falahar. '' Observations ou signal,,; along the ocean beach were rendered difficult. and 
oft.en impossible, by almost constant Leach fog; and the work wa,,; fre11uently interrupted in. con
sequence of tires started by settlers in clea.ring laud, or h~· sportsmeu in driYing game. The air 
ornr cxtensiYc tracts was thus filled with <lensc smoke for day.-; at a time.'' A.t snch inten-als the 
party was employetl in cutting trails t-0· the beach through tlie thick scrnh and heaYy undergrowtli, 
and lines were opened to make signals inten-isible. Most of the natural difficultieis of the ground 
were overcome by erecting scaffold signals, with platforms elentted from eightePn to twcuty-1fre 
feet above the general surface. -

'Vhen a sufficient number of signals ha.tl been determined, the topograpliy vrns hPguu, aml was 
carriell forwanl with the triangulation. The weather gn·atly improved as the s<•ason ad ,-auc{•tl. 
Below Malabar the ocean !Jeac!t antl the wesforn shore of Imlian Jtiyer were included in tlte 11l:rne
table snrvcy. Ensign ,fames P. Underwood, U. S. X., was attached i.o the party, hut his health 
was such as to prevent his eo-opem.ting in the work. Fimli11g 110 licnefit in the climate. he was 
constrained to _return t(i his home before the close of the season. In the milldlt· of .Jan~ary l\lr. 
,V. C. Hodgkins joined the party as aid, aml served efiiciently iu carrying 011 tltt• topographical 
snrvey. The sheet represents ground consisting principally of low piue lauds, S\~amp, mangron', 
and palmetto. Some of the land on Ute west side of the river is more than tweutJ' foet above tlw 
water level. At the close of the season the Steadfast was securely moored in 'l'urkey CrePk and 
all due precautions were taken for her safe keeping. The following are statistics of the field work: 

Signals erected . . . . . . . . . • . __ ...... - . . . . . . . . . • . • . . . - ............ - . . . . . . -16 
Stations occupicll . . . . . . . . . .....•...•..........•..............• , . • . . . . . lo 
Positions de term in e<l . • . . . . . . . . . . . . . . . . . .............. - .. - ..•..... - . - . - :!l 
Horizontal :mgles measured .....................•.•......... - - ......... . 
Number of observations ........ -....... -................. - .. - . - ... - - .. . 
Shore· line i:;uryeyed, miles . . . . . . . • • . . . . . . . . . . . . .......... - - . - ...... - - - -
Creeks, miles • . • • • . . . . . . . . . . . . . . . . . . . . .. . . . . . • , ..... , ...•.••..•........ 
Trails cut in reaching signals, miles_ ...............•..••..•.••• -•. - ••... · 
Area of topography (square, miles) .•••.•....... - . - .. , • . • • • . •••••••••... 

70 
:!, 784 

41l 
7 
81 
8 
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After returning to the office, Suhassistant Vinal turned in the topographical sheet, and engaged 
in computing the results of his triangulation. At the close of the :fiscal year he was assigned to 
field duty in Sectiou I. 

Suri•ey of the Gnlf coast between Charlotte Harbor and Sarasota Inlet.-For defining the Gulf 
coast to the northward and westward of Charlotte Harbor entrance a party was sent in Nonimber, 
1878, under the charge of Subassist.ant Joseph Hergesheimer. The schooner Quick was assigned 
for the needful transportation from point to point. 

Much of the ground to be pa-"lsed over is impracticable for ordinar,Y processes in triangulation. 
All the station points would of necessity be eleYated structures put up at great cost, and the return 
in accuracy would not be commensurate with such outlay for mapping a stretch of coast, the 
extremities of which connect with triangulation of the usual character. Hence the part here under 
notice was defined principally by beach measurement. Triangles were laid out at the upper and 
Jower ends of the work, where the lagoons occur known as Little Sarasota Bay and Lemon Bay, 
antl by the points thus determine(l the. shores of the two bays were surveye.d. While the party 
remained in this section, the anchorage of the :schooner was in Lemon Bay, and was reached by 
Stump Pass, on the bar of which the de11th wais six feet. at high water. 

For extending the work southward from pre\';ous limits near Sarasota !'ass, Mr. Hergesheimer 
erected nine signals, and occupied seven points with the theodolite. Iron screw piles were set as 
marks at the stations, and careful measurements from each of the points to permanent objects were 
recorded for reference hereafter. From the la,st station on the shore of Little Samsota Bay, the 
beach wa{'I measurt!<l b~- couri,;ei,; in a direction soutliward ancl eastward, to an aggregate distance of 
ahont ten and a half miles, terminating at a station of the triangulation laid out for including 
Lemon Bay. ·Fourteen tripods were set up between that station and Gasparilla Pass, where the 
triangulation of Charlotte Harbor was dmmd in a, former season. The work in charge of Sub
assistant Hergesheimer was well aclyanced towart1s completion when it was found that all the 
parties in the field could not he retained with the balance of the appropriation for the year. In 
con8e11uence the operatiom; on the shores of Lemon Bay were closed on the 10th of March. Previous 
to that date fifteen lines had been opened through the pines to admit of the use of the theodolite 
in measuring horizontal angles. The general statistics are: 

Signals erected ............................•....... - .. . . . . . . . . . . . . . . . . . . . . . 35 
Stations occupied ...............•....•.......... : . . . . . . . . . . . . . . . . . • . . . . . . 8 
.Angles measured .................•............................. _... . . . . . . . 53 
"X umber of obsen·ations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 1, 254 

Ten points were determined iu position. An early opportunit~· will be taken for completing 
the connection along the beach between the separate surveys of Charlotte Harbor and Sarasota 
Bay. Thirty-:fi\·e miles of the coast of the p.ulf of l\Ie:x:ico are included in the operations of this 
11arty. 

Gulf' hydrograpky nea-r Charlotte Harbor, Fla.-The plan of work laid out for the party in the 
steame; Bache included the extension of the inshore hydrograpby of the Gulf of Mexico, abo•e 
and below the entrance to Charlotte Harbor, and also in the vicinity of Tampa Eay. 

Lieut. Commander 0. M. Chester, U. S. N., Assistant in the Coast ancl Geodetic Survey, arrived 
at Charlotte Harbor with his party early in January, 1879, ancl made arrangements for prosecuting 
work afloat, to fill the projections sent from the office. In the course of a fortnight, however, an 
emergency arose, calling for the transfer of the steamer anll party to Section VIII, under which 
head mention will be made of the work done in the spring of the present year. The party was 
engaged also in Sections I aml 1 I. 

Magneti{> observatiom.-In pre"ious reports reference was mad.fl to determinations of the mag
netic elements at points so selectOO that the results would yield the utmost in regard to present knowl
edge of the distribution of magnetism over the area, and also seaward of the coast lines of th.e 
United States. For the compasses which appear on our charts, the data have been so procured, and in 
the course of the fiscal year additional points were occupied for the same purpose in the interior, 
north of the coast of Texas, as w'\n be mentioned elsewhere in this repor~nder :uropeP heads. In gen· 
eral the positio~ here refe~ to are on isogonic linest hat iu their extension.southward~ the Gul 
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of Mexico. It was, therefore, desirable to procure observations of the magnetic elements at points 
along the northern coaRt line of the islands which inelose the Gulf basin. This duty was intrusted 
to Lieut. S. 111. Ackley, U.S. X, Assistant in the Coast aml Geodetic Survey, and has been suc
cessfully accomplished as to the eastern series of stations marked for occupation. If practicable, 
the western stations wiU he occupied in the ensuing year. Before setting out with his party in the 
schooner Eagre, in .Tanua.ry last, I .. ieutenant Ackley practiced at the magnetic station of the surve:r 
with instruments for determining the declination, dip, and intensity, and conferred fully with 
Assistant Charles A. Schott in regard to the requirements for precision in obser,·ing and for keep
ing the field record. 

On the paAsage t-1onthward the Eagre touched at Fernandina, Fla., and was there swung, in order 
to aseertain tlw 1lcYiatim1 of tht> compasR due to tlw iron used in tl1e construction of the \esscl. 
Subsequently U1c Eagrc was swung for the same purpose at Bahia Honda, on the north coast of 
Cuba, and again at :Fernandina on the return of the party from the Gulf of Mexico. No percep
tible change had taken place during the run of the vessel in the vicinity of the West India Islands. 

Lieutrnant Ackley was provided at the office with a good azimuth compass, a magnetometer 
(C. S. No. 8), and a Kew dip circle (Casella, C. S. No. 18), tbe latter provided with needles for 
deflect.ions, and also to be used with fine weights. 

The schooner Eagre being a wooden-built sailing vessel, was specially adapted for the work here 
under notice. After recording observations of the magnetic elements at Fernandinai Lieutenant 
Ackley occupied stations at Nassau {New Proridence); at South Bernini and ·water Cay; at 
Matanzas and Havana (Cuba); at Key West, Fla.; at Bahia Honda and Cape San Antonio (Cuba); 
at Belize on the coast of Honduras; at Cozumel Island, and at Mnjeres Island, oft' the east coast of 
Yucatan. 

''When the weather and other circumstances won ld admit, obser,·ations for tlw. magnetic decli· 
nation were taken at, sea, with variable results. The amplitudes when the snn could he observed 
directly we1·e very good, lmt the azimuths not so, ou accouut of the vibrat.ion of the sun·s image 
on the refleetors." 

While at sea Lieutenant Ackle,v recorded observations fm- the declination at twenty positiom1. 
The interest manifested in the work by that intelligent aml energetic officer enlisted the members 
or the party, and all familiarized tbemio;ekes more or lesio; with the use of the instruments. 

At Belize, in British Honduras, Go,·ernor Barlee received the 11arty with great cord;ality, aud 
afforded all facilities for conducting the magnetic observations in the grounds of the gornrnment 
house. A true meridian line was traced there and marked, at the governor's request, for the use 
of tlie colonial surveyors. At all the stations occupied, twelve in number, three complete sets of 
observations were recorded, except at Water Cay, on the northwest side of Salt Key Bank. The 
vessel remained there four days, but landing was impracticable on account of a northeast gale. 

Lieutenant Ackley was assisted in these obser,ations by Lieut. II. T. l\fonahon, U.S. N.; Master 
F. E. Sawyer, U. S. N.; and Ensign ,V, If. Nostrand, U.S. N. The schooner Eagre, after closiug 
work in the Gulf of Mexico, returned north, and arri\ed at Washington, D. C., at the end of May. 
Under Section I, mention has been mru:le of work previously conducted by I..ieutk\nant Ackley. 

SECTION VIII. 

ALABAMA, MISSISSIPPI, LOUlSIANA, AND ARKANSAS. (SKETCHES Nos. 18, 19, AS'() 21.) 

Reconnaissance and geodetic uiork in Alabama and Mississippi.-In extending triangulation west· 
ward from the ba-<re line near Atlanta, Ga., special difficulties have been encountered in the selection 
of points. As stated in former reports, mountain ridges, that under other conditions would be 
favorable, are in this region hindranees to progress. Being of equal height~ near together, and 
running in a direction transverse to that desirable for the chain of quadrilaterals, lines of requisite 
length have been obtained only by unusual labor . 

.Assistant C. O. Boute1le remained in the field during the first half of the fiscal year, snd pushed 
the reconnaissance westward of stations in Alabama at which angular measurements were com· 
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JJleted in the preceding season. After a thorough examination it was fouud that, in general, 
structures will be required to eleYate the the,odolite when the stations are occupied. Points were 
Belectea by l\Ir. Boutelle for extending the triangt1lation across tlie bonrnlary line between Alabama 
aml Mississippi, and at these the greater labor of openiug lines of sight on wooded mountain ridges 
will be avoided by constructing high platforllls when the angular measurements are made . 

. \ssistant F. D. Granger was in tlle tield when my last annual report was closed, and had 
traversed the region of northern ::\Iississippi lying eastward of Holly Springs, finding llifficulties, 
such as have been mentioned, in obtaining a phtu for continuing Held work towar1ls the :Mississippi 
Ri\·er. Beyond the western limits rnanhml b~· ~\ssistant Boutelle, l\fr. nranger select{"l two stations, 
and in succession others to extend the series of points be,voml Ripley t{J stations in the ,·icinity of 
Holly Springs. On some of the ridges (all being heavily wooded) extreme labor was incmred in 
identif.ying a1\jarent point8 at which flags had been plared on high trees ; at others it was found 
necessary to open a\·enues to bring into view the outlying flta.tious of the s<~heme of triangulation. 
The line~" Yary in leugth from tm1 to thirty miles, but the surf':we of the region is such, that tripods , 
of fifty anll sixty feet will be requisite, arnl, at some of' the stations, strnctures of greater height for 
bearing the theodolite. 

\Vhile on reconnaissance, ~<\ssi;;;taut Granger mounted trees frolll seventy to ninety feet high, 
and obserYed on flags attached to long poles, and nailed to th<• top8 of trees of even greater height. 
The region traYersed affords few facilities for comfort in travel, but the people are hospitable, and 
readily aided in further~ng the purposes of the reconnaissance. 

The descriptions of the stations adopted include mention of the height of the tripod required 
at each. ):Ir. Uranger remained in the field until the 20th of January, 1879, and then returned to 
the office. 

At Wilson station Assistaut Boutelle put up a tripod, witLt a .'lcaffohl for supporting the twenty- , 
inch theodolite at an elevation of seventy feet above the grournl. J uue and ,July were pa<ised in 
measuring horizoutal angles frolll that JlOint, the excessh'e heat and consequent exlialations aml 
haze having mucb delayed the work. During twenty-two consecutiYe days in .July, a" shown by 
the field report, the tem1)erature of tbe air ranged night and day between 85° and 98°. 

Warnock l\Iountain was occn1lied in August, and early in September the party was transferred 
to Smitlier's Mountain. Herc the operations were further dela.;re11. Yellow fever, then ragi11g at 
Memphis, had advanced along the Tennessee River to Tuscumhia, l?lorence, anll Decatnr, or within 
twenty miles of the geodetic station, aml directly upon the lines of railroa1l used in posting and 
communicating with the heliotropers at outlying stations. By the 20th of October, however, all 
obsern1tions were 1•ompleted at Smither's. Tile instruments were then removed to Tanyal'd ::\foun
tain, three miles west of Court.land, Alabama. Assistant Boutelle proceeded to occupy that station, 
retaining the aill, l\Ir. C. Terry. :Mr. J.B. Boutelle was sent to observe at Summit station the angles 
u11on "Tilson, whid1 point was not Yisible when Summit was occupied in 18i7. 

At Tau,vartl Mountain a tripofl with scaffold l•fovated one lumdre1l feet from the ground was 
re,quisite for bringing iuto view adjacent points of the scheme of triangulation. Armngements 
were made for its eom;truction, but while the work was in progress Assistant Boutelle, in consP
quener. of a serious hurt early in No\'emb<~r, was compelled to leave the field. The astronomical 
work was continued by l\Ir .• J. B. Bout,elle. After closing the angular measurements at Summit he 
recorded ohservatious for latitude on twenty-nine pairs of stars duri11g ten nights in December. 
Azimuth was determined in the latter part of N ovembei· by obseryations on Polaris with the twenty~ 
inch theodolite; local timll wa8 ascertained as usual, aud the customary tests were made during 
lhe nights for the value of tl1e micrometel' of zenith telescope, No. 5. 

:Nineteen directions upon as mauy 8tations were tleterminell in the course of' the season by 
thirty-three series of observations; forty-three subsitliary o~jects were obser\·ed on from the primary 
stations, for position and elevatiou, all(l ninetoou zenith distances wei·e carefully recorded for ascer
taining the heights of the 1irimary stations. Tlie orclinary statistics are: 

Stations occupied •...•...........•....•.•.... _ . , _ .....•....... _ . . . . . . . . . • 5 
Angular measurements . . . • . . . . . . • . . . . . . . . . . . . . . . . . • . . • . . . . . . . • . . • • • . . . . . . 11 254 
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In his field report Assistant Boutelle remarks as follows: "An inference of the late Assistant 
Webber from the discussion of his record of vertical angles, has been verified bs the obsenations 
of this season. 'Ve fo1d the ollserve<l coe1licient of refraction to be lesf! on the western than un the 
eastern slope of the Appaladiian chain, for points of equal elevation. This may be due to a srnalher 
amount of aqueous \•apor in the air of the western slope.1; than in that upon the ocean side of th~ 
great dividing range of mountains.'' 

Currents ttear the 1lfiRsissippi I>elta.-For observing and recording the currents of the Gulf of 
Mexico in the approaches to the :Mississippi Delta, a party was assigned early in .Ja.nuar,y for serdcl:' 
in the schooner Drift, untler the charge of Master Hobert Platt, U. 8. N., Assistant 011 the Coast 
and Geodetic Surnw, bnt that otlil~1· ueing delayed on am~ount of sickness, tlJe YPssel wa1S taken 
south by Ensign J. W. Stewart, U. S. N. In the phm of wor·k, thfrteen stations were imlieated lJy 
Assistant. Henry 1\:litcliell, and it was tlesirahle Uiat tlJe current:-; ,..,lwnld he ohsm·rnd while tLe 
schooner was at anchor. Ma.~ter Platt joi11Pll the party at. Port I~ad:-i ou the 18th of Februar~·, aml 
found the vessel in readiness for the int('nded work. Efforts ma<le in '.\larch to occupy stations 
were mtwh intermptetl l>.r fog and win<l. l':ltweral of the stations were ocenpit~tl twief>, anll one of 
them three times, in order to secure tlic ol.J1:11~rvations tlc:,;ired. The mouth of April was fayorable 
in respect of weather, hnt difticuJt.y was experienced in cousequence of the softuess of the bottom 
on which t.be anchor was dropped. Slight lweeiws caused the ressel to drag awa~· from tl1e station; 
and the currents were sncl1 as to take the vessel off her <·onrse as mnel1 as three or four miles, in a 
run of only twelve miles. By the pilots this peculiar moYemeut is t('rme(l the "witelt c1trrent.'' 
From the observations thm; fal' reco1-.led l\faistt>r Platt could uot identify, near the Delta, any 
regular current 01· tidal currents, to conipare in any dPgree with what has ueeu so well (lefined by 
the operationis of the same paL't,y in the <lulf of l\iaiue. Of tile stations O<'{~upietl, four were ueur 
the entrances to the four i•asses. Ontsilfo of tltese a 1'ecoml series was obse1Ted with stations ;1t 

several points between the appro~whes to tlrn passm;. 'l'he cnrreut..s were ol>sern•tl at t.he surfaee, 
and at depths of tweh·e feet, five fathoms, ten, twenty, thirty, forty-five, eighty, anti nfoety fathoms. 
according the depU1 of water at the stations occupied. The ouh'r series was at an average distance 
of about eleven miles from the entrances to tlJe 11as:;es. All the positions o<•.cu})ietl were preyiously 
indicat.ed by Assistant Mitchell. 

.l\faster Platt was assisted in this work h,v Ensigns J. W. 8tewa1·t a11d .r. C. Colwell, F. S. X. 
'l'he schooner ])rift again reached New York near the mrd of ~ras. 

At the several current staticms the temperature of the water was l'ecortletl at the surface aml 
bottom, and also at each station, at a de11th intermediate between the bottom and the surface. An 
aggregate of four hundred aml ninety-sen•n obsernttions was recorded with thermometers. 'l'be 
currents at varying depths for the thirteen statiotrn were lleter1uined by twenty-one lumtlred au!I 
thirty-one observations. 

As might be expect~<l, Master Pla~t found the currents in the yicinity of the Delta extremely 
variable. Occasionally it was ohserrnd that while the sul'tace curreut was iu one direction, the 
water at a few feet below the surface was moying in a coutmry direction. 

Work done by the party in the schooner Drift t>arlier in the fho;cal year has been mentioned 
under the head of Section 1 in this report. 

Tidal obserration.~.-Tl1e observatio11s rec<rnl<itl regularly at intervals of six hours on a st:1tr 
gauge a.t New Orleans, by ~fr. G. Faust, begun January 1, 1872, were closed Oll the 1st of .Tanuar.v, 
1879. Tlte daily iluctllation is of course nea,rJJ insensible, hut the rise and fall iu the eourse of the 
year amountiug to eleven or twelve feet, due t-0 floods and occasional dry seasons, are worthy of 
investigation l>ecaW!e of their seeming periodicity, and it would appear that without question such 
periodicity must be related to meteorological conclitions prevailing over large tracts of C'ountry in 
the region of the Mississippi. 

Triangu!,a,twn of tlie 1Jfissi.~sippi River.-The scheme of triangulation laicl out by Assistant :F. 
\V. Pm-kins in the summer of 1878, and of wlaich the details were resumed in the present season 
and. prosecuted ·until the cloae of the fiscal year, includes about twenty-four miles of the river 
coarse above the base line at Donaldsonville. 

Owing to the topographical peculiarities of the region the selection of stations was diffioult. 
S. Ex. 17-6 



 

42 REPORT OF THE SUPERINTENDENT OF THE 

The highest land and principal obstructions lying along the middle of the tract to be trianguJated, 
it was necessary to rnn ont eiwl1 line hefore <leciding upon the location of a point for advancing 
the scheme. 1fa11y of the points were not iut.erYisihle because of the growth of corn and cane, but 
these came into Yiew aft.er t.he n•nHffa 1 of the rl'ops. In 1Si8, Assistant Perkins remained at work 
on the l\Iissisl'lippi until late in Augnst. Yellow feYN' was then pren1lent above and below the site 
of operations, hut no case of sickness had occurred in the party. The air was unusually still, and 
there was rarely wind enough to admit of moving the schoont'!r Researc11, on which the party relied 
for transportation. As a consequence the hands were constrained to travel unusual distances 
while employed in erecting signal~. The :fiel<l report fo1· that summer sLows that rain fell eYery 
afteruoou, almost without exception, dnl'iug the stay of tlie party, arnl that the beat was extreme. 

As the snmnH'l' of 18i8 drt>w on, tlJi; alarm on account of yellow fon•r beeauw general. Parties 
from an infectetl district were not admitte1l elsewhere, and finally it became uncertain whether 
supplies eould lip had for con tinning work, or communications be maintainetl hy mail with the office 
in Washiugton. The bands were willing to remain, but nuder the <'ircumstances it ,\,as deemerl 
inexpedient to prosecute further operationfl. Assistant Perkins wn,14. therefore directecl to close for 
the season and 11is)iand llis party. At the en<l of Aug·ust, 18iS, he retnrn(;d to the office. 

Capt. Henry T. Hutchinson, sailing master of tile schooner Research, Jll'eferred to remain at 
Donaldsonville in charge of the veRRel. He had passed several summers at and near New Orleans 
when fever preniiled, an<l had no fear in regard to the disea..:;e. A few weeks after the close of 
work on the rin'r, when infection became general in the town, it wa.s deemed achTisable to moor the 
schooner at a conYeuient place about a mile and a half UJ? stream, and for that purpose the sailing 
master wa:; antlwrized to ship it st>amau to assist in the transfer and fnture care of tile vessel. The 
Research TVas ta.ken to her anchorage, ahove Donald.~om'ille, on the 18th of September, 1878, and 
fise weekl'I passed without incidt-nt. But, notwithstanding all 1irecautions, and in a position which 
Captain Ilutchinson regarded as exempt from infection, hp, was seized with yellow fever, and died 
on hoarcl the yessel on the 30th of October, after au illness of only five days. 

In Deceruher the Rcbooner was d.isinteeted and refitted for service hy the part.y. ·Fielcl work 
was then resumetl hy .Assistant Perkins, all the points of triangulation were finally selected, 8ignals 
were erect~d, and lines of sight were opened. Up the riYer a careful reconnaissance was ma.de for 
continuing tlie work as far aA the hend below Uaton Houge. Throughout this stretch of' the river 
close examination ha.s hee11 fo11111l necessary, in a.11vance of locating the signals, bJ preserve the 
seale of the t.riangnlatinn. The work was a<lvancing favorably in the middle of May, when Mr. 
Perkins re.ported that it 1~oulrl well be continued through the summer unless there Rhould be a 
recurrence of yellow tevPr. The statistics of th<i work t.ilen reported are as follows: 

Signals erected . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . • . . . . . . . . . . . . . . . • • . . . . . . 7 
Points determined • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • 6 
Objects observed ou . . • . . . . . . . . . ....... , . . . . . . . . . . . . . . . . . . . . . • • • • • • . . . . . • 14 
A.ngles measured ................................•. , . . . • • . . . . . . . • . . . . . . . . fil 
Xumber of observations .........••.•..............••••..••.•••••......... 1, 584 

At the close of the fiscal year the party of Assistant l''Crkins wa.s still actively engaged in field 
work. The results will be stated in my next annual report. 

Hylli-Of/rapl1y of tlie Jlfissi~sippi River.-The steamer Bache, with the party of Lieut. Commander 
C. M. Chester, U. S. N., Assistant in the Ooa.'!t and Geodetic Survey, :reached New Orleans on the 
21st of January, 1871-1, provided wit.11 a Pl'<1iection for soundings between Grand View Reacli and 
Point Houmas. Work was commenced without delay, and while the hydrography was in progress 
the tides were observed a.nd recorded at Homestead Plantation and at New Hope Landing. Sound
ings were made also at t.he mouths oft.he Atcl1afalaya a.ml Red River, and at several of the 
crevasses. 

Commander E. P. Lull, U.S. N., hydrographic inspector of the Coast and Geodetic Survey, 
accompanied the iiarty while engaged on the Mississippi, and oollooted important particulars in 
regard to changes which have affected that great highway to the Gulf within recent yea.rs. These 
include the history of thf' Atchafalaya as an outlet of the Mississippi during a pe.riod of fifty yea.rs, 
and remarks on the relation of 'both to Red River. 
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Of the several crevasRes Rurveyed b.Y the hydrographic i1arty in the steamer BaeltP, Com
mander Lull obtained notes in regard t-0 origin, and with these combined a comprehensive state
ment showing the present condition of each. At Cowpen Bend, about four miles ah<n-e :Xatcbez, 
sections were run across the riYer. 

Morganzia Cnwasst1 w:ts souudc1l, <'S was also I.hat at, Hiamond l:slaud arnl B01met Carri'. 
Glascock Crevasse was examined, hut ha,<l so tilled np as to oYcrflow only at the highest stages of 
the rh·er, and as no water hall gune on•r it. this season, a smTey was not deemed necessa1·y. 

The statistics of hydrographic work doue by the part;\· of Lieut1~uautUommauder Chester in 
this section are : 

l\lile8 run i11 sonmling . . • . . . . . . . . . . . . . . . . . .................•..... _ ... __ . Hi8 
Angles measured ......... - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 174 
Number of somHlings . . . . . . . . . .............................. _ ............ \ 1.11 

Forty-l'iix signals were ereded by the part,\· for pru:secutiug \rnrk in the Ken•ral localities 
referred to in this abstract. 

I,ieutenant-Uornmander Chester was assiiited hy J.,ieut1;. l·. Sebree anct A. Y. \\'adharns, e. S. 
N.: b,y Mai-;ter 'l'. (-i. <'.Salt.er, r. S. N., aml hy Eusig-u l\1. L. Wood, l 1

• H. ~. The steamer Bache 
left Sew Orleans on the 14th of April, and, after touchiug- at K(\V \\"eRt aw.1 .Baltimore, rea<'.hed 
New York 011 the l:st of l\Iay. The part.\· wal'i subsequently t•ugaged in duty, of which mention has 
been made iu Seetiou I of this rt-port, a111l previously iu 8ectiou IL 

• .Trian!rulati<m of the Mississippi Hirer .from ~tfche;; to Urnn'l Gu(l:--Iu my report for last ;rear, 
mention w'as made of the mea8nrement of a base liue oppo!Oit(• to :Natchez for the triangulation of 
the 1\1is8issippi. A few :stations in the immediate ,·icinity of Natchez were occupied h.'· A:-;sistant 
"·· H. Dennis in the latter part of that _year. 'L'he work was resumed in Ueccmher, 1878, with a 
parts working i11 the steamer Barataria, but the moyement:s of .Mr. Dennis wen• much hindered for 
8eYeral weeks hy the ice whid1 made thP w;e of boats impradicable in the }lissi1Ssippi until tht> :!0th 
of JanuarJ·. :From that tlatkl until the h;t of ,lune thf' weather was :tlmost contiuuousl,\· good for 
field work. Sixty-nine miles of the course of the riYer are defined h,,. the operations of this party 
during the season. In order to avoid heavy cutting, and the claims for damages incident thereto, 
the triangulation stations were in general located on the immediate lmnks of the rirnr. But the 
disadvantage of the reduced scale for triangle sides was m·ereome, as far as possible, h;r the care of 
Mr. Dennis in arranging the scheme of work so as to ohtain doulile, aml often triple, detcnuiuatious 
of the station points. Not.with8tauding the lessened size of the tria,uglcs, au aggrt>gate of twenty
fi>e miles of cutting was uece8sar.r, mostl;y through the light growUJ of willows, anll for this no 
outlay was incurred in damages. The proprietors of larnls over which the part,Y passed in the 
prosecution.. of work cordially aided in every way likcl~· to forth er progress in field operations. 

Mr. U. H. Yau Orden served as aid in t.he party of Assistant Dennis. The statistic8 of the 
work are: 

Signals erected .... , •...............•..............•.•..•....•......... , 
Stations occupied • . . . . . • • . • • . . . . • . . . . . . . . • . • . ..•...•..............•...• 
Angular measurements .......•••...•...•.•...•...................•.•.... 

The work was closed for the season at Hard Times Lauding, ablffe Grand Gult: 

63 
()ti 

l:!,354 

Triangulation <>f th.e Mississippi Rfrer al>0t•e Vicksburg.-At the end of November, 1878, Assist
ant Charles Hosmer repaired t-0 Vicksburg, Miss., t-0 resume the triangulation previoui;ly couducted 
in that vicinity, but suspended in the preceding year. For the use of his party the steamer Hitch
cock was transferred from the Atlantic coast, as mentioned in my last annual re11ort, hut in conse
quence of the prevalence of yellow fever was of nece8sity stopped on her Yo5·age a1Hl laid up at 
Pensacola. The vessel reached Vicksburg on the l~th of .Ta.nuary. Field work \ms resumed 
immediately, and was oontinued until the 10th of May. Master Albert Mertz, U. S . .N"., act:ed as 
sailing-master during the season, and at the end of May took the YPSS('J to Saint Loni;;, wlwre tho 
crew was discharged. · 

In externliug the triaugula.Liou alwrn Vicksliurg, a\Joul. eighteuu miles of the course of the 
Mississij;1pi were included. Several stations were occ111)ied above l\lilliken·s Beml. The season 
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generally was favorable, but obsenatious were hiudered in Febrnal'y and J\Iarch by smoke from 
burning cotton-stalks. At such times, however, other parts of the work were steadily adl""anced. 

:M:r. John B. 'Veir aided in the field work. The statistics arc: 

Signals erected . . . . . . . . ... . .... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Stations occupied . . . . . . . . . . . . . . . . . . . . . . . ........ , ... : . . . . . . . . . . . . . . . . . . . 23 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 
Number of observations .................................................. 2, 164 

Twenty-six points were determined in position by the measurement of horizontal angles'. 
Assistant Hosmer had been previously engaged in plane-table work, of which mention has 

bf'en made in Section I of this report. 
Triangulation of the Mississippi Rirer from Bennetts Landing to Jfemphis, Tenn.-For continu

ing the triangulation of the Mississippi, the 11arty of .Assistant C. H. Ho;nl was orgimized on the 
20th of December, 1878, on board tl1e 8teamer Bato.n Uouge, at Helena, Ark. As the yellow fever 
had not then entirely ce~sed in that locality, the repair8 to the boiler of the vessel were hastened, 
and all arrangements were complete by the end of the month, but se\·erc weather closed navigation 
for several weeks in JanuarJ. \Vhen the ice gave way the party proceeded to Bennett's Landing, 
and resumed work at the limits of previous operatfon:-;. .For a fortnight progress was interrupted, 
and the nssel enda.ugered by drift ice, but inconYeni1mcc from that. cause proved to be temporary. 
Field work was continuetl up the river without iotnruption until the middle of March, when the 
engiueer, Mr. '\Y. H. Pleasants, was suddenly taken with the country fenr, and died after being il

0

l 
only three days. He was a faithful antl energetic memlwr of the J>arty on the llaton Rouge, and 
was in high esteem among his associates. 

The condition of the grournl in the latter part of }farclt being farnrable for the measurement 
of a cheek base at the end of the triangulation, J\lr. Ro:yd prepared aml measured a line of twenty
fi ve hundred and fifty meters at Hopefield, directly opposite the cityof'J\lemphis. The emls of the 
line are in proper geodetic connection with the astronomical station occupied in that city in the year 
187i'. Substantial monuments were set, as usual, to mark the lfo11etield base liue. Azimuth was 
determimitl at the southern end of the bitse, aml equal altitude obsenTations were recorded during 
a fortnight for rating chronometers. 

A ft:er completing the azimuth obsen-ations, the triaugulation was resumed, and extended down 
thf', rh·er to a junction witlt the work done at the outset of the season. In general the stations 
occnpied were in the immediate vicinit,r of the shore lines of the iiver. About thirty-one miles of 
the couri;e of the Mississippi is included in the work of Assistant Bo;yd during this season. 

Bady in May the lmutlis iu the imrty became affecte.d by the sickness incident to the region. 
and the further prosecution of field work was deemed inexpedient. Afte.r the discharge of the 
crew the steamer was laid up at Helena. 

Master '\Villiam Kilburn, U. S . .X., was attached to this party, and rcu<lcretl acceptable se1Tice 
in th<> management of the Yessel, aud care of the crew while field operations were in progress. 

'file character of the country cornretl by this work, is similar to that passed over last season-
1leno;e swamp forests, extensive sand shoals, and caving river banks. The swamp thickets entailed 
great labor in cutting lines of sight. Forty-three lines requil'ed opening, s0 as to admit of observ-
ing with the theodolite. · 

:Mr. C . .A. !Yes was attachetl to tllc party as aid. The Htatistics of the work are: 

Signals er~t,e{l . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 38 
Station& woupied . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 4-1 
Ang}JJS measured. • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 431 
Nlfmber of observations . • • • • . . . . . . • . . . . . . • ·c • • • • • • • • • • • • • • • • • • • • •••••••• 9, 804 

F~ft~ geographit..ml positions wer~ det~ir~~ht~ by the angular measurements. 
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SECTIOX IX. 

TEXAS A:-iD IND_IAN TERRITORY.-(SKEH'HES Nos. 20, 21, AJW 31.) 

Hydrograplty of the roaiif of 'lh·a .. ~.-For extending the imihore h,ydrograph~- of the coast of 
Texas, Lient.-Commander Theo. F .• Tewell, T~. S. X., Assistant in the Coast and ffeudetic Sun·ey, 
arrived on the working ground on the 21st of .lanua1·y, 187fl, with his party, in the steamer Gedrwv. 
Several da~-s were employed in reconnai8sance and in erecting arnl determining the positions ;,f 
8ignals, but as Yery few of tire station marks of the triangulation conJtl be found, determinations 
were made by reference to Matagorda light, Balf 1\loon Heef light, aml the remains of houses, the 
chimneys of which, as points ollserved from other points of triangulation, were marked on the pro
jectiou taken b~y Lieutenant-Commander Gedney. Sounding:,; were begun on the 20th of March and 
closed on the 19th of .Tune. Beginniug at a point near the upper end of Matagorea peninsula, the 
bydrogeaphy of the coast of Texas wa15 made continuous from itis previous limit, and pushed i;outh
ward and westward about fifty-five miles to a position tweh·e mil(•s south of Pass ()a,·allo. A.t 
inten·als of about a mile, lines \Vere run normal to the coast, and into the Gulf to au average distance 
of eleven miles, and thei;c were crossed for wrification hy two line;;, one in three fathoms, aud tlie 
other in se\•eu fatl1oms of water. );o shoals were found, the depth iticreasinp: en~nl.Y in g-oing out
ward to tweh-e or thirteen fathoms at tweh'e miles from the shore. Inside of the Hix-fathom line 
the bottom h; hard sand, an<l occasionally sand with brokeu ~hell>;; lwyornl tlrnt dt~pth the hot tom 
is mud with Hmall shells ot•casionally intermixed. 

I..ieutenant-Commander .Tewell noticed tliat the cnrreuts were mainl.r tine U> the direction and 
force of tl1e wind, and tha.t tlwy followed the shore linl\, no set, OJJ or off shore, being obscn·able. 
The tides also were largel_y intlnenced by the "inds. Titlt•s wt•re small with northerly, westerly, 
and southwesterly winds; and larger with southerly, southeasterly, and castcrl_y winds. The sta
tistics of the work an•: 

Miles run in sounding's . . . . . . . . . _ •.......... _. . ..... _ .. _ . . . . . . . . . ... _ .• 
Angles measured •.. - .•.•..................... - ........ _ ..•............•.. 
N un1ber of soundings .......... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 

765 
2,lOi 
n, 4fli 

J,ieut.enant-Conunamler ~Jewell was aissisted in this section by Hent. Johu Gan-in, U. S. N., 
1\lasters C. E. Fox and l\I. K. Schwenk, U. S. S., and by Ensign C. IL A.mstlcu, U. S. N. The 
same party was previously- engaged iu Section I. 

TrW.ng1t7.atfon of La.guna ,lfadre, 1w .. -.At the openiug of tlw tiscJ,} year, this work was re.samed 
by A.ssistaut R. E. Halter, at the limifa reached in the preceding s"1asou. In pas...;ing southward 
and eastward, stations were occupied at iiroper iuten·:lls on Padre hlaml, and signals were erected 
on the opposite shore of the la.goou. As ti.ms lai1l out., the sclteme of triaugulatiou iuclntles a 
stretch of sixty-fixe miles of Gulf coast aml l:tgoon, above Poiut Isabel. Tl.te ayemge width of 
this part of the lagoon is about eight miles. Predous to the 3d of l\Iarcl1 all tl.te stations along 
the Gulf coast had been occupied, aml two ou the mainland. The remaining stations on the main
land ab<H"e l">oint Isabel will be occupied iu tlw course of the pres~ut ,rear. Of Urn work done tle 
statistics are : 

Signals erected . . . • . . . . • . . . . . . . . • • . . . . . . . . . . • . . . . . . • . . . . . . . . • . . . . . . . • . . '.!3 
Stations occupied ........... _ • .. • . . . • . . . . . • . . • . • . • . . . . . . . . . . . . . . • . 10 
Angles measured. . . . . . . . . . . . . . . . • . . . . . . . . . . . • • . . . • . . . . . . . . . • . . . _ . . . . . . . . . 58 
Number of obserrntions ..........•.......... _ . . . • . . . . . . . . . .. _ .... - . . . • . . s, 3i0 

Assistant HaUer is now in the field, and before the close of the season the tt-ia11gulatio11 will 
doubtless be extended to the mouth of the 1-tio Hrande. 

Within the limits of work done this year in the Laguna ]\[adre, is an i.~olated bed on the western 
side, iw-enty-six miles in length and aYeraging more than a mile in wiclth, in which bed the depth 
pf -W~! ii!! nine feet. No definite channel leads into the pocket from any direction. 
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Hydrog>·apky C!,f We.Ht Indicui approarltes to tke Gnlf of Mc.vico.-ln order to complete the hydro
graphic development of the southern approaches to tbe Gu1f of l\Iexico, the steamer Blake was 
refitted under the direction and supervision of Lieutenant-Commander 8igsbee, and passed south· 
ward early in December, 1878, with a party in charge of Uommandcr J. R. Bartlett, U. S. N., Assist
ant in the Coast and Geodetic Snrrny. Provision was made, as in the cruise of last year, for pro
curing specimens of life to be found in the watern traversed by the hydrographic party, and, as 
before, Prof. Alexander Agassiz, with his assistant, S. 1V. Garman, accompanied the vessel. 

The steamer Blake reached Key \Vest on the 6th of December after a st-0rmy passage. Coal 
was taken in, and the vessel prooeeded to Port Royal ( .Tamaiea), making, off Havana, several suc
ceRsful hauls with the dredge, and others in t.llf• hight t<i the eastward of the f',ntrance to the harbor 
of Port l{oyal. _A line of 1muu1lings was nm a1'.ro1;,.; the ohl Haliam;1 clrnnnpl abreast of I1obos Uay 
light, showing in tlH' de(•pcst part 0111~· 1i·rn lm1111re1l fathoms, l~lthongh the onliuary charts are 
marked "niue lumdred fathoms, uo bottom.'' I 11 tlte "'ind ward l'a<l'!sagf', tl1c tra<le1' were ver_y 
r;trong, aud tlw _Blake rollf'd bea\'ily, hut tlw rel'liug euginu am1 sounding machine 1''orked well. 
On hiK course :-mnthward Commander Ba.rtlett note1l a. number of enors iu the charts hitherto 
relit>d uu b.v uayigat{m;. 

On the course from Kingston t.o St. '.l'homa.s work was impractkahle in cousrntuence of the 
heavy sea; the tmdes were almost a gale, aml the steamer conld make only a\Jout. two knots per 
ltonr against wind and sen between Jamaica and Hayti. :Prom .Jamaica to St. Thotnal:l a current 
was fonnd settiug to the eastward, at times with a rate of two knots per bour, making a very short, 
di.,agreeable sea. In reference to this murent Coinrmtnder Bartlett ob1Serves: 

"The captain of the English telegi:aph i,;teamer at St. 'l'homa~ !',a.,vs that at Uii:-; time of the 
year he generally found the current Sl~tting to the eai;tward, south of St. Domingo and Porto Rioo; 
and mention of it is a.lso made in the Sailing Direction;; issued liy the Hydrographic Office, in 
which it is said to be south of .Jamaica. In my opinion the Daribbe:m Sea has a circulation of its 
m\·n, independent of any source of supply or waterway for the Gulf Stream." 

After leaving the aucborage under Ile de Vache, strong trade winds were met. in going ea.st. 
ward until south of l'orto Hico, and there soundings and dredgings were made in eight hundred 
and seveuty-four fathoms of water. 

At St. Thomas the Danish governor Yisited tlte steamer Hlake, and manifested special interest 
iu the appar!ttm,; and inoposed inYestigations. The gover1101· ha<l examined the outfit of the ChaL 
lenger when that wssel was at St. Thomas, anJ recognized that im11r0Yements had been made. in 
the sounding apparatus used on board the Blake. 

}:ar1~- in .lanuar~· a week was pa.:ssed iu somHling an<l dredging between the island of St. 
Thom:h< a.nd S:mta Cm~. Twenty-seven hauls were ma<le, antl a, variety of living specimens ob
tained, some from a depth of twenty-three hurtdred att<l seventy· six fathoms, the trawl bringing up 
at the same time from that depth a roek weighing three hundred pouucls. , 

Ry the middle of .;Tauuary the opera,tiorns of the party muler Commander Bartlett had procured 
specimeus sufficient to enable rrofessm Agal'isiz to de:scrihe the characforistic fauna of the sea in 
the vicinity of Onba1 Hayti, .Jamaiea, l'orto Rieo, aml the Virgin group of islan1ls. The latter part 
of the month was OCCU})ie1l in dredging along the islands from St. Cbristopber to Dominica, and in 
that neighborhood one hundred hauls were successfully made. In the passages from island to 
island tlic trade winds continued. to be •ery Rtrong. Ilredging was carried on uncler the lee of each 
iisland and along the Grenadines to Grenada; also across the channel to 'tlte southwar<l of the last
w1 med island. Barlmdoes was rcaehe<l on the 4th of March, 187H, aml a week was spent in 
dredging uucler its lee. Herc man;r of tile crew were affected b~- malarial fever, though all bands 
remained well until a few days previous to the aIThral of tlw Blake. The fo\'er a1>peared soon after 
toucliing at G renatla, but fortunately no case took a serious turn. 

At Barbatloes, l'rofessor Agassiz left the vessel and returnell to i·esumc professional dut-ies at 
Cambridge. All the dredging apparatus was then unrigged in pre1>aration for recording soundings 
ilming the remainder of the season. From Barbadoes and St. Vincent lines were run in passing 
from one to another of the Windward Ii;lands, and the soundings show that in the passages be
tween the islands the depth in each case is less than the depth of wat~r inside or outside of the 
range. The channels thus developed seem to be merely depressions in a range of partly submerged 
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mountains. Between St. Vincent and St. Lucia the greatest depth found wa."! four hundred arnl 
eighty-eight fathoms; between St. Lucia and Martinique, five humlre'l and forty-eigl1t; hetwet>ll 
Martinique and Dominica, five hundred an1l seyenty-fi,-e; between Dominica aml GnadalonpP, 
three hundred and forty-Rix; between Guadaloupe aIHl Antigua, three hnmlre1l antl f'urt,Y, and lw
tween Antigua. and Nevi8, three hundred and eighty-six fathoms. In hroad contrast with the!'•~ 

results found by the sounding line is the fact that mountain peaks upward8 of four thousand feet 
in height occur on St. Christopher, Dominica, and St. Yincent. The Virgin Islands, a 8eparate 
group, pertain to Porto Hico, and between that, group and the 'Yindwar1l Islands the depth of tht> 
passage is ten hundred and seventy-six fathorm;. 'l'he Mona Passage, between Porto Rico and i't. 
Domingo, haR only hrn hundred and Rixty fathoms, and the Windward Passage, between Hayti and 
Cul1a, eight hnrnlre1l antl SC\'enty-thrt>e fatl1omA. One of the mountain peaks of Cuba is upwards 
of eight thousand fp,pt, l1igl1, arnl nne on Hayti i,.; more than seven thousand foet in height. The 
Blue Mountain Hitlge of .Ja.mai<'a is elen'u hundred feet lligh, and th8 depth found between that 
i!1laml aml llasti was eight lmntlrerl and fiye fathoms. 

The. wo1·k tlone pro\'PS nH>rf'OYer that in tl1e passage-s between the island8 the depths are 
irregul:u, thP snmulingi-; irnlicat.ing 1mlm1erge11 peaks antl ridges. In sonurling between Guada
loupe and Antigua a pt•ak was f'onrnl having 011ls forty fatliourn on it. Tlti8 was iu miul'lrnnnel, 
and yet tlie mean <ll:'pth~ a.s hPfnrf' statP1l, is lhrf'e lnmrlrecl a.ml forty fathoms. 

In general, serial tempt>ratnres or U1P wa.tf'r were well recorded at. po,.;it.iouR under Uw, Jee of 
the islantli;;, hut iu the pasRagP$ ht~twPPn 1 hP111 fl1e pitching of the vesi;;el made the record uneertain. 
The lowest. temperature found hy < ~ommarnler P.artleH in the Carihbean Sea was in twenty-five 
lmndred fat.liomi;; near St. ('rob:, the ther111m11ete1· i111lieati11g .1S0 • fn dt>pths bdween tweh-e l11rn
drnd aml nineteen lnrndr1•1l fat.ho111s t.Jw tmnpnatnn~ \Yas :18~'-:>. Bet.ween Anegada and Sombrero 
the temperatnre waR ;~so at thirtPP11 l111mlred am! fort~·-sh J'atlwm.'I, 3irro at Bixteen hundred and 
forty-three fathoms, and ;)tip at twenty-tin· lrnnilre11 and tbirt.~·-eight fathoms outside. To the 
westward of thP ishrnds at oue thousand awl tifteen hmulred fathoms the temperature was 
ahout 390. 

Tlw mPthorls 11<wise1l by LiP11tenaut-Co111111a.ml1•r SigshPe, wlwn i11 comma111l of thP stramer 
Blake, for obtaining somHliug,.; arnl tt•rnpl:'rat.m'(\ re••,mb iu 1leep '~ate.r, a111l adnpiP1l in pract.icf' thi:; 
season hy Commarnler Bartlett·,, arl' st rn11gly f'OU11111•mletl h_r that ahlP oftkpr, 

Ohs1\rvat;ion1-1 on thP currentf< were reganll:'d a;; of ;,;pecial importance, but the inve:stiga.tion wal"! 
attended with difficulties. In general reference to the subject, Cornmanrler Bartlett remarks: 

"The water does not set into the Caribbean Sea through the channels between the islands to 
any great extent.. Thi.\ tra1le wi11d bankf< the water against the windward side of the islands, and 
near their ends the current setR Htrong t.o t11t> westward; but near midclmnnel between the islanrls 
l haYe D!Wt':t' fonrnl a west.cl'ly current. All the water to tl1e east and west of the long cbain of 
islands sets nort1iwar1l. South of Grenada we experienced a enrrent of two to thrw• knots setting 
to tl1e westward. 

"Tbe Blake made the passage from St. Yinceut to Barbadoes with a Yery light easterly breeze, 
and was set ftfteen miles northwest. Returning to St. Lucia, l found a. northerly set of niueteen 
miles in twelve hours, aml when steering north from Barbadoes a current was found of a knot arnl 
a half setting north. H. B. M. ship Blanche reported at Barbadocs that on the course from l\fartiu
iqtte she had a northerly cuITent of forty miles in twenty-four hottrs. 

"North of Guadaloupe the current was very strong to tbe northward. It was quite :,;month 
after leaving Saba Islaml, and I found the culTent north-northwest, about a mile per hour. ~.\ 

current of one knot was also observed setting to the eastward on the course from Xevis Island to 
Santa Cruz." 

The Blake sailctl from St. Thomai;; on the 27th of April for the Mona Passage. There the 
current showed an ebb and fl.ow, but after clearing the Passage, and to the northward of St. 

j)omingo, a current was entered setting to the westward over one knot per hour. The depth of 
water found between St. Domingo and the Bahama Banks was two thousand fathoms. 

While the steamer was at work in the vicinity of the 'Vindward Islands large patches of sea
weed were observed, during light winds and calms always t.ending in long lines to the northward. 

Lines of soundings were run between Jamaica and the Pedro and Rosalind Banks, and a line 
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also from the last-namea bank to Cape St. Antonio, gi\'ing depths of oYer two thousand fathoms 
in the Gulf of Hondura~. 

Commander Bartlett, in his report accompanying the record of the season's work, deduces 
from his obsen·ations on the currents, tliat the equatorial cuneut which sets directly against the 
Windward Islands is hy them and their connect.ing ri<lges <lefiected northward, and so follows their 
outer edge, and passes around the Yirgin Islands to the westward through the deep channel north 
of St. Domingo. Ile suggests also that on reaching Ouba the current divides, part flowing north 
throngl1 t1ie old Baliama Chanue1, a.ml part through tile 'Vindward Passage by the deep channel 
llt'tween Cuba arnl .Jamaica, an<l thus h~- (Jape Ht. Antonio into the Gulf of Mexico. His report 
states tl1at the sped mens of bottom taken in the \Yind war1l Passage gh·e eYidcnce that tlJe eurrent 
in that passage morns in depths greater than eight hundred fathorm;, and that it reaches the bottom. 
The temperature found on the ridge at eight hundred fathoms was 39°, and tlJis temperature was 
always found ~it, and below that depth imiide, as is also the case in tlH• Gulf of Mexico. Outside of 
the ridge the temperature fell w 3(i~o, at two thousand fathoms. 

Between Rosalind Bank and ll11ba the current.<; were observed to he Yery feeble, and there was 
a total absenee of Gulf weell in tliose waters. On the current found south of Greua,da, and espe
cial1y in referenee to its origin, Colllman<ler Bartlett remarks as follows: 

"The current always found flowing north a1ong the eastern side of South America, on reaching 
the island of Tobago diYides, part joining the equatorial current setting north along the chain of 
islands; the remainder following the coast line of Trinidad and the Spanish Main, and so around 
the entire circumferen-0e of the Caribbean Sea, finding at last an outlet at the Mona Passage and 
the Anegada Channel to join the equatorial current on its way t-0 the Gulf of l\Iexi,po." 

Aft~r closing opei:ations for the seasou at the south, tht>. 11teamer J)]ake reached New York at 
tht> end of May. 

In the work here noticed, Commander Bartlett was assiste£1 by Lieuts. \\". 0. Sharrer and .T. 
P. Wallis, U. S. N.; Master H. M. Jacoby, U. S. N., and Ensigns G. N. Peters aud :KI~. Reyno1<ls, 
U. S. N. The records of the various operations in seryiee afloat were made b,Y Assistant Surgeon 
Charles ,J. Nourse, U. S. N., and Mr. L. C. Sigsbee. 

Commander Bartlett's suggestion in regard to the course of the currents in the Caribbean Sea 
is based on observations made during part of a single season. Similar obsenations repeated in 
other years would be requisite to substantiate the theory. 

Professor Agassiz, in a very interesting communication (Appendix No. 6), remarks as follows: 
"One of the most interesting results reached by this year's cruise is the light thrown upon the 

former extension of the South American continent by the soundings taken while dredging, and 
those subsequently made in the passages betweeu the islands by Commander Bartlett. These, 
t-0gether with the souudings alrea1ly known, enable us to tmce the outline of the old ·continent with 
tolerable accuracy, and thus obtain some intelligible, and at the same time trustworthy, explana
tion of the peculiar geographical distribution of the fauna and flora of the \Vest India Islan<ls. 
As is well known, Cuba, the Bahamas, Hayti, and Porto Rico, irnstead of showing, as we might 
naturally &'iBume from their present proximity to .Florida, a decided affinity iu their fauna and flora 
with that of the Southern United States, show, on the contrary, unmistakable association with that 
of MexiC{>, Hon<luras, and Central America. The Caribbean Islands show in part the same rela
tionship, though the affinity to the Y eneznelan and Brazilian tanna aud flora is mu-0h more marked." 

41 Jn attempting to rooonstruct, from tlJe soundings, the state of things existing in a former 
period, we are at once struck by the fact that the Vil'gin Islands are the outcropping of' an exten
sive bank. The greatest depth between these islands is less than forty fathoms, this same depth 
being found on tbe bank to the east. of l~orto Hico, the one-hundred-fathom line forming, in fact, 
the outline of a large island, which would include tlw whole of the Virgin.Islands, the whole of 
Porto Rico, and extend some way into the ~Iona Passage. The one-hundred-fathom line similarly 
forms a large plateau, uniting Anguilla, St. Martin, and St. Bartholomew. It also unites Barbuda 
and Antigua, forms the Saba Bank, unites St. Eustatins, St. Christopher, Ne\is, and Redonda. It 
forms an elongated plateau, extending from Bequia to the southwest of Grenada, and mns more or 
less parallel to the Sooth American coast from the Margarita. Islands, leaving a comparatively 
narrow channel betw~n it and the one-hundred-fathom line MOnth of Grenada, so as t-0 iuclose 
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Trinidad and Tobago within its limits, and rnns off to the southeast in a direction also about par
allel to the shore line. At the western end of the Caribbean Sea the one-hundred-fathom line forms 
a gigantic bank off the Mosquito coast, extending over one-third the distance from the mainland to 
the island of Jamaica. The Hosalind and Pedro Banks, forRled by the same line and a fow other 
smaller banks, denote the position of more or less important islands which must have onoo existed 
between the Mosquito coast and Jamaica. On examining the frrn-hundred-fathorn line, we thus 
find that Jamaica is only the northern spit of a gigantic promontory, which once extended toward 
Hayti from the mainland, reaching from Costa Rica to the northern part of the Mosquito coast, and 
leaving but a comparatively narrow passage between it and the fi\'e-hundrcd-fatbom line encircling 
Hayti, Porto Rico, and the Virgin Islands in one gigantic island. The Jlassage between Uuba and 
Jamaica has a depth of three thousand fathoms, aml·that between Ilayti and Cuba is not less than 
eight hundred and sernnty-three fathoms, the latter being probably an arm of the Atlantic. The 
five-hundred-fathom line connects as a gigantic island, the banki;;; uniting Anguilla t-0 St. Bartholomew, 
8aba Bank, the one connecting St. Eustatius to Nevis, l3arbuda to Antigua, arnl from thence 
extends south so as to include Guadeloupe, Marie-Galante, and Dominica. This five-hurnlred-fathom 
line thus forms one gigantic island of the northern islands, extending from Saba Bank to Santa 
Cruz, and leaving but a narrow channel between it and the eastern end of the fh·e-lmndred-fathom 
line running round Santa Crnz. As Santa Cruz is separated from St. Thoma.s by a channel of forty 
miles, with a maximum depth of over twenty-four hundred fathoms, this plainly shows its connec
tion with the northern islands of the Caribbean group, rather than with St. Thomas, as is also well 
shown by the geographical relations of its Mollusca. The five-hundred-fathom line again unites, 
in oue gigantic spit extending northerly from the mouth of the Orinoco, all t.he islands to the south 
of Martinique, leaving Barba.does to the east, and a narrow passage betwe(iln Martinique and the 
islands of Dominica and St. Lucia. 

"At the time of this connection, therefore, the Caribbean Sea connected with the Atlantic 
only by a narrow passage of a few miles in width between St. Lucia aud 1\I arti11ique, and one some
what wider and slightly deeper between Martinique and Dominica., anot.lier between Sombrero and 
the Virgin Islands, and a comparatively narrow llassage between .Jamaica a]J(l Hayti. The Carib
bean Sea, therefore, must have been a gulf of the Pacific, or have connected with it tl1rough wide 
passages, of wl1ich we :find the traces in the Tertiary and Cretace.ous deposits of the Ist.hmns of 
Darien, of Panama., and of Nicaragua. Central America and Xorthern Soutl1 A.merfoa at that 
time must Lave been a series of large islands with passages between them from the Pacific into the 
Caribbean. It is further interesting to speculate what must have become of the great equatorial 
c:mnent, or rather of the current produced by the northeast trades. The water banking up against 
the two large islands, then forming the Caribbean Isla.nlls, mnst, of course, have been <letiected 
north, have swept round the northern shores of the Yirgin Islands, Porto Rico, and Ha;rti, an(l 
poured into the western basin of the Caribbean Sea, throngb the passage between HaJti and Cuba. 
This wattir being forced into a sort of funnel, by the ftve-hundred-fathom line forming the southern 
line of the Great Bahama Island, which connected nearly the whole of the Bahamas with Cuba and 
formed a barrier to the western flow of the equatorial current, must, therefore, for the greater 
part, have been deflected north, and either swept in a northeasterly direction, as the Gulf Stream 
now does, or round the north end of the Bahamas, acros.s Florida, wllich did not t.heu exist, across 
the Gulf of Mexico, and into the Pacific over the Isthmus of Tehuantepec. 

• • • • • • • • • • 
" The soundings made by Commander Bartlett, after I left the Blake, to determine the ridges 

uniting the various islands between Sombrero and Trinidad, show plainly that the cold miter of 
the Caribbean can only come in through the passage between Sombrero and the Yirgin Islands, 
which is about eleven hundred fathoms, with a bottom temperature of 3so, while the tive.huudred
fathom line, as I have said, forms a gigantic island of all the islands to t1ie south of Sombrero, 
including Dominica, with a narrow passage of one thousand fathoms between it aud Martinique; 
the five-hundred-fathom line again uniting into one large spit, as a part of South America, all the 
islands to the south of it. Thus the bulk of thP; water forced into the Caribbean Sea has a com
pat"atively high tempera.ture--;-an average, probably, of the tem1)erature of the three.hundred
fathom line. The oold water of' the Atlantic is, howe\'er, again foroed into t.he western hasiµ of 

8. Ex.17-7 
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the Caribbean through the Windward Passage, and all this through the Yucatan Clrnnnel, between 
Cape Sau Antonio and the Yucatan Hank. It is, therefore, incredible that with this huge mass of 
water pouring into the Gulf of l\lexico, there 8hould be an~·thing like a cold current forcing its way 
up hill into the Straits of Florida, as has been asserted on theoretical gwnnds. The channel at 
Gun Ke;v can onl,v discharge the surplus by having a great velocity." 

]}fagnetic Observations.-"'\Vhen .my last annual report closed Subassistant J.B. Baylor was in 
tl1is section, determining the magnetic declination, dip, and intensity at points in Texas. He had 
completed observations at Dollar Point, Austin, Hempstead, and Groesbeck; and at the opening of 
the fiscal year, to which this report corresponds, a station was occupied at San Antonio. Passing 
on northward ::\'Ir. Ba,vlor determined the magnetic elements at Fort Worth, and at Sherman in 
Texas, and subsequently at Atoka and Eufaula in Indian Terrttory. ThiPty-four stations in all 
were occu1>ied in the course of the season. Of theser not already referred t-0, mention will be made 
further on in this report. Late in July, 1878, l\lr. Baylor proceedecl to Humboldt, Kaus., of which 
station, and others occupied in that region, notice will be taken under the head of ·section XV. 
Subsequently he recorded observations in Colorado (Section XVI); in Wyoming Territ-0ry (Section 
XVll l; and before closing for the ;year, also in Wisconsin and Illinois, as will be stated under the 
head of Section XIY. 

Notwithstanding the disadvantage arising from its variations from the meridian, the compass 
needle is almost exclusively used to mark out the boundaries of a(\joining properties. In his inter
course with the people, Subassistant Baylor fonud that every one of average intelligence recognized 
the practical importance of a work establishing means for the corrections of an instrument so uni
versally used as the gurve;yor's compass. 

Of many of this section, who tendered courtesies and aid in his operations, Mr. Baylor's report 
speciall.r mentions the Hon. Guy 1\1. Bryan, of Galveston; Capt. C. Uornly, U.S. A., stationed at 
the San Antonio Arsenal; and l\Ir. l{hodes Fisher, chief clerk of the land office at Austin. 

SECTION X. 

CALH'ORNlA.-(SKETCirns Nos. 22, 23, AXD 24.) 

Geodetic operations, Santa Bm·bam Channel, Cal.-As mentioned in my last annual report, Sub
assistant D. B. Wainwright was in the field at the opening of the fiscal year, July 1, 1878, and was 
then occupying the primary station on San Clemente Island, and observing on signals previously 
stationed on Catalina and Santa Barbara Islands. During the stay of the party on Clemente, 
dense fog· generally hung around tlrnt island, but occasionally the heliotrope on Santa Barbara 
was seen for short periods. By watching closely, the measurement of horizontal angles was com
pleted on the 21st of August. Before leaving the island, :Mr. Wainwright recorded observations 
on Polaris for azimuth. · 

Early in September, observations with the theodolite were begun at the primary station on 
Catalina Island, signals having been previously set at San Pedro Hill, and Las Bolsas on the main
land abreast of Santa Catalina. The weather proving moderately good, observations for horizontal 
angles and for azimuth were finished by the 5th of October. · 

San Pedro IIill was next occupied, and the measurement of horizontal angles needful there 
wa.s completed. before the middle of November. The party was then transferred to Las Bolsas, but 
the work at that station was much hiudered by thick smoke from burning stubble drifting from 
the interior down to the coast. The required measurements were, however, obtained by the 9th of 
December. The statistics of the work are: 

Signals erected .......•. - ......•..... , .. _ . . . . . . . . . . • . . . . . . . • . . . . . . . . . . . • 4 
Stations occupied ..• - .... -..... - .. - - ...•........•..•....... _ . __ .. . . . . . . . • 5 
Angles measured . . . . . . , .......••..•... , •.. _ •................. __ .. _ . . . . . • 14 
Number of' observations ... - ..•......•••............ _ .•.. _ ...............•.. 1, 978 

The work here reported completes the geodetic connection between the Santa Barbara Islands 
and the main coast of California. After storing the camp equipage at San Pedro and forwarding 
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the instruments to San Francisco, S11bassistant ·wainwright reported iu person at the otlice in 
"rashington. Ile has again resumed neld duty on the coast of California. 

Topography of Catalina an<l San Clemente blands, Cal.-The topographical survey of Catalina 
Island, in progTess at the opening of the fiscal year, was completed on the 2flth of .August, 1878. 
On the day following, Assistant Stehman Forney went to Sau Clemente iu a small sloop, and, 
after reconnaissance, found that his party oould be supplied with fuel and water only by trans· 
porting what might be requisite from the mainland or from Catalina Island. L.\_n old tank at the 
landing on the northwest end of San Clemente was repaired, and used for storing water while the 
survey of the island was in progress . 

.After securing the property used on Catalina, and Relecting essentials for use on San Clemente, 
Mr. Forney again rea.ched that island on the 14th of September with his party and supplies of 
water and provisions. The month following was occupied in establishiug hydrographic signals and 
identifying the triangulation })Oints. All the station marks were recognized, and also the astronom
ical station which had been occupied by Assistant Davidson in 1852. 

The detailed topographical survey of San Clemente Islaucl was bf1gun on the 22d of October, and 
was completed on the 22d of January, 187H. This island is high and hold at the southern end, the 
land gradually falling to the northward. Its lengtl1 is nearl.)- twenty-one and a half miles ancl the 
average width about two and a half miles. The southern part at one point rises to nineteen hundred 
and sixty-four feet above ha,Jftide, and from that, height the land gradually slopes to the northwestern 
end of the island. The southwestern face is marked Ly a succession of well-defined terraees, or 
old sea-beaches, all of wJ1ich were carefully delineated on the plane-tallle sheet by Assistant Forney. 
Rio; concluding report mentions Wilson's Cove as a useful anchorage. This ii; an open roadstead 
on the ea!'.tern Ride of the island, and rather more than two miles from its n.Jrthern extremitv. All 
the wool raised fn the island is sl1ipped from Wilson's Oove. Thirteen and a half miles sout:hward. 
and also on the eastern shore of the island, is a small co,'e called Mosquito Harbor, and that i~ 
reported as a gootl shelter for boats of ten tons during snmmer months. 

Smuggler's Cove, at the southern end of the island, affords a good lee from northwest and 
northeast winds, but its shallow saml beach makes the landing uncomfortable . 

.Along the northeastern face of San Clemente, boats may laud anywhere, but on the opposite 
or southwestern side there are only three practicable boat-landings; one of these, called Seal Har
bor, is about midway between the northern and southern ends. This is a noted sealing-station. 
The other landing~ are near the north end of the island. During the stay of the party, the sea 
approach to the western shore was very rough, most of the time being marked by immense breakers 
rolling in upon the beach. 

"The entire surface of the island is broken up with deep gulches, especially on the southern 
and southwestern slopes, where some of them are eight and ten hundred feet deep. But in general 
the surface shows extensive plains of rolling land, thickly covered with wild grasses, oommon along 
the coast of California." 

"The geological formation is almost entirely of black volcanic rock, impervious to water, 
and covered with a shallow soil. In the deep gulches and other obscure parts of the island, 
clumps of scrub-oak aml lmshes are found, but not elsewhere. The entire southern and south
western slope is covered with cactus, in many places so thick that it is impossible to ride a horse 
through it." 

On the plane-table sheet Mr. Forney denoted the positions of ten tanks for maintaining a supply 
of water for the stock raised on the island. From eight to nine thousand head of sheep arc sup
ported annually. During summer and autumn the animals feed at nigl1t, while dew and moisture 
from fog are on the vegetation, and thus derive enough water to sustain themselves. 

On the 22d of JanuM'y Commander Coffin, by previous arrangement, transferred .Assistant 
Forney and his party from San Clemente Island to San Diego, where preparation was made for the 
survey of San Nicolas, and the party was taken t-0 that island in the Hassler on the 8th of February. 
Field work was begun immediately, and was prosecuted until the 15th of .March, when the means 
available for this work were exhausted. Mr. Forney, in consequence, disbanded the party and 
returned to Santa Barbara to engage in office work. His plane-table sheets of San Clemente 
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Island, and two others, showing the.completed survey of Santa Catalina, have been received at the 
office in Washington. The topographical statistics are: 

Shore line snrveyerl, miles . . . . . . . . . . ....... _ ............. _. . . . . . . . . . • . . . . 76 
Roa<ls, miles _ ... _ .. _ . . . . . . . _ .. _ ................ _. . . . . . . . . . . . . . . . . . . . . . . . . 9i 
Area of topography, square miles ...... _ ..... _. . . . . . . . . . . . . . . ................ 84!! 

HydrograpTty near Santa Catalina and San Clemente Islands, Cal.-The party of Commander G. 
W. Coffin, U. S. N., Assistant in the Coast and Geodetic Survey, working with the steamer Hassler, 
was engaged during the summer and part of the autumn of 1878 in sounding the approaches t-0 
Santa Catalina Island. The results were returned to the office on three hydrographic sheets, show
ing the depth of water to an average distance of .five miles from the shore line, and all the reefs 
found within the limits of the work. 

After completing the survey about Santa Catalina, the Hassler sailed for San Clemente Island, 
taking a projection for the hydrography of its western and southern approaches. Points on the 
island had been determined in position by Assistant Forney, as also at Catalina, when soundings 
were in progress there. At San Clemente all favorable intervals were employed, and by the 17th 
of February the projected sheet was filled. As usual, all reefs in the vicinity of the shore line 
were carefully developed and marked on the chart. The statistiics of work are: 

Miles run in sounding . . .•............ - .................• _ •........... _ . 790 
Angles measured .....•.••............•..............•............ _ . . . . . 11, 284 
Nu.mber of soundings .. - ...........•.• _ ............ _ .................... 10, 330 

Commander Coffin was assisted in hydrographic operations by Lieuts. (). W. Jarboe and W. H. 
Driggs, U. S. N., and by Erniign C. F. Putnam, U. S. N. 

At the end of the .fiscal year the party in the steamer Hassler resumed duty afloat off the coast 
north of San Francisco entrance. 

Hydrography of Bahia de los Tremblores and adjacent coast of California.-In the prosecution of 
inshore hydrography of the coast of California north and west of :Sewport Bay, good progress has 
been made by Lieut. E. H. C. Leutze, U. S. N., Assistant in the Coast and Geodetic Survey, with a 
party in the steamer McArthur. Between the 1st of July and the 16th of December, 1878, three 
sheets were filled with soundings. Of these, one represents the inshore hydrography from Newport 
Bay northward and westward to Point Fermin, developing the bight known as Bahia de los Trem
blores. In connection with it the second sheet defines the character of the sea-approaches above 
and below San Pedro, or between Point Fermin and Point Vincente, and in the last-named vicinity 
joined with hydrography preYionsly completed. · 

Farther up the coast Lieutenant Leutze filled a third projection with soundings required to 
complete the Rnrvey of the ~outheastern approach to Santa Barbara Channel. The southern limit 
of this sheet is Point Dume, and seaward the lines of soundings were extended aoout twenty miles. 
A.bove Anacapa Island the work joins with hydrography done in the year 1869. The statistics are: 

Miles run in sounding ....•... _ . • . . . . . • • . • . • . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 1, 136 
Angles 1neasured •................. _ . _ ..............•.•..• :-. . . • . . . . . . . . 2, 7 53 
Number of soundings. . . . . • . . • . . .• _ ... _ .. _ ..•...... _ ..•.... _ ...•..••.. _. 12, 773 

In the course of the season the party erected forty-four signals. The tides were observed at 
Wilmington while the party was at work above and below Point Fermin. For the hydrograpby 
south of the Santa Barbara Channel, tidal observations were recorded at Point Hneneme. '£he 
three hydrographic sheets have been received at the office in W asbington. 

Lieutenant Lentze was assisted in the operations of the season by Lieut. E. K. Moore, U. S. 
N., and by Masters L. C. Hellner, W. P. Elliott, and R. H. Galt, U. S. N. 

At the close of the fiscal year the party in the steamer McArthur was again organ~ to pros
ecute soundings in the vicinity of San Clemente Island. Further mention of the work done in th&t 
quarter will be made in my next annual report. 

Triangulation and rop<>graphy of the coast between Point Arguello and Point Sal.-The party of 
Assistant W. E. Greenwell took the field at l'oint Arguello, on the 11th of AQgust, 1878, and 
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resumed the triangulation at points to which the work had been brought from the southward in a 
previous season. In going northward, stations were selected along the coast line, and others at 
distances inland suitable for defining the shore line north and south of Point Purissima. In the 
vicinity of Point Sal, l\lr. Greenwell connected his work with the primary: station I~ospe, and with 
points formerly determined in position. 

After occupying the stations of his scheme with the theodolite, and completing the angular 
measurements, a plane table sheet was filled with details representing the coast features north and 
south of Point Purissima, the work in general being carrieJ about three miles back from the water 
line. 

"The character of the topography is peculiar. Sand dunes with a trend to the eastward 
denote the prevailing winds of eight months of the year. Within a mile of the shore the dunes are 
nearly destitute of vegetation, but further inland they are covered with low bushes." 

Twenty-two miles of coast line are defined by the triangulation. The statistics of the field 
work are: · 

Signals erected ......•................................................... 
Stations occupied ....•........ · .......•...•..•....•...••..•............... 
Angles measured .•......•....................................•...•...... 
Number of observations .•...•............•......... , ......•........•.... 
Shore line surveyed, miles . . . • . . . . . . . . . . ............................... . 
Creeks, miles ...............•............................... _ .........•. 
Roads, miles . . . . . . . . . . . . . . . • . . • • • . . .....................•........•.... 
Area of topography, square miles . . . . . . . . . . . . . ......................... . 

34 
26 

303 
6,964 

9 
5! 
12~ 

23~ 

Operations in the field were discontinued on the 8th of March, when Assistant Greenwell 
returned to Santa Barbara and engaged in office work. At the close of the fiscal year I1is party 
was reorganized for extending the topographical survey north and sont.h of the limits of the sheet 
already completed. 

Hydrography of Sitisun Bay and San Pablo Bay, Cal.-For this work the schooner Yukon was 
placed in charge of Assistant Gershom Bradford, on the 27th of July, 1878. Arrangements were 
made immediately by setting up a self-registering tide· gauge at Magazine wharf, on Mare Island, 
and in the latter part of August the hydrography was in progress in t.he vicinity of Army Point 
in Suisun Bay. 'l'he wind very frequently interrnptell soundings, but at such times the party was 
employed in erecting signals and determining the positions needful in the work. By taking all 
favorable intervals, the hydrography was extended to the lower end of {)hipp's Island, and through 
the Suisun Cut-off, and between Roe Island and King's Island. Tides were recorded steadily at a 
station on the eastern end of King's Island, and also at Collinsville and Benicia Arsenal. The 
upper part of the bay, including the mouths of the Sacramento and San Joaquin Rivers was sounded, 
and all the work needful in Suisun Bay was completed by the 18th of December. Smoke from 
the farm refuse, which is ordinarily burnt at the approach of the rainy season, much dela_yed the 
operations of the party, the smoke being more dense when the wind was light, and on that account 
favorable for work afloat. . 

In the latter part of December, station marks were identified on the t<hores of San Pablo Bay. 
The signals needful were set up, and a tide-gauge was established at a position about three-quarters 
of a mile east of Penole Point. The space sounded was on the south side of the bay, abreast of 
Point Wilson, and extending about four miles northward. This work was completed by the 14th 
of March, 18791 when tl1e party was <lisbanded. Permanent bench-marks were establishe1l near the 
positions occupied by the tide-gauges at Magazine wharf (Mare Island) and Arsenal wharf, Benicia. 

The soundings were numerous, and the determinations of position made with great care. In 
reference to results Mr. Bradford observes: 

"I found considerable change in parts of the shore line in Suisun Rtty and near Collinsville, 
apparently the effect of the growth of tules, and the wasting and building of the banks by the 
action of the current. Lump.s of tule turf were noticed floating, either torn away by the water or 
eut a.way by dike-builders, and these lumps if deposited in an eddy would tend to form new banks. 

"The greatest changes have occurred at the mouth of the Sacramento, near Collinsville; at 
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the mouth of the San ,Joaquin, near Bush Point, and opposire to that point, at the mouth of Mon
rezuma Creek. The changes are also considerable at the western end of Suisun Out-off." 

In the prosecution of the hydrograpl1y, Assistant Bradford erected seventy-five signals, .and 
from shore stations meas11red seventeen hundred angles with the theodolite. Thirty-seven natural 
objects were determined in position. The ordinary statistics of the soundings are : 

l\files run in sounding ..................•.. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 630 
Angles measured .....•....... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 7, 210 

Numberofsounclings ...... --·-········ --······"······················· 44,372 
After laying up the schooner Yukon at l\fare Island, Mr. Bradford plotted the sheets of his 

work in Suisun and San Pablo Bays, and forwarded them to the office. The more important 
changes found by comparison with the previous sun•ey are thus noticed in the concluding report: 

1. "The closing to deep vessels of the passage south of the Seal Islands by the extension of 
the shoal eastwartl from the eastern part of those islands. 

2. "The cleepcning of water on the bar north west of the Seal Islands from fourteen and a half 
feet to fifteen and seven-tenths feet. 

3. "The narrowing and shoaling of the channel passing close t-0 the eastern end of Roe Island 
where sixteen and seven-tenths feet can now be carried only by careful steering, as against three 
ancl three-fourths fathoms, the last-mentioned depth being formerly found in a channel of consider
able wiclth. 

4. "Increase of depth eastward of Beacon 4 t-0 some se>enteen to nineteen feet, giving a clear 
passage thence to Middle Point. . 

5. "The deepening of the bar southeastward of the Middle Ground, from fourteen feet to 
fifteen and a half feet." 

On the completion of the charts of Suisun and San Pablo Bays, Mr. Bradford resumed tho 
compilation of matter for the Coast Pilot of the Pacific, as heretofore under the direction of Assist
ant Davidson. 

Tidal observatfons.-The selforegistering tide-gauge established at Saucelito by Assistant George 
Davfrlson has been kept in successful operation during the year by Mr. E. Gray. The series has 
already been continued through two. years, and promises to be one of the most complete in respect 
of continuity. 

At Mare Island navy-yard a good series of observations extending through seven months, and 
closing in March, 1879, was recorded by Assistant Gershom Bradford. The record was kept while 
his party was engaged in soµnding parts of San Pablo and Suisun Bays. 

Geodet-ic operations in California.-At the outset of the fiscal year, as intimated in my last re
port, Assistant George Davidson was at Paris as a commissioner for examining and reporting upon 
geodetic and other instruments of precision, deposited for exhibit in the International Exposition 
of the year 1878. Tbc specified duties were such that attention to other branches of the exhibit 
would severely tax bis endurance, yet being urged to accept appointment as one of twenty-two 
jurors on machines, Mr. Davidson was with g1·eat unanimity at once chosen by his fellow-members 
as president of that jury, and throughout assisted in its deliberations. In the latter part of July, 
1878, the presentation of his detailed report on machines left him free t-0 pursue the special object 
of the sojourn abroad, and hy arduous application through the month of .August, Mr. Davidson 
was enabled to complete examinations of theodolites, transits, levels, and such telegraph apparatus 
a8 might be useful in longitude determinations. Subsequently some of the most noted workshops 
in Paris were visited, and in the course of the autumn the principal manufactories of Geneva, 
N eucbatel, Munich, Vienna, Dresden, Berlin, Hamburg, Cassel, London,_ and York. Professor 
Davidson gave special attention to such graduating engines as were not carefully excluded from 
view, but in Paris he was prohibited from even testing the graduation of theodolites, or from 
making any sketches or drawings. One of the principal cases of instruments at the Exposition 
was kept permanently closed, so as to proolude inspecti.on of the details of construction. As Pro
fessor Davidson had with great patience made tests of graduations in America, it was judged to be 
part of his duty to inquire of manufacturers of repute in Europe, but no one of the number ques
tioned had ever tested a theodolite after graduation. The coneluding report states that the inspec-
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tion of instruments revealed much of de,ep interest, but nothing to discourage ohservers aml 
mechanicians in the United States from claiming equality of rank vdth any i11 skill and precision. 

After his return from Europe, Mr. DaYidson made a short stay at the office, aml earl.)' in Decem
ber," 1878, was again at San Franci~co. The winter and spring were passed in the CO.!llJJlelion of 
office work, computations of former field work, and details connected with the service in Europe, 
and in arrangements for resuming geodetic operations in California. 

In some previous years Assistant DaYidson had annually repeated obserYations for the magnetic 
elements at San l'rancisco. The series was resumed under his direction, and the declination, dip, and 
intensity were observed by Assistant B. A. Colonna (luring four llays near the middle of ;\larch. The 
records of this work will yield important. data concerning the secular motion of the magnetic needle, 
which motion near the coast of California has gradually diminished t-0 a small annm1,J rate. In the 
course of the next twenty years it is inferred that the direction of the needle on that coast will have 
reached a stationary condition in which it will probably remain some years before reversing its 
movement. 

In February temporary structures were put up on the summits of Lola and Round Top for the 
shelter of the party and instruments, in adnmce of occupying these, the most eastern stations of 
the Davidson quadrilateral. Arrangements were made also for stationing heliotropes at different 
stations of the geodetic scheme in connection with that quadrilateral, when the condition of the 
snow admitted of occupyiug high stations. 

Subassistant E. F. Dickins joined Assistant Davidson in February, ancl was efficient in details 
requisite for the field operations, as was also Subassistant J. F. rratt. Assistant J. J. Gilbert 
joined in the micldle of May, aml on the 20th of that mouth the party set out for Mount Lola. The 
course lay through deep snow, but by the 7th of ,June the large theodolite was placed in safety on 
the summit of the mountain. There the earth was found to be frozen to the depth of two feet and 
a half. Bad weather dela:yed arrangements for observing, but ceased on the 12th of Jnnc, after 
sixty consecutive hours of snow, sleet, rain, and wind. The nights were intensely cold, and ice 
formed frequently to the thickness of an inch, but, notwithstanding the incidental hardships, 
Messrs. Colonna and Gilbert set up }Jiers for the instruments, and obser,·ations from the summit 
of Mount Lola were commenced on the 18th of June. All the heliotropes, e•en the most distant 
ones, were in view, and the prospect was fair for an early completion of the geodetic work at that 
station. On Mount Shasta, one hnndred and sixty-nine miles distant, Assistant Colonna made 
arrangement,s for mounting a l1cliotrope in tl10 course of the month, at the instance of Assistant 
Davidson, who confidently expected to include that station in the series of angular measurements 
to be recorded at Mount Lola. At the close of the fiscal year the work at that station was well 
advanced. The progress there and at Round Top will be stated in my next annual report. 

During the stay of Assistant Davidson in Europe, tlie details of business at the suboflicc in 
San Francisco were conducted by Assistant A. F. Rodgers. Office data and tracings required in 
the operations of the parties on the Pacific coast arc supplied as usual, under the direction of 
Assistant Davidson, by Messrs. F. "\Vestdahl and G. Farquhar. 

Under the supervision of l\Ir. Davidson, additional notes have been collected for the Coast 
Pilot of California, Oregon, au<l ·washington Territory by Assistant Gersbom Bradford, and opera· 
tions maintained as heretofore with tbe self-registering tide-gauge at Sauoolito. 

Triangulation and topography west of Fislierman1s Bay, coast of Oalifornia.-In the operations of 
previous years, the detailed survey of the coast of California was extended northward and westward 
from Point Reyes to Fisherman's Bay. The work was there resumed by Assistant L.A. Sengtellcr 
on the 15th of September, 1878, the plan including also the de•elopment of a scheme for the coast 
triangulation from Stewart's Point northward to Point Arena. 

In the course of the season previous to the 25th of February, 1879, the detailed topographical 
survey was extended from Fisherman's Bay to a point north of the entrance to the '\Yalalla River, 
and the tertiary triangulation (somewhat further in the same direction) was closed for the season 
at Haven's anchorage. In general the plane-table details include, in the stretch of coast reforred 
to, all features within a mile of the Pacifi.c sea-board. The ground along the inner margin of' the 
plane-table is represented as ha Ying an average elevation of seYen hundred feet. Near the northern 
limit of work the Walalla was traeed, and is shown as a small stream not na,vigable. It has two 
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or three feet of water at the mouth during winter, but the bed of the stream is dry during summer. 
The statistics of the work are: 

Stations occupied ........................................................ . 
Points determined ............ '. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
.A.ngles measured . . . . . . . . . . . . . ..........................•............... 
Number of observations ................................................. . 
Shore line surveyed, miles . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . ......•.......... 
Road, trails, and telegraph line, miles. . . . . . . . . . . . . . . . . . . . . .............. . 
Area of topography, square miles ..........•..............•..........•.... 

14 
19 

197 
4,177 

20i 
51 
14 

At the end of the fiscal year, and after completing the computations and other details per
taining to the work here 1mdei· notice, Mr. Sengteller again took the field, and iu ·the course of the 
coming year will probably close the interval in the detailed topographical survey below Point 
Arena. North of that point the survey is continuous as far as Rocky Point, north of Trinidad Ilead. 

In the reconnaissance for triangulation, Assistant Sengteller kept in view the expedient of 
mounting the theoclolit,e on high trees, cut off at such elevation as would bring into view the 
outlying points that should in turn be occupied in like manner. In his party this plan hoo been 
successful in practice in regions that, owing to the density of the timber growth, could not other
wise be coverp,d by triangulation. 

Geodetic operation1>1 nortk of San Francisco, Oal.-For perfecting the system of points to be 
occupied in the region north of Sau Francisco, ARsistant B. A. Colonna took the field on the 5th 
of July, 1878, provided with instruments all(l means for determining the interYisibility of stations 
that had been inuicated in a general way in the preliminary examination. 

After makiug the requisite angular measurements on Sanel l\fountain, Mr. Colonna proceeded 
to ·walalla, and was there joined by Subassistant J. F. Pratt, who had previously gone northward 
under directions to select a station near the Pacific coast at Point Cabrillo. In order to pass the 
red-wood region, through which the opening of lines of sight was impossible, Mr. Colonna decided 
to erect a ltigh signal and platform for sustaining the tlleodolite. The details of this work were 
subsequently committed to Mr. Pratt, who selected a suitable tree and built around it a secure 
structure, with easy access to a platform one hundred and tl1irty-five foet from the ground. Above 
the platform a pole projects twenty-two feet, making the height of the distinctive signal available 
for observing four adjacent stations one hundred and fifty-seven feet. Subassistant Pratt rejoined 
the party at Walalla in the middle of August, and Subassiistant E. F. Dickins later in that month. 
Angular measur_emen1s were completed there, and at the adopted stations signals were erected, 
after the question of intervisibility had been settled by the use of heliotropes. 

On the 6th of September, 1878, the party arrived at Cold Spring, a station north ward of W alalla. 
vVhile the measurement of 11orizontal angles was conducted there by Subassistant Dickins, outlying 
stations were selected and marked by Assistant, Colonna. His course from station to station was 
extremely difficult, as the trails on which he mainly depended were crossed in all directions by 
others that terminated abruptly in places resorted to by hunters. In some instances Mr. Colonna 
passed the nigllt on the mountain top in order to perfect the arrangements needful at the point 
then under consideration as one in the geodetic series. The re.qa.isite observations were completed 
at Cold Spring station on the 16th of October, and on the day following the triangulation party 
started for the Great Caspar station. There Mr. Pratt, who had been detailed for the purpose, 
was about completing the construction of the high signal already mentioned, and the theodolite 
was mounted on its platform on the 23d of October, but the weather was then unfavorable for 
observing. Mr. Colonna therefore passed on to Chimise Mountain by a trail along the coast, and 
there stationed a heliotroper. Subassistant Pratt meanwhile remained at Great Caspar and when 
practicable observed on the outlying signals including :that at Chimise station, and four others to 
the southward. The good judgment manifested in selecting the Great Caspar as a station, and in 
erecting the high signal there, has been already illustrat.ed by the results. 

Assistant Colonna visited Lassac's Peak seventy miles to the northward and eastward of 
Great Caspar, and accompanied by Mr. Dickins, who acted as guide, passed the night of Novem· 
oo.r 2, 1878, on the summit. The height was estimated to be about six thousa.nd feet. Oa.l'eful 
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examination was made, and six stations to tlH• ca . .;;twm·<l, so11tltwa1·1l, aud wc.-;tw:n·1l, were ideutilied, 
oue of them at a distance of sixt_y-fh·e miles, but tile Great Caspar coul!l not be Reen. 

In going northward, and in selecting the primary poiuts, close attention was given t-0 J'1'oper 
connections with the tertiary triangulation 011 which the topographical survey of the eoast depends. 

Angular measurements were completed at Great Caspar on the 29th of November. A few days 
after, tlte instr.uments were mounted at Paxton Rtation. The horizontal a11d rnrtical angles required 
there were obtained by the 18tli of Deccmbn. After storing the propcrt.y and i11strume11ts in the 
court house at. -Ukial1, which in the course of operations was connected with the triangulation, the 
}lart;y was disbantled. 

The field notes show that on rcconnaisMance A:>sistaut Colonna, anti SulJassistants Dickins 
aud Pratt tmversed an aggregiite distance of more than twenty-six lmnclrc<l miles, much of the 
"ay being on mountain trails dangcrous for horflcs, and all of it difficult and laborious in travel. 
The ordinary statistics of the triangulation done by the party in the course of tlle year are: 

Signals erected............. . . . . . . . . . . . . . . . . . . • • . • .. . . . . . . . . . . . . . . . . . . . . . 15 
Stations occupied .... _ ........... , ........ - .. _ ............. _ . . . . . . . . . . 5 
Horizontal angles measured .......... _ .............. , . . . . . . . . . . . . . . . . . . . . 60 
Vertical angles .. .,.. .. . . . . . . . • . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . 33 
Primary points determined_ .......................................... __ . . 6 
Number of observations with theodolite .•. ~ ................ -- ............. 1'.!, 876 

At mountain stations the party was supplied with water brought in canvass ponclies on a pack 
animal, and the packing-boxes into which tile water was drawn off were, for the purpose of holding 
it in store, lined with tin. 

The comprehensive report made by Assistant Colonna, after completing his office work and 
computations, contains a valuable rei·iew of tlie field of work, including its connection with the 
seriPs of geodetic })Oints now goi11g eastward from the vicinity of San Francisco, aQd also the 
exteusion of the main work northward along the coast abo\'e Shelter Cove. 

At the end of tbe fiscal year J\lr. Colonna and Messrs. Dickins and Pratt. we1'e assigned to 
field duty connected with the geodetic operations in charge of Assistant George Da\·idson. 

Tides at the Sandwich Isl,ands.-As mentioned ill previous annual reports, a tide-gauge of the 
best construction was sent from the office, at the request of .Mr. \V. D. Alexander, superintendent 
of the surver of the Sandwich Islands. The records of an entire year were receiyed iu return, in 
August, 1878, and the series of obsen1ations will doubtless be continued further, as recording 
paper was sent since that date at the request of Mr. Alexander. The records of this station will 
in time be of much l.i1terest, in connection with the final discussion of tidal observations recorded 
at stati-0ns on the Pacific coast of the United States. 

SECTIO~ XI. 

OREGON AND WASHINGTON TERRITORY-(SKt:TCllE8 Nos. 24 AND!,.';). 

Triangulation of Columbia River, Oreg.-In previous years the triangulation of the Columbia 
was ru:lvauced to the vicinity of K<tlama. For extending the work i11 order to provide for tl.te topo
graphical sun-ey, As8ist<iut Cleveland l~uckwell was assigned to fiehl service oa the !!!>th of .Apdl, 
1878. .At .Astoria be to.ok charge of the barge Kincheloe and immediately proceeded to the work
ing-ground. In passing up the river, stations were selected on the banks, and when practicable 
the scheme of triaugnlatiou was enlarged by adopting points a few miles from the riYer. Through 
May and June, in heavy rains day after day, the party worked in clearing lines for sigbt. Soon 
after the air suddenly became very dry, and by the 1st of August the smoke was so dense that 
positions could not be even roughly determined iu reconnaissance. Signals on lines onJ.r four or 
iive miles long could not be seen. At that time the air was full of white ashc8 and scorched feru, 
and during September an obserYer on one Lauk of the rinit· could not sec the opposite banks, and 
sometimes was unable to recognize objects ouly one hundred yards distant. As before when rains 
prevented observations with the theodolite, the smoky season was employed iu opening lines, and 

8. Ex. 17-S 
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in estabfo;;hing a chain of stations up the chauuel of the river to a point near Willow Bar, eight 
miles below the mouth of the 'Villamettf'. Hiver. 

"The bar at tl1e lower end of Sau vie's Island near Raint Helen's, and extending down to 
Columbia City, is one of the few very shoal places in the Columbia, and is of much importance. A 
channel is maintained across tlw bar hy dredging, which is done yearly under the direction of the 
United States Engineer Department." 

Under many difficulties, owing to causes already stated and to heavy timber obstructing the 
lines of his triangulation, Mr. Rockwell advanced the work up the Columbia seventeen miles. The 
following are the statistics : 

Signals erected. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... . 
Stations occupied . . . . . . . . . . . . . . . . . . . . . . . .............................. . 
Points determined ...................................................... . 
Angles n1easured . . . . . . . . . . . . . . . . . . . • ................................. . 
Number of o!Jser,·ations ................................................. . 

33 
33 
43 

247 
6,883 

Assistant Rockwell disbanded his party on the lath of January, and then engaged in office 
work. 

At the close of the fiscal year the party was reorganized for prosecuting the topographical 
survey and extending the triangulation. 

:Triangulation of ll'ashington Sound, Wash. Ter.-Stations for this work were selected in a pre· 
vions season by Assistant J. S. Lawson, and, as mentioned in my last annual report, preparations 
were made for occupying a station at Point Partridge with the theodolite. :Much difficulty was 
experienced in the necessity for clearing parts of the lines leading from that station to the point 011 

Smith's Island, and also to .Mount Brie, a station on J<'idalgo Island. In order to connect the larger 
triangulation of the sound with that of Admiralty Inlet, signals were erected at Admiralty Head, 
Manowstone Point, Point Hudson, Point Wilson, and at Ross, a station occupied when the trian
gulation of the inlet was in progress. 

At l'oint l'artridge observations have been greatly retarded by unfavorable conditions of the 
atmospheri·. On the 9th of December, 1878, the observing tent was totally destroyed b;y a furious 
storm, and four of the outlsing signals were thrown down. The statistics of the triangulation at 
that date were: 

Signals observed on. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . .. . . 8 
Angles measured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 10 
Number of obsenrations .................................................. 1, Hi2 

The smoky condition of the air dming the year was caused hy innumerable forest fires, and 
these as stated in the concluding field report prevail to an mmsnal extent in alternate summers. 
Safe navigation at such periods in the waters of Washington Sound is a matter of' constant care 
and watchfulness. 

Hydrography of Puget Sound, Wasli. Ter.-Lieut. l~ichard M. Cutts, U.S. N., Assistant in the 
Coast and Geodetic Sun'ey, was aetively engaged at the opening of the fiscal year with a party in 
t11e schooner Earnest in the waters of Puget Sound. In the course of the season four hydro
graphic sheets were completed and returned to the office. These contain soumliugs made to the 
southward of 13attery Poiut, developing the waters eastward of' Vashon _Island, and as low down 
as Point Brown, where the work joimi with the previously completed sun'ey of Commencement 
Bay. Quartermaster's Harbor, at the R0t~tl1 end of Vashon lslaml, was carefully soumled, and the 
results were ploth'd on a separate sheet. On a third sheet, tlie passage kuowu as Tbe Narrows 
was (leveloped, connecting the waters around Vashon Island with the lower part of Puget Sound, 
aml the fourth sheet represents the h;ydrography east and west of Anderson's Islantl, including 
Balch's Passage, Dra;rtou Passage, :1 nd Cormorant Pass, in the vicinity of Steilacoom. Beyond 
Moody Point, Henderson's Inlet was sounded, and there the operations were closed on the Ist of 
April, 1879. The statistics of' tl1e hydrograpby are: 

Miles run in sounding . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 966 
Angles measured . . . . . .... - . · ·. · · .. · .... - . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 12, 952 
Number of soundinglil . . . . . . . . . . . . . . . . . . • . . . . . . • . ...................... 24, 232 
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J,ientenant Cutts was assisted in this work by Lieuts. A. B. -V\'yckoff and U. R. Harris, r. S. ".'I. 
On the detachment of Lieutenant Cutts, the charge of the party devolYcd on Lieutenant \Y:;ekoft'. 

Triangulation a1ul topography of Hood'N Canal, w-a.~h. Ter.-At the outset of the fiscal ~yBar, 
Assistant J. J. Gilbert htHl au vanced the triangulation, and commenced the plane-table smTe.r of 
the sltores of Hood'8 Canal. 'Vhcn the winter rains set in, the determination of points had heen 
extended as far as Hooq's Point, four miles above Seabeck. Dabop Bay and Quilcine Bay were 
included in the triangulation. 

The topography was prosecuted as far as possible while the preliminary work was in progress. 
A sheet was eomplete(l representing the shores in aetail between Point Uamble iuul Ha7.iel Point, 
and on another the :shore line of the canal was traced fo its junction with Dabop Bay. Operations 
with the plane-table were marle laborious by the necessity of <mtting lines of sig!Jt through the 
brush in order to obtain points for contouring the ground surface. 

In mm-iug from station to station the party used the small steam-cutter Tarry-Not. l•'iel!l work 
wa!ii continued until the rniudle of December, when the party was disbanded, and Mr. Gilbert re
turned to Olym1lia, where the steam-cutter w~ts laid up for the winter. The otlice work was then 
taken in hand and complete<l, and, as usual, the original aml duplicate records were forwarded to 
the office. Of field work the statistics are: 

Signals erected .. - . . . . .. - . - .. - . - - .. _ - ... - - . - - - .... - . . . . _ .. -. . . - - - - - - - . . 30 
Stations occupied .... - .. -... - .... _ .. - - ... _ ... - ... -... _.. . . _ .. _ - ... __ - __ - 42 
Angular measurements _ .... _ .. -_. . . ................. _ ... _ .. _. . _. - . _ . _ - 2, 455 
:Miles of shore-line surve~·ed ___ . _ . _ ... _ . _. _. _ .... _ . _ .. __ ...... _____ ...... _ :~o 

Miles of roads -_ . - - - _ .... __ ... _ ... __ . __ . __ .. _ - _ .. - _ . __ . __ . . _ . - __ . _ .. _ - . 13 
Area of topography, square miles ...... _ ... __ ... _ ... __ .. _ .. ___ .... __ . __ . _ _ 32~ 

An aggregate of thirty-one miles was cut through brush iu order to obtain lines for the use of 
the party while working with the plane-table. 

Trianuulation and topography of brancl1e.~ of P1tget 8ou1vl, TVask. Ter.-At the opening· of the 
fisca,l year, Subassistaut, E11ge11e Ellicott wa:,; at work with his party in the vicinity of Amlerson 
Island, on the eastern side of Puget Sound. The topography of Carr's Inlet, for which poiuts ha!l 
been llt>.termined in the preceding year, was prosecuted by moving with a small sloop from the 
station on A nder:son Island. 

Late in August, 18i8, .Mr. ElliPntt moved to a s1m1U b;ty near the head of Case's Inlet, and 
from tltat as a workiug ce11ter pushed the triangulation of the inlet northward and westward of 
Heron Island. The branch known as Pickering Passage, on the northwestern si(le of Hartstein 
Island, was also defined by t.riangnlation. This occupied the party nntil the middle of November. 
A stat.ion was then select. d at Dofflemeyer Point, six miles north of Olympia, and from that position 
the party conducted the triangnla.tiou through Eld Inlet, Peale's Passage, and Totten Inlet, and 
proper1y joined with the work previously done in Pickering Passage. 

But little inconvenience was experienced in carrying on the field work dnring the winter. Ice 
forme(l while the party wa.s in Totten'.s Inlet, but- its thickneA'ls difl not exceed half an inch. In 
general the air was remarkably clear it1 January, 18i9, and highly favorable for obserdng with 
the theodolite. In the 111-eeediug August and September, field operations were hindered by 
extremely thick smoke from burning forests. 

Subassistant Ellicott dosed work in the middle of Februar,y. The following are statistics for 
tlie season : 

Signals erected ..... -. . . . . . • . . • _ .•....••............. -. . . . . ..... - . . . . . 88 
Stations occupied . . . . . . . . . . . . . . . . . . . . . . . ............ - ............... - . 78 
Angles measured . _ ........•........•...... _ ........ _.. . . . . . . . . . . . . . . . . . . 48:! 
Number of observations .••. _ •.......................•...... , ....•....... 5, 706 
Shore-line surveyed, miles . _ ........... : • . • . . . . . . . . . . • . . • • . . . . . . . . . . . . . . . . 72 
Roads, miles . _ . : . . __ . . - . __ • . . . . . . . . . . • . . . . _ . . . . . . • . . . . . . . . . . . . • . . . . 3 
Area of topography 1 square mile.a .•.....•.•.•••..•• _..... • . . • . . • . • . • • . • . . 48 

Mr. Ellicott eompletetl his oftice work without !lelay, and then made arrangemcntR for extend
ing the triangulation int,o Hamrnersley's Inlet. His work in tl1a.t quarter will be the sul~ject of 
mention in my next annual repori. 
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SECTION XII. 

ALASKA TERRITORY. 

Coast of Alaska.-Since my last annual report was closed, the preparation of material for the 
Coast Pilot of Alaska has been continued by Assistant ,iv, H. Dall, and tlie part descriptive of the 
Columbian and Alexander Archipelago is now ready for the printer. This comprises ai>out on.-.
half of the coast line. Of the remaining half of the work a considerable part is in hand. The 
coast line of the Territory, inclU<ling that of the inner passage from the Gulf of Georgia to Fort 
Tongass, makes an aggregate about four times as great as that of the Atlantic coast from the 
northeastern boundary southward to Key West . 

. A. monograph of the climatology of Alaska and adjacent region, together with a list of books 
and charts relating to that iiart of the western hemisphere, is in the hands of the pr:iuter. This 
will be appended to the Coast Pilot, arnl contains isothermal and isobaric charts for each month 
amt for the year; illustrative diagrams of the winds; records of temperature, of rain fall, &c., at 
difforent stations, and a view of the magnetic and meteorological observatory at Sitka, where 
observations of high chamcter were recorded for many years. 

Papers on collateral su~jccts, especially on the anthropology an<l biology of the Alaskan region, 
were prepared by Mr. Dall at intervals in the course of the year, and have been accepted for pub
lication by the Smithsonian Institution, the Philadelphia Academy of Sciences, the Zoological 
Society of London, and other scientific bodies. At the request of Mr. Dall, a i>aper treating of 
some of the Nudibranchiata obtained in bis explorations while in charge of a Coast Survey party 
in Alaska was prep11rcd by Dr. R. Bergh, of Cupenhagen, and has been published by the Phila
<lelphia Academy of Sciences. Other papers on different groups of similar material, treating of 
specimen11 procured by Mr. Dall, are in preparation by eminent naturalists. 

In details pertaining to bis work 'OD the Coast Pilot of Alaska, Asllistant Dall has been effi
ciently aided by Mr. Marcus Baker. 

SECTIOX XIII. 

KENTUCKY AND TEN:SESSEE.-(SKETCHES Nos. 26 AXD Zl.) 

Geodetic operatfon11 in Kentudcy.-The reconnaissance for the selection of geodetic points in 
Kentucky, was actively pushed by Prof. William BFd rage from the opening of the fiscal year until 
the midclle of October~ 1878. As stated in my last annual report, his party took the fielcl early in 
tlie preceding May. 'l'he difficulties and delay incident to the Sl}lection of intervisible points in a 
country so densely wooded and of such uniform eleYation are fully described in the field report. 
In the course of the season Professor rage traversed an area of four thousand square miles, and 
examined one hundre1l and thirty points with more or lm;s 1mccess for the progress of the work. 
As an expedient for identifying distant points when Yiewed from other stations, Professor Page 
devised a cheap form of heliotrope by joining small mirrors in pyramirlal form so as to move on a 
vertical axis, and attaching fonr small tin hemisphert's arranged like those of the anemometer. 
These signals revolved in the lightest breeze, and the flash of the mirrors could be seen on the 
longest lines. 

Including the results of the present season, the scheme of triangulation in Kentucky now 
extends in a northwesterly direction from the Cumberland Mountains, on tlte Virginia and Ten
nessee boundary line, to Louisville, on the Ohio River, with some few connecting stations on the 
Indiana shore. The system is made up of triangles and quadrilaterals closing at a base site a few 
miles southwest of Louisville. In prosecuting the work rrofessor Page used the aneroid barom
eter, and determined the approximate altitude of each station and of many points on routes inter
vening between the stations. The results will be a valuable contribution, and will aid in the future 
t.opogrnphical delineation of the State. 

Airer closing the office work incident to hi.a .field operations, Professor P.a.ge, having previously 
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made arrangements for taking residence in a distant State, to my regret, resignetl the charge of 
the geodetic work in Kentucky. .. 

Geodetic operations in 1'ennessee.-As stated in my last annual report, the partr of Prof. A. H. 
Buchanan was in the field at the opening of the fiscal year. In July, 18i8, the erection of signals, 
which work had lJeen begun earlier in the season, was sufficiently advanced to admit of the meas
urement of horizontal angles. l<Jight signals in all were constructed, ranging in height from forty 
to fifty feet, and in the months of August, Se1)tem!Jer, October, and part of November four stations 
were occupied. All the requisite angular measurements at the stations were made with a twel"rn
inch theodolite. 

The field records, original aml duplicate, and the computations connected with the work have 
been received at the office. The statistics of the triaugulatiou are: 

Signals erected . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 12 
Stations occupied . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Angles mea1>ure<l .............. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Number of' observations ................•..........•...•................. 6, 284 

Shortly before the close of' the fiscal ;year Professor Buchanau resumed the geodetic operations. 
Details of the }ll'Ogress made will be stated in my next annual report. 

S E C T I 0 N X I V. 

OHIO, INDIANA, ILLINOIS, WISCONSIN, AND MICIIIGAK.-(SKr.TcHES Kos. 26, 28, 29, A:»D 31). 

Reconnaissa.nce in Ohio.-As stated in my last annual report, arrangements were made nenr the 
close of the last fiscal year for commencing geodetic work in Ohio. After full conference with 
Assistant IUchard D. Cutts in regard to the scheme of triangulation, Prof. I:.. S. Devol took the 
field for reconnaissance at the end of Jnne, 1878, and continued at work until the close of September. 
The country between Athens and ColumlJus, a distance of seventy miles by air line, was thoroughly 
examined, and a chain of quadrilaterals was marked out to connect at Columbus with a site selected 
for a base line, and also with the astronomical station previously occupied in that vicinity. The 
lines of the proposed triangulation vary in length from five to twenty-two miles. The tOJlograph
ical character of the country over which the scheme of geodetic work extends is described by Pro
fessor Devol to be, between the month of the Hocking River and Lancaster, a succession of hills 
of nearly uniform height-some densely wooded. Beyond Lancaster and to the north and west 
the hills become less abrnpt until a rolling country it:1 reached, and· finally ground almost level in 
the vicinity of Columbus. 

The general absence of prominent elevations required a very close examination before any two 
stations could be declared intervisible. At the close of the fiscal year .Professor Devol wa-s prepar
ing to resume work in the field. 

Reoonnaisgance in India,na.-The arrangements in progrt>ss at the close of the pre,·ious fiscal 
~·ear for beginning geodetic work in Indiana, were stated in my last annual re.port. After a full 
understanding in regard to preliminaries, Prof. J. L. Campbell took the field in the middle of June, 
1878, and was occupied uutil the end of August in a carefol reconnaissance of the country between 
Indianapolis and New All>any, a di::1ta.nce of one hundred miles. From this examination, frequently 
repeated, and comparison between the natural elevations in regard to their respective advautages, 
twenty-one points were gradually and finally selected as stations for the llfOJ>Osed geodetic work. 
l>escriptions of all tl.ie stations are given in detail in the report sent in by Professor Campbell at 
the close of the season. , 

The grnund passed over in the reconnaissance presented no insuperable obstacle to the trian
gufation, but stations in the section north of Columbm~, which is generally level aml bears a dense 
forest growth, will doubtless require high artificial structures for observing with the theodolite. 
By these, however, the greater labor and expense of opening lines of sight will be avoided. After 
a. minute description of the surface features, Professor Campbell states that so far as observed the 
hills in Indiana resulted from denudation, the strata being for the most part horizontal. The 
barometric measuremeuts show that eveu iu the very hilly parts of Bartholomew and Brown Coun-
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ties, the rongbei;i,t in the State, tbe summits have a very nearly uniform elevation above the sea 
level. Abseuce of prominent heights increased the Ja.bor of reconnaissance, and rendered longer 
lines impossible, yet the scheme made up of lines varying from four to twenty-two miles in length, 
covers a wide and important section of the State. Near New Albauy some further examination 
may be necessary to determine the intervisibility of a few of the stations. 

In the vicinity of New Albany the scheme laid out by Professor Campbell will be connected 
with the geodetic work of Kentucky by a base line common to both chains of triangulation. The 
geocletic series, after the measurement of angles in Indiana, will be continuous from the Cumber· 
lancl Mountains near the southwestern corner of Virginia, northward to Imliauapolis. This con· 
nection will illustrate the process by which a groundwork of geodetic points may be increased in 
number from year to year until the entire country is covered, each and all of the points being 
determined by tl1e same scientific and precise methods. The points, few or many, serve for correct
iug the State maps, and will be 80 applied long in advance of the time at which the State allthorities 
may deem it expedient to provide for det~1ile(l topographical surveys. 

Geodetic reconnais.snncc.-At tbe opening of the fiscal year, Assistant G. A. Fairfield was engaged 
in examining the ground eastward of the Mississippi, for a scheme of iutervisible points in Illi'llois, 
to be in geodetic connection with work already extended westward from Saint Louis, l\Io. In July, 
1878, a signal was put up at a station eastward of the two selected in the preceding season, and its 
direction from ea.ch was ascertained by flying signals, the points not being iutervisible from the 
ground. As heretofore, the lines were run out with the leveling instrument to determine the prac
ticability of occupying the stations with the theodolite by erecting platforms for the instrument. 
Subsequently, tl1ree other points were selected for extending the work eat;itward, and the result is 
a practicable scheme of triangulation with lines from eight and a half to twenty-five miles long, 
leading from the base line measured in the autumn of 1872 on the American Bottom in Illinois for 
the series of triangle8 going westward. 

After applying all requisite tests, Mr. Fairfield reports that five stations can be occupied for 
angular measurements when tripod and scaffold signals are erectell at the selectt1d points, no higher 
ground intervening on either of the lines. He states also that the difficulties met in the vicinity of 
the American Bottom, on account of unusually level ground, will not so greatly impede the work in 
going further eastward. Field work was closed for the season on the 19th of December. 

Magnetic obserMtion~.-In July, 1878, after completing observations at stations in Texas and 
Indian Territory, of which mention has been made under the head of Section IX in this report, 
Snbassistant J.B. Baslor pasRed into Kansas (Section XV), Uolora<lo, and Utah Territory (Section 
XVI), and subsequently occupied stations in Wyoming Territory in Section XVII. The points 
occupied in each will be separately meutioned under tbosc respective beads. 

In November, 1878, Mr. Baylor reached Madison, in \Visconsin, and observed for declination, 
dip, an<l intensity at a point about one mile east of the University. The magnetic observatory 
establisl1ed in the Univer8ity gronrnls in the spring of 18i7, bas continued its records under the 
care of l\ir. David Mason, in accordance with the plan of operatious arranged by Assistant Charles 
A. Schott. Unfortunately the magnetic traces of one month were lost in the mail by accidental 
fire at the Chicago post-office, but, with that exception, the photographic register is complete for 
nearly two years, and has been submitted to discussion by Assistant Schott. Although every 
precaution was taken in selecting the site for this observat-0ry, the instruments are at present 
atfecte•l by the recent erection near it of a large building. covered with -iron shingles, but as the 
action of t.be. instrument.'\ is <liffer·eutial thefr proper adjustment can be again secured. 

Absolute measures for the magnetic declination, dip, and intensity have been recorded at this 
station annually since its erection, autl similar observations were made near the same place in 1876. 
In September, 1878, lfr. \Verner Suess recorded a series, aml in November the series was repeated 
b.Y Subassistant Baylor. These are intencle1l for tlte verification of earlier results which in discus
sion yielded an unusually large secular varh1tion. The series of observations will be repeated 
annually. At present it seems probable that the secular change at Madison is much greater than 
has been found at any Rtation along the coasts of the United States. The field report of Mr. Baylor 
states that his operations at the station iu the grounds of the UniYersit.y of Wisconsin were 
furthered by the assistance of Prof. J.B. Davies. 
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In Deeember, 18i8, the magnetic elements were determined at Springfield, Ill.; but the inten~ty 
of the cold made it impracticable to include two other stations, as intended in the iilan of operations 
for the year. After completing the record;;; at Spriugfield, Subassistant Baylor returned to the 
omce in 'Vashington. His previous observations will be mentioned under the h1>ad of Section XY. 
At Springfield the work, while in progress, received the friendl~· encouragement of the Hon. ,John 
T. Stuart and J. 0. Parsons, esq. 

Geodetic work in Wisconsin.-The measurement of the base line in the valley of the 'Visconsin 
River was remarked on in detail in my last annual report. The connection of the line with the 
astronomical station at Madison has been already accomplished. In the course of the present 8eason 
the scl1eme starting from the measured base was exteuded in a southwesterly direction, and the 
terminal points are on the banks of the .Mississippi Hh·er. The geodetic scheme of the fiscal year 
consists of four quadrilaterals, and one large octagon with sm·eral checks. 

Prof. J. E. Da\ies prosecuted the work here under notice during the months of July, August, 
September, and October. New points were intrnduced for the gradual enlargement of tlie scheme 
in respect of length in the triangle sides. J>rogress made in the course of the season is shown by 
the following 8tatistics : 

Tripods erected . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . - ..................... . 
Ordinary signals set up.... . . . . . . . . . . ................................... . 
Horizontal angles measured ................................................. . 
Angular rneasurenicnts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............. . 
Vertical angles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........... . 

9 
10 

120 
6,Si6 

43 
Separate vcrtical-measuremeut8 ......................... _ ................ 2, 136 

At the close of the fiscal year Professor DaYies again took the ftelll. The details of the work 
then resumed will be a subject of mention in my report of next year. 

SECTION XV. 

MISSOURI, KANSAS, NEBRASKA, MINNESOTA_, AND DAKOTA.-(SKETCRES Nos. 29 AND 31.) 

Geodetic operations in Missonri.-Triangulation begun in 18i2, in the vicinity of Saint Louis, has 
been extended westward to stations on tlie Gasconade River. The work done in the present fiscal 
year was conducted by Assi8tant J. A. Sullivan. Subassistant II. ,V, Blair co-operated, and in 
the course of the season occupied isix stations at the eastern end of the series of points selected in 
raconnaissance. While he was so engaged, Assistant Sullivan examined the country westward of 
Jefferson City, and marked out a scheme for extending the geodetic connection to stations in the 
vminity of Sedalia. Near Versailles, on the prairie lanil, a hase line firn miles in length was located. 
Tlle site is eas.r of measurement, and connect8 favorabl~' with the scheme of triangles. This line 
is about one hundred and fift,y miles westward of the hase line referred to in the preceding section 
of this re1>ort, as having be.en measured in the autumn of 18i2, on the American Bottom in Illinois. 

Subassistant Blair completed the me-,asurement of horizontal and vertical angles at Berger 
station before the close of September. After observing for azimutli, he occupied five other positions 
in succession, closing at Geyer Station on the 28th of November. :Mr. Isaac '\Vinston servell as 
:recorder. At four of the occupied stations the theodolite was mounted on scaJfoldis, some of the 
lines of sight not beiug clear at the <listance of a few feet above the :surface of the ground. l\Ir. 
Blair erected a scaffold tbirt.v foet high, and anotlter of sixty foot elevation for occupying stations 
in immediate connection with the points at which he closed his augular measurements in November. 
ln passing westward M:r. Sullivan put up signals for facilitatiug the operations of the triangulation 
party which will again take the field at the close of the fiscal year. 

After storing his instruments at Pilot Knob, Mr. Blair joined Assistant Sullivan cal'lj· in 
December, 1878, at Jefferson City. Tlte statistics of triangulation are: 

Signals erected. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . • . 10 
Stations occupied .......•............ , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G 
Points determined • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Observations of horizontal angles . . . . . . . . . . . . ............................ 2, 320 
Obsenations of vertical aJJgles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -. . . . . . . . i02 
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In condncting the reconnaissance in Missouri the aim l1as been to obtain lines as long as the 
nature of the ground woulil afford, bnt much difficulty is met in maintaining the scale of work 
desirable for geodetic purposes. The higher elevatiom; onl.v ha,·e been used, .but in going west
ward the necessity of elevated structures for the theodolite will probably continue until the work is 
joined with tlie scheme of triangnlation in Colorado. In a general way the region westward of 
Sedalia, Mo., has been examined beyonrl the houndar.v line between Missouri and Kansas. Early 
in Decem her Assistant Sullivan discontinued field operations, and returned to the office. Subas
sistant Blair then t-0ok in hand and completed his computations. 

,l1agneticobsermtionR.-In .lnly, 1878, Subassistant .T. B. Baylor, after closing work at stations 
in Texas, and Indian Territory, as already mentioned under the head of Section IX, proceeded to 
Kansas, aIHl in the course of that month and the following occupied five stations. .At Great Bend 
and at Sargent the magnetic declination, dip, aucl inten.sity were determined. .At three other 
}Jlaces, namely, Humboldt. Emporia, and Do1lge City, in Kansas, the observations were limited to 
the magnetic declination. Under the next succeeding heads ment,ion will be made of obse1·vations 
at other points in the interior. 

SECTION XVI. 

NEVADA. UTAH, COLORADO, ARIZON-A, AND NEW MEXICO.-(SKETCHES Nos. 30 AND :31.) 

Geodetic operations in Nei·ada and Utah.-For extending eastward the geodetic work mentioned 
under the head of Section X in this report, carefol reconnaissance has been made through Nevada 
and Utah, along the thirty-ninth parallel of latitude, by Assistant A. F. Rodgers. In the course of 
the examination, Assistant William Eimbeck was assigned to co-operate iu the selection of stations 
and to occupy such as might be practicable within the fiscal year. 

Eastward of Lake Tahoe intervisible stations were readily found, but not related so al3 to 
admit of' laying out a scheme in quadrilaterals going eastward. Hence, after due examination, a 
pentagon was adopted, the angles meeting at Genoa Peak, and, in geodetic connection with it, two 
hexagons, the middle stations of which are within a few miles of the thirty-ninth parallel. By four
teen intervisible stations the work will be advanced due east to a distance of four hundred and 
fift.y miles from the California boundary. Assistant Eimbeck passed the mouth of October in the 
measurement of horizontal angles at Pah-Rah, a station connecting with the Davidson quadri-
lateral. · 

The adjustment of the scheme of triangulation necessitated the ascent of many mountains 
exelush-e of the positions finally adopted. At each of' the peaks, .Assistant Rodgers carefully. 
measured the angles made by lines leading to others, and sketched the outlines of the horizon near 
the identified stationi:s, and the mountain masses iut.ervening betwt>,en them and the point of obser
vation. The summits visited for purpoi!es of reconnai~ance range in height from eight thousand 
to upwards of twelve thousand feet. 

Aft~r traveling in the aggregate more than two thousand miles; Assistant Rodgers closed field 
operations on the 7th of November, 1878, and reported in person at the office in Washington. At 
the close of the fiscal year Assistant Eimbeck made preparation for occupying stations of the pen- · 
tagou in Nevada. Assistant.UodgerR at the same time arranged for extending the coast triangula·. 
tion of Northern California. Until he took the field for ret:',onnaissance in Nevada, Mr. Rodgers 
directed details in the sub-office at San .Francis<',o, the charge deYolviug on him at the departure 
of Assistant Davidson for the International Exposition at Paris. 

Recon·na·issance for geodetic points in Colorado.-In the preceding section mention was made of 
the progress in triangulation along the thirty-ninth parallel across the State of Missouri, and of the 
selection of points for continuing the work westward. For p~rfecting in advance a scheme of 
geodetic connection, the region along that pamllel in Colorado wa,s examined in the course of the 
fiscal year by .Assistant 0. H. Tittmann. After visiting Pike's Peak, Platte Peak, and Mount Mor
rison, search was made for the site of a base line to connect properly with a scheme of triangulation 
rnuning east. and west. The line finally selected ·is nea,r the thirty-ninth parallel, about fifteen 
miles northeast of Colorado Springs, and affords a length of se,·en miles, requiring for measure
ment only the removal of large tufts of grass along the liI1e. 
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Eastward of the base site, Mr. Tittmann selected eleven stations for extending a series of tri
angles in that direction to 11oints beyond the Kamias Pacific Itailroad. Iu general the region does 
not ofter the facilities desirable for geodetic operations in a given direction, the drainage beiug 
nearly parallel with "the proposed scheme of triangulation. Of thirteen stations selected east and 
west of the base site, observing scaffolds will be required at fuur, varJing in height from thirty to 
forty feet. Tripods were erected at eight stations, which in succession will be occupied by Assist
ant Tittmann, whose party was reorganized for that purpose at the close of tlie fiscal year. In field 
operations Mr. J. E. l\foGrath served as recorder. The party was disbanded on the 22d of Novem
ber, 1878, when Mr. Tittmann resumed duty in the office. 

In a favorable position at Bijou Basin, in Elbert County, Colorado, Assistant Tittmann observed 
the solar eclipse of July 29, 1878, confining himself principally to nofo1g the d11mtion of totality. 
At the moment of greatest obscuration Mount Evans was distinctly seen, though fifty.eight miles 
distant. The place of observation was ap1woximately determined in position by reforeuce t-0 known 
points of the Hayden survey. 

Mr. William Ferrel, of the office, being at the same time in the vicinity, observed the eclipse from 
the summit of Gray's Peak, a.tan clmration upwards of fourteen thousand feet al:Jove the sea level. 
The appearance of the corona, and the phenomena generally, were carefully observed and described 
in a report from Mr. Ferrel, but no special provision had been made in regard to instrumental out· 
fit by himself or lfr. Tittmann. Several other qualified observers, not connected with the survey, 
noted the moon's passage across the disc of the sun, but no two of the Colorado observers agree 
in descriptions or drawings of the coronal features. 

ltfagnetic observations.-As mentioned in the preceding section, S11bassistant J. B. Baylor 
recorded magnetic observations, in August, at several stations in Kansas. Before the close of that 
month he passed into Uolorado, and determined the magnetic declination, dip, aml intensity at 
North Pueblo and at Denver. The declination of the magnetic needle was determined subse· 
quently in the vicinity of Fort Lyon, and also at Colorado Springs and Greeley, in Colomdo. 

After completing his record of observations at other places, of which mention will be made 
under the head of Section XVll, Mr. Baylor occupied stations at Castle Rock, Ogden, aml Salt 
Lake City, in Utah; at the first two determining the declination, and at Salt Lake City the mag
netic declination, dip, and intensity. 

Under preceding heads mention has been made of the earlier ousernttions of S u.bassistant 
Baylor. The determinations in Utah were made in October, 1878. 

SECTION XVII. 

MONTANA, IDAIIO, AND WYOMING.-(SKETCH No. 31.) 

Magnetic observations.-U11der preceding heads twenty-six stations have been mentioned at 
which the magnetic declination was determined in the course of the season b~' Subassistaut J. B. 
Baylor. In September, 1878, he passed into Wyoming Territory, and before tlie clmm of that 
month determined the declination at Laramie City, Rock Creek, Ureston, and Point of Rocks. All 
the magnetic elements were determined by observations at Che~1cnne, :Fort Steele, Green Riyer, 
and Carter. 

Mr_ Baylor closed operations in Wyoming Territ-0ry late in October, and was subsequently 
engaged at other places, as already stated, until the 13th of December, 1878, when he reported at 
the office in Washington. Ile is now employed in similar duty in Section I. 

At Fort Steele, in Wyoming Territory, Subassistant Baylor had the useful co-operation of 
Surgeon Calvin De Witt, U. S. A., who is stationed at that post. 

COAST AND GEODETIC SURVEY OFFICE. 

-The charge of the Coast and Geodetic Survey Office, which had been temporarily assigned to 
Assistant Charles A. Schott, was resumecl by Assistant J.E. llilganl upon his returu from Europe 
in November, 1878, after an absence of about five months. 

S. Ex. 17--9 
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Hcports of the execution of the important public duties committed to Assistant Hilgard while 
abroad liave been prepared by him, and will be in readiness for publication at an early date. 

As a member of the Interuational Committee on "\Veights and Measures, he was instructed to 
co-opera,te with that bod;y in perfecting tlie organization anll assist in initiating· the practical work
ing of its establishment near Paris. He dsiterl London to make a recomparison of the Coast Survey 
standard yard (Bronze :X o. 11) with the British lmperial standard, and appeared as a representative 
of the Ooast and Geodetic Survey at the annual session of the Lnternational Geodesic Association, 
held last year at Hamburg. 

No essential change took place in the organization of the office throughout the year. 
Assistant Edward Goodfellow remained on duty, aiding the Assistautin Charge in administra

tive details aml in the office.correspondence. 
Efficiency of administration is maintained by the active co-operation of the chief's of the sev

eral clivisions, by their immediate responsibility to the Assistant in Charge, and by monthly reports, 
stating in detail the occupation of each person employed. · 

All records and computations of the field work of the survey are sent to the office, with a 
view to their discm;sion and verification by such scientific methods as may be established with tlle 
approval of the Superintendent. These records or computations may relate to the preliminary 
work of reconnaissance; to astronomical and magnetic observations; to measurements of bases; 
to the primary, secondary, and tertiary triangulations and azimuth determinations conl!ected there
with; to observations of tides, and to topoi,'I·aphy and hydrography in the forms of topographic 
and hydrogra1ihie field slieets. 

Upon the receipt of these records, and after acknowledgment duly made to the officer trarn!
rnitting them, they are referred for action by tlie Assistant in Charge to the chiefs of divisions in 
the office. 

Some special scientific investigations were prosecuted by Mr. Hilga,rd, as opportunity offered, 
with the aid of field officers temporarily assigned to office duty. Under his direction, Assistant 
H. G. Ogden examined the grad nation of the limb of twent,y-fo11r-inch tbeo1lolite U.S. C. and G. S. 
No. 2; made comparisons of twenty-four thermometers with a Kew standard; ma<le a series of 
experiments with the prismatic salinometer, designed by Mr. Hilgard; determined the relative 
lengths arnl expansions of the Committee meter, iron meter No. 6, steel meter No. 19, and the 
JJeuoir iron meter at temperatures ranging from 370 to 810 Fah.; took a series of observations for 
determination of the errors of reading the telemeter in field work, and for ascertaining the errors 
of incidental determination of a vertical lllane. 

He made ahio a series of micrometric readings for testing the graduation of the limb of theodo
lite ~o. 118, and supervised the preparations for marking foe ends of the trial ba.se line established 
at Arlington, with a view to its preliminary measurement, comparing for this purpose the new six
meter measuring rods with the standard six-meter bar. Mr. Ogden was detached for field duty 
towards the eml of June. 

A11:sistant \Villiam Eimlwck reporte1l to the office e:~rly i11 ,Jaunary, and was directed to make 
a complete series of mag-netic obRmTatiom; for the irn~tr1tctio11 awl practice of one of the naval 
otlicens assigne<l to dnty on the Cuu,st and Geodutic Surve;y. Ile then made a special set of obset·va· 
tious for testing vertical circle No. 100, and, upon the completion of the computations required for 
the adjustment of his ti'iangulation in ~evada, made a design for and description of monuments 
for marking the terminal points of a base line; also, a design and description of two instrumeuts 
for referring the ends of base bars to the groundmarks of primary base lines during measurement. 
After assisting in an examination of the Arlington trial base-line with a view to its extension, and 
in the comparisons of the six-meter standard bar, Mr. Eimbeck then begun a collection of maps 
nnd data needed for arranging the plan of a magnetic survey in California and Nevada, Oregon and 
·washington Territory, and was occupied in other preparations for fielJ. work till he left the office 
late in June. 

Assistant 0. H. Tittmann, upon reporting early in January for office duty, was direete1l to take 
up a revision of the list of latitude stars (two hundred and fifty-eight in number) included ill the 
Coast Survey "Catalogue of Stars for Observations of Latitude," in regard to the places of which 
more accurate determinations were t-0 be made at some of the leading observatories. This revision 
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complcte<l, he made comparisons of relati,·e length between the standard Uritish well-yards bronze 
No. 11 and iron No. 57; arranged and reduced the obscrYatious marle by .Mr. Hilgard in London 
for the comparison of standard yard brouze No. 11 with the Imperial standard ~o. 1 aml the ac
cessible standard Xo. G; compared two six-meter snbsidhiry base rods with the six-meter comparing 
bar; made an examination of the newly-constructed geoclesic level No. 3, and determined its con
stants; supervised arrangements for comparing the primary ba8c apparatm; at a high temperature, 
and commenced the c;ompilation of that portion of' the report of standard weights and measures 
relating to comparisons of measures of length, ;yards among themselves and_ meters among them
selves. About the 20th of ,Tune he began the pre1mration of a subsidiar·y base apparatus aml 
other appliances for the work as>1igned to him in Colorado. 

Subassistant Andrew Braid reported for duty at the office in April; aided Assistant Ogden in 
the observations made for errors of determination of a vertical plane; examined the magnetic 
observations of' Professor Nipher. of Saint Louis; redetermined constants for geodesic le\"el No. 
1; ran trial lines of levels with geodesic levels Nos. 1 aud 3, and aided in experiments with difl'el'ent 
forms of telemcwr rods. Early in June, Mr. Braid entered upon duty preparatory to resuming 
field work. 

Subassist.ant H. W. Bl_air, who reported for office duty January 15, tissisted Mr. Tittmann in 
comparisons of the standard yards; arranged and classified papers relating to weights and meas
ures; made the verification of a set of grain weights for the United States mint at Philadelphia, 
and dcwrmined the values of a set of metric weights (kilogram to milligram) for the New Orleans 
mint; discussed the comparisons of relatiYe lengths and expansions of the Committee meter iron 
No. 6, Lenoir iron meter, and swel meter Xo. 19; detel'mined the lengtll of four sample pieces of 
steel for experiments in regard to their expansion to be made in France; made a determination of 
the absolute and relative lengths of the Rrnnner centimeter scale, and the new centimeter scale of 
the Coast and Geodetic Survey; revised and prepared for printing the Bache F1md Magnetic 
Observations, and tested the office regraduation of theodolite No. 118. Towards the close of June 
he took up work preparatory for field duty. 

Mr. F. 11. Parsons, aid, assisted Mr. Blair in his examination of theodolite No. 118, and, under 
Mr. Hilgard's immediate direction, was occupied in compilations of records for the Bureau of 
Weights and Measures, in experiments with a drop cylinder specimen cup, in comparisons of ther
mometers with a Kew standard, and in other miscellaneous work. 

Hgdrographic Division.-The direction of the Hydrographic Division has remained with Com
mamler E. P. Lull, U. S. N., whose labors as H~'drographic Inspector have been referred to else
where in this report. 

As chief of this division, he inspects all records and results of h;yrlrographic work; directs the 
protracting, plotting, and drawing of the hydrographic sheets, their verification by comvarisoa 
with the original tidal, sounding, and current records, and their reduction to the scales of publi
cation, taking care that such a selection from the soundings is made as to keep in view their equal 
distribution with special reference to a correct representation ot' the depths. A verification of the 
reduced drawings with the tidal, sounding, and current notes, positions of buoys, &c., completes 
the office work required in this division to prepare a chart for the engraver or photolithographer. 

The Hydrographic Inspector performs also the duty of maintaining the correctness of' the aids 
to navigation shown on the charts by taking cognizanc-0 of all changes in or additions to buoys, 
beacons, and lights that are made by the Light-House Service, and preparing guide-copies for 
engraving the same on the plates, and entering them on the printed editions on hand in the map
room. The changeable nature of the channels on the greater part of our coast occasions a very 
frequent necessity for corresponding changes in tlie aids to navigation. 

Commander Lull had the aid of Lieut. Commander Philip H. Cooper from July 5 to November 
8, 1878, and of Lieuts. Henry E. Nichols and John l\I. Hawley, the former from February 1 to June 
30, and the latter from February 1 to April 9, 1879. 

The work of the byclrographic draughtsmen may be summarized as follows : 
Mr. E. Willeubucher protracted, plotted, and drew fifteen hydrographic sheets, verified, inked, 

and finished seven, and plotted and drew additional hydrography upon five sheets. 
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Mr. W. C. ~Willcnlmcher plotted and drew eighteen hydrographic sheets, verified and inked 
:five sheets, and brought up to 1late the progress sketclies for the annual report. 

During August, September, anil part of October he was employed as hydrogmphic draughts
man with the party of Assistant Junken on the Delaware River. 

Mr. F. C. Donn was assigned to duty as draughtsman in this division October 15, and was 
engaged in miscellaneous tracings and reductions, and during three months in the preparation for 
publication of a table of depths. He plotted, verified, and inked eleven hydrographic sheets. 

Computing Dirision.-The Computing Division was in charge of Assistant Charles A. Schott 
throughout the year. All original and duplicate rel:ords of geodetic observations, with the field 
computation of results, after being duly registered in the office, are sent to .M:r. Schott, who makes 
an examination of them to ascertain whether they are in accordance with the established forms, 
reports serious irregularities or deficiencies, and has the field computations checked by an entirely 
independent office computation, the results of these discussions beiug from time to time brought to 
the attention of the Assistant in Charge. Discussions of sufficient importance, or such reports 
relating to the methods and results of the Survey as are deemed wortby of publication, are referred 
to the Superintendent for ultimate action. 

Such final results of the labors of this division as are needed for constant office reference are 
preserved in the form of mgisters, in which are systematically arranged all data relating to stand· 
ards of length, to base lines, to azimuths, to determinations of g·eographical position, to heights 
of' stations, arnl to determinations of the magnetic elements, absolute or relative. 

Mr. ,Schott gave his personal at.tention to the preparation of data for the construction of charts 
aml for the use of field parties, and to replies to requests for information, especially on subjects 
connected with terrestrial magnet.ism. He completed two registers arranged by States and Terri· 
tories-one containing results of all astronomical azimuths measured, the other relating to the 
measuring apparattts used on the surrny, aIHl giving resulting lengths of all base lines measured 
to date. 

Under his direction, Mr. ,V. Suess 8et up aucl put in complete working order a set of Kew 
magnetographs, by which it was intended to obtain at a station upon the Pacific coast a continuous 
register of the changes of the magnetic declination, and of the horizontal and vertical components 
of the magnetic force. 'fhe instrumental constants for the magnetograph were determined by Mr. 
Schott. 

He made also, with the aid of Assistant Birnbeck, the usual annual magnetic observations at 
the station on Capitol Hill; discussed the secular chauge of the magnetic declination, as modified 
by the latest available results, with a v-iew to the preparation of a third edition of his paper upon 
the "secular chauge,'1 and directed the work at the magnetic observatory, Madison, Wisconsin. 

Additions made during the year to the force of computers gave Mr. Schott increased facilities 
for efficient work in the di vision, and enabled him to devote personally more time to general dis
cussions and reports. 

Details of the labors of the computers are as follows : 
Mr. ,Tames l\fain computed the latitude of the following stations: Summit, Cal.; Moore, N. C.; 

King, N. C.; Mount Diablo, Cal. Revised the latitude of Elliot's Knob, Va., and of Lebanon, 
Tenn. Computed the astronomical azimuths of Mount Diab lo, Cal.; Elliot's Knob, Va.; Mount 
Helena, Ual.; Vicksburg, Miss.; Helena, Ark.; fort near Vieksburg, Miss.; Donaldsonville, La.; 
Lebanon, Tenn.; harbor, San Clemente Island, Cal., and Catalina Peak, Cal.; and computed the 
telegraphic difference of longitude between Summit Station, Cal., and Washington, D. C., and San 
Francisco, Cal. In accordance with special arrangement five hours' labor constitutes his day's work. 

Dr. Gottlieb ltumpf computed the followingjl~COndary and tertiary triangulations, viz: Puget 
Sound, between Nisqually and Budd's Inlet, Wash. Ter.; of Budd's Inlet, Wash. Ter.; Coney 
Island, N. Y.; Jamaica Bay, N. Y.; Barataria Bay, La.; Indian River, Fla.; Saint John's River, 
.Fla.; vicinity of Cape Cana\·e1·al, Fla. Comput~d the positions of light-houses on the coast of 
Massachusetts, Rl1ode Island, Connecticut, and New York, and attended to miscellaneous geodetic 
work. After March 12 he was detached from the Computing Division for special duty. 

Mr. Edward H. Oolll'tenay was engaged in computing the supplementary triangulation near 
Philadelphia; computed ·the annual magnetic observations at ~ladison, Wis., and the magnetic 
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observations macle by Assistants Boutelle, \Yebuer, and Eimbeck in South Carolina, Georgia, and 
California; collected and arranged magnetic constants for ''ariom1 magnetometer;;; computed the 
magnetic observations made hy Messrs. Baylor aml Braid; had charge of copying and the care of 
the duplicate records; directed work of some of the temporary computers; attended to rlata for 
field parties and to the geographical registers of the office; assisted in the preparation of the 
annual statistics, and made progress with the computation of' the triaugulation on the Upper 
Potomac. 

Mr. M:yTick II. Doolittle was engaged on the least square adjustment of' the primary triangula
tions between Georgia and Alabama, and between Maryland and Georgia, following in general the 
Blue Rirlge; developed the secondary triangulation between San Pedro and Newport Bay, Cal., on 
Clarke's spheroid; a<ljm;ted the primary triangulation vicinity of Eastport and Calais, Me.; com
puted the length of the Lebanon base, Tennessee, the Spring Green base, Wisconsin, ancl the 
Daughtry Island base, Florida; computed the vertical angles and heights of the primary and sec· 
ondary stations of the Inue Ridge triangulation between Maryland aml Georgia; prepared abstracts 
of directions at stations Elliot's Knob, Va., Mount Helena, Cal., and made good progress witll the 
adjustment of the primary triangulation between Charleston and Sa,'mmah. 

Dr. Jermain G. Porter aRsisted Mr. Doolittle in the solution of numerous normal equations 
arising from adjustment of principal triangulations; com1mted sides and positions (on Ularke's 
spheroid) of the primary and secondary triangulation of' Santa Barbara Channel, and the same for 
the primary and secondary triangulation bet,ween Maryland and Georgia, along the Blue Ridge. 
He assisted J'tir. Doolittle also in the adjustment of the triangulation near Eastport, Me., and took 
part in the preparation of horizontal directions at Elliot's Knob, Ya., and Mount Diablo, Cal.; 
computed subordinate triangulations near Staunton, Va., and near Simonton College, N. ().; and 
assisted in the computation of heights of the Blue Ridge surny. 

Mr. Marcus Baker was assigned to duty in the Computing Division September 17, and has since 
been engaged on the computation of the telegraphic difference of longitude between \\~ashington 
and Savannah, Ga.; and Savannah and Atlanta, Ga.; and made progress (reduction of transit 
observations at Washington) with the difference of longitude between ~Washington and Atlanta. 
He was on leave of absence for one mouth and gave but fiye hours a day to the Computing Division, 
being on other duty for the remainder of bis official time. He also collected magnetic results 
relating to the Territory of Alaska. 

Mr. Alexander S. Christie reported for duty January 15, and has since been engaged on the 
computation of the following astrnnomical latitt1des: l\fount Helena, Cal.; Elliot's Knob, Va.; 
Aurora, Ala.; Lebanon, Term.; and made progress with the latitude of Nashville, Term. 

Mr. Erasmus D. l>reston was assigned tu duty in the division toward the close of the 1hical 
year (June 24), and commenced the reduction of transit ohserrntions for time and longitude at 
Washington, D. C., in connection with the longitudes of Atlanta, Ga., and Statesville, N. C. 

'.fhe following computers and writers were temporarily connected with the Computing Di vision, 
and their work may be briefly snmmedup as follows: · 

Assistant Edwin Smith was engaged between November 1 and November 12 in preparing 
h()rizontal directions obsened at l\fount J)iablo, Ca1., and Monnt Helena, Cal. 

Mr. P. Lobanoff was engaged in reading oft' and tabulating llhotographic traces of the mag
netic observatory at Madi.son, Wis. His connection with the survey ceased October 15. 

Mr. F. A. Sawyer was engaged upon miscellaneous computations and copying, especially of 
geographical positions, and revised spirit-levelling reductions. 

Mr. B. F. Warren was engaged in computation of triangle sides and positions during four days 
in November. 

Mr. R. A. Marr wa.s aM1igned to duty November 11, and after making himself familiar with 
ordinary geodetic computations, com1mted tile secondary triangulation of Laguna Madre, Tex., 
computed a number of geographical posit.ions ot tertiary o~jects in tbe Blue mdge triangulation 
between Maryland aml Georgia, iu;;sisted Dr. Porter in miscelbneons geodetic computations, and 
made progress in preparing abstract of' horizontal directions at staions of the coast ttriangulation of 
California., north of San Francisco. He was assigned to field duty June 24. 

Mr. J. E. McGrath reported for duty December 12, an<l acquired familiarity with triangle side 
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and 1iosition computations. Ile was principally engaged in reading off and tabulating photographic 
traces and some thermometric registers taken at the magnetic ohservatory at Madison. This ardn· 
ous dut.Y lte performed with rapidity and in a satisfactory manner. 

Mr. Isaac "\VinRton was assigned to duty January 2, and was chieflJ· engaged in miscellaneous 
copJ·ing and on plain geodetic computations aml re\isions under Mr. Courtenay's direction. He 
also assisted in preparing data for field parties. He was transferred to field duty June 24. 

Mr. Carlisle Terry,jr., reported fordnty Januar:,' 6. He was occupied with miscellaneous writing 
and in inserting geographical positions in the office registers; computed apparent places of stars 
for latitude work at eight stations and aided Assistant Ogden on field work for a few days. 

l\fr. T. E. Norelins was assigned to duty in this division May 21, and was engaged in reading 
oft' chronograph sheets, under Mr. Baker's direction, and upon miscellaneous clerical duty. 

Tidal Division.-Mr. R S. A very has had charge, as heretofore, of the Tidal Division. To him 
are referred records of tidal observations, consisting either of t,idal curves automatically recorded 
on self-registering tide-gauges, or of readrngs of the height of ticle on tide-stafl:s, records of the 
establishment of bench-marks, and the observers' tabulations of heights and times of high and low 
waters. The results of the office discussion of these observations appear in the form of tide tables 
for charts, and in the tables of tidal data for the principal sea-ports of the United States, published 
annually a year in advance, the laws of tidal action upon onr coast having been determined by long 
series of observations with sufficient accuracy to admit of the prediction of times and heights. 
Tide-Tables for the Atlantic and Pacific coasts for 1879 were published in August, 1878. 

In the following table are given the localities of the principal stations (all self-registering, with 
one exception) from which records have been receiYed during the year. Hecords of short series of 
tidal observations, received from the hydrographic parties, have been referred to in the statements 
of hydrographic work under the heads of the several sections. 

I 1

1 

I Time of occupa1ion. 
1 Kind of gau<,-e. Permanent or 11 ______ _ 
I e temporary. \ : I From- , To-

____ . i · I 1 ·· '----

1 North Haven, Me ........... ; J. G. Sp•ulding ............. --1 Self-registering. --1 Permanent .... Apr. 28, 18781.A.pr. 25, 1879 

~ I ~:::~·~:J~:~:i:~~~~~::::::: ~;: :: ~~::~~:j~::i·~:~~~~~~-,1,:::::~: ::::::::::::1'-~_c;:or~~~-: ::\ ~:~: ~~: ~:~: i ~::. ;, ~~~ 
II G<lvernor's Island, N. Y ..... 1 R. T. Bassett ... -- ................. do ..••••....... Permanent .... 

1

1 May 30, 1878 i May 1, 1879 

II San1ly Hook, N. J ........... : J. W. Banford ................ ·i .... do .. --------··· 1· ... do ...•..... June l, 1878 1 .Tune 1, 1879 'I 

VIII Nt~w Orleans, La·--· -- ... .. . G. Faust ....... ·-·· ...•...•.... : Staff .................. do .. ----. --j Dec. 31. J817 j D~c. 31, 1878 
X Sancelito,Cal ........•..•.. : E.Gray ........................... 1 Self-registering ... 

1 
•••• do .......... ;June l1 1878~JunB 1,187911 

:X: Mare I•land, Cal ............ ' G. Bradford .................. ·I .. do ...•••. ----·-I Temporary . ·-1Aug.10,1878 j Mar. 6, 1879 
Honolulu, S. I .. ······--· .... , J. S. Emeroon ..•....•.......• l ... do ............ ·I· ... do ......... June 21, 1877IJune16, 18781 

tion. Name of station. Name of ol)server. 

----

362 

105 
81 

335 

365 

365 

365 

208 

360 

The self.registering gauges established at Clarke's Point, Mass., and at Block Island, were 
intended as reference stations for the tidal survey of Buzzard's Bay, observations every fifteen 
minutes with glass tube box-gauges being made simultaneously at eight other stations for shorter 
periods, genera1ly about six days. 

The self-registering stations at Governor's Island, New York Harbor, and at Fortress Monroe, 
Va., having been discontinued, both series are ready for discussion. 

In view of the speedy resumption of observations at the Fernandina station, Mr. A very renews 
the recommendation made in a former report for the establishmeut of a station at the Bermuda 
Islands, in order that data may be obtained for comparison of the ocean tides with those of the 
coast. 

In the office work of reductions and other computations, Mr. A very bad the assistance of the 
following-named persons : 

Mr. John Downes was chiefly engaged in the tabulations, reductions, and prediction of tides 
for the Atlantic coast. 

Mr. L. P. Shidy reduced many short series of observations received from hydrogmphic parties; 
predicted for ports at w bicb tl1e diurnal inequality was large, and aided in discussions and mi.8cel
laneous work. 
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Miss M . . Thomas att;ended to the simpler computations and to cop_ying; Mrs. M. E. Nesbitt and 
Miss Turnbull were similarly employed. 

Drawing Division.-The scales upon which the topographic and hydrographic sheets are exe
cuted being usuallj· ruhU-, 20tnr0 , and 40h 0 , while the published charts vary in scales from 20 600 
to 120l 000, a project is prepared for e\·ery chart, in which are defined the limits of the sheets from 
which it is to be reduced. These projects are based upon sheets which have been approved for 
registry after passing the careful scrutiny given to them in this division. If the cllart is intended 
to be engraved, the engraver is furnished with a reduced drawing, such details as may be general· 
ized being supplied by photographic reductions upon which the character of the topography is 
indicated by conventional signs. Charts' intended to be published hyphotolithography arc drawn 
in full detail, and either the original drawings, or tracings from them, supplied for reduction in the 
camera. 

Mr. W. T. Bright, in charge of this division, has kept it up to its usual degree of efficiency, 
all special calls for information having been promptly met. Apµendix No. 3, which gives a state
ment of copies of charts and maps and other data furnished, shows also how various are the 
demands made upon the office for results of the work of the sur\-ey. In Appendix ~o. 4 will be 
found a detailed statement of the charts completed or in progress during the year for which tllis 
report is prepared, with the name of the drauglltsman who executed the work. Projections have 
been furuished to field parties and drawings ma<le for illustrations t-0 the annual rcrwrt. 

The distribution of work among the draughtsmen and other persons employed bas been as 
follows: 

Mr. A. r~indenkoh1, chief draughtsman, has, as usual, reduced all the new material for the 
small scale sailing-charts, as well as that for the gcneml charts of the coast, and the numerous 
coast charts upon ~he 1ioi00 scale; kept up to date the annual additions to the progress sketches, 
and constructed upon copper the projections necessary for new charts of large extent. :Mr. II. Lin
denkohl has been empfoyed in reducing the material for habor charts of various se,a,Ie.s, compiling 
and drawing charts for photolithographic publication, and upon engra·dngs npou st-0ne of sketches 
and illustrations for the. annual report. l\lr. L. Karcher has continue(! upon the hydrographic 
recluctions for coast and harbor charts, and supplied a large number of field projections, diagrams, 
and tracings. }fr. 0. Junken made hydrographic <lrawings, field projections, copper-plate projec
tions, and indicated the longitudes corrected for the latest telegraphic determinations upon the Illates 
of a number of charts. In August he was asRigned to make a hydrographic resurvey of a portion 
of the Delaware River, in the vicinity of Cherry Island Flats, upon the completion of which, in 
Oetober, he was again attached to the division. Mr. P. Erichsen has been engaged chiefly in draw
ing for publication in the annual reports, plans and viewR of many new and improved instruments 
of precision, upon hydrographie reductions, and upon topographical details upon engTarnd o~tlines 
of harbor charts. Mr. B. ,J. Sommer has drawn for publication by phot-Olithography se\·eral small 
harbor chart1-1, and has made re1lnced drawings for the 80-fi-00 scale charts. :\fr. C. A. Meuth was 
employed upon the miscellaneons wor·k of the dhrision until February, when he resigned. Messrs. 
H. Eichholtz and E. Molkow have continued to supply, by liand, to the chart room editions the 
aids to navigation that were placed after the editions were printed. Miss C. B. Turuhull was gh·en 
employment in miscellaneous duties from October until May, when she was assigned to the tidal 
division. Mr. T. L. Moore did practice work in the division from March until May, when he left 
tlie office. 

It has heret-Ofore been the practice that the original topographical sheets, drawn with hard 
pencil in the field, were subsequently inked by the persons who had made the survey. This course, 
while it has the advantage that the final drawing is done with personal knowle<lge of the ground, 
has the disadvantage on the other hand that good surveyors are not always good ilmughtsmen, 
which resulted in very unequal style of representation on the .original maps. This was, indeed, 
not a matter of great moment so long as for purposes of pttblication these maps were redrawn in 
the office, generally on reduced scales. But since the perfection of the processeR of reproduction 
by photolithography and other modes based upon photography, renders 1)facticable the pnuli· 
cation of maps obtained directly from the original drawing, either on the same or on a rednceil 
scale, it has become desirable t-0 have the drawing matle in a suitable and uniform style. \Vith a 
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view to this end Assistant E. Hergesheirner was instructed to prepare specimens of drawing, on 
the scale of the original sheets of the various topographical featn.res to be represented, to serv·e as a 
guide for the draughtsmen in the office who will hereafter ink the original sheets. Mr. Herges· 
heimer has tlischarged this dut,y with great snccess, as will be seen from the specimens and cxplan· 
atory text appended to this report. (Appendix No. 11.) 

Engraving Division.-Assistant J. S. Bradford had charge of the Engraving Division during 
the year. The system of engraving adopted in the office is the result of a careful study of the 
methods of topographical and hydrographical tlelineation which ham been found most effective for 
representing the varied features of lantl and water upon the maps and charts. 

In the :finished coast and harhor charts a high degree· of artistic as well as of mechanical skill 
is required for the adequate representation of the· undnlating formations, hold slopes, and broken 
or irregular contours of the coast line. The style of lettering must also be selected with a view to 
good effect, and be made to conform to the several scales of publication, and the arrangement of 
title and explanatory notes must be studied in forming a project for each chart. 

Careful inspection is made of the progress and quality of work upon the plates by proofs 
taken quarter]~·, which are suhmitted for inspection to the Superintendent and to the Assistant in 
charge of the office; final proofs being taken upon the completion of every plate for ap1lroval before 
puhlication . 

.Mr. Bradford reports that twelve chart plates have been completed, eight begun, and work 
upon nineteen continued during the year. Corrections and additions were matle upon one hundred 
and sixty-six plates, including those of the charts for the Atlantic Coast Pilot. For the same work, 
the engraving of twenty-six views was nearly finished. 

In the assignment of work the aptitude of each man for that branch of engraving in which he 
is most skilled must bf\ kept in view. The force of tlte division remained about the same as last 
year: Messrs. J. Entboffer, H. 0. E•·ans, A. Sengtt1ller, J. J. Young, W. A. Thompson, and RF. 
Bartle w~re continued as topographical engravers; E. A. l\faedel, A. Petersen, H. M. Knight, J. 
G. Thompson, ancl F. Courtenay as letter engravers, and E. H. Sipe, WlTh H. Davis, Th. ·wasser
bach and A. C. Ruebsam, as miscellaneous engravers. Mr. J. J. Young was employed during a 
large part of the year in etching views for the Coast Pilot; and Mr. George McCoy upon standard 
topographical specimens from the originals by Assistant Hergesheimer. 

Appendix No. 5 gives a detailed statement of the work of the several engravers upon the 
Jllates completed, continued, or begun during the year. 

The clerical duties of the division were satisfactorily performed by Messrs. Leeds C. Kf'rr and 
Jno. H. Smoot. 

Electrotpying and Phowgrapking Divisi-On.-The engraved plates being the standard plates which 
it is desirable to preserve unimpaired, but a small number of proofs are taken from each before 
subjecting them to the process of electrotyping, by which the slow labors of the engraver are multi-
1,lied rapidly and with perfect :fidelity. 

As soon as the standard plate is ready for an alto, it is sent to the Electrotyping Division, the 
operations of which are in charge of Dr. Anton Zumbrock. After being cleaned by rubbing with 
soft canton flannel, precipitated chalk and water, it is ready for being rubbed with a solution of 
argento-cyanide of silver, this rubbing being continued until the plate is evenly silvered; the s1ir
face is then washed with water; the plate drained; any water remaining washed oft' with alcohol; 
and then there is poured over and allowed to dry on it a weak solution (straw-colored) of iodine in 
alcohol. 

This process was devised some years ago in the office, and has proved entirely successful in 
preventing adhesion between the standard plate and the alto obtained from it in the battery. From 
the alto, bassos or printing plates are produced as they are needed. 

Dr. Zumbrock has made also \he photographic reductions from drawings or from field sheeta 
required for the use of the engravCJ:"s and draughtsmen, duplicate photographs being taken, one 
upon glass for the engraver to be used in tracing outlines and contours, another on paper for the 
draughtsman, so that there may be shown upon it the colors and conventional signs adopted in 
detail representation. 

Twenty-six uegatiYes, nine positives, and one hundred and six.teen prints were t.aken during 
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the year. Fifty altos and thirty-three bassos were made, inclucling four altos for the Hydrographlo 
Office, United States Navy. 

The batteries for the office sympathetic clocks and call-bell were kept in order. All of the 
collorlion, varnish, silver solutions, and other preparations used in the work were made in the 
laboratory. Dr. Zumbrock was assisted as heretofore by Mr. Frauk Over. 

Miscellaneous Division.-Under this head are classified those branches of office work which 
relate to the printing and distribution of the charts, reports, and other publications of the survey, 
the charge of the official blank forms and stationary and their supply for office and field use, the 
care of the office building, and the general direction of work in the carpenter shop; of the details 
of these duties Mr. M. W. \Vines has had charge. He attended to the systematic distribution of 
the reports of the Superintendent t-0 the several departments of the Government, and to the princi
pal scientific associations, colleges, and public libraries in the United States and foreign oountries; 
also to the calls made for charts, Coast Pilots, and Tide Tables from the sale agencies established in 
all of the principal sea-ports. 

~'ollowing is a list of the publications of the survey received during the ;rear, comprising, it 
will he seen, a number of extra copies of papers embodying the methods and re1mlts of the work, 
which are published as appencliccs t-0 the annual reports. Due d_istribution was made of these 
imblications, the extra copies of appendices being freely furnished t-0 applicants. 

One thousand copies Tide Tables for the Pacific coast of the United States for 1879. 
Two thousand copies Tide Tables for the Atlantic coast of the United States for 1879. 
Three hundred copies Notice to Mariners, No. 17. 
Five hundred copies .Atlantic Coast Pilot-Boston to New York. 
Two lnrndred oopies Atlantic Local Coast Pilot-Boston to }fonomoy. 
Two hnndred copies Atlantic Local Coast Pilot-Nantucket and Vineyard Sounds. 
Two hundred copies Atlantic Local Coast Pilot-Buzzard's and Narragansett Bays. 
Two hundred copies Atlantic Local Coast Pilot-Block Island and Fisher's Island Sounds and 

Gardiner's and Peconic Bays. 
Two hundred copies Atlantic Local Coast Pilot-Long Island Sound and East River. 
Two hundred copies Atlantic Local Uoast Pilot-Harbors in Long Island Sound. 
Two hund;ed copies Atlantic Local Coast Pilot--Soutli coast of Long Island, New York Bay 

and Hudson River. 
Two hundred and fifty copies On Registration of Tides-Appendix No. 8, Report for 1876. 
Five hundred copies Notice to Mariners, No. 14, second edition. 
Fiv"e hundred copies A Catalogue of Stars for Observations of Latitude-Appendix No. 7, Report 

for 1876. 
One hundred copies Review of the Characteristics of the South Pass-Appendix No. 12, Report 

for 1876. 
One hundred copies Report on the Physical Survey of New York Harbor-Appendix No. 10, 

Report for 1876. 
There were distributed during the year from the chart room, under the immediate care of l\Ir. 

Thomas McDonnell, twenty-three thousand two hundred and thirteen copies of charts. Of this 
number twelve thousa.nd two hundred and seventy-one copies were sent to sale agents, and seven 
thousand five hundred and forty-two copies were for the use of the several de1>artments of the 
goverrnnen t. 

Sixteen thousand seven hundred and nine copies of charts were received from the printer, all 
of these being copper-plate impressions; in addition to these there were sent to the chart room 
twelve thousand four hundred and ninety-two copies of charts published by the processes of lithog
raphy. 

Mr. Frank l\foore,assisted by Messrs. D. N. Hoover and J. S. Beck, executed the printing from 
the copper plates; Mr. H. Nissen attended to the preparation of backed drawing paper for field 
sheets, and to the miscellaneous work of the foltling room. Ile had the aid of Mr. I~ T. Bassett 
after June 1. 

Arckives.-The care of the original records of the survey in the fire-proof building provided 
for the purpose remained with Mr. G. A. Stewart. These records are Rystcmaticall;v registered as 
soon as received, the t-Opo6raphic and hydrographic sheets being numbered in order of registry. 

S. Rx. 17--10 
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Duplicate records of observations are, for convenience of cornmltation, kept in the Uom puting 
Division. 

Fifteen topographic and fifty-one hydrographic sheets were received and registered during the 
year, making the total number of topographic sheets registered to the close of the year fourteen 
hundred and sixty-five, and the total number of hydrographic sheets fourteen hundr~d and two. Of 
original records and computations, eight hundred and eighty-five volumes were added to the archives; 
and of duplicate records, four hundred and sixty-six voh1mes. 

Library.-The office library, consisting mainly of books of reference, and of publications of a 
scientific character received.i.n. exchange for the publications of the Survey, was in charge of Mr· 
Samuel Hein. The library now contains nearly four thousand titles and volumes. Two hundred 
and eighty.one volumes and four hundred and fifty-two copies of pamphlett! and periodicals were 
received during the year. 

Instrument Room.-The instrument room was in charge of M:r. G. N. Saegmuller, chief mechan
ician. Under his direction were made, as far as practicable, the repairs of all instruments required 
for field and office use, and such instruments of precision were constructed as were needed for the 
more exact processes of geodesy. 

Accountability for instruments furnished to field parties is secured by returns made at the end 
of every season by each chief of party of all instruments retained in his possession or forwarded 
to the office. Examination is made as soon as possible of all instruments returned by field parties ; 
those found to be in good order are sent to the fire-proof building; those needing repairs are put 
in hand in the instrument shop. 

Early in the year Mr. Saegmuller began an examination of the limb of the dividing engine in 
order to form a table of corrections which could be applied in the regraduation of one of the twenty
inch theodolites, and submitted plans for the construction of a new tracing and cutting apparatus 
intended to secure greater effectiveness and ease of arrangement. This improved apparatus was 
made during the year, and tests of its working proved to be exceedingly satisfactory. One of the 
twelve-inch theodolites was rcgraduated with a high degree of accuracy. An account of these 
improvements and of the tests applied is given in Appendix No. 12. 

Mr. John Ulark, mechanician, was occupied in constructing from designs furnished by the 
office, two levels of precision, intended for use on the several lines of transcontinental levelling. He 
took part in the experiments with the subsidiary and primary base bars; and made an apparatus 
to facilitate the processes of comparison of these bars with the standards. 

Mr. Saegmuller had the assistance of Messrs. W. Jacobi, E. Eshleman, and P. Vierbuchen, in 
the miscellaneous work of the instrument shop. 

The carpentry work of the office, eomprii:iing the woodwork of all instruments, their packing 
for transportation, and the repairs of office furniture, ·&c., was done by Mr. A. Yeatman, aided at 
different times by U. Webster, G. W. Clarvoe, and L. F. Dorn. 

In the office of Assistant in Charge the .clerical duties were performed by Messrs. W. B. French 
and W. A. IIerbert, with Mr. C. D. Gedney as stenographer during part of the year. Occasional 
assistance was rendered by Mr. G. A. Morrison and by l\Ir. F. H. Parsons. 

Expenditures for field and hydrographic operations are based on detailed estimates presented 
by the Assistants for consideration in advance of taking up work; so also the outlay for repairs 
of vessels and for outfits. Each item is carefully examined, and when approved by the Superin
tendent the aggregate ii:i allotted from the appropriation, for the work corresponding to the estimate. 
By the watchful care of the disbursing agent, Mr. J. W. Porter, the means available for carrying out 
plans of work are known at any time during the year, and contingencies incident to the service 
have been met without embarrassment. 

Under my imme..diate direction, Assistant W.W. Cooper has met as heretofore the requirements 
in business details bearing on the administrative duties of the Superintendent. 

ltespectfully submitted, 

Hon. JOHN SHERMAN, 

Secreto..ry of tlie TreaiJUry. 

C. P. PATTERSON, 
Superintendent Coast and Geodetic Survey. 
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APPENDIX No. I. 

Distribution of surveying parties upon the A tlantic1 Gulf of Mea:ico, and Pacific coasts and interior of 
the U?iited States during the fiscal year 1878-179. 

-------------~--------------------- ~-------

/ . I Sections. iPart1ca.i Operations. Pe1·sons conducting operations. Localities of work. --1, SECTION I. I \ 
Maine, New Hw:npshire, I No. l Ilydrography ..••. ! Lieut. Commander Theo. F . .Jew· j Hydrography of the approaches to the coast of 

Vermont, Mas$1Whu-1 I ell, U. S. N., assistant; Lieut. i Maine extended from pre..-ious limits, north-
eetts, and Rhode Island, I .John Garvin, U.S. N.; MMters ! ward and eaatward to the entrance of PleBH· 
including coast a.nd sea.- 1 C. E. Fox and M. K. Schwenk, I' ant Bay, beyond Petit Manan Light-House. 
porta, bays and rivers. I U.S. N.; Ensign C.H . .Amsden, (See also Section IX.) 

U.S.N. I 
I 2 Hyili:ography. Lieut. Commander C. M. Chester, ) Soundings in the eMtern ap-proacltes to Mount 

I' 

U.S. N., "8sistant; Lieut. A. V. ' Desert Ioland, Me. (See alao Sections II, VI, 
Wadhams, U.S. N.; Master T. and Ylll.) 
G. C. Salter, U. S. N. ; Ensigns : 

I H.F. Reich and M. L. Wood, i 
) U.S.N. l 

3 Topography······! EdwinHergesheiruer ..•..•••••... 
1

1 Views of prominent features on Mount Desert 

I 
Island, drawn and arranged for the Topograph-

! ieal Manual. 
4 Hydrography ..... 

1 

Lieut. S.l\LAekley, U.S. N., ao· ! Ilydrograpby of Frenchman's :Bay, Mc., adja
sistant; Lieut. H. T. Monahon, 1· cent to S~rn Island and the Porcupine Isla:nds. 
U.S. N.; Master F. E. Sawyer, (See also Section VI.) 

5 i Topography •••••• 
U.S.N. I 

Charles Hosmer, assistant ........ j 'l'opogmphy of t.he J!hores of Skilling River 
II (coast of :Maine) completed, and survey of 

I 
the Porcupine Islands in Frenchman's Bay. 
(See also Section VIU.) 

6 Topography •••••• .A. W.Longfellow,assistant ....... I Detailed survey of the sho"'s of Union River 
Bay extended t-0 the vicinity of Ellsworth, 
Me. 

7 Topography .. .... H. G. Ogden, assistant ............ 1 Topographical sw:veys of L<>ng lsla.nd and Bart-

'! lett's Island near Monnt Desert, coast of 
Ma.ine. 

8 Hydrography . . • • . Lieut. J.M. Hawley, U. S. N, as· 1 Soundings in the southeastern approaches to 
&istant; Masters G. C. Hanns, Deer Isle, including parts of Jericho Bay and 
A. H. Cobb, and Albert Mertz, Placentia Bay, ooast of :Maine. 

U.S.N. I 
9 1 Hydrography ..... 1 Lieut.J. F. Moser, U.S. N., Meist- I Hydrograpby of the approaches to Isle an Haut-

\

' ant; :Masters J. :B. Murdock, I completed, including the development of num-
A.. C. Dillingham, and F. E. eroua ledges; lllld survey of a !etlge in Mwi-
Greene, U. S.N. oongus Bay. (See also Sections IV and V.) 

llJ Tidal ubaervat.io113. J. G.Spanlding ................... Seriea of observations continued witli aelf-regis 

111 Geodetic .......... :Prof. E. T.Qnimby .............. . 

12 · Geodetic.......... ll:icharil D. Cutts, 1U1silltant; C. H. 
Sinclair, aid. 

terlng tide·gange at North Haven, Penobscot 
Bay, Me. 

Goodetic observations completed at Gunstock 
Monntaln, and Starr King Mountain occu
pied for triangulation, in New Hampshire. 

Mount Mon..W.ock, N. IL, occupiei' for connect
ing the survey of Lake Champlain with that 
of the coast. (See also Section II.) 

13 Triangnlation..... S. C. Mccorkle, aaaistant ....... ., Light-houset! at Portsmouth, N. H., and at New. 

1

1 
bury-port and Cape A.un, Mass., determined in 
position. {See also Section IJ .) 

14 llecODJJAissance ... f Prof. V.0-. Barbour ............... Sclt:Ctlon <>f stations aouthw·ard of Rutland, for 
1 

-... t1ia.ng11lation in the State of l crmoni. 
77 
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S«ctions. 

SECTION I-Continued. 

S1wTJON II. 

Connecticut, New York, 
New Jersey, Pennsylv:ar 
nia, and Delaware, iJ:l
cludiug coast, bays1 and 
river a. 

REPORT OF THE SUPERINTENDEXT OF THE 

APPENDIX No. 1-Continued. 

1

1Parties.I 01>~rations.--r-~~:o:~-c~:~~~t:,~-;,;eration•. -----~::-:r work~ 

-~. Hy;r:graphy ...• -l~i~ut. ComD1Mider C. ]Ii. Chester, Hydrography of the entrance and bar of Mer-

l 
I
I .' U. S. 'N., assistant; Lieut&. A. riruac River, Mass. (Soo also Sootions 11, VI, 

I 
V. Wadhams and Uriel Sebree, and VID.l 

1

1

. U.S. N.; Master T. G. C. Salter, 

I II U.S.N. 
I 16 I ln•pection.. •. . .. . H. L. Whiting, assistant .......... 

1 

Supervision of topography for the harbor com· 

I 

1 missioners· survey of the upper harbor of Bos-
ton, Mass. (Soo also Section II.) 

17 Hydrography.. .•• Master Robert Platt, U.S. N., as· Observation and records of sea current.. at sta-
sistant; Mates John Odendhal tions in the Gulf of Main~. (See also Section 

j and lfarold N eihon, U.S. N. VITI.) 
18 Hydro graphic re· J. S. Bradford, assistant. ....... - .. Examina1 ion for changes desirable in the poai· 

conna.issance. tion of a.ids to navigation along the coast of 
Maasacbuaetts and ll.bodo Tul&nd. (Boo also 
Sootion II.) 

19 Tidalob&ervatlonsi C.H. Vanorden .................. Special observations for developing the tides of 
· · :Buzzlll'd's :S..y, Ma.as. (SooalsoSooti<>n VIIL) 
I Tidal observations oontinned at Providence, R. I. 

Geodetic 
tions. 

opera. RichardD. Cutts, assistant; C. H. Monn t Prospect, N. Y ., occupied for connecting 
Sincl.,il', aid. the survey of Lake Champlain with the Hud· 

son River triangulation. (See also Section I.) 

2 J Hydrogmphy. . . . . Lieut. CommandAr C. M. Chester, 
U.S. N., assistant; Licuts. Uriel 
Sebree and A. V. Wadhams, U.. 
S. N. ; Master T. G. C. &titer, 
U.S.N. 

JJydrographic re· J. S. Bradford, assistant .......... . 
connaissance. 

Topography . •• • •• J. W. Donn, aesista.nt .•••••••••••. 

5 Hydrography..... Lieut. W. I. Moore, U.S. N., aesist. 
ant; Lieuts. W. F. Low and S. 
H. May, U. S. N. 

6 Tidal observations· R. T. Bi>ssett, J. W. Banford •••••• 

7 Topography ...... H. L. Whiting, ""slstant; W. C. 
Hodgkins, aid. 

8 Inspection ... - ... . F. ll. Gerdes, assistant ........... . 

9 Geodetic opera- Prof. E. A. Bowser .............. . 
tions. 

IO Hydrogmphy ..... Charlea Jnnken, W. C. Willen
bucher. 

11 Triangulation .. .. S. C. M:eCorkle, aeeilltant; C. H. 
Baehe, aaaistant. 

J2 Topcgmphy .. • • .. R. M. Bache, assistant •••••••••••• 

Hydrographic surrey of the vicinity of Block 
Island (Long Island Sound, N. Y.), including 
Southwest Ledge. (See also Sections I, VI, 
and VIII.) 

Examination for changes desirable in the posi· 
tion of aids to navigation along the eoast of 
Connecticut, and in Long Island Sound and 
Hndaon River, N. Y. (See aleo Section I.) 

Detailed survey of the shores of the ell<!tern pa.rt 
of J'amafoa Bay, N. Y., including Rockaway 
Beach. (See also Section m.) 

Hydrography of tho eastern part of J' amalea 
:S..y, N.Y. 

Tidal observations closed at Governor's Island, 
New York Harbor; series of observatiollll 
oontinued with self.registering gauge at Sandy 
Hook,N.;r. 

Deta.iled topographiool anrvey of the shores of 
Hnd80n River, continued in the vicinity of 
Pee:kaldll, N. Y. (See &I.so Section 'VL) 

Exo.mlnation of station ma.rks a.t triangulation 
poiuts on the coast of New .r ersey. (See aiao 
Section IV.) 

Angular m011o8UNments complett.d a.t Pickle& 
Mountain, and geodetic obeervationa com· 
menoed at )follllt Horeb, N. J. 

Rydl'<lgra.phie survey of De!Awa.re River, from 
Marcus Hook to New Castle Bat.a, for the 
L!ght-Ho1186 Boe.rd. 

Points determined in position along the ahoree 
of Delawa.re River in the special survey .tor 
the Phil&delphia Board of Trade. (See Abo 
SectiOllL) 

Detailed surv-ey on large soale of the wharf llnea 
and shol'ell of Del11>"'8l'll lliTil1' at Philadelplda, 
includlng the water front of Cainden, N.J, 



 

Sections. 

SECTION II-Continued. 

SECTION Ill. 

Maryland, Virginia, and 
West Virginia, including 

Days, seaports, and riv
ers. 

SECTION IT. 

North Carolina, including 
eoa.et1 sounds1 seaports, 
and rivers. 

SECTION V. 

South Carolina and 
Georgia, lnclndlng coast, 
sea-water channels, 
eound.15, harb01'81 and riv· 
ere. 
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011erations. ! J.>ersons condnctina: opcrationt:i. Localities of work. 

13 : PhJ·sical llydrog- H. MitchelL assistant; H. L. Mar- Special olIBervaUous on the tides ancl currents 1 

1 
indin, asaistant; J.B. Weir, aid. 

1 

and h~·drog;raphy of 1he DeJaware IUver at. 

I , Philadel1ihia. 
opera. ! Prof. L. M. Haupt. ••..•••••.•.••• Obserrations completed at three stations in 

I 
raphy. 

14 Geodetic 

tions. 

I 
15 Special . . • . • • • . . . ! C. S. Peirce, assistant ......... . 

I 

Eastern Penns:ylvania connecting with j!l'O· 

d.:tic points at Principio and Meeting- House 
Hill in Mar.; land. 

' Observations with the pendulum for dl"'termin

h1;r the force of ~avity at stations in Pcnnsyl-

I 
A~tronomical ob- j G. W. Deau, assistant; Edwin 

serrations. j Smith, assistant; }'. H. Parsons 1 

I aid. : 
I 

Magnetic obserra· Charles .A.. Schott, assistant 

tions. 

vania. 

Obsernttions at W a.shington, D. e., for deter

mining longitude by telcgrapbic exchan~es at 
StatPR\"'i1lf', N. C., and Atlanta, Ga. (See alsQ 

Sections IV and Y.) 

Declination, dip, a.nd magnetic intensity ob

served at 1be StandanlStation, on Capitol Hill, 

i '\\~asbinJ?:ton, D. C. 
Special------·---· Master 'F1:ancis Winslow, L. S. 1 Soundings in the vicinhy and inn~stigation of 

N., assistant; Master H. II. I oyster rpefs in Tangier Sound, Pocomoke 
Sound, and Jamt·s River. Barrull, U.S. :X. 

Ti cl a I obsorva-

f,ions. 

5 Topography ...•.. J. W. Donn, assistant ... 

S€ries of tidal ob8erYat.ions closed at lt'urtrress 
:Monroe, Va 

Detailed survc:Y of the shores of Jam es River 
C',ontim1ftf1 in the vicinity of Ricbmond1 Va. 

(S1w aloo St'ction JI.) 
6 ' Geocletic .. ----. --· A. T. Mosman, assistant.......... Trllin:..,ri1lation westward of the Blue Ridge, near 

Geodetic ... ------· 

Harl'isonburg, Va., ex.tended toward tlrn Ohio 
Rh·cr. 

Andrr~w Braid, subassistant ··--··, Geodetic lei-cllingon a course from Hagerstown, 
! Md., westward w Athens, Ohio. 

1 Special ·--- --·. .• F. H. Gerdes, assiistant. ...•. ·----· Life-oatlng stations on the coast of Virginia. and 

2 Hydrography. 

North Carolina, determined in position fol' en
tr~· on thB engraved charts. (Set: also Section 
II.) 

Lieut. liTed. Collins, U. S. N., a..s- Special examinations in .Albemarle and Pamplic-0 

sistant; l:laat.ers F. 'Vinslow 
andR. H. Barroll, U.S. N. 

Soundst N. C., andcompilati-0nsof 11otes for the 

Coast Pilot. Dt>velopmentofLookout.Coveas 
a harbor of rflfuge. 

3 Rydrugraphy ..... Lieut . .T. F. Moser, U. S. N., a,s. · Hydroi:raphy of the coast of North Carolina 
sistant; M.nst~rs .T. B. Murdock, 
A. C. Dillingham, and F. E. 

Greene. U.S. N. 

from Barren Inlet south--ward and west ward to 
Cape Fear. (See also Sections I and V.) 

Topograph~· . . . . . . C. T. laroella, assistant _........ Topography of Smith's Island compl~ted in the 
vicinity of Cape Fear, N. C. (See also S1:...c
tion V.) 

Astronomical ob- G. W. Dean, assistant: Edwin Longitude determine<l at a station in Simonton 
scrvatiuus. Smith, assistant; C.H. Sinclair, College- grounds, Sta.tesTillt-',, N. C. (See also 

aid. Sections III and V.) 

Hydrography •.. Li<"ut. :r. F. Mos(lr, U. 8. N., as

sist.ant; 'MastersJ. E.Mllrdocl:, 
A. C. Dillingham, and 1''. :E. 

Greene, U.S. N. 

Hy<lrographyofthe co."l.8t of South Carolina from 
"Murrcn·s lnlot southward to the ap11roach"s of 

Winyah Bay, .and survt\Y of thj" Ram pit River 

abow Georgetown, S. C. (See also Sect.ions I 
and IV.) 

2 Topogmphy C. T. Ia.rdella, assistant .••.•..... Topography of part of thu shores of Stone River 
and W appoo Creek, near Charleston, S. C. 

3 Astronomical ob- G. W. Dean, 88sistant; Edwin 
ser,·ationf!. Smith1 assistant; C. II. Sinclnir, 

Aid. 

(See also fi.ection IV.) 

Lcngitnde det-0nninfld at a station in the City 
Rall Square of Atlruit.a, Ga. (St>e also Section• 

Ill and IV.) 
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Sections. Operations, Persons conducting operations. Localities uf work. iParties. 1 

I ! 

----!'-,!'--~,, ' 
SECTIO"N VI. 

East Florida, from Saint! 1 I Tldalubst•rvationsl M. O'D. Wbite ................. .. 

Mary's Ri"\"'"er to Anclote j i i 
Keys, on the weBt coast, 1 2 ! Triangulation and \ W. I. Vinal, suhaasistant; W. C. 

Series of tidal observations continued with self· 
registering gauge, at Fernandina, Fla. 

;;~! ~7S!·;:: I 

SECTION VIII. 

Alabama, 1\i:i ssi ssi ppi, 

I~ouiRiana.anrlATkansaf.'.. 

including Gulf coast, 

port.s, and rivers. 

SECTION IX. 

Texas and Imlian TP.rri

tory, including Gulf 
coast, bays, and rivers. 

I 

i topography. 

! Triangulation. 

Hodgkins, aid. 

Jo~eph Hergesheimer, subassist
ant. 

llydro~'l'aphy . . • . Lieut. Commander C. M. Chester, 
U. S. N., assista,nt; Licuts. U. 
Scbrf'e ancl A. V. Wa<lliams, TI. 

S. N. ; Moster T. G. C. Suiter, 
i U. S. N.; Ensigu M. L. Wood, 

! U.S.N. 
l\:lag-netk observa- ! Lieut. S. ::M .. A.ckley, U. S. N., as-

tions. sistant; Lieut. H .. T. Monalmn, 
U.S. N.; Mastp,r F. E. Sawyer, 

U. S. N.; Ensign W. H. Noa· 
irauu, U.S. N. 

Triangulation and topo~raphy of Indian Rh-er, 
Fla., inclmlingtheocean beach, extended south

wartl from Malabar Point. 
Triangulation and beach measurement bet ween 

Charlotte Harhor and SM·asota. Bay, Fla. 

Inshore hydrography of the Gulf of Moxico in 
the vicinit.r of Charlotw Harbor. (See also 
Seetions ! 1 II, and V Ill.) 

Determinations of the magnetic declination, dip, 
and intensity at Fernandina and Key West, 
Jna-. ; at Nassau (New Providence) ; South Be
rnini; 'Water Cay (Salt Key :Bank) ; Matan· 
zas, Havana, Ilahift Honda, and Cape San An
tonio (Cuba); at :Bl'lize (British Hondnras); 
and at Cozumel and Mujeres, off Yucatan. (See 
also Section 1.) 

1 Geodetic .......... __ C. O. Boutelle, assistant; F. D. Five geodetic stations occupied in Northern 
Gr.anger, m~sistant. Alabama for extending work westward of the 

Atlanta base line. 

2 Hydrography, Ma•ter :Rol>ert Platt, U.S. N., ""' Currents ob•erved at Rtations in the Gnlf of 

3 Tida.lobservati-ons 

4 Triangulation. 

5 Hydrogmphy . 

6 Triangulation 

Triangulation 

I 

8 i Triaugnlation -·-

j 

1 ' Hydrogmphy 

sistant; Ensip;ns J. W. Ste-wart 
am] J'. C. Colwell, U.S. N. 

Mexico, off tho mouths of the .Mississippi. 
(See also Section I.) 

G. Faust .. - ...••.. -··········· .... 1 Record of obsf'rvations on the l~vel of the Mis. 
I sissippi River at New Orleans discont.inued. 

F. W.Perkins,assistant ........... ! Trian.e;ulation of the Mis.sissippi River, from 
I , 
' Donnldsonville nortb, toward Baton Rouge. 

Lieut. Commander C. M. Chesfor, 
e. s. N., assistant; Lieuts. u. I 

Il.rdrography of the Mississippi River between 
Grand View Reaeh and Point Honmas; of the 

Sebree an<LA. V. Wadhams, U. i mouths of Red Ri'\'er and Atchafalaya; and 
8.N.; MasterT.G·.C.Saltor,U. i of the Bonnet Carre, l&>rga.nzia., Glascock, 
S.N.; EnsignM.L. Wood, U.S. and the Diamond Island Cre'\'asse. (See also 
N. i Sections I, II, and VI.) 

W. H. Dennis, assistant; C. H. i Triangulation of the Mississippi River from 
Van Onien, aid. I Nat<>hez upward to Grand Gulf. 

Charles Hosmer, assistant; J. B. I' Triangulation of the Mississippi RiTcr con tin· 
W oir, aid. ued from Vicksburg upward w stations abo-re 

1 Milliken'• BAnd. (See also Section I.) 
C.H. Boyd, aasistant; Master W. I Triangufation of tJie Mississippi River extended 

Kilburn, U. S. N.; C . .A. Ives, j from Bennett's Landing upward to Memphis, 
temporary aid. / Tenn., anil check·b"80 measured at Hopefield, 

I opposite to Memphis. 

Lieut. Commander Theo. F. Jew- \Inshore hydrography of the coaat of Texas, 
•ll, U. S. N., assi!!tant; Lieut abreast of 11fatagorda Peninsula, extended 
John Garvin, t:. S. N.; Masters from former limits southward and westward 

I, C. E. Fox an~ M. K. Schwenk, I beyond Pass Cavallo. (See also Section I.) 
U. S. N.; Ensign C.H. Amsden, I 

. . I U.S.N. . . . 
Triangulat10n •••. 

1

. ll E. Halter, ass1sfu.nt .....•........ 

1 

Tnangulat1on of Laguna Madre, Tex., nearly 

completed. 
3 Hydrogrnphy .... ! Commander J'. R. Bartlett, U. S. ! Deep sea soundings; record of serial tempera. 

I N., assistant; Lieu ts. W. O. ! tu.res ; ;. nd dredginp in the waters of the Ca
Sbarrer and J.P. Wallis, U.S. 

1 
ribbean Sea, and In pa....agea between the 

I 
N.; Mru!t<ir H. M. Jacoby, U.S. Windwa.td Islauda. 

· N.; Ensigns G. H. Peters and 
E. L. IlcynoldB, U. S. N. 
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Sections. !Parties.: Operations. 
! _____ _ 

I Persons conducting operations. I Localities of work. 

SECTION IX-Continued. 

fi.ECTION X. 

Califonia, incl udiug the 

c?ut, bays, harbors. and 
11 

nvera. 

ISBL'TlOllf XI. 

Oregon a.nd Washington 
Territory, including 
OOA&t, Interior ba.ys, ports, 
andrivere:. 

s.Ex.17-ll 

I 
.t Magneticobserva- J.B. Baylor, suba~si~tant ......... ! Ma.gnet.ic declination, dip. and intensity d~te1·-

tiona. 

'GeOO-t>tic ......•••. ! D.B. Wainwri~ht,subassistant 

Topography Stehman Forney~ssistant. 

\ 

mined at San Antonio, Fort Worth, and. Sher
man, in 1\~xaa; and at Atoka and Eufaula in 

\ lndifill Territ()ry. (See also Sections XIV, XV. 

XVI, and XVII.) 

Triangulation completing thPi geodetic connec
tion between the S11nta Barbara Islands and t.he 
coast of Ca.liforni>L. 

De1ailed t<>pographic sUM"ey completed of Cata. 

lina Island and San Clemento Island (Santa 

Babara Channel, Ca)). 
B Hydrography . _... Commander G. W. Coffin. t:. S. N., Hydrography of the shore-approach~• of Santa 

assistant: Lieuts. C. Vt. Jarln.tt.~ Catalina I~laml and San Clemeufu l~la.nt.l, Cal. 
and W. H. Driggs, L1. fl. N.; En

Bigu C. l\ Putnam, U. S, N. 

4 Hydrogr.tpby _ Lieut,. E. H. C. Leutz~. U.S . .N., Uh- Imd1on· hstlro)!.raphy of tlte ('(ttlst Bf Califon1ia1, 

sistant; Lieut. E. K. Moore, U. from N vwport .Hay t~l Pomt Vincente-: and 
S. N.; Ma.sters I •. C. Heilner,,\-r. 
l'. Elliott, and RH. Galt, U.S. 

N. 
5 Triangulation and W. E. Gret-nwrll, assistant .. 

topography. 

6 Hydrography ..... , Gershom Bradford, assistant 

I 

' T•" •"-•tioo1 K.G'°> ···· .. ...... ...... . ... . 

Geodetic ......... \George Davidson. Msistant; B. A. 
Colonna andJ.J. Gilb-Ort, assist
a.nts: E. F. Dickim !>nd J. F. 

I Pratt, subaasistants. 
D TrtangulatJon and 1 L . .A.. Sengteller, assistant. 

topography. 

10 Geodetic ... -...... B. A. Colonna, assi•tant; E. F. 
Dickins and J. F. Pn&tt, •Ub
aaeietants. 

11 Tidal obeervationo .. - ............. _ ....... .. 

b~dro~apb:y of tbe soutltcrn approa{'h t-0 th~ 
Sauta. Barhara Cbauu~l. 

Triangulation of t,he Coat<;f, of California, from 

Point ArgnPUo 11-0rthwanl to Point Sal; and 

topo-gra-plly of the vicinity of PointPuris&ima. 

Hydrographic resurvey of Sqisuu Bay, between 
.Army Point and the eMteru eml of Chipp» 

Island, aud sounding• at the mouths of Sacra. 
mento &nd San Joaquin Rirnre. Hydrography 
of San Pablo Bay, in the vieinit-~· of Point Wil-

110n. 
Series of obsArvations continued with self-regis· 

tering tide-gauge at Saucelit.o, in San Francisco 

Bay.Cal. 
Yount Lola, in California, oecupied aaa geodetic 

station for angular measurements Oil stations 
in Nevada_ 

Detailed 1:mn ... ey of the coast of California, from 
Fisherman·s Bay northward and wl'8twanl to 
the Ticinit.y of Ha\.,.en's .AnchoragE:·. 

Extension northward of the main triangulation 
of the Coast of California, to thr vicinity of 

Point Cabrillo. 
Tidal rPi<",-OTd from the- Rt"lf·rPJ!ist.eriug: ga.uge in 

opera.tionatllonoluln(Sandwich Islands).under 

the dirootionofW. D. Alexander, superintend

ent of the government surrey. 

1 Triangnlation ..••. Cleveland Rockwell, assistant .... 

1

1 Triangulation of Columbia River. Oreg .. ex 
tended from Kalama upward to Willamette 

Slough. 
2 Triangnla.tion .. _ _ James S. Lawson, aseistant 4 •••••• j 1'.rria.ngalatton a.cre&e thA waters of Washmgl-on 

I 
Sound, W. T., contmued by ohf~eirvahons at 

Pornt Partridge. 

3 Hydrograpby _ .... L1ent.R.M.Cutts, U S.N.,8.8s1st-, Ilydrography of the southern part of Puget 

i Triangulation and 
topography. 

5 Triongulation and 
Topography. 

ant; Lieats..A. B. Wyckoff a.nd So11nd, fromBatteryI'omtk>Henderson'slnlet. 

U.R. Harris, U.S. :S. 
J. J. Gilbert, ...W..taut ............ T1fangulation a.nd topogropby of Hood'R Canal, 

W. T., between Port Gamble and Hazel Point. 

Eugene Ellioott, Hbau!eieta.nt .. , .. 

1 

Triangulation of Cue's lDle.t, Pickering Pao
oage, Poole's Paaaage, Eld Inlet, and Totten's 
Inlet, connecting with Puget Sound, W. T, 

Topography of t~e shores of Carr'~ l11M. 
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S\·t~t.iOllH. 

SE<"TION XII. 

R.EPORT OF THE SUPERINTENDENT OF THE 

' 
Parti-cs.

1 

APPENDIX No. 1-Continned. 

Op nations. Persons conducting operations. J ... ocalitiPs of work. 

Alaska Terrlt.or,v ........... ·. Oflice work .. W. H. Dall and Marcus Baker .. Compilation of material for the Coad Pilot, and 

also illu•trative of the meteorology of Alaska 
and the Alenthm Island•. 

SECTION' Xlll. 

Kentuck~· and Tennessee 

SE<'TtnN XlV 

Ohio, Indian!t, Illinois, Wis

cousin, and IDcbigan. 

SF.C'TION xv. 
1d11\oouri, KanP.as, Iowa. 

Nehru.ska, Minnt·sota, 

awl Dakot,a. 

SJ<,CTIUN XYT 

Nevi\<la. Uta.li, Colur'J.tlo, 

Arizona, and New M~·x. 

ico. 

SJOCTION x VII. 

l•l-Ontana, Itlabo, and Wyo
miP~ Territories. 

Geo1l1·tic ...... _.. Prof. William .Byrd Pag:e . • • . . . . ::-kheme of goodt>tic points and site foI base line 

Reconna.isHance. 

Ruconnais&tnc,e 

nP.:u Louis1'ille, seh!cted for ex.tending the 
triangulation in Kentucky. 

Prof. A .all. Buchanan . . ... . . . •. . . Gcodt!tic stations occupied in th~ vicinity of tho 
bag"-', line ne.ar Lebanon, Tenn. 

Prof. Jt. 8. Devol ....... _.. . . . . . &election of geodetic points for triangulation be· 

Prof. J. L Campbdl.. .......... .. 
tween .Athens and Columbus, Ohio. 

Geodetic roints select.(,-d for a gchem(~ of tria.n
J!,ufa.t,ion hctwecu Indianapolis arnl New .Al
l1auy, I1ul. 

Ht't·umiai1Si:muce ... G. A. Fairficlt1 1 asaif\tant -·· .. Selection of geodetic points east of the base line 

ou the American Bottom for triangulation ill 
llliuois. 

Ya.;.rnctic <leclinatit)Il, dip, and intensity deter
miili'd a.t 81i1ing1i~ltl. UJ., aml Maili~ou, Wia. 
(8et• also Sections IX, X \', XVI, and XVII.) 

(i-eodetic ......... 1 Prof. .Jobn E. Vavit'H ................ : li<'Odetic work continut}(l in Wiseonein betweell 
r :Madison and the Mississi1>pi Riv-er. 

'GetK\etic. J . .A. ~ulliYau, a~sistant;. ll. \\ ..... 

.Hlair, suha.s~·dRtant; lsa.;lC 'Viu

stoIJ, tem}lflrar,Y Hid. 

, Mal!IleticobseT"i"U.·' J. B, Baylor, ~nl~istant 
tions. 

G-eodetil A.. F. Rvdgc1 ~. a.Hslstant; \\7 illiam 

Eim bt!<'k. m~aista.nt. 

Ge(>tlt'tk point& selccte.~l in Western Missouri, 

awl triangulation extended westward to eta. 
tions near the Gasconade River, Mo. 

:Magnetic declination, dip, and intensity deter
mined at Gr.,..t Bend and at Sargent, itnd de
clination at Humboldt, Emporia, and Dodge 

Cit), Kans. (See "!"° Sections IX, XIV, 
XVI, anrl XVII.) 

<reodetk stat.ion occupied in Nevada and others 
8"lected for exte111ling work eastward into 

Utah Territory. 
&eodetk O. H. Tittrnauu, assistant; J. E. , Reconnaissance for .site of a base line iu Colo-

MeGratb, tcrnpon\ry aid. rndo, and for eta.tiona of t.riangulation along 
the thirty-ninth parallel. 

fl MagnetH oluwrYa- J. B llaylor, subassistant _. 
tions. 

\ 

HagneticobserYa-, J. ll. Baylor, subassietant ..•.... 
tions. 

I--------------.. \ 

I 

:Magnetic declination, dip, and int<in•ity del.6r
mined a.t Denver and North Pueblo1 Colo., and 
at Salt Lake City, U ta.b, and declination at 
Fort Lyon, Colorado Spring•, and Greeley in 
Colorado, and at Castle Rook and Ogden in 
Utah. (Soo also Sections IX, XIV, XV, and 
XVII.) 

' :Ma.gnetic doclination, dip, and intensity deter
mined at Laramie City, Bock Creek, Creaton, 
a.nd Point of R<l<lks, a.ud doolination a.t Chey. 

enne, Fort Steele, Green River, and Carter in 
Wyoming ·Terrirory. (See also Sections IX. 
XIV, XV, and XVI.} 
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APPENDIX No. 2. 

&atilitws of field and office work of tlte United States Coast and Geodetic Survey to the close of tlw 
year 1878. 

Area in square statute miles 
Parties, number of1 in year 

Description. 

RF.C0NXAIS1'3AI"ICE. 

.............. ::. : : .. :: :I 
BASE U~ES, 

Primary, number of ................................................ . 

Subsidiary, number of •••. ·-----.··---_. -- . _ .••.•••... -- . - .. . 
Primary, length of, fo statute miles ..... _. ____ . ______ ...... _ _ _ _ --- . _ ... _ ..... _ ....•..... , 

Subsidiary and Hue measure, length ot: in f'Jtatutf:\ miles .....•.. -···-· ..... - .......... -- . . . -- . - .. 

TRIANGl' LATIOX. I 
Area in M)uar~ statute"miles ........••••. _ .......•...••.....•...... - ... . .. ....... ..• . . . . . . __ . ·-- .. -.-J, 
Stations occupiecl for horizontal angles, nnn1Lt1r of. .....................••.......... 
Geographical positions determined, number of ..............••............•..... 
Stations occupied for vertical angles, number of ........................................ . 
Elevations detennined 1 number of. ......................................................................... . 
Linea of spirit-leveling, length of ... --- ....... ·---- _ ............. -- __ ......•........ ___ ...••.•• __ .. 
Parties (triaugulatiou a.nd leveling), numoor of, in yenr ...•••...•..• ___ .. __ .. ___ . _ .. _. _. ---·· 

ASTRO:S:OlUCAJ, WURK. 

Azimuth st.ations, number of ................................................................. . 

Latitude stations, number of ...... - .•.. -- .... -- --- - - _ •••. ----- .•.. -· ...•••...... --· - ........ -
Longitude stations (telegraphic), number of .....•... _ .•......... ____ ...... __ ... ___ ... __ ...••.. ___ .. . 
Longitu<le stations (chronometric and lunar), number of. ........... --- . __ . _. -·- _ .. . . ______ . __ . 

Astronomical parties, number of, in year ..................................................... . 

M.A.HNETJ{' WDJll\., 

Stations occupied, number of ................................................... . 
Pcnmwent magnetic stations, number of, in year .......................................... . 
Magnetic parties, number of, in year...... . . . .. . . . . . . .. . • . . . . . . . • . . . . . . . . . . • . . . ............ . 

TOPOGUAl'HY. 

Area aurvcyed in square miles ................................................................................. . 
Length of general ooasl., in miles .......••••.....•••.. -- .... -- .•.. - . -- ....... --- ... -- -. - - .. --· -
Length of shore line, in miles (including rivers, creeks, a.nd poml•~ _ ..•.••••.•......... ---· .. _ ..... _ 

Length of roads in miles ..••........ ······-·---·_--------·------·-· -------·--· ··--·-----· ....... . 
'l'opographlcal parties, number of, iu year .•••••.•.•••.... -- •.. --- . ----- -- . -- - ... ----. -- ....... ____ _ 

llYDROGRAl'HY. 

Parties, number of, in year ___ -·- -----· ____ ...•...•.•••••. ---· .•••..•••..••.••••.. -- ...••••••.•... --
lrumber of milea run whilooounding ...... ··---··-·-···- ...... __ _ ....... ___ ... . 

Area oounded in sqnaremllea .•.•..... ····-········----·- ·---····-· -..... - ...•...... ··--··· .... ·-- -· 

Total to De
cember 31, 1

1

' 

1877. 
' 

21a,32.-. 

I 
13 

107 

'j9 i 
i 

uat 

I 
106. f1~5 ~ 

H. 860 

16,536 

50i 

l, 293 

677 

137 

2:u 
9'2 

394 

26, 319 

5, 996 

73, 5!'4 

38,431 

312, 467 

74-, [JOO 

i 

lliles run1 additional of outside o-r deep-sea soundings.................................................. 58, 430 
Numborof l!OUDdings .••••••. -·-- ••••.........•...•..•....•.•.••••. ---·---- _ .•.. _ .. __ . ____ ----. ___ .. 14. 57&, 1&1 
Deep-- IKlundings, numb1lr of, in year .•••.•••••. -- . _ --- .....•••••..•••. --···- .. ·---. _ .....•••...... 
Deep-- temperature observations, number of, in yeat ··-----·-·-- ......•••..•...•.••.••...•.....••. _. 
Tidal 8tat.iona, permanent ............................................ - .•.• --- ·--· ... -- ---- - ·- -- - .. - -
Tidal station& ooenpied temporarily. ___ ._ .••.•••.•• -- ....... ---· .•••.•. __ ----· -· ... - . -- . ---·. --- ... -- . 

Tida.1 part.lea, number of, in year .... -- ... -· •••••..•••. ---- . -- ------ ··-·-· ... - . - -- --· · -· · · · · · - · · ---
- Current atatiODl! .ceupied .... _ ••••••.••.. -- .. --' ... -·---· -·····. -··. - .••.. -- .. --·---- .. ---···. - ... -- · 

Current partiea, number of, in year .. __ --- .. _ .. ______ ..•...... __ .... __ ...... ---- ·---- ..••..•. - . -•••..••.•. - . 

225 

I, 656 

468 

Specimene of bottom, number of............................................ ___ . .. . .. ....... ... . .. 10, V89 

lUCORDfl. 

':rrlangolatlon, originals, number of volwne8 .••••.•....••••••.•• - -- ... -· •. - . - ... - - -. -·. - -- - .. - - · · · - -
Aatroaomleal obeerv•tioM, origlnala, »nmber of volumes .••••. __ ..... _ ......••.•...••••••.•. - • - ••••• 

2, :!21 

1, 257 

1878. 

9, >l:28 

378 

690 

29 

126 

387 

36 

11 

l~ 

38 

2 

.: 

177 

17 

814 

41H 

14 

17 

10. 786 

2, 776 

2, 116 

407, Im 
327 

1,008 

8 

57 

26 

0 

169 

201 

98 

Total to Dt~· 
cemhrr 31. 
1878. 

2fi.f.I, 974 

ta 
Ill 

79 

251 

116, 353 

o, 238 

17, 22fi 

fl36 

1, 419 
1,004 

148 

246 

97 

110 

26, 496 

6, Ol:J 

u. 408 

38. >'49 

323, ~Ga 

Ti, 342 

60, :~G 
14, 981, 340 

233 

1, 713 

10, 8!8 

2, 522 
1, 355 
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Description. 
Total to De- j I Total w De-

cember 31, 1878. cember 31, 
1877. ~ 1878. 

RBCORDs-Continued. 

Hagnetic observations, originals, numlmr of volumee ............................................................. . 
Duplicates of the above, number of volumes ................ ···--- __ . ___ .... __ ................................. . 

376 J 398 

2,435 2~2 ! 2, 647 

Compnta.tions, number of volumes .................. __ ............................................... ------ - ----- 2, 592 171 2, 763 

Hydrographica1 soundings and angles, origin.a.ls, number of volumes ................................. . 7, 511 196 7, 707 

Hydrographical soundings and a.nglt}ei duplicates, number of volumes ......................... . 965 117 1, 082 

Tidal and cunent obser--v-a.tione., originals, number of volumes. ...................... ---·· ... , ... ---······ 3, 091 95 3, 186 

Tida.1 a-nd c-urrcnt 01Jt:Jervations1 duplicates, nnmiJer of volumes .............. __ ................................ . 2, 031 39 2, 070 

Shee~s from self.registering tide-gauges, number of ............................ _____ ........•........ I 2,552 8'i 2,639 

Tidal reductions, nnm\)€.T of vninmr.s .......................... ·----- ............................................. . 1,6>!3 '38 l, 721 
Total number of volumes of recorcls . .. .. .. .. . . _ .............. _. 24, 262 1, 189 25,451 

ldAPB AND CHARTS. 

Topographical map•, original• ............ __ ................................ _ .... __ ..... _ ......... .. 1, 543 30 1,573 

Rydrogmphic charts, originat. ................ _ .................................................... . 1,472 46 l, 518 

Rednctioil8 from original ah$eta .••.••..••............... _ ......•...•.....•..........••....••..••.••• 814 32 846 

Total num lier of manuscript map• aud char to, wand including 1878 .....•...••...•.................. 2,m5 32 2,607 
Number of sketches made in field and office .... _ .........••••..•. _ ... _ ............................. . 2,1197 47 3,044 

RNGRAVlNtJ- AND l>RIN'TJNf~. 

Engraved plates of finished charts, number of ............................... --- ................................ . 219 4 223 

Engra'-·ed plates of preliminary chart!'!!, sketches, and diagrams for the Coa..st Surv~y ~ports, num. 
her of .•••••••.•••.......•.•.•........ _____ ..... _ .................................................. . 572 II 581 

Electrotype plates made ............................................................................ . 1,289 73 1,362 

Fini ehed charts published (including reissnes) .•••••.......••.........••......••...•...••..•••.••.... 223 62 275 
Preliminary charts a.nd hydrograpbical sketches published . . ...................................... . 500 0 500 

Engraved plates of Coast Pilot charts .............................................................. . 6 13 10 

Engraved plate• of Coast Pilot yfows ............................................................... . 31 15 46 

Printed she€ta of m"'p• and cbarls distrilmted ••••••.......... __ . _ _ .....•.... - ..... . 385, 276 21,476 t06,~52 

Printed sheets of maps and charts deposited with sale agents...... . ............... . 138, 300 7, 798 146,~ 

LIHRARY. 

Number of volumes .................... _ 6,41)5 249 8,664 

-----
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APPENDIX No. 3. 

Information furni.<the<l from the Coast and Geo<lctic Surve.I/ O.tfice, by tracings from original sheetJJ, &c:., 
in reply to special calls, during the fiscal yea.i· ending with Jmw, 187U. 

Date. I Name. ----~---- - -1. -------- -- ---- --- Data. f11~111she~ --------

Ju~~78.6 I Lt. :ol~ Jol~n New:on, Uni= Sta:e: Corps ofE11ginecr"- '~~.~.l~ne-R~~-eyof:h: so:th-slwre ofStat~u l•la~~a~d thequa~t~ne I I buildingto1, with gAO!,,'Titphica.1 positions in the vicinity. 
16 Capt. W. F. Reynoldr!1 Unit€d States Corp8 tlfEngiueerl:l, : Hydrog-raphic surv.e.y of 1-{.arnega.t Inlet and pa.rt of the bay, made iu 

light-honse engineer fnurth district. I 1874, and short! -line of 1839 added. 
26 S. T. Abert, United States l'ivil engineer Hydrogra.phic surV"ey of tht' Chif'kahominy Ri'\""t•r, from Shipyard La.ncl 

I ing to J..,orge Bridges~ 
Aug. 10 C.ol. William Lt1tllow, Unite<l State~ Cu-rps of En~ineer!i ... 1 Bydrugrapliic su1Yey of the Dela.ware RivPr, from Christiana Cre~k to 

Marcus Hook, w0-rk of lf4-2. 

15 · Mr . .Benjamin Worcester, WaJtlJam, Ma.B~ ..... . Topographic aur-VPJ' of thf' east.1•rn part of Cape. Ann.1 Mass.1 frolU th<1 
survey -of 1851. 

21 Wm. Ham. Hall, State engineer ofCnlifornia.. Hydrogmphic surveyA of Suisun Bay, San ~Toaquiu and SacramtmtAi 

22 
Sept. 10 

! Rivers, Cal. 
United States Lit:?:ht-Ilouse Board .. --·-- .•...•.... ---· .•.. , Topogra,phir. snn~ey of Tillamook Head, Ori'g. 
Col. ,V. P. Craig hill, United Stat-0e Corps of Engineers ... i B:ydrogmphic survey <if upper part of I)atapsco River, including Rid~ 

ley 1M CoVt', vici11it_y of Baltimore; 1mr"'\"ey of 1845. 

Oct. 

14 Col. William Ln<llow, United States Corps of Engiuoors .. _ Rydrogra.phic survey of llispillion am! Du• k Cree ks, Delaware Bay and 

lti Hon. Thomas F. White, commissioner police and excise, 
BrMklyn, N. Y. 

River; survey of 1841 and 1842. 
Topogrnpllic work of Barren Ji:;la.ml, south side of Long Island: Bfftvey 

of1S77. 

17 

18 

Maj. Il. W. t:lo:sson, U.S. A., Fort.,.Ba.ra.neas1 Fl:1... 1 Ilydrop-a.1)hic sketch of the enh-a.uc£" to Perditlo Riyer, between Flarida 
j and Alaham11. 

Tlieeo<lor·c Wagner1 f\nrvey01·-,!!;m1nral_of California_ 1 Complefo topo~phic surYcys of Silnta Barbara1 Sao Mignel1 and An· 

27 I
, acapa Islands, Cal.; also, geogra}lhical 110sitio11s of triaugulatiou Mt.a· 

tions, with descl'ipt ions. 
Mayor of Philadelphia.~ .................................... 

1 
llytlrogr&phic survey1 on 1-300 scale, of graYel ancl shingle ha.nk 1 foot of 

Christian street. Delaware Hiver, Philadelphia. 
27 Mr. Felip0Fortufio1 of.Mexico ................... ~·-···--·· 
3 Marshall Parks, president .Albemarle and Chesapeake 

Canal Company. 
18 Hon. F. w.Lincoln, chairman harborcommissioncTB1 Maas. 
18 Mr. P. Fourchy, New Orleans ........................... . 

Drawings illm~tra.ting the improvements to the dividing engine. 
llJdrographic eurv~y of northern part of Currituck Sound, inclndiug 

Cedar am! Coa.njock Bays, and Nortlt L1mding River, mode in 1877. 
Topographic survey of tho Taunton River, from Fall River to Somerwt. 
Unfinished proof of coast chart No. 91, Lakes Borb'Ile an<l Pontchar-

train, La. 
18 Col. William Ludlow, United State" Corps of En~ineers .. Topographic survey, coast of Now Jersey, from the head of Barnegat 

Bay to and including lfanasqu:.n River. 
Nov. Strong and Spear, lawyere, New York City.··--· ... _ ..••. Topographic survey of Port Jefferson Ilarhor 1md ha)R, Loni( Island. 

20 Capt. S. L. Clapp, PaciJlv Mail Steamohip CompaJJy, N e,w Sketch, on 1-20,00Q scale, showing change• in tho oliore-liue of Uockaway 
York. Inlet, Long Island, N. Y., from 1835 to 1877. 

20 Lt. Col. G. K. Warren, United States_Corps of Engineers .. llydrC>gro.phic survey of Wootport Harbor, on the Ocoaksett Ri<·er, 
Mass., from snrvey of 1845. 

Dec. Wm. Byrd. Pa.go, for Capt. Chas. B. Philip•, l'nited Stafos 
Corps ol' Engineers. 

6 :Mr. T. Crommelin, No . .-a Cedar stroot, New York .•••••. 
20 Mr. Jed. Hotchkiss, Staunton, Va .................. ------
21 Mr. J. Herbert Shedd, Providence, R. I .••••••... ~-- ..•••. 

1879. 

Proofs of Albemarle, Pamplico, and Cor6 Sounds1 Ne-use and PampJico 
Rivera, and Beaufort Harbor; war maps of North CaroHna.; a.nd a 
traced copy, on 1-20,000 scale, t~f hydrographic shoot of North Riv.,r, 
in .Albemarle Sound. 

Topographic survey of part of Flushing, Long Island, made in 1837. 
Distance• and positions of tide-stations upon the Jomes River, Va. 
Topographic •urvey, &f 1839, C>f Great Swamp and Worden's Pond, R. I. 

Jq, 8 E. H. Ludlow & Co., NowY1>rk City ...................... llydrogra.1>hic survey oflower partofN~wark Ilay, \'lcinity of Sl1omer'• 
Island, N. Y. 

S Col. W. P. Cralghill, United States Corps of Engineers... Hydrographic survey of entranco to the Chopt.'lnk River, 1848 . 
•••••• di) ................................................... Hydrographic survey of Trtidhaven Creek an<\ tributru-ies, 1848, 
•••••. do ........... , ....................................... Hydrogr&phiceurveyo{Cheoter River. from it;, mouth to its bead, ill 

dud.iDg South Eaet Creek, of 167'1. 
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~I Name. . . _ ---·- Tuta furnished. 

1879. I 
,Tan. 17 I J.t. Col. John Newton, Unite<l States Corps ofEngineers .. 1 Hydrogmphie suPvey of Staten· Island Sound and .Ar,burKill, N. J. 

23 ' Col. W. P. Craighill, 1:-nited States Corps of Engineers ... i Hyd•ographic survey of Saint Michael's and Wye Rivers, and tributaries, 
I to Benn.,tt's ancl Tilgbman'tt Points, Md. 

23 .••••• clo ................................................... ' Hyclrograpbic survey of Skipton and Mill Creeks, Md. 
23 .••••. do ........................................... .' .•••••• Hydrographic survey of Oak, Maxmore, and Peach-blossom Creeks, Md. 
28 •••••• do . • • •• •• . • • • . • . . . . . . . . . . . . • . • . • . . . . . . . . . . . . . . . • . . • • . Hydrogm1>hic survey <>f Plaindealing Creek, Md. 
25 Maj. J. C. Tidball, U. S . .A ...•......................•••. T"ble of maximum velocity of ebb amt flood eurrent.s in the principal 

harbors along the coast. 
31 Maj. J. W. Barlow; United StateR Corps of Engiuef':rs .. 

J''eh. Si Union College1 Schenectady, N. ¥ ................... . 
Chart showing high and low water lineM of Port J eflerS<Jn Baylf. 
Unfinished proof of cuast chart No. 23, coast of. New Jerdey, from A.h

•econ Inlet to Cape May, ]nought up by hand. I . 
12 · Renmne steamer E. A. Stevens·-----···--········ Unfinished proofs of Pamplico 8ound 1 N. C., "mule i.:80,000, brouµJ1t up 

b,y hand. 

12 Petey Witzd, city •uneyor, N "WM\!.,IN. J .•• • •• . . . . . • • . . . Itydrographic survey of Newark Bay, and entrance to the Passaic an<l 
I Hackensack Rivers. 

.Mnr. Hon. l~flnjamio \\.,..Barri!~, of Massa.chnAf'ltt.a .••••..... Topographir, survey of th" coast of Mas.sachusetts north of Sdtuate 

April 

May 

June 

survey of 18t7. 

;J Col. W. P. Craigl1i11 1 United States Corps of Engineers. Topography of Saint Michael's and Wye Rirers, and Kent Island, M•l. 
'l'opography of Sa.int Michael's and 'l'readhaven Rivers, Md . 

To11ogra11hy ofChopt.'lllk River, from Cambridge to Cabin Creek, Md 

...... do ............................... . 
3 ...... do .•.••••.....•.................................... 

4 Samuel M. Johneon, collector of cn~toms, CoqmPJ Cltriati1 Unfinisl1cd proofs of coast chads of the coast of Tex-as, from Pa8B Cavallo 

1\:rx. to Corpus ChriHti, being all the irn~ide wa.terR, brouglit up hy band. 

12 , :Mr. George K. WiSll, Philadrlphia, Pa .........•........ - Proof of gen•rn.l coaat cl1art No. III, scale 1-400,000, with po•ition of 
Jifo-Aaving stations along coast of New Jersey shown theroon. 

17 Kentncky Geological Sul'vr.y .. _. - ---··-. - ... --·· -- . ---··· Copy of progresR sketr.h, of 1878, of reconnaissance for geodetic work iu 
the State. 

4 

5 

30 

30 

30 

6 

9 

9 

17 

21 

2 

2 

Unfinished impreaaion of the plate of coast chart No. 59, Saint Augustine 
to Halifax River, Fla, with soundings., added by hand, of the inf<dde 
passages. 

Topogra.phfo survey from .,Caiiada de lsiquc to Topango Oafion, Loe 
Angeles County, Cal. 

Col. W. P. Craighill, Unite<l States Corp• of Enµ;in.,.ws ... I Topographic" Hurveys of parts of the west.em ahom of Delaware Bay, 

J. H. Merryman, in•poctor United States Life-Saving 
Servi co .. 

Col. W. P. Craighill, United States Corps of Engineers ... 

lying l>otwocn Liston's Treo and Cape Henlopen. 
Unfiniah11<l proof of coast chart No. 108, Pass C1>vallo, Lavacca, and other 

bays, T•'xaa, brougbt up hy h•nd. 
llytlrogrsphy of Cabin, Secretary, and Tuckahoe Creeks, Chopfank 

River, Md. 
Mr. Goorge S. llale, Boston, Mass ...•••.....•...••.•.•••.. Topographic survey of Newport Mountain, Mount Desert, Me. 
Thoma• Bernard, city engineer, Norfolk, Va .•......•..... , Topography, vicinity of Norfolk, V1>. 

Mr. John Westcott, Saint AuguHtine, Fla ................ Proof of coast chart No. 59, Saint .Augustine to Halifax River, with 

Col. William Lmllow, United StatesCorpsofEngineel's, 
I soundings, ad<led by hand, of the inside passages. 

Hydrogra.phic survey of tho llolawaro River, Bridesb11rg to Kensington, 
from the resurvey made in Msy and .Ttme, 18f8. 

Rev. Il. ~·.do Cost.a, New York Historical Society ........ Unftnishecl proof, brought up by hand, of eaat side of Frenchman's Bay, 
Monnt Desert Ioland, on 1--40,000 scale. 

Gen. Q. A. Gillmore, United State& Corps of Engineers... Proofs of coast chart No. 91, Lakes Borgne and Pontchartrain, se.al• 

Hon. H. D. Money, nae of Committee on Poid;.Offices and 

Po•t-Roads, United states Hone& of .Re1>resentatives. 
W. W. llewhurat, postmaater Saint .Augustine, Fla •••.•. 

1-&l,000, brought up hy hand. 

Unfinished proofs of ooaat charts Noe. 108 and 100, Pa88 Cavallo to 
Corpns Christi Bay, Tex. 

Proof of coast om.rt No. 59, Saint .Augustine to Halifax River, 1'1&., 
brought up by lu>nd. 

Col. J. G. Barnard, United St&ttl8 Corps of Engineers ..... , Hydrographic survey of the Mississippi River, vicinity of the Jump: 
eeale, 1-20,000. 

Mr . .r. L. Thorndike, B011t<m, llaM............. ..... .. . . . Topographic snrvey, vicinity of Boston Harbor, between Winthrop 
Head and Grover's Cliff. 

11 Hon. B. F. Jonas, United States Se11ator from wuisiana.. Untlnished proof Df 0068t cbatt No. 91, on 1-80,000 scale, Lakes Borgne 
•nd Pontchartrain, La., brought up by ha.nd. 

18 Prof. Alex. A!l888iz ....................................... Sections across the Gulf of.Mexico: 

From north end of C&lllpwhe lla.nk to Sa.nta Rosa :Bay, Fla. ; horizontal 
scale, 1-1,200,000; vertical, l~,000. 

From 113rrade de Tanguljo, Mexico, to the TrianglM, Campeche Bank; 
horizontal ..cale, 1-100,000; vertical, 144,000. 



 

UNITED STATES COAST AND GEODETIC SURVEY . 87 
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---1 
Date. I 

I 
Name. I 

------·---------

Data furniahed. -- ,--·--------···---------- ··--·-------1 
1879. I 

tTnne 1~ : Prof. Alexander A[!as8iz ..•. _ .......... _ ................. 

1

! SeetionH across th~ Gulf of Mexico-Continuefl: 

\ From Rio Indios Moralenes to Carupeche Bank, horizontal scale, 
l-21400,000; vertical, 1-24,000. 

I 
From Padre Island, Tex., to Cap<• Uomain, F'la.; horizontal scale, 

1-2.400; vertical, 1-2.400. 
From Ca;, Nuovo, CampecheJ Bank, to Marsh Island, Tex.; horizontal 

I 
scale, i.:..214-00; vertfral, 1-2.4-00. 

Coa;;t of Mexico to Galveston Island, Tex.; horizontal •cale, 1-2,400, 
j YPrtical, 1-2,4-00. 

19

1

1 Mr. :F'. B. Co11ge1 . . . . . . . • . . •• . [ l'harts of the Mississippi Hiver, from Dt~lta to Point Houmas, near Don-

1 ald•onvillc. 
23 l Huu. B. W. Harris, East Bridgewater, Ma~l':I ............. i Pnwfa of coast chart Nu. 9, on 1-80,000 sca]c; and an impression from 

I 

23 i Prof . .A.lexauder Agassiz .................•.••... 

271 S T .A.bert, l'mted StatRsi nil eu~111ee1 .•• 

: ...... do ....................................... . 

tho old plate of Minot's Ledl'(e, published in 1853; scale, 1-10,000. 

_ -: Jt~ngra:vt'd charts, with recent Coast Survey soundings by the .!iLcamer 
' Blah, of tho Caribbean Sea and Wind wan! Islands. 
; Ilydrugnl.pltie surv~.r. uf 1855, of the Rappahannock l{iver, vicinity of 

Tappahannook. 
Hydrographili sun·e_y of the Jamus Uiver. at mouth of Chickahominy 

River. 
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DHA WING DIVISION. 

Charts completed or in progress dnring the fiscal yectr ending with June, 1879. 

l. Topography. 2. llydrography. 3. Drawing- for Phntolithographic reproduction. 
5. EngY.lviug topography. 

4. Inking and letterini: 1ilaue.table sheeta. 

Titles of charts. Scale. D1u.ughtsmt~n. Remarks. 

Sailing chart, Gulf of Mexico, including part of Yucatan ! 1-1, 200, 000 
Channel aud part of Caribbean St•a. 

I 
2. A. Liudenkohl ...................... ·1 In progreSB. 

frpnera1 charts of .Atlantic Coast: 
No. I, Quvddy Head, Me., to Cap<• Cod, Mass 

No. II, Capt~Ann t-0 Gay Head, :::Ua.ss ··-·-··········· 
No. VI, Cape Hatteras, N. C., to Cape Romain. S. C .. j 

No. ~III, Saint Mary's ~iver to Capu _ca~averal, Fla .. j 
No. XII, Tampa Bay to Ca.110 San lllas1 Fla ............ 1 

No. XIII, Ca11e San Blas to Mississippi River, }'la., ! 
Ala., Miss. ] 

Sailing t'bart, western coast reconnaissance (lowt•r shePt) i 
Section X, Cal. I 

Sailing chart, approaches to Columbia River, Orei:on ...... ! 
General charts of Pacitlc Coast : 

No. 2, Point Vincent t-0 Point Concepuion, Cal. ....... ·; 
No. 7, Point Arena to Cap~Mentlocino, Cal .•.......... 

Coast charts: 
No. 4, Penobscot and Isle au Haut Bays, Me ........... ', 
No. 43, Ocr1moke Inlet to mouth Pamplico River, N. C · 1· 

No. 52, '\Vinyah Bay, Cape Romain, &e., S. C ......... . 

No. 53. Georgetown Harbor to Long Island, 8.C. ···-··I 
No. 60, Halifax River to MosCJuito Inlet, Fla ........... i 
No. 80, Cedar Key• to Steinhatcbee River, Fla ......... : 

No. 81. Apalachee Bay1 8aint .Marks, &c. 1 _Fla. ·········j~ 
No. 85, Santa Rosa Bay, Fla ................... --····-··i 
No. 92, Parts of Chandeleur, Isle. nn Breton Sound•. i 

&c.,La. . 
Jfarbor <'harts and topographical sheets: 

I ale au Haut Bay and Eggemoi:gin Reach, Mt·. 
Hearl Harbor, Me ..................................... . 

Duck Island Harbor, 'M<> ...................... . 
Late Champlain, No. 2, N. Y ...................... . 

1-400, 000 2. A. Lindenkohl........... ..•• .. .. . . . . Additions. 
1-400,000 2. A. I~irnlenkohl ....................... : 

1-400,000 I. A. Limlenkohl ....................... / 
1-400,000 1. H. Lindenkohl. 2. A. LiudeukohJ. .. j 

~=::: ~:~ ~.a~<l.;;H:~·e~in-de~~-"~1- :::: :: :::::::::: · 1 

llo. 
Do. 

Do. 
Do. 
Do. 

Do. 1-1,200,000 2. C. Junkcn ......................... / 

1-100, ooo 3. A.. Liudenkohl; II. Liudrnkohl. .•. ·· 1 Ph<lto!ithograph; 
p1"Ltld. 

1-200, 000 2. A. LindPnlrnhl. 5. H. Lindenkohl... In progress. 
1-200,000 1. A. Lindenkohl. 5. H. Lindeukohl... Do. 

1-80,009 2. A. Lindenkohl....................... Do. 
1-80,000 2. C. Junken ........................... Do. 
1-80,000 2. C.Junken ........................... Do. 
1-80, 000 2. A. Lindenkohl: H. l,indenkohl .... .. Do. 

1-80,000 1and2. A. Lindenkohl ................. Do. 
1-80, 000 
1-80, 000 

1-80, 000 

1-80, 000 

1. P.Erfohsen.----···-·····-·-----···-· Do. 
2. C. Junken ·-··-···--·····-· Do. 
1 and 2. A. Lindeukohl ................. 

1

, CompletNl. 
L A. Lindenkohl . . .. . . . . . . . . .. . . . .. .. .. In progress. 

1-40, 000 I and 2. C. Junken. 2. H. Lindenkohl . Do. 
1-20,000 3. E. J. Sommer ........................ Photolithograph; 

pleted. 
1-20,000 3. E. J. Sommer........................ Do. 
1-40, 000 2. C. Jnnken ....••.•••.•.....••........ Additions. 

com· 

com~ 

,Jamaica Bay and Rockaway Inlet, Long Island, N. Y .. 1-25, 000 3. H. Lindenkohl . • • • • • . . • • • • . . • • . • •• •• • Photolithograph ; com. 
pleted. 

Great Son th Bay, Long Island, N. Y .................. . 
Potomac River (sheet No. 4) Indian Head to George

town. 
Look.out Cove, N. C .............................. ·•·•·· 1 

GoorgAtown Harbor, S. C ..................... . 

1-40, 000 3. H. Lindenkohl .••••• ........ ......... Do. 
1-40, 000 1. H. Lin1lcnkohl ....................... Additions. 

1-6, 000 3. A. Lindenkohl; H. Lindenkohl . •.• . . Photolithograph; com. 
pleted. 

1-5, 000 3. E. J. Sommer......................... Photolithograph; in prog· 
ree.s. 

]3arataria Bay entraue<\ La . . . .. .. . . . ••• •• . ..• . .• ••••.• 1-20, 000 3. H. Lindmlrnhl . . . . •• . ................ Pbotolithograph; com· 

pleted. 
Barataria Lower Bay, La . . . • . . . • . . . . • •• • • • . • • • • • . . . • . . 1-40, 000 3. A. I.indenkohl ; · H. Lindeulrohl....... Do. 
Anaeapalsland o.nd o ... t end of Santa Cruz, Cal....... 1..;J0,000 1. A. Lindenkohl ..•.••••••.•.••••••.... New edition; completed. 

Seattle Harbor, Pi:get Sound, W""h. Ter .............. 1-20, 000 
1 

a. E. J. Sommer ························1 P~~=hograph; OOll! 

Commencement Bay, Puget Sound, Wash. Ter .. ••••. 1-20, 000 I' 8. H. Llndenkobl.. •.••••••. .. .. .. . .. ••. Do. 
Topographical•heet,Coneylsland,N. Y .............. ·----········· 4. H. Llndenkobl ...................... . 
Topographical sheet, coastofNewJersey ........................... 4. 0. Heuth .•.•.•.•.•........••••••.•.. 
Topographical sheet, east of Norfolk, Va. .•••••• ,...... .. • • • ••• ... • •• •· :a:. l.mdellkolil ••••.•••• , .... , •• ,. ••• , 
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Tilles of charts. ScaJ.,, Draughtsmen. R-emarks. 

Harbor charts and topographical sheets-Continued. i j . ii' 

Topographical sheet, vicinity of Norf~lk, Va .......... : .............. : 4. C . .Meuth .......................... .. 
Topographical sheet, Ma.nasaasJunctmn, Va ....•.•.•..•••••.••.•••. , 4. C. Yeuth .•••••.•••.••..•••.......••. ! 
Topographical sheet, Ticinity of Wihnington, N. C •.. j ............. _I 4. H. Lindenkohl ..•.................•.. [ 
Topographical sheet, Cape Fear River, N. C ..••••.•••. i .............. : 4. H. Lindenkohl ...................... ·I 
Topographical sheet, Cr0-0ked River, W. Fla .•••••• ····]·········· ····i 4. E. J. Sommer .•.•••......•.•....•.. ··I 
Topographical sheet, part of Saint John's River, Fla ...............•. i 4. H. Lindenkohl ...................... _ 

Topographical sheet, :M.isBiBSippiRiver, PointHonmas, : ···-- ...... ····j 4· E. J. Sommer .......................... . 

To~:;....phical sheet, Mississippi River above New Or- ! .............. ! 4. H. Lindenkohl ..•.................•.. 1 
leans, La. [ ! I 

Topographical sheet, Santa Catalina Island, Cal ..••••. 1 
•••••••••••••• I 4. L. Karcher ...•... _ ................. ·I 

Topographical sheet, south of Monterey llay, Cal ..•.•. 1 .••••••••••••• : 4. E. J. Sommer ....................... .. 
Topographical abeet, Ca11e Saba.atie.n to Cruok'sPoint, I 1-10,000 j 4. P. Erichsen ............................ ·l 

Oregon. . . . ! j 1 

Topographical sheet, Columbia River, Oregon ......... 1 •••••••••••••• 1 4. E. J. Sommer .•••••.•••.•.....•..... ·I 
Miscellaneous: j I : 

Map of the United States for niagnetics .. ·-···-·--- .... j 1-7, 000,000 i A. Lindenkohl; H. Lindenkohl ......... I' 
Annual progress sketch work .......................... t •••••••••••••• I A. Linclenkohl. ....................... .. 
Pfan of optical densimet<lr ............................. : .............. 1 P. Erichsen ........................... .. 
Plan of GenAva st.and, &e-.

1 
for pendulum ·-·-- __ ..... _ .. _____________ I P. Erichsen ....... ___ .... ____ ._ ... __ .... ] 

Drawing of deep-sea sounding and dredging apparatus. '1 · ............ · 11 P. Erichsen............ .. • • . • . • . . . . . . • • I 
Drawing of water specimen-cup ................................ ............... P. Erichsen .............................. J 

I ' 

!:~:::~::?:t;J:;:~:~-~:::::::::::::::::::::::::::::::: ~: E:!::::::::::::::::::::.::::::::J 
Titles, scales, notes, &c., on unfinished proofs ........ ) .............. I L. Karcher ............................ ·I 

S. Ex. 17--12 



 

90 REPORT OF THE SUPERINTENDENT OF THE 

APPENDIX No. 5. 

ENGRA YING D.1. VISION. 

Plates co1npleted, continued, or com1nenced during the fiscal year ending with June, 1879. 

1. Outlines. 2. Topography. 3. Sanding. 4. Lettering. 

Title of plates. 

COMPLETED. I 
Geneml C088t chart 1, Isle-au-Haut to Cape Cod (west) .... , 

General coast chart 6, Cape Hatteras to Cape Romain··-·. 
Coast chart No. 21, Sandy Hook to Barnegat Inlet ........ . 

Coast chart No. 22, Barneg&t Inlet to A hsecon Inlet ....•.. 

Coast ch&rt No. 38, Currituck light io Oregon Iulet ....... . 

Coast chart No. 70, Key West, Marquesas Keys, &c ...... . 

Coast chart No. 86, Choctawhatchee Inlet to Pensacola en. 
trance. 

Harbor chart, Lake Champlain, No. 1, RouM'• Point to 

i 

CllDlberland Head. 1

1 Harbor chart, Lake Champlain, No.2, Cwnbcrland Head, 

to Ligonier Point. ! 
Harbor chart, Annapolis Harbor (1879) ................... . 

Harbor chart, Columbia River, No. 2 (1879) ............... . 
Ha.rbor chart, ColllDlbia River, No. 3(ftnished edition .. _ ... 

COHTINUED. 

Coast chart No.4, PenobacotBay ....................... .. 
Coast chart No. 23, All8ec-0n Inlet to Cape May ........... . 
Coast chart No. 42, Pamplico Sound, Roanoke Island to 

Hatteras Iulet (eastern sheet). 
Coast chart No. 43, Pamplico Bound, Ocracoke Inlet to 

mouth of Pamplico River (middle sheet). 
Coaot chart No. 58, Cumberland Sound t-0 Sa.int John's 

River, &:c. 
Coast chart No. 59, Saint Augustine Inlet to Halifax River. 
0.-t chlll't No. 71, Marqne&a8 Keys to the TortugM ..... .. 
Coast chart No. 77, Tampa Bay ......................... .. 
Coast chart No.113, Apalachicola Bay to Cape San Blas .••. 
Coast chart No. 91, Lak"" Borgne &. Pontchartrain ...... .. 
CoaatchartNo.104, Galv8'1ton Bay ...................... .. 
Harbor ohart, Iale-au-Haut Bay &nd Eggemoizgin Reach .. . 
Harbor chart, Lake Champl&i.n. No. 3, Ligonier Point to 

Cole'aBay. 
Harbor chart, Lake Champlain, No. 4, Cole's Bay to White

hall. 
Harbor ehart, Jamea River, No. 1, Newport News to Deep 

Water light. 
Harbor chart, James River, No. 2, Point of Shoals light 

to Sloop Point. 
General chart of the ooa.st, Point Vincent to Point Con

cepcion. 
General chart of the ooa.st, Point Arena to Cape Mendocino. 
Harbor cliart, Su Fraocieco Bay ootranoe (in eontolll'I!) .•. 

Scale. Engravers. 

1-400, 000 1 and 2. J. Enthoffer. 3. H. M. Knight and W. A. Thompson. 4. E. 
A. Maedel. 

1-400, 000 I and 2. R. F. Bartle. 3. W. A. Thompson. 4. F. Courtenay. 
1-80, 000 1 and 2. H. C. Krans, J. G. Thompson, W. A. Thompson. 3. H. C. 

Evans, H. M. Knight. 4. E. A. Maedel and J. G. Thompson. 
1-80, 000 1 and 2. H. C. Evans, W. A. Thompson. 3. H. C. Evans. 4. E . ..!.. 

Maedel. 
1-80, 000 1. J. J. Young. 2. W. A. Thompson. 3. W. A. Thompson. 4. A. 

Petersen and J. G. Thompson. 
1-80, ooo 1, 2, and 3. H. M. Knight. 4. J. G. Thompson, E. A. Maedel, and E. 

H. Sipe. 
1-80, 000 1 and 2. H. C. Evans. 3. F. W. Benner and H. M:. Knight. 4. E. A. 

Maedel, F. Courtenay, and J. G. Thompaon. 
1-40, 000 l and 2. H. C. Evans, J. G. Thompson, W • .A. Thompson. 3. W. A. 

Thompson. 4. E.A.Maedel,A.Petersen. 
1-40, 000 1. H. C. Evans and J. G. Thompeon. 2. H. C. Evans. 3. W. A. 

Thompson. 4. E. A. Maedel. 
1-GO, 000 4. J, G. Thompson and W. H. Davis. 
1-40, 000 l,2,and3. W. A. Thompson. 4. J.G. Thomp5-0nand T. Wasserbach. 
1-40, 000 2 and 3. W. A. Thompson. 4. J. G. Thompson. 

1-80, 000 3. H. M. Knight. 
1-80, 000 4. E. A. Maedel. 
1-80, 000 1 and 2. H. M. Knight. 3. W. A. Thompson. 4. H. M. Knight and 

J. G. Thompson. 
1-8-0, 000 3. W. A. Thompson. 4. J. G. Thompson. 

1-80, 000 l and 2. A. Sengteller. 3. W. A. Thompson. 

1-8-0, 000 2. A. Sengteller. 4. F. Courtenay and J. G. '.l'bompeon. 
1-80, 000 4. F. Courtenay. 
1-8-0, 000 1 and 2. R. F . .Bartle. 4. J. G. Thompson. 
1-8-0, 000 3. F. W, Benner. 4. J. G. Thompson. 
1-8-0, 000 4. J. G. Thompson. 
1-8-0, 000 4. James Loughren. 
1-40, 000 2. H. Jd. Knight. '· E. H. Sipe, J. G. 'l'hompaoo, and A. Peteraen. 
1-4-0, 000 3. W. A. Tbompeon. '· E. A. llaedel. 

1-40, 000 3. II. ll. Knight. 

1-00, 000 1 and 2. J. Entholfer. 

1-50, 000 1 and 2. J. Entholl'er. 

1-200, 000 1 and 2. H. Lindenkobl. 

1-200, 800 I &nd 2. H. Lindenkobl. 4. J. G. ThomptOll. 
1-60,000 LJ.J.Young. 
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Title of plates. 

COMMENCED. 

Sailing chart B, Cape Hatteras to Key West (upper) .... { 

Salling chart B, Cape Hatteras to Key West (lower) ..... { 

Scale. 

,_,.~.J l -
Is•· J. G. Thompson. 

1...so,000 I 
1-1, 200, 000 1 l G 

•
1 
s•· J. . Thompson. 

1-80, 000 

Engravers. 

91 

General coast chart 13, Saint Mary's River to Cape Canaveral 
Coast chart No. 39, Oregon Inlet to Cape Hatteras ........ . 
Coast ebart No. 53, Winyah Bay to Long Tuland ...•....... 
Coast chart No. 81, Apa.Iacbee Bay, Florida.......... . __ . _ 

Coast chart No. 82, Saint Mark's River to bead of Apa-

1-400, 000 I 1 and 2. R. F. Bartle. i. J. G. Thompson. 
1-80, 000 13. F. W. Benner. 4. F. Courtenay aml J. G. Thompson. 
1-80, 000 1. A. Sengt<iller. 

laebleola·Bay. 
HArbor chart, Tortuga.a Harbor and approACbes _ ......... . 

1-80, 000 ,

1

. 1 and 2. H. C. Evans. t. W. H. Daris. 

1-80, 000 

1-40, 000 : l, !, 3, and 4. William Smith. 

List of plates having received additions and oor1·ections during the fiscal ytJar from July 1, 1878, to 
June 301 1879. 

No.of I plat&. Title of plates. Scale. Date of corrections. 

976 Saillng chart No. 2, Nantucket to Cape Hattems ........................................... . 1-1, 200, 000 October 11, 1878. 
1357 Sailing chart A, Upper, Cllpe Sable to Cape Hatteras ............................................. .. 1-1, 200, 000 November 9, 1878. 
1367 Sailing chart A, Lowsr, Cape Sable to Cape Hatteras ...................................... - ....... - 1-1, 200, 000 November 19, 1878. 
977 Saillng chart 3, Cape Hatt<lras to :Mosquito Inlet ................................................... . 1-1, 200, 000 April 9, 1879. 
989 SAUingcbarH, lllosqnito Inlet to Key West ....................................................... . 1-1, 200, 000 J nne 13, 1879. 
951 Sailing ebart&, Key West to the Rio Grande (eaaoorn part.) ....................................... . 1-1, 200, 000 September14, 1878. 

1453 Sailing chart 5, Key West to t be Rio Grande (eAStern part) ...................................... .. 1-1, 200, 000 October 25, 1878. 
9l2 Sailing chart5, Key West to the Rio Grande (western part) ...................................... . 1-1, 200, 000 August 28, 1878. 

1451 Sailing chart 5, Key West to the Rio Grande (westorn part) ........................... -..... -- .. .. 1-1, 200, 000 February 10, 1879. 
1242 General coast chart 2, Cape Ann to Gay Head .................................................... .. 1400,000 J UD6 14, 1879, 
139"J Genera.lcoASt chart 3, Gay Head to Cape Henlopen ................................................ . 1--400, 000 January 29, 1879. 

1183 General coast cbArt 4, Cape May to Cape Henry ......................... - ........................ .. 1-100, 000 Jan nary 30, 1879. 
1147 General coast chart 5, Cape Henry to Cape Lookout ............................................... .. 1-100, 000 Febrnary 19, 1879. 

1350 · Genemlcoaat chart 7, Cape:Romain to Saint Mary'• River ......................................... . 1-400, 000 November 10, 1879. 
1081 G<memlcoastchartlO, StraitsofFlorida .......................................................... .. 1400,000 August 8, 1878. 
1249 Cout chart 5, Penobscot Bay to Kennebec entrance ............................................... .. 1-80, 000 MAy 10, 1879. 
1863 Coast chart 6, Kennebec entrance to Saco River .................................................... . 1-80,000 :March 3, 1879. 

1271 Coaatchart7, Seguin Island to Kennebunkport .................................................. .. 1-80, 000 April 22, 1879. 

1201 Cout cha.rt 8, Welle toCApe Ann ................................................................. .. 1-80, 000 Jone 10, 1819. 

1181 Coast chart 9, Jloston Bay and approaches ......................................................... . 1-80,000 Jone 30, 1879. 

1199 Coaatohart 10, Cape Cod Bay ..................................................................... .. 1-80,000 May 27, 1879. 
1402 Cout chart 11, llonomoy and Nantucket Shoals to Mnslreget Channel (ea.st pa.rt) .................. . l-80, 000 :May 8, 1879. 
1054 Coaat chart 12, :Moakoget Channel to Bnzzard's Bay and entrance to Vlneyard Sonnd (middle) ...•. 1-80,000 May6, 1879. 

12117 Cout chart 13, Cuttybunlc to Block Island, inclnding NAITAgansett BAy (west part) .............. . 1-80, 000 September 13, 1878. 

1371 Cout chart 13, Cutty bunk t.o Block Island, Including Narragansett Bay (west part) • • • .. .. .. • ••••• 1-80, 000 Jone 5, 18711. 

1383 Cout chart 14, Point Judith and Block Island to Plum Island ..................................... . 1-80,-000 llifarch 25, 1879. 

1419 Coaatcbart 15, Plum hland to Welches' Polnt (middle sheet) ...................................... . 1-80,000 J nne 27, 1879. 

1418 Caaatobart 16, Welches' Point to New York ....................................................... . 1-80, 000 December 7, 1878. 

1473 Coaatch&rtl6, Welcb611'PointtoNewYork ....................................................... . 1-80, 000 Jone 2, 1879. 

9711 Cout ehart17, Block Island, :r.lontank Polnt, &.e. (eastern sheet) .................................. . 1-80, 000 October 7, 1878. 

865 Coaatchart 18, Napeague Beach to Forge River (middleaheet) .................................... . 1-80, 000 October 29, 1878. 

8IMI Cuut chart 19, Great South Bay, Fire uland, and Long Beache& .................................. .. 1-l!ll, 000 April 1, 1879. 

1404 Coutcbartl!O, New York BAyand Harbor ........................................................ . 1-<IO, 000 April 29, 1879. 

1185 Coast chart 2', Dela.ware Bay and River, Delaware entrance (lower) .............................. .. l-80, 000 June 28, 1879. 

11113 Coaet chart 25, Delaware Day and River, part ofDelaWlll'<> Bay and River (middle) ................ - 1-80, 000 .rune 5, 1879. 

12811 Cout chart 26, Det.ware BAy and Rlver, Port Penn to Trenton (upper) .......................... .. 1-80, 000 June 5, 18711. 

1200 Coaat ebart 17, Cape May to Isle of Wight ........................................................ . 1-80, 000 October 9, 1878. 

lt30 Cout chart 28, "Iale of Wight to Cbinooteagne Inlet .............................................. -- . 1-80, 000 October 10, 1878. 

12M Coaat chart ll9, Chincoteagne Inlet to Hoghland light ............................................ .. 1-80, 000 November 5, 1878. 

128'1 Cout clulrt ao, Hoc Ia1aDd light to (,'ape Henry.·-. -•• -.............. -......... -........... -...... .. 1-80, 000 November 1, 1878. 

l21ll Cout chart 81, :Bn.tnnoo to Cb.eeapeake, Hampt.on Roads, &c ..................................... .. 1-80, 000 April 15, 1879. 

121.1 Ceaat chart 32, C~b Bay, York River to Pocomoke River ................................. .. 1-80, 000 llay3,18711. 

Im c-t lllwt 88, C~ Bay, Pooomelr.e Sound t.o Potomac River ........................... • .••. 1-80, 000 October 22, 1878. 
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Title of plat.es. 

Coast chart 34, Chesapeake :Bay, Potomac River to Cboptank River ........•.... - -......•...•...... 
Coast chan 35, Chesapeake Bay, Choptank River t<> Magotby River .••...• -.••••••• - . - -... -..•••••. 

Coast chart 36, Chesapeake Bay, Mago thy River to head of bay · • • · · · · · · · · • • · · · • · · • · · · · · · · • · · · • · · · 1 
Coast chart 37, Cape Henry t<> Currituck light ..•.•...•...................•...•..........•.•..••••• 
Coast chart 40, Albemarle SoWid, Atlantic Ocean to Pasquotsnk River (east.) .•••.•••••••••••••••• - • 

Coast chart 41, Albemarle Sound, Pasquotank River to Roanoke and Chowan Uivers (west) .••..... 
Coast chart 54, Long Ioland to H1mting Island .......••.•........•.....•.••......•.•.•...•• c •••••••. 

Coa.at chart 55, Hunting Island to Ossabaw Iolantl .••...•..•.•••........•...... · · ... · ..••.••..•..•. · 
Coast chart 66, Florida Reefs, Key Biscayne to Carysfort Reef ..................... · ..•••.•........ 
Coast chart 67, Florida l!.A€f•, Elbow Key to Ma!Rcumbe Key ..••••••••••.•.•.••••.•.•.•. -· .• -······[ 

Coast chart 68, ]'lorida Roofs, Long Key to Newfountl. Harbor Key .•••.••...... ··· .• • ..•• ·• .. -- ·. · · · i 
Coast chart 69, Flori.da. Reefs, N ewfouml Harbor Key to Boca Grande K(>;y · • • • • • • • - · · · - · - - -- - · - - · · · \ 
CoASt chart 88, Mobile Bay ...•.•......•.......•••....•.•••..•••.•...•.••••••....... · ....••..••.•••. 

1

. 

Uoast chart 90, Mississippi Sound, Round lslan1l to Gmn<l Islantl .•••••••••••.••.•.....••.•.•...•••. 

Coast chart 94, Mississippi River, from the Passes t-0 Grand Prairie - -- ·• .•. ···· -· · · ···-·· · ---·· ····1 
Coast chart 105, Galveston Bay to Oyster Bay ....•...••.••••••••.••••••••... -....................••. 

~:~~:1~~~~~1~::;;::r:~: :::: :: :::::: :::::::::: :~:: :: :: :: ::::: :: ::::: :: : : :: : : : : : :::: :: : : :: : :: I 
Harbor cha.rt, Moos-a-bee Reach .•.•••••••.•.•.•..•••••. ···· .• ·······-·· - ··· ·· ···· ·· ·••· ············I 
Harbor ch&rt, Mount Desert, southwest harbor, and Somes' Sound ......................... - ............ r 
Harbor chart, Penobscot Bay .•... -····· .•.•.• ······················································\ 
Harbor chart, Fox Islands Thorongbfare .••••••....••.•••.....•...•....•....•.•••••......••........ , 

Harbor chart, Saint George's River and Muscle Rid!(e Channel. .••.....•.•••••• ·········••···•••••· 1 

Harbor chart, Damariscotta and Medoma~ Rivers ...................................................... . 

Harbor chart, Kennebec and Sheepscot Rn·ers .••.......•..••. ·•····•••· •·•· ·· ·•·• ·· ·• ·••• •••••• · · · ·1 
Harbor cha.rt, Caoco Bay .••.....•..•••••.•••••.••......••..•.......•.••.•••••••.••••.••.•••••••••••. , 
Harbor chart, inside pa,..age, Bath to Booth Bay ........•.....•.•.•....•••........•.•.••.••......•. I 
Harbor chart, Winter Harbor ....•.•.•.•.•...•••........•......•.....•.•..•.••...•.....••.••..•...•. 
Harbor chart, Rookport and Camden Harbors .••..••.•..........•.••••••••..•••••••••.•..•.•••.... _ 
Harbor chart, POl'tland Harbor .................................................................... . 
Harbor chart, Isles of Shoals ...•.....••...•... , .•••....•••.•..••••••.......•••••.••....•..•...•..... 
Harbor chart, Ipswich auil A.nnisquam Harbors .............•••.•.•.............•••.• ····-- ..•.•... 
Hari)()r chart, Salem Harbor ••••••••••.•••••••.••..........•••.•.••••...•.•..•••••.•.•.•••••••.••.•• 
Harbor chart, ll<>sron Hm:bor ..................................................................... .. 
Harbor chart, Plymouth, Kingston, and Duxhnry Ilarbors ......................................... 

1 

~::~: :~~:: :!!7:~~:b~:~;;,;;: :::: :: :::::: ::: :: :::-.-.:: :: :: ::::::: :: :::::::: ::·.:::: :: :: : ::::::1 
Harbor chart, 11"88 River Harbor .....••.•.....••.........•.••..............•••.•......••.•.•. ······/ 
Harbor chart, New 1ledford Harbor ..•.•.•.••..•••.••••••.•.•..••.•••.•••..••••••.•...••••••••.•••. 

::~:~:~: ;;.::.:~:::~::.~~).::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::! 
Harbor chart, Hempstead Harbor .................................................................. . 
Harbor ch .. rt, New York :Bay a:nd Harbor (Up"Jl"r) ................................................. . 

Harbor chart, New York .Bay and Harl>0r (lower) ...•.•........•......•...................•......... 
Harbor cha.rt, New York emranc~ ••.......•••..•.......•.........•••••••••..........•.•••••••..•... 
HarboT chart, Hndoon River, No. 1, New York to Haverstraw ..................................... . 
Harbor chart., Rud.son River, No. 2. Haverstraw to Poughkeepsie ••••..•••..•..•••.••..•..•••.••••.. 
Harbor chart, Hudson River, No. 3, Poughkeepsie to Troy (Sheet A) .•••.•.•.•.••••••.•..•.•••.•••. 
H..rborche.rt, Hndt><>n River, No. 3, Poughkeepsie to Troy (Sheet B) .•.••••••••••.•••.•.••••...•••• 
Harbor chart, Little Eg11 Harbor •••••••........•..••••.••••••••.•..••••••••••••••.•.•.•.•.••.•••••. 
Harbor chart, Dela.w......, and Cb.,....peake :Bays ..•...•••....•••••.••.....•.•••..•.•••••••.••••••..••. 
Harbor cha.rt, Psta.poco Ri..-er ............•...••.......••••.•.•...••.....•••..•..•••••••.•••••.•••.•. 
Harbor chart, Patm<ent River (lower) ...••••••..•.•..•••••.....•••••••..•.....•••..••.••••••..•.•... 
Harbor chart, Patuxeot River, Point ,Judith to N ottlngbam .••....•••..•..•••.........••.•.•...••.• 
Harbor chart, Potomac River, No. 1, entraaoo, and up to Piney Point ............................. .. 
Harbor chart, Potomac River, No. 2, Piney Point to Lower Cedar Point .•....••..• _ ..•.••.•••.•...•. 
Harbor chart, Potomac River, No. 3, Lower Cedar Point to Indian Bead .•••••.....•••••••••.••••••. 
Harbor chart., Pot<>m""' River, No. 4, Indian Read to Goorgetown .•••••.••.•.....••.•••••••••••• .• :. 
Baroor chart, Rappahannock River, No. I, entrance t<> Deep Creek .•••••..•••••••••••.•••.•••••••• 
Harbor obart, :Rappahannock River, No. 2, Deep Creek to Ooonpada Creek .••••••.•.•.•.••.•••.•••• 
Harbor chart, Rappahannock River, No. ll, Ooonpacia Crook to Sannd!ll''a Wha.rf .•••.•.•••••••••••• _ 

Barbor chart, Rappahannock :River, No. 4, Saunder's Wharf to Port Royal .••••••••••••.••••••...•. 
Harbor chart, "Rappahannock River, No. 5, Port Royal tollt:oea Nook ••••.•••••••••••••••••••••••••• 
Harbor cbatt, Rappabannook River, No. ti, !Mm near M:a... Nook to Fred11rlckgbnrg .•.••••••.•••••• 

Scale. 

1-80, 000 
1-80,000 
1-80, 000 

1-80, 000 
1-80,000 

1-80,000 
1-80,iOO 
l-8l',000 
1-80,000 

1-80, 000 
1-80, 000 
1-80,000 
l-S0,000 

1-80, 000 

1-80, 000 
1-80, 000 

1-80, 000 
1-40, 000 

1-40, 000 
1-40,000 

1-40, 000 
1-20, 0-00 

1-40,000 

1-40, 000 
1-40, 000 

1-40, 0-00 

1-20, 000 
1-20,000 
1-20, 000 

1-20,000 

1-20,000 
1-20,000 

1-25, 000 
1-40,000 
1-40,000 
1-50,000 
1-50, 000 
1-40,000 

1-40,000 

1-40,000 
140,000 

1-:W, 000 

1-40, 000 

140,000 

1-40,000 
l~,000 

1-60,000 

1-40,000 
1-40,000 
l-l0,000 

1-400,000 
1-60,000 
1.-00, 000 
1-30,000 
l-8e,OOO 
l-*l,000 
1-40,0oo 
140,000 
1-20,000 
1~000 

1-'9,000 
1-20, 000 
1-40,0llO 

1-16,Gf 

Date of corrections. 

April 1, 1879. 
March 12, 1879. 

October 12, 1878. 
October 12, 18i8. 
October 14, 1878. 
October 15, 1878. 

June 10, 1879. 

Febru..-y ~. 18711. 
October 19, 1878. 

June 14, 1879. 

N ovem bar 8, 1878. 
May 28, 1879. 

February 4, 1879. 
J nne 4, 1879. 
July 19, 1878. 
December 11, 1878. 
March 8, 1S79. 

May 81, 1879. 

May 1,1879. 
Deoomb<lr 19, 1878. 
May3,1879. 
December 18, 1878. 
June 2S, 1879. 
J unc 21, 1879. 
Augnat 12, 1878. 
June 19, 1879. 

May 19, 1879. 
J nue 4, 1879. 
March 11, 1879. 

June 16, 1879. 

April HJ, 1879. 
February 11, 1879. 

Sept.ember25, 1878. 
May 7,1879. 
October 18, 18'18. 
Septemberl7, 1!!78. 

October 28, 1878. 
November 1, 18'l8. 

Septem her 6, 1878. 
August 26, 1878. 
May 17, 1879. 
}lay 111, 1879. 
llaroh 25, 1879. 
September 3, 1878. 

Septemberl0,_1878 
April 3, 1879. 

May 1,1879. 

April 28, 1879. 
April 22, 1879. 
April 2, 1879. 
June 23, 1879. 
llamh 12, 18'79. 
April 15,1819. 

February 18, 1879. 
Nonmber II, 1878. 

April 7 ;\879. 
Jihy Iii, 1879, 
Oetoberl!!, 1878. 

October 10, 1878. 
(lotol>er 11, 1818. 
OctoDet- 12, 11178. 
Oetober 12, 18'18. 
Ootoiier u, 18'18. 

October l&, 1878. 
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No.of 
plate. 

987 

1213 

953 

983 

1223 

921 
1023 

1358 

1018 

1161 

1192 
1!73 

1140 

1329 

1070 

948 
9(6 

1312 

APPENDIX No. 5-Continued. 

Title of plates. 

Harbor chart, York River, Va., entrance to King's Crook ....................................................... . 

Harbor chart., JameR River, City Point to RiehmonrL ..................................................... . 
Harbor chart, Hampton Roads and Elizabeth River .••.•..............••••.......•.•..........••.•.. ' 
Harbor chart, mouth of Roanoke River ............................. _ ............................................. 1 

Harbor chart, Hatteras Sboals ..................................................................... . 
Harbor cbart, Hatteras Inlet. ••....•.•.•••••.....••••......••••......•.•••.•.....................•.. : 
Harbor chart1 Cape Lookout Shoals .......................................................... - -- . ------. - - - . - - -i 
Harbor chart, Beaufort Harbor ......•...••...•.•••••..•••••.••••.•.•....•.........••••.... - -- ---• · - I 

Harbor chart, Core Sound ~nd Straits ................ · - - -• · • • · · · · · • · · · · • · • · • · • · • · · · · · · · · · · • • •• • • ····I 
::::; ~~::,: ~~:1!~~: 1;;:;~o~rn.t~~~~~~ ~~ ~~~ ~~:: :: ~~:: ~ ~~:~~~~ ~ ~ ~: ~ ~ ~ ~ ~~~~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~~ ~ ~ ~ ~ ~:) 
:::~:::~:~:::~ta~~!~::::::;~'.~~~~-:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::\ 
Harbor chart, Whale Branch, insicle passagf', bC'.tWC<'n Coos.aw.and Ilrorul Hi,,-ers ...................... ·1· 

Harhor chart1 Savannah River :mtl 'Vas8aw Smn1d ......... _ ................................. _ ....... . 
Harbor chart, Ossahaw Sountl .................................... ____ .............. ·--··· ................ j 
Harbor chart, Sapelo Souu<l ...••.................................. .•... : ..... ....•...•.••..•....... -1 

Harbor chart, Doboy and .Altamaha Smuuls ......•.•.............•.••.••.•...•••....•.•.•.•..•....•. ! 
1155 Harbor chart1 Saint Simon's Hound, Brunswick llarhor, nn<l Turtle IliYer ................. _ .. ---- .. j 
1288 Harbor chart, Saint Marv's River nn<l Fernandina Harbor ........•..••..••.. -······ ......... , .•.•.. 1 

1170 Harbor cbart, Key West, Harbor .....•...•......••.•...•.•...•....•.•....•....•.......•........•.... I 
907 Hnrbor ehart, Sa.int George1s Sounfl {western pnrt.) 1 embradng Apalnehicola Hnrhor ................. \ 

870 Harbor chart, Saint George's Sonn<l (eastern part) .•.•.•.....•.••....•••.•.................•...••••. i 
1391 Ilarbor chart, entrance to Pensacola Bay.--· ....... _ ... __ ..................•... -· ...................... ~ 
793 Harbor r.bart, At<ihafulaya Bay .............•.•...... ___ ...... ··-··· __ ..........•.•........•.•...... i 

1036 Pacific Coast sailing chart, San Diego t-0 S:m Francisco .....••.......••..••..•........••••.•.•...•.. ; 
1064 General coast chart, Point Pinos t-0 Bodega Heo<l ......•.••..............•...................... , ... i 
536 Harbor chart, Auacnpa. Island, nnd en.stern part of Ranta Crnz lMLrncl ................... ··--·-. _ ....•. ; 
670 Harbor chart, Monterey Bay ...•.•••.••..••••......••••••.•...•...••...........••...•...•..•• , ..•... : 
818 Harbor chart1 San Francisco Ba-,y1 cntranco .......................................................... i 

l 006 Harbor chart, San Pablo Bay ..••..••. _ •..•..••..........•••••...........•..........•.•......••..... 1 
733 Harbor chart, Humboldt Bay .••......•......•.•.•••........•....••......•........•.•............••. ' 

1245 Harbor chart, Columbia River, No.1. •..•.•..••..•.....•....•...................................... -i 
349 Harbor chart, Cape Flattery and Nee-ah Harhors ..•...•.............................••..•••.....•• i 
742 Harbor chart, Port Townsend .........•••..........•..••••..•......••. , ...........•..........••..... ! 

1144 Harborchart, PugetSoun<l ..•.............•.•••.•...•••••.........•............................... 
MO Harbor chart, Bellingham Bay .•.•••.•••••. _ ...•. _ ...••••••.•••..••..•.....••..••••..........••.... 

1446 

1505 

1504 

lGOO 
1480 

1477 
1478 

1497 

1484 

H85 
1486 

1374 
1461 
1460 

1474 

1471 
1472 
1492 
14111 

1482 
14119 
1490 

1498 
14911 
1559 

Atlantic Coast Pilot chart, current chart, Gulf of Maino .•••••.•.•••.•••••..•••••... , .....•.....•.. 
Atlantic Coast Pilot chart, east entmnce to Penobscot Bay ...... ·-··-· ............................. J 

Atlantic C-Oaet Pilot chart, west entrance to Penobscot Bay •.••••..................••••••.•.•••. --·i 
Atlantic CoMt Pilot chart, Penobscot Bay (upper part) .••......•••••.•.•••......•..•...•....•.... ·I 

.

1

.A.tlantic Coast Pilot chart, Whitehead to Pemaqnid P<>int ...........•.............................. ! 
Atlantic Coast Pilot chart, Pemaquid Point to Seguin Ialancl .•.•......•........•.••..••.•.•.•••.... I 

I Atlantic Coast Pilot chart, Segnin Island to Cape Eliz:.bcth ..••.•.......•.•••••.••..•••••....•••••. I 
I Atlantic Co&st Pilot chart, Cape Elizabeth t,o Wells .•.•••.............•.•......•................•.. 
'Atlantic Coast Pilot chart, Wells to Litt!~ Boar's Head .•.•.•.•.•.........•.•...••••.•...•..•...•... 

Atlantic Coast Pilot chart, Little Boar's Head to Cape Ann .••..•.....•.•••..•......•••.•.•.•....•. 
Atl1mtic Coast Pilot chart, Cape Ann to Nahant ..............•••.........•..........••..•••••....•. 
Atlantic Co&st Pilot chart, Bost-On Bay .•.••••.•••...•.••.••••••.•••....•••.•.••••.•..............•. 
Atlantic Coast Pilot chart, Winter Harbor •••••••.••.•.•••••.• _ ..•••••.......•.••••.•••.••.•••••••. 
Atla.ntie Coast Pilot chart, Southwest Harbor .•....•••••.•.•......•••••.••. , •.. __ ...........• : .••• 
Atl&ntlc Coast Pilot che.rt, Hoos-a-bee Reach .•••..•..•••.•••••..........•..••.....••...•..•••.••••• 
Atlantic C-Oaet Pilot chi.rt, Fox Iall\nds Thoro11gbfaro (east) .............. , .. , •........•.•.....••.. 
Atlantic Co&st Pilot chart, Fox Islands Thoroughfare (west.) .•••......•..••••.•••.•••••.•••.••••••. 

Atlantic CO&l!t Pilot chart, Castine Harbor ••••••..•...........•••.•••.•••.••..........•...•••••..• 
Atlantic Coast Pilot cha.rt, Belfast Harbor .•••••.•••••••••••..•••.. _ ....•••.•........•............. 
Atlantic Coast Pil<>t chart, Muscle Ridge Channel .••••••••.....••••.•.•••.•••••....••.. , ..••...•... 
A tl&ntio Coaet Pilot chart, Portland Harbor .•••••...........•••.•••••.••• , .••••..........••••.•••.. 
Atlantic COMt Pilot chll't, Rklhmond'a Island Harbor ....... _ ...•.•.•..•.........• __ •.•.•......... 

Athntio Coast Pilot chart, lelee of Shoal8 •••..•••••.•••..••••.•••••.....•••.......•••••............ 
Atlantic Coast Pilot chart, Gfouoeeter Harbor.. . • . • . • • • . • • . . . . .•...•••••.•........................ 
Atlantic Coaat Pilot clunt, Nantucket and Vineyard Sounds .•.••••...••.... -•.. - .. -••.••.•••..•... 

8'-alo. Date of corrections. 

1-60, 000 Dee.ember 12, 1878. 

1-40, 000 April 19, l8T9. 

1-40, 000 . Juno 13, l8i9. 

l-1(J, 000 May 20, 1879. 

1-80, 000 Oct-Ober 28, 1878. 

1-20, 000 1 Marcb l, 1878. 

1-80. ooo ! March 21, 187f'. 

1-40, 000 i January 18, 1879. 

1-40, 000 February 2;,, 1~79. 

1-30, 000 : June 25, 1879. 

l-30, 000 June 13, 187R 

1-40, 000 ' May 5, 18i9. 

1-40, 000 October 4, 1878. 

1-40, 000 M~rd• 14. 1879. 

1-40, 000 Oct-Oher 11, 1 g7g_ 

1-30, 000 June 17, 1879. 

1-30, 00(1 June 25, 1879. 

1-40, 000 Fehruar:v 10, 1879. 

1-40, 000 January 17t 1879. 

1-20, 000 J nne 16, 1879. 

1-50, 000 June 0, 1879. 

1-40, 000 January 4, 187!l. 

1-40, 000 Mnrch G, 167~. 

1-30, 000 Jul)' 9, 18i~. 

1-511, tlOO July 19, lR;s. 

1-1, 200, 000 ,June 21, 1R7U. 

1-200, 000 June 11, 1879. 

1-3{), 000 Mardi 24-1 187H. 

1--00, 000 ! Octolter 18, llr.S. 

1-50. ooo I .April 1. 1srn. 
1-50, 000 ' May 8, 1879. 

1-30, (JOU April 12, l 879. 

1-40, 000 April 23. H79. 

l-40, 000 Jm1e 5, 1879. 

1-40, 000 J mie 3, 1879. 

1-200, 000 June 5, 1879. 

1-40, 0()0 June 5, 1R79. 

1-1, 200, 000 April 25, 1879. 

l-80, 000 June 28, 187!'. 

l-80, 000 June 19, 1B7it. 

1-80, 00-0 May 29, 1879. 

1-80, 000 ~<\pril 9, 1879. 

1-80, 000 March 31, 187fl. 

1-80, 000 April 7, 187!1. 

l-80, 000 Juno 21, 1f'7!l. 

1-80, 000 April 21, lk70. 

1-80,000 June 7, lf::r!I. 

1-80, 000 Jun~ 6, IRiH. 

l..;i(),000 April 19, 1879. 

1-20, 000 :February 6. 1879. 

1-40, 000 Febrnnry 2f1. 187!1. 

l-40, 000 Febru.nr.r !!7, 1879. 

1-40, 000 March 20, llr.9. 

1-40, 000 Ft:oUn1ar.Y 2G1 IR79. 

l-40, 000 June 24, 1879. 

1-20, 000 June 11, 1879. 

1-40, 000 June 11, 1879. 

l-20, 000 June 9, 18'79. 

1-20,000 April 5, 1879. 

l-20, 000 June 21, 1879. 

1-20, 000 "June 21, 1879. 

1-80, 000 :April 7, 1879. 



 

94 REPORT OF THE SUPERINTENDENT OF THE 

APPENDIX No. a-Continued. 

No.of I 
plate. 

Title of plates. Etching. Lettering. Corrections. 

1405 Atlantic Coast Pilot v-iew, approaches to Winter Harbor and Frenchman's -----·----------·-·· September 26, 1878. 
Bay-Frencbman's 'Bay from off Schoodic. 

1412 A ti antic Coasi Pilot view, Isle au Haut, eastward and westward, Blue .......................... August 10, 1678 ... 

Hill Day from the eastward, and entrance to Burnt Coat River. 
Ul3 Atla.ntic Coast Pilot view, llfount Desert, east part, and approaches te ................... August 19, 1878 ... 

Southwest Harbor from eastward, Southwest Harbor from southward 
and westward, Bass Harbor between Duck and Gott Islands. 

1417 Atlantic Coast Pilot .-iew, Deer Islan<1 Thoroughfare, from eastward an<l . ................... 

1 

October 3, 1878 ..•. 
westward. 

1420 Atlantic Coll8t Pilot ..-icw, eRStem entrance to Penobocot Bay, outlying . ................... : September 19, 1878 

Islands off Penobscot Bay, :Matinicus and Ragged Islam1s, and entrance 
to Penobscot Bay from westward. 

1421 Atlantic Coast Pilot view, Fox Islands Thoroughfare, from eastward and ..................... August 1, 1878 .... 

westward. 
1426 Atlantic Co"8t Pilot view, Belfast Bay and llarbor from West Pmobscot ··········-----··--- October 15, 1878 .•• 

Bay, and entrance to Penobscot River from West Penobscot Bay. 
1430 Atlantic Co"8t Pilot view, Hotel on Scinipuxent :Beach, Cape Henry b<>ar- ...................... October 9, 1878 .••. 

ing south, Cape Henry light-house west by south, and Cape Ch..-Jes 
from tbe eastward. 

1432 Atlantic Coast Pilot view, entrance to Hampton Roads, James, Nanse· -----------········· August 26, 1878 .•. 

mond, and Elizabeth Rivers. 
1434 Atlantic Coast Pilot view, entnmce to York River, CheITystone Inlet, ....................... September 5, 1878. October 25, 1878. 

Pianka.tank and Rappahannock Rivers. 
1436 Atlantic CoBBt Pilot view, Ha.rrison1s Landing and We-stover House ..... ·!· ... ------ ............ Jnly26, 1878 ••••.. 

1440 Atlantic Coast Pilot view, Watts and Tangier Sound, and entrance to -----·--············ July 26, 1878 •••••. 

Ke.dge's and Hooper's Straits and Billy's I~land. 
1457 Atlantic Coast Pilot view, entrance to Choptank River from northward December 23, lll78. --- .. ----------······ 

and southward, and east entrance to Eastern Bay. 
1470 A.tlantic Coast Pilot view, head of Chesspeake Bay-entrance to Elk Riv- January 14, 1879 •. ......... ·------------· Maroh 24, 11179. 

er, Pool'o lsland, Patapsoo River off Old Road Ray. 
1479 Atlantic Colll!t Pilot view, Susquehanna River, above bridge, looking up March 15, 1879 .... llfarch 22, 1879 .•.. May 9, 18711. 

Susquehanna River; Havre de Gra<ie1 above and below bridge. 
1487 Atlantic Coast Pilot view, Cape May and Cape Henlopen ...••••..•....... :March 24, 1879 .••. ............................ 
1488 Atlantic Coast Pilot view, Delaware River-Cobanllt'y light-house, Bom· April 5, 1879 .••••• ............................. 

bay Hook Woods-up river from off Bombay Hook light-house. 
1494 Atlantic Coast Pilot view, Delaware River, looking up from below Reedy April 25, 1879 ..... ....................... May 7, 1879. 

Island; Delaware River, off Reedy Island light-house; eutrance to 
Delaware River, Christianna Creeki Delaware Riv~r, looking up from 
off Billingport. 

1500 Atlantic Coast Pilot viow, approach"" to Eastport, through Lubec Nar· May 3, 1879 ....... Mays, 187' .•••••. 

rows. 
1502 Atlantic CoMt Pilot view, Weskeag River, from near Garden Island June 11, 1879 .••••. ---················· 

Ledge fM.nscle Ridge Channel); Owl's Head Bay, approache• to Bock· 
port and Camden Harbors. 

1508 Atlantic Coast Pilot view, entrance to Casco Bay from eastward; Cape June 27, 1879 .••••• ............................ 
Elizabeth, Isles of Shoalo. 

1509 Atlantic Const Pilot view, Kent Point, north entrance to Eastern Bay, June 30, 1879 .••••. ......................... 
approaches to Severn River, Thomas Point light-house, and entrance 
to Chester lUver. 

1520 Atlantic Coast Pilot viow, Potomac River, Point Lookout, Smith'sPoint, June 30, 1879 .•..•. .......................... 
Piney Point; Potomac :River, otf Saint Mary's River. 

11142 Atbwtlc Co ... t Pilnt view, Budoon :River Highlands from off Peekskill ... June 29, 187ll .••••. ........................... -. 
1351 Atlantic Coast Pilot view, West Point from near Constitution Island, January 27, 1879 •. .............................. .January 29, 1879. 

looking down. 
Ul73 Atlantic Cooet Pilot Yie'W, Hudtwn River, lan<ling at Barrytown .••••••••• Janu.ary 25, 1879 •. .......... -......................... 

Views of Monnt Deloert Island (5 plates), by George McCoy, during the Retouched •••••••. ................................ 
fiscal year, plates retouched. 

Dlagrawa, eight plate& of we&iher diagn.ms, eoast of .Alaab .••....•.••. ............................... ............................ 
Diagram, one plate deep.Ma soundings, Gulf of Mexico .•••••••••.••••••• ................................ . ........................... 
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APPENDIX No. 6. 
LETTER TO CARLILE P. PATTERSON, SUPERINTENDENT UNITED STATES COAST AND GEODETIC 

SURVEY, WASHINGTON, D. C., FROM ALEXANDER AGASSIZ, ON THE DREDGING OPERATIONS CAR
IqED ON FROM DECEMBER, 1878, TO MARCH 10, 1879, BY THE UNITED STATES COAST SURVEY 
STE.AMER BLAKE, COMMANDER J. R. BARTLETT, U.S. N. 

(With two maps.) 

I joined the Blake at Washington, on November 27, 1878, for a second dredging cruise .. 
.According to your instructions we intended to proceed to Nassau, and there dernte a few days to 
dredging and sounding, in order to trace the connection between the fauna of the northern extrem
ity of the Bahama Banks and that of the Straits of Florida. Owing to rough weather this was 
not doomed prudent, and we were compelled to put into Saint Helena Sound, and, for the same 
reason, when off Jupiter Inlet, instead of crossing the Gulf Stream to make ~assau, it was thought 
best to put in to Key West. From there, when the weather moderated, we started for Kingston, 
Jamaica, calling at Havana for the purpose of making a couple of hauls on the Pentacrinus ground 
discovered by Captain Sigsbee off Moro Light. We made two casts of the dredge in 175 to 400 
fathoms, and obtained a few specimens of Pentacrinus. 1Y e kept on along the northern shore of 
Cuba, through the Old Bahama Channel, without stOJ)ping to sound or dredge, Mr. Pou.rtalCs 
having, in former years, dredged and sounded, in the Bibb, Acting Master Platt, U.S. N., over 
the greater part of this line. 

At the eastern end of the Old Bahama Channel we ran a line of dredgings and soundings 
across from Caya Cruz to Lobos Light. In the deepest part of the channel we found only 500 
fathoms, although the hydrographic maps indicated 900 fathoms, no bott.om. This is an excellent 
example of the uncertainty of the old method of sounding with hemp rope, even in moderately 
deep water, when there is a strong current, such as we found here. 

Nothing of special interest came up iu any of the casts made either with the trawl or dred~e. 
Wound around the steel-wire rope on this line, however, we found a few pieces of the deep-sea 
Siphonophores (Rhizophysa), described lately by Studer in the Zeitscbrift f. wissen. Zoologie. 
Subsequently we frequently found more or less complew specimens of these Siphonopbores, gen
erally entangled on the wire rope or attached to the trap of the trawl. Studer gives a long list of 
the depths from which they came up attached to the sounding-line, but it is by no means certain 
tha.t these Siphonophores belonged in the depths indieated by the wire. They may have become 
caught on the wire while it was reeling in at only a short distance from the surface.• The fact 
that Studer never succeeded in bringing up any of these species in the tow-net, even when lowered 
to a considerable depth, is as little conclusive, since, at any rate in the Caribbean Sea, their iso
lated parts and fragments a.re not uncommon floating on the surface. It is probable that tlJcy 
usually live at a certain depth below the surface, and some of them may, like Cassfopea, prefer to 
dwell near the bottom; but until we possess a net so constructed as to give some sure imlicatiou 
of the intermediate depths at which the animals living at various distances between the surface 
and bottom have been gathered in, it seems hazardous to define the bathymetrical range of a 
large number of pelasgic animals, such. as the A.calephs, Siphonopbores, Heteropods, Pteropods, 
numerous Fora.minifera, Radiolaria, and the like, the habits of which are scarcely known. 

In the case of fishes, when dredging in deep water at a moderate distance from the land, we 
ought not to take it for granted that they invariably live at the depth to which the trawl may 
have been lowered. The young of many of the deep-water fishes arc undoubtedly pelasgic, often 

"In one caee, dredging in 1,000 fathoms, numerous fragmenta of a Rhizophysa came up after drawing in 100 
fathoms of wiro ! On another occasion the ea.me species came up after drawing in 300 fathoms, while dredging in 500 
f•thome. 
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till a late period of growth, and thus many of the deep-water fishes have probably come to light, 
especially in the proximity of oceanic islands, or along coa!'lts situated near deep water. We made 
three casts off the coast of Cuba, between Nuevitas and Cape Maysi. In latitude 210 2', N., longi
tude 740 44', "\V., off Cayo de l\foa, in 1,55-i fathoms, we found a patch of green sand, made up of 
large Globigerime, similar to that mentioned by Mr. Pourtafos in his "Deep-Sea Corals." 

·we also obtained, in 094 fathoms off Nuevitas, large blocks of genuine white chalk, composed 
mainly of Globigerinm and lfotulinm. Large quantities of ooze and white clay, which proved to 
be only the white chalk in different stages of compression, also came up in the trawl. If the 
conditions now existing at that depth at all resemble those of the time of the white chalk, I couhl 
readily understand how perfectly Sea-Urchins or l\follmiks would be preserved if once inclosed in 
this homogeneous substance, to be gradually compressed into solid white chalk. 

In one of the hauls taken between Cape 1\IaJ·si and Jamaica (1,200 fathoms), we obtained the 
til'st $pecimens of Phorn10soma I had seen alive. I was much astonished to find themr folly blown 
up, hemispherical or globular in shape. This was the shape they always took in subsequent hauls, 
and on several occasionR, when they were obtained from comparatively shallow water, near the 
100-fathom line, tliey came up fully alive and retained their globular out.line. The alcoholic speci
mens I had seen in the Cliallenger collections came up as flat as pocket-handkerchiefs, from great 
tlepths, and were naturally regarded as fiat Sea-Urchins, although of course endowed with great 
mobility of test. These Echini, with their globular, flexible tests, recall vividly the Perischoechin
ill:e, with which they have also points of resemblance of great interest in the structure of their 
amlmlacral and interambulacral plates. 

In the dredgiugs taken off the southeastern end of Jamaica we did not bring up anything of 
great importance. From Jamaica we were obliged, owing to the strong trades, to keep on toward 
St. Thomal:l, without either sounding or trawling till off Porto liico. During the winter months 
the trades blow sufficiently hard to make dredging and soun<liug quite uncomfortable on a vessel 
of the size of the Blake. We had, therefore, no opportunity of adding anything to the hydrog
raphy of that part of the Caribbean Sea. 

Ou arriving at St. Thomas we made a 11rogmmme for our season's work. This we were fortu
nate enough to carry out to the letter, as far as the dredging and sounding were concerned. With 
the exception of the time required for coaling and overhauling the engine at Martinique and St. 
farnia, not a single day was lost. Although Lieutenant-Commander Sigsbee, U.S. N., did not 
comnutnd the Blake, yet the improvements which were made this year in the dredging and sound
ing apparatus were all carried ont under his supervision, the vessel having been fitted out for sea 
before he was relieved by Commander J. R. Bartlett, U. S. N., who commanded the Blake during 
this winter. It was also my good fortune to find on board the majority of the officers with whom 
I l:lailetl in the wint~r of 1877-'78; Lieutenant Sharrer, the executive officer, Messrs. Jacobi, Peters, 
L. P. Sigshee, and lk Nourse. Now, as before, I was indebted to their cordial interest and effi
cient assistance, as well as to that of' Lieuteuant Wallis, Mr. Pemberton, and Mr. E. L. Reynolds, 
who had joined the Blake for the first time. We thus started under the very best auspices. In 
the use of the improved machinery, suggested by our former cruise, the experience of the old offi
cers sarn<l us from the annoyances which always accompany the introduction of new methods. 
The Blake was this year provhled with a new double-cylinder reelillg-engine, built l>y Copeland & 
Ifacou, phwed at right angles to the reel, on which our steel rope was wound. A small double 
engine revolved the reel, so that the wire rope was wound independently of the main rooling
cngine. The wire rope was led to the }}Ort side directly from the main reeliug-engine, then by a 
farge wronght-irnu sheave along the deck to the mainmast, thence across to the starboard. side, 
and then along the deck to the 1·eel upon which it was wound. This worked admirably, relieving 
the reel, which thus became a mere spool, from all strain either in winding up or in dredging, the 
whole stmin being taken up by the t(!n turns of the wire rope on the surging drum of the main 
reeling-engine. The arra.i1gemeuts for leading off the wire from the bow of the ship, through a 
large sheave at the end of tlle dredging-broom, were practically the same as last year. '.the steel
spring accuurnlator was, however, replaced this year by one of car-rubber springs, suspended along 
the foremast, a.ud to this acc11mula.tor was attached the pendant running along the dredging-boom 
which carried the dredging-pulley. As Lieutenant-Commander Sigsbee is soon to publish, in o.ne 
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of the Reports of tlrn Coast and Oemlctic Snrn>J'• a full account of the dredgfog- aml sonrnliug· 
apparatuR 1rned on hoard th<> Blake, I will not fipeak in g-mater detail of onr apparatus. 

No change waR ma<lf• in onr dre<lg-es. Iu tht> trawls SP''t>ral 1ww formR Wf'rC triC'd, hnt W<' 

found that the most, satisfactory trawl waR of the shape :\(lopted last ~·<'ar, th<' only important 
clJange being- the gTeater height of t,he runncrs-:m inche8. 'l'he bar eounecting- the runners was 
used as a frame to stret,ch a sheet of netting acrosR the whole h<'am, so ns to <lh·ide the trawl 
opening into two hal ms, eaeh opening into the trap. '!'his enabled UR to giye a longer h'n1l liJw to 
the mouth of the double trawl, without danger of fouling from tl1c lt>atl line of the other Rid<'. 
The only clrnnge I could still suggest would be that thiR lead line :should nm through ring-s at thP 
corners of the runners; the Rtrai11 on tlw Ride which fell on the grournl wonl«l takt' up the slack of 
the n11per side, and thus increase still further the i'IWCt~p of the trawl. Onr trawl-nets were madP 
much shorter than last year; and for deep work, when so much oozp is alwa;n: likely to choke tlw 
trawl, it would he advisable for a 10-foot lwam to Lan~ a net of not rnort' than 1~ t() 1:1 feet in 
length. 

\Ye also tried dragging a hea'Y tow-net rapid!~· over the> ground at great depths in hopel'< of 
catching the more active crustacea aml fishes; but we fournl tliat, after all, 110 deep-sea macliine 
worked better than a trawl, which, when u10ved rapitlly o\·cr tlir ground, at the rate sonwtimes of 
two to two and a half miles per hour, inYariably hroug-lit up a tinr hanest of Fisl1es and Crnstaeen, 
in addition to the usual contents of the sedentary and more sluggish forms. Al though th(· 1le<>p-
8ea tow-net was used seYeral times, we never brong-ht np any of tlw Ro-called <lerp-st>a Siphon
ophora> of Studer, even in localities where t11ey came up on tlw wire rope. 

Captain Sigsbee's new sounding-rnaehine worked admirably, and hf• has <•n•ry rrasm1 to lw 
entirely satisfied with the improvementR he lias made upon his former machine. 

\Ve carried 6,000 fathom8 of new, g-ah'anized steel -wire rope, 1,16 inchC'R circumference, ma1lc liy 
the Roebling Sons' Company, which, O\Ying· to itR gre:it<:'r pliabilit,\, prm·ecl eren more o;afo~factory 
than the wire rope userl on the last cruise. The Rteel-wire ro)le contiuuetl during- onr whole cruii<<' 
to giYe complete satisfaction, antl m1ahlerl nR, as in tile preYiOU8 year, to work with the greatest 
possible rapidity consistent with safety and with the proper handli11g of the tra.wh; arnl drctlg·cs. 

\Ye usually lowered in deep water at tile rate of four to fonr and a half or Jh·e minutes per 
100 fathoms, and reeled in at the same rate. In the many place:< where \W found rough or rocky 
bottom we used a flat bar of 6-foot beam, to which rings were atta<"hed for fastening tangles :11111 
a shot. This bar, with from a dozen to fifteen hundles of tauglcR, proyed perhaps our most effl•et -
in~ machine in rough bottoms. It rarely fouled, as the <lredge8 or trawls arc so apt to do, wh<>n 
working oYer unfa,·orable ground. The region oYer which we chiefl~· worked this year extm1detl 
from St. Thomas to Trinidad. Over a limited area like thi8 it was post<iihlc to coyer the grourn1 
very satisfactorily. The work done off the priI1ftpal islands hegan usuan~~ at the 100-fathom li1w, 
and extended into the deepest water off the lee side of the Carihbea,n Islands. l{ut little conld h0 
done in the way of dredging in the passages betwl>en the islarnls or to the windward of th1•111, 
owing t-0 the strong trades. \Vhile working off Barbaqoes wt' untlouhtrdly ohtaiiwd a fair r<>prP
sentation of the fauna to the windward of the Caribbean Islands, which dot>s not RPem t.o diffrr 
from that of the lee side. 

During this season we occupied no less than 200 1;:tation.1:;, and made owr 230 hanls from the 
100-fathom line to the depth of 2,412 fathoms. A few hauls wPre occriRionall-'- matle in slrnllow 
water, but they formed no part of our.regular scheme. Although we ha Ye obtainetl from tlw "\\'c~t 
India Islands some of the most interesting InvertebrateR, yet WP did not tlml thP fomia of t Ii(' 
eastern extremity of the Caribbean Sea materially different from that of the Gnlf of :'.\Iexico a111l 
the Straits of Florida. It certainly is hy no mcaus as rich in animal life at great, depths. "\\'p 
rarely got from deep water, say between 1,500 and 2,400 fathoms, tht• riPh han!R RO iny;wiahly 
made in the Gulf from depths -0f hctween 1,200 ancl 2,000 fathoms. But w<' fonn<l, what "-a,, 111111'11 

more important for our success, that the range of the greater nnmher of the dl'PJH:(•a speciPs PX

tended within very easy dredging limits, and we Roon discoyere(l that hy dredging- mai11ly hPtWP<'ll 

300 and 1,000 fathoms we obtained not only nearly all the species exteu<ling: to the '.!.llOO-fathorn 
line, but obtained them in considerable numbers. This enabled us, of course, to collect a laq.w 
amount of material, and the collectio.ns of this year's cruise, combined with those of tlw preYioui< 

S.Ex.17-13 
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year, added to the older collections made by Count Pomt.alt'·R on the Bibb, and fo those of tlrn 
Hasi;ler, make our deep-sea collections hut, little i11frrior to those of f,he Challenger. 

I was greatly struck with the largP nnrn her of onr Rpecies which, if not identical, are at. least 
closely alli£>1l to those bronght liorne by the Challenger; and I was specially disappointed at the 
absence of tnwoS not alrea<l;y collected ll,r tlrn great l~ng-lish expedition. I thiuk it cau be fairl;r 
stated that tht> great outlines of the 11eep-8ea fanna are now known, and tllat, although many in
teresting forms will nnilon btedl,r he 1lrcdged i11 the shallower waters, between 100 a11d 300 fathoru;;, 
we can hardly expect to add matPrially to tlie types discowre1l by tlw dredging expeditions of the 
htst ten ;rears. As has heen well said hy J\Ir. Mosek>y, of the Challenger, it becomes somewhat 

. monotonous to find constantly the sanw associations of lnYcrtclirates in tlt(' deeper l1auls, and it 
is only iu shallower waters that it is possible to keep up one\; cntlrnsiasm ttfter a few months' work. 
l 8IJOnld !Jr inclined, from thr experience or the past two years, to carr)~ the range of the dee1l·sea 
fauna as high as 300 or 350 fatliomH, and to call tlte littoral fauna the species extending mainly to 
the 100 or mo fatho111 line ; from the 100 to the 300 or 400 fathom Jiue extend the species which are 
neither littoral nor ;ret han the wide gt\ogra11ltical range belonging to species found beyond tllat 
11epth. Bnt this upper limit of the del'p-sea fauna must, of course, dcpe1Hl npon thP temperaturt•, 
and undonbtedl~- varies greatly from local or partly local calrne8. 

" 7hile dredging to tile leeward of the Uarihbean Islands we could not fail to notice the large 
accnnmlations of Yegetahle nm tter and of land dehri8 brought up from de(lp water many miles from 
the shore. It was not an nncommon thing to find at a depth of OYer 1,000 fathoms, ten or fifteeu 
111ilt•i; from htll(l, masses of leaves, piece8 of bamboo, of sugar-cane, dead land-sllells, and other 
land debris~ which are nrnloubtedly all hlow11 out to sea hy the prentiling caRterly trade-winds. \Ye 
frerpwnt1y fomul floating 011 the :•mrfaee masses of vegetati1m, more or le1'S water-logge1l a111I read;r 
to sink. The contents of some of our trawls would certainly han~ 1mzzll.'d a paln•ontologist; be
t ween tlw deep-watPr forms of Crustacea, A nnelidR, Fishes, Echinofierms, Sponges, &c., and the 
mango and orange lean'8 mingle1l with branches of ham hoo, uutmegR, laud shells, both animal and 
vegetable fonns bei11g in stwh profm;ion, he would lt::ive found it difficult to decide whether he bad 
to deal with a marine or a land fauna. Sneh a lwul from some fossil deposit would naturally be 
explained as representi11g a shallow estuary surrounded by forest8, and yet the depth might ham 
been 1,i'JOO fathoms. Thi" large amount, of vegetable maMer thm; carried out to sea, seemR to l1ave 
a matPrial Pfi'cct in increaRing, in certain localit,ies, tl11· number of mariue forms. 

'l'he collectiou:-. made have all arrirn!l in Uarnbri1lge, a11d will he sent for determination, as fast 
i1s practicable, to the naturalists "-110 ham undertaken the reports OIL the different groups of last 
year"s eolleetions. As their 1m)limi11ary n•port8 are well m11for w-ay, I need only allude here in gen
flral to some of the most iuteresting types. Among tlle l<'oraminifora are a number of the arena
ceonr< t;vpes noticed hy JI.Ir. Brady in the collrn~tim1g of the Challenger aml Porcnpiue; among the 
SpougeH, a RJWcies alli(•d to l'hno11ema, a small Hyalonenm, tufts of large, silicious spicules (Hyal-
01w111a proper), covered at one eIHl with Zoantlnrn yer,Y similar to the common ,Japanese type; fine 
Rerics of Dad.ylocalyx, showi11g Uw whole mode of growth from a simple globular form, and a 
gigantic Euplectdla. The collt>ctio11 of HtarJislwis was quite ismall, and contaiued nothing worthy 
of Rpecial noticP. The collectio11 of' llolothnriam; contained, i11 addition to the deep-sea forms men
tioned ia my former 11-;tten;, a larger nnmher of s1)eciel'1 than last yea.r-genera allied to l\folpadia, 
Caudina, Echino1•tteumis, aml the like. 

Among· th<> Echini, with the excPption of tl1e PonrtalC'sia group, all the types collecte1l by tl1e 
Challenger are well l'PJ•resc1nt<>il, with a fpw SpatangoitlR, hitl1erto unknown~ The number of 
Echiuothnriw mm quite larg·c. Of the l'ourtalesia group, but few specimens in good condition 
were ohtaiued, thougl1 the trawl bronglit np numerous fragments of several of the geuem (if I am 
not rnista"ken) collected by the Challenger in (leep water in the Southern Oce.'tn. The sma.11 1rn111-

her of Clnw:tHtroid;; colkcteAl, \'\·en when apprnacl1ing the South American shore, at the 100-fathom 
line, near 'frini<lad, wllere they are so common, shows pretty conclusively that tlle group, with the 
('XC<>ptio11 of l~chinoc~·anms, is an eminently littoral one. A large colleetion of Comatulre was 
made, and a uumher of specimens of Hhizocrinus were obtai1wd, but only a few were in perfect 
11ondition. Of lfolopns 0111.v a 11art of a specimen was found. It was collected off Montserrat, and 
eRcapell m.v attention; ultl10ugl1, of course, on tl1e lookout for hlack Holopu;;, I did not notice this 
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imperfoct whitish i,;peci111eu, which must ha\·e been alive, among the uu1uerous Peutaeriui with which 
it came up. Our collectioll of Peutacrini is (}ltite exteusive; we fouuu them at 11outserrat, St. 
Yincent, Grenada, Guadelonpe, aud Barhadoes, iu several i1Iaecs, in such numbers tha.t on 01w 

occasion we brougl1t up no le:;s than one hurnlred and twenty-four at a singk haul of the bar aml 
tangles. "\\re must, of conrsc, lmve swept over actual forests of Peutacrini, crolYllell together much 
as we find the fossil Peutacriui on slalJH. Our i;erie" ii' now sntlicieutlr exteusiw~ to settle satisfae
toril:r the number of specie.-; of the genus found in the \Yest Jnclie.-;. Tliere are undonbtedl,v tlu~ 
two species which have tlm,,; far heeJJ reco~ntized. It is evitlent that tlw:r vary greatly in appear· 
ance, 1'. Miilleri being tlw moo.t Yaria hlc. l lrn\·c uothiHg to add to tlw general description of their 
rnoYernents ginm hy Captain Sigsbee in my second lettt•r, with the exct>ptiou of thl~ir use of the 
cirri placed aloug the stem. These they move more rapid!,\· thau the arms, and nse them as hooks 
to catch hold of neigltboring· objects, and, 011 account of their sharp l'xtremitics, they arc well 
adapted to retai11 tlwir hold. 'l'he stem itself pas.-;rs ,-;Jowly from a rigid yertical atbtrnle to a 
curved or cYen droopi11g: position. \\'(,dill not bring 1111 a sinp;le specimen showing the mode of 
attachment of the stem. SeYeral naturalists, on the eyiden<'e of large slabs containiug fossil Pen
tacrini, where no bmml attachment coultl be seen, liaYe eome to tlw conclusio11 that J>eutacrini 
111ight lie fre1.', attaching the111selres temporarily b~· the cirri of the stem, much as Comatnla' do. 
J am informed, lmweYer, by Capt. K Colt•, of the tt\legraph steamer r IL \·estiga tor, that he has fre. 
quentl,r brought up the \Vest lwlia telegraph eahlc (Ill \\·hicl1 J>entaeriui were attached, and that 
tl1e.r are fixe!l, the ba:sal 1,xtremity of the ;;tem spreading slight]~·, somewhat after the manner of 
Holopm;, i;;o that it requires considerable stre11gth to <lctaeh them. 

The collection of Ophiurans is, pel'liapt4, the largest e\·er made. The~· seem to pla;y a Yl:'r,V im
portant part in determining the facieH of a fauna. They occur en:-rywhere, at all depths, and often 
in countless numbers. I hardly think we made a si11g·le haul which did not contain an Ophiurau. 
They often came np wheu tlie trn11·I lmmght nothing else. In flome plaees the bottom must l!an~ 
been paved with tliem, jnst as ilie sliallows are sometimt>s paved witli StarJishe;; arnl Rcl1iui, am! 
many species 11itherto considen•tl as 1>xtrt~11wl,v rare are found to be real!~· abundant. J\Iost, or 
perl1aps all, of the det>p-sea Atlantic speeitc'i-: ohtai11etl hy tlw Challenger han' b(•en rediscovered in 
large numbers. Sucl1 ran: species as 8i!fs/Jeia iwmThi1u1, Opltio::·ona nil'ea, Jlemye11ryale pu;;tulata, 
and Ophiocmna.v hystri.r, were fon11d in plm1t~-. Among· the n'preiwntatiYes of northern sear; 
may be cited Ai;trony,1' Loi•cni (~), wl1ile a Hingle spt•cimcn of Ophiophyllum reprei;ents the great 
rarities. Of A,~troeniila i.~idi.~, of which onl,Y tltrt"c i:;pceime11s were lrnown, Wt' haTe l1alf a 11ozen. 
A large I'ectinura ncalls the shallow fauna of the East Imli1,s, whill' a 1ww Opltii>nms brings to 
miml the Antarctic deep-sea forms. Finally, the suppo.-;1'tl almmlance of simple armed Astroph,Y· 
tons is fully confirmed by the Yarious species of Astmscllmna, a111l lly a 1ww species of Opbiocreas. 

Tbe diligent search of Count P011rtali•s in the Straits of Florida, tlH• Hassler Expetlitio11, the 
Challenger explorations, and the two expe(litions of the Blake, liave L'\ideutl~· brought up the ma
jority of t!Je species of Oplii11ra11s; for among the enormous mass of l'lpecimens this time obtai11«1l 
the number of new species ii' not very great. 

The H,YLlroids and Bryozoa were maiu ly re1n·eseut.ed by the same forms as those collected last 
~·ear, or in former Coast Sul'\"ey expeditions in the Florida Straiti;. 

The Corals, although almudaut in spe(~imeus and specie8, prolmlil~· co11taiu but few mulescribed 
ones. Very fine specimens of tl!e larger, simple corals obtained hy the Challenger Expt\ditio11, 
which were never fonud in our earlier dredgings in the Gulf of Mexico or Stmits of Florida, 1n·n·. 
dredged here, such as Fhtbellnm, Trochocyatlms, Ceratotrochus, &c. Several of tile (]e(•p st•:i 

Actini:::e, described by Moselt:'y, were obtained, generally attached to Spouge spicules, Gorgoni:P. 
or stems of U mbellularirP. 

The Alcyonariaus were also Ycry almrnhmt, and among them we expect to fiJl(l many novel
ties. Little can be saitl of them at first view, as the deep-water forms han tlins far receiYed but 
little attention. One form, g-rowing in a regular spiral, with equidistant hraud.11ets 011 the outer 
side of the spire, seems, by this mode of growth, to dilfor from auytbiug preriousl,v known in that 
order. Several fine specimens of Umbellularia• werP ohtainecl. 

Among the Annelids, the tnbicolous Annelids are by far the most striking·, from the Px11uisitt> 
beauty of some of their tubes, composed of silicions spicules, dead Pteropod shells, and from t lwir 
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straug·e associations with Corals, Gorgoni:P, Spo11ges, and even Mollusks. A species of Phorus 
was frequently accompanied by a large A m1e.lid, comfortably established in the axis of the shell, 
with the head clm;e to the aperture. 

Among the Crustacea "·e fouud agaiu the Bathyoiwmns gigautcus A. 1\L Edw., discoYered bst 
year. ,,~e ahlo brought up from 734 fathom::; a l'ygnogouium, measuring not ll.'ss than two fol.'t 
along the legs when full~- extended; :i tine .1stw.·us zaleucus, an<l from 41G fathoms a magnificent 
species, allied to ::"ephrops, hlind, but with rmlimentary e~-c-8talks. Au interesting Isopod, with 
g-igantic lateral processes on the posterior spg·meut, was also oLtaiued from 300 fathoms. Ma11y 
Hermit-crabs oecupietl tulles uf lla1111100 or cavities iu dead wood and Spo11ges, of which they com
pletely close<l tlw orifice, witlt one of the large claws tlatte11ed like the opcrenluru of a Serpnla. 

Among tlie :\lolln::;ks the }ll'dimi11ar_y report of l\Ir. Dall (in lett~r No. 2) meutions the most 
importltnt types. \Ve obtaiHc<l, lHJ\H'\'er, in addition a goo1l set of I'lenrotmnaria, one specimen 
measuJ'i11g· iiYe iuelw:; in height, wlrile another was so small ti.tat the slit, from whicJ1 the genus 
take:; iti; wtmc, existe<l only a:; a slight i11de11tatio11. I hope to supply Jnr. Hall with the material 
1wccssar.\· for au auatorn_y of this iutcrcstii1g genus. But h,y far the mo:;t interestiug of the l\lol
lusks is a t\pirnla, from a 11epth of !JJO fathoms, in excellent condition. The small nnw lier of \Vald. 
lieimia collected this .rear is 11uitc striki11g. Other species of Tereora.tula: were more common. '\Ve 
fouud, as was usual last year, an immense number of dead l'teropod shells at all depths, playing a 
most importaut part i11 determining the nature of the deep-sea llottom. 

The collection of .Fishes is excellent; its S]Jecial characteristic is tlle large number of Lopllioitl 
types it contains. 'Ve also obtained rnan;v of tile genera collected by the Challenger. Some of the 
ran~r pclasgic :Fishes, whiclt are occasionally caught at sea, are undoubtedly either full grown deep-
8ea Fi1::1ltes or their ~-oung. It becomes an iutere:;;ting· problem to know where the young remain, 
before they become permanently inlutbitants of deep water. 

The pelasgic fauna of the eastern part of the Caribbean Sea is, during the winter sea~mn, rather 
scanty. Owing to the constaut agitation of tbe water, I bad no opportunity, as in the Gulf, to make 
mnch use of tlrn imrface tow-net. 1''rom the 1mmber of fragments of Siphouophora· coustantly fouud 
tlwy must be YcQ' numerous. Iu the roadstea1l, nuder tbe lee of the islands, there was but little 
pela:;;gic life to lie found. E''erythiug eitlter remains at a short distance below the surface, or is 
blown ont to seawanl of the island8. Tim phol"JJhorcscmrne, in conscqnence, is far less brilliant 
than iu the Gulf of l\lexico, although occasioually the nrnsses of Ctenophorrn (a species of ~Inemi. 
opAiti ), swiuuning at, different depths, produced a YPry striking illumination; sudden flashes of 
light 1m1ldenl,y appearing as if corning from great halls of fire floating a sl10rt distance below the 
snrfaet~. The most strikiug· phosphorc;-;ceut phenomena were produced by a small .Amielid allied 
to Syllis, which rnowd oyer the surface of the water with great rapidity, performing the most 
nmrnrlrnllle gyratious, aml tracing its path, wliieh n:maiued phosphorescent for a sl10rt time, lly a 
hrillim1t line of light. Among the llcep-water fomu; 8eYeral of tlrn species of Gorgouire antl Anti
pathes (espeeially Hiiima) shmn~d a bright Lluish phosphoresce.nee when comiug up in the trawl. 
One Ophinran, also, like oue of the J\Iediterranean species mentioned by Panceri, was exceedingly 
phosphorescent, emitting along the whole length of its anus at the joints a brilliant, bluish-green 
light. 

01w of the mo;,:t interesting results rcaehed l•y this year's cruise is the light thrown upon the 
former extension of the South .American eoutiuent by the SOUll!liugs taken while dredging, and 
those suhscqncntly made in the passages between the islands by Commander Bartlett. These, 
together with the soumli11gs already kuowu, cualllc us to trace the outline of the old continent 
with tolerable accuracy, antl tlm8 obtain some intelligible, and at the same time trustworthy, expla
nation of tl1e 11eculiar geographical di,;trilmtion of tl1e fauna and fiora of tbe West India Islands. 
As is well known, Calla, the Bahamas, Ha,\·ti, an<l Porto l{,ico, instead of showing, as we might 
natural!,\· assume from their present proximity to l<'lorida, a decitlcd aflinity in their fauna and flora 
with that, of the Southern United States, show, 011 the contrary, unmistakable assooiation with that 
of l\lexico, Honduras, and Centml America; the Caribbean Islands show in part the same relation
ship, though the affinity to the Venezuelan and Brazilian fauna and flora is much more marked. 

In attempting to reconstruct from the soundings (see sketches No. 33 and No. 34) the state of 
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things existing iu a former 1>eriod, we are at once :,;truck by the fact that the Virgin Islands are 
the outcropping of an exten:-;ive bank. The greatest depth hetwee11 thei,;e ii>lawfa is less t11an 40 
fathoms, this same dept11 being found on the !Jank to the east of Porto Hieo, the 100.fatlwm li11P 

forrni11g, in fact, the outline of a large iHla)l(l, which woultl i11clwle the wl1olc of tht• \'irgiu fola111l><, 
the whole of Porto Rico, arnl exteml some wa,r iuto tlrn :Moua Pm;H:tg'!'. Tl1c 100-fatliom Hue ."iirni
larly forms a large plateau, uniting Auguilla, St. }fartiu, a11d St. Bartl10lo111e\L It abo 1111i!t's 
Barbuda aud Antigua, forms tlie Saha Bank, unite,; Sl. En,;tafr1::;, t)t. Christo1ilH·r, ~cd;;, awl 
Redonda. It formH au elougatcd plateau, extending- from Hcqnia to thl' Hontllwe,;t of Crenada, 
and runs more or less parallel to tlie South Alllericau coa1->t from tl11• ::\[argarita l;;lamls, lt>a\·i11g <t 
comparatively narrow channel betwel'u it autl the 100-fathom line i-;onth of Gn~n:Hla, ,;o aH to iuduse 
Trinidad anll Tobago within its limits, and runs off to tlic soutllC'a,;t iu a direction a!Ho about par
allel to the shore line. At tlie wcstem eml of tlie Caribbean Sea the 100-fathom 1i11e forms a 
gigantic bank otf the 1\Iosquito coast, cxteudiug oyer one-third the distance from the maiularnl to 
the island of Jamaica. The Rosalind and Pedro Banks, formed by the Haine line, and a few oth0r 
smaller banks, denote the position of more or less important islamh; which must !ta Ye once existed 
between the Mosquito coast and ,Jamaica. 

On examining the 500-fathom line we thus iiull thM Jamaica is only the northern l'lpit. of a 
gigantic promontor;r, which once extended toward Hayti from tlic mai11larnl, reaching from Costa 
Hica to the nort,bern part of the l\foRqnito coa:st, and lea-riJJg but a cornparntin~l.>· 11arrow passagP 
between it aml tlie 500-fathom line encircliug Hayti, Porto Rico, aud the Yirgin lshlnd1', in one 
i,:·igantic island. The pas:sag-e between Cuba aml .Jamai«a has a ([(>pth of 3,000 fatlwms, aml tliat 
between Hayti and CulJa i:s uot less than 87::; fatliorns, the latter bei11g' prol>a1J1y au arm of the 
.Atlantic. The 500-fathom line co11nects, as a g-igantic islaml, tltP bauk8 u11iting Anguilla to Ht. 
Bartholomew, Saba Bank, tlie one co1111ecting St. Eustatius to Nc,·is, lfarlm<la to Antigua, aml 
from thence extends soutli so as to iudude Guadeloupe, J\1arie-Galantt>, awl J)omiuica. 'l'!Jis :;oo
fatbom line thus forms one giga.ntic island of tlie northern islands, extending from S;tlm Bank to 
Santa Cruz, aml leaving lJnt a narrow charmcl between it aml the eastern end of the 500-fat hom 
line nmniug around Sauta Cruz. As Santa Umz is separated from St. Tlloma8 by a channel of forty 
miles, with a maximum depth of oYer ~,400 fathom:s, this plainly shows itt"> eonneetiou with the 
northern islands of the Caril.Jl.Jeau group rather titan with St. Thoma!', as is afao well "hown h,v the 
geographical relations of its l\follusca. 'I'he ;)00-fatlwm line again uuites in oue gigantic spit, 
extending nortlterly from tlrn month of the Orinoco, all the islandi;; to the 8outh of 1\Iartini•iuc, 
leaving Barbadoes to the cast, and a narrow passage between ::\lartinique and the islands of 
Dominica and St. Lucia. At the time of this l'ouuectiou, therefore, the Caribb<'an Sei1 co11neete1l 
with the Atlantic only by a narrow passage of a few miles in "·idth between St. Lucia aud .Mar
tinique, and one somewhat wider and sliglttI.r deeper between l\Iartiui(fllC allll Dominica, auot.lwr 
hetweeu Sombrero aud the Virgin lslauds, antl a coruparati,-el.r narrow passsage between .Jawaiea 
and Hayti. The Caribbean Sea, therefore, must have h1xm a gulf of the Pacific, or lt:n-e f'ounected 
with it through wide passages, of wliich we tin<l the traces in the Tertiary amI Cretaceoui-; deposits 
of tlie Isthmus of Darien, of Panama, and of Nicaragua. <'entral America and nortlH'ru Sonth 
America ftt that time must .have been a scrit'S of large islands with iiassages between tltem from 
the Pacific into the Caribbean. It is furtlier interesting to speculate what mnist haYe become of 
tlle great equatorial current, or rather of the current produced h,r the northeast tmdcs. The water 
hanking up against the two large i:slamls then forrniug the CarilJbean Islauds must, of course, han· 
been deflected north, haYe swept round tlic noLthern shores of the Yirgi11 Island, Porto Hko, a111l 
H1yti, and poured into the western basin of the Caribbean Sea through tlle passagt' hetwe1m Hayti 
and Cuba. This water being forced into a sort of funnel by the ;iOO-fatholll liue formiug the south em 
line of the Great Bahama Island, which connected nearly the whole of the Bahamas with Cuba, 
and formed a barrier to the western tlow of the equatorial enrrent, this must, tliereforn, for tl1e 
greater part, ha,·e been detlectc<l north, awl. either 8\nipt in a nm·tlwasterl,r directiou, as tlie 
Gulf Stream now does, or round the north eutl of the Haha1mt8, acro>iH Florida, wliid1 did not 
then exist, across the Gulf of Mexico, and iuto the Pacific oYer the I:sthmu:s of 'l'ehuantepec. To 
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Cu1111ua11der H<trtlett's interest iu this sul~jeet I am indebted for the first information respecting 
the line" nm between the isbuds: 

[Extract. from Idler of Commarnlt•r J. U. Bartlett, U. ~. N.J 

''I counected the islands lJy rn11uiug trn\erses across the ridges. From St. Yincent to St. 
J,ucia. the ridge was only from 150 to 170 fathoms IJelow the surface, with a channel of 400 fathoms 
near St. Vincent. The channel hctweeu St. Lucht and Martinique had 500 fathoms in mill-channel, 
slopiug upwanl fo each islaml. The diannd between 1\lartinique aud Dominica was a. tough one, 
and I thought I ishoultl nernr find a ridge. 'l'he sonndiugs increased regularly on a rillge to 300 
fathoms in mid-clrnnnel, where l got a ::;onuding of 883 fathoms, and then 1,000 fathoms; beyond 
this the ridge was some ten miles tu the westward, witli an average depth of 400 fathoms, but I 
foullll two peaks with only 40 fathoms. The deep water from the (.);iribbean Sea makes in between 
(}n:ulelonpe mul :Montserrat, but 1 found a ridge of about 300 fa.thmm; connecting Antigua with 
Gna<leloupe. In this channel I also fouml a pea,k with only 40 fathoms. I finished up the line 
connecting Saba Bank with St. Croix. l found the connection perfect, but the ridge has 700 
fathoms of water 011 it near St. Croix. There is 1,000 fathoms three miles north, and 1,800 fathoms 
tiYe miles ;;outh of the ridge. I mu a line from Uog Island to vVhite House Shoal, and back to 
Sornhreru. lfrre l found a clrnmid about ten miles wide, with 1,100 fathoms. The temperature 
wa;; 38° at 1,100; ont8i<le :n10 at l,liOO, and 3G:2° at :J,500. I sball rnn a number of lint>s from St. 
Thomas to Sombrero to be f\Ure that thh; channel connects with the deep water off St. Thomas. I 
rau a liuc of ::;ouwliugs from the south t>ml of Dominica to A Yis Island. The soundings were 
mgnlar at 1,000 fatlto111,; to within ten miles of A,·is Island.'' 

The soumling::i 11uHle hy Commander Bartlett, after I left the Bhtke, to determine the ritlges 
uuiting the ntrious isht1Hh between Sombrero and Trinidad, show plainly that the cokl water of 
tlw Carilil1eall ean only come iu tllrough the pa;;sage between Soml>rero aud the Vil-gin lslamls, 
which i;; aboHt 1,100 fatl10111::1, with a bottom temperature of 38°, while the liOO-fathom line, as I 
11m·e 8:thl, fom1s a gigantic bland of all the i;;lands to the ;;onth of Sombrero, including Dominica, 
with a uanow passage of 1,000 fatl10111s betweeu it aml llfartinique; the 500-fathom line again 
u11iti11g i11to onP large spit, as a imrt of South America, all tlie h;lamh; to the soutll of it. Thus the 
hulk of the water forced into the Carihbean 81.':t has a compar:tti\'ely high temperature-an aver
agt', probably, of the temperature of the 300-fatlwm line. 'l1he cold water of the Atlantic i;;, 
liowen•r, again fornr1l into the westeru lmsis of the Caribbean through _the \Viud ward Passage, and 
all tlti:i through the Yucatan Uhauuel, hetweeu Cape San Autouio and the Yucatan Bank. It is, 
t\1erefl1re, i11credil1le that with this huge mass of water pouring into the Gulf of Mexico, there 
shouhl he anything like a cold current forcing its wa;r uphill into the Straits of Florida, as ltas 
h1·(•11 a,ssertud ou theoretial grounds. Tlm dmnuel at Gun Key can ouly discharge the surplus by 
ha\·ing a great nlocity . 

.Mr. Uarmau, who as usual acrompanied me, remained in the \,Yest Indies, after we left the 
lllake at Barbadoes, for the purpose of making collections of reptiles and fishes, with a view of 
tlirowiug a<lditioual light on the former couuections of the islands, as I ban\ here attempted to 
trace it. One of the most interrsting of the i·e11tiles we collected is a gigantic land tortoise found 
at POl'to l{ico, diiforing oul~· in size from the land turtle still fouml on Trini1fad aud adjoining parts 
of South America. It is closely allied to the gigantic turtles of the Galapagos, and to the fossil 
land turtks, of which fragments have been described by the late Professor vV.rman. These were 
t:olll~Cted by Mr. A .• Julieu at Som IJrero, iu t.hc pho::111hate IJetls of the island. 

OA:1-nmIDGE, May 10, 187!l. 
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DESCRIPTION OF THE ]J.\\'IDSON MEIUDJA~ IX8TRDfENT, BY GEomrn DAnn:-ox. A,.;,.;JST.\XT 
l':l'IITEll STATES COAST AND (;EOUETIC 8riffEY.' 

In the geographical reconnaissances hy tl!e Coast and Geodetic Stir\·ry on the I1acific Coast 
for the determination of tlte latitudes of numrrous points rtnd their differences of longitude from 
well-established stations, accuracy of results and rapidity of manipulation were cspeci;1ll,v d(•
mandcd. 

The instruments first use1l in s1wh work were the :.!(;-inch 'Yiirdc111a1111 JlOrtable transit aud th1• 
45-inch zenith telescope, witl1 a singh· ohsern~r, and only one night for ohserrntio11 at each statiou, 
frequently landing through the snrf at enming and returning to the Yessel before morning. For 
the support of the in;,truments a woode11 block was :mnk 21 feet in the gronnrl, all(l stood'..!~ fPi:t 
abon> the 1mrfacc, and a small portable wooden obsernttory wai;; used for protPdio11. ThesP rp

quired about twenty minutes' lal>or to he in readiness for tlH' instrurnen ts. 'l'hp transit was plac<'d 
in the meridian, and ohserYations for inRtrnmental and clock emrection;;; ntrt<le therewitli. The 
transit was then replaced by the zenith telei;cope for latitude ohservatious, whielt p;enerally l'Ht· 

braced twelrn pairs of stars. 
In 1853 this special dnty led me to make the proposition to seem'<' a fine lenl to one of t!JP 

finders of tl1e transit, and to ad<l a micrometer with Yertical mon·nH~nt of tht> horizontal thn·ad, 
so that after the completio11 of the transit ob.~errations the same instrument wonld lw at ow·e 
aYailable for the latitude obsn>ations by the zenith telescope rnetl101l. This ill\"Oln•d the liftiug 
of the telescope from its bearings after the ohsen-atiou upon the first star, and rPrersing tlw trau;;;it. 
axis and directing the telescope to the same zenith distance on the oppo;,itc sid!' of tlw ;wnith for 
the second star. 

In January, 1858, drawings of such an instrument, with prismatic teleseopc, &c., wPn· 1rn11k 
for the Superintendent of the Coast Survey, and are on file in the arc11h·cs. 

In my geographical reconnaissance along the coast of Alaska in 18Gi, the peculiarities of tht' 
climate especially demonstrate{! that rapidity of adjtistment. and of ohsenatiou \Yerc p;.;;scntial to 
success, and a study of the problem le<l me to th<> present improYed form of instrument, wh!'n1h:.· 
the zenith telescope as an independent instrument is abandoned, because tlw ue.w nwrillian inRtr11-
ment. combines all the essentials of the transit and zenith instrnmPnts, and afforlls 11w:111s for 1 liP 
accurate determination of the instrumental and clock corrections, for the tletC'rmiuation of' tlw 
latitude by meridional zenitJ1 distances, aud for the determination of the astronnmieal aziurntli of 
a given mark by observations upon a close circumpolar star at a,uy hour angle. 

The main idea in this new form is that the cast-iron horizontal frame of the transit stand i~ 
divided into two parts horizontally, and that tlic upper part, for carrying the supports of till' 
transit axis, moves on the lower part hy means of a short hut large central vertical axis; t11nt 1111' 

lower frame carries the foot screws; that the two frames can be very firmly cl:unpe1l togpthl'r 
directly over each other, or when making a moderat~ly s111aH angle with eacl1 otlwr (I.i0 or :!0°); 
and that the ends of tl1e frames a.rt• parts of the same eircle, with gradnatious 011 Jl11• l1mff awl a 
vernier on the upper frame. 

The short vertical axis would, per se, afford doubtful stability, hut the bem·i11gR of tlt(• circular 
ends of the two frames are ground to each other where they come into contact, and, therefore, in 
latitude observations, the upper frame bears upon the lower as when they are clamped for trat1sit 
work. 

•See Aptiendix No. 81 United States Coa.st Snn-ey Report of ll"ljJ7;for fir><I printetl de~criptiou. 
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The size of each frame is 11~ inches broad, with an extreme lcngUt of 21t inches,:the emh; 
being arcs of a circle of tha.t dimurter. 

~'he firRt advantage of a donhlc fmmr is tlw greater rapidity with which the instrnment can 
he adjusted in the plane of t.hc meridian, or int.he plane of the Yertical of a close circumpolar star; 
for, wlieu once leYcllcd, 110 dmngc of position of the lower frame is rr.qnired, and repeated leYellings 
after each approximation an• aYohled. 'rhc telescope carried hy the upper frame is mo>ed smoothly 
and uniformly in searching for the star. This monm1cnt of the upper frame is effected hy mea.nR 
of a horizontal tangential screw at.tached to the lo"Wer frame, and which can be thrown into gear 
with a depressell scr(~W cnt in a brass plate upou the external cireular end of the upper frame. 
"'hen the star is found it is followed with the tangent screw until within reach of the finer azimuth 
screw·. The two frames are> tl1en strongly clam1wd together h:y fonr large capstan-headed steel 
:;crews, which pass throngh slots near the four angles of the upper frame; and screw into tlle lower 
frame. Then the fmal tHljnstment for the meridian is made with the azimuth sere"'.', after a prt•
cautionary re-examination of the lwrizontality of the transit axis le,·el. Another auu ver_y decided 
adrnntagt' in the mm of the double frame is in placing the instrument in or ver,y close to the plane 
of tlw meridian by obscrYationii ou rolaris, cnm in daylight and when away from the meridian. 
Knowing approximatcl;r or closely, as tlw casl' 11my he, the hour angle of the star, and computing 
its zenith distance and azimuth," the telescope is pointell to the require1l altitude, and moved by 
1he. tangent screw in {tzimut.h until tlle star is <letecte<l. '.l'be azimuth of the star at that hour 
nngle is then laid off by the arc graduation on either end of tbe frame, and the frameR clamped. 
The telescope is then in the plane of the meridiau, arnl transit ohsern1tions ma.r be commenced. 

After the transit ohserTations are furnishPtl, the stops are adjusted upon tl1e lower frame, hy 
"'liich the position of the meridian is readil,y found; the four clamping screws arc relieved, and 
thc nppcr frame is frpe to u10Ye on the lower, antl ohscryations for latitude are at once commenced 
an<l are made in lH'ecisely the 8amc manner as with the zenith telescope. If transit observations 
nre again needrnl, the upper frame is simply clampctl at the stops. 

'\Yi th teleseo1ws of eqnal power tliis uew form has advantages ornr the best form of the zenith 
t(•lcf::cope in the stability of the support.s and the longer transit axis of tbe telescope. 

For astronomical azimut11s at the main stations of the triang,nlation, tbe instrument affords 
sonie Lkcided adYantag-l'S in lieing clamprnl near the vertical of a close circumpolar star at any 
l1onr angle, and tlrns allowing measurementR to be made between the Rtar and the, azimuth mark 
or collimator with tl1e ocular micrometer. · 

The latest arrangement of the instrument haR thr<'c finder circlcs. The larger one, reading to 
10", is furnishe1l with a delicate chambcn\<l le.\'Cl for the latitude observations, and is placed on 
the teleHcope tnbe hetwcen the tra.nHit axis and the ol~jectiYe; the two small finders arc of four 
inches in <lianwter, f'nmii-;l1ell with small anll Jlroportionately delicate levels, and read to one minnte 
of are. 

'l'he telescope also earrif's a fi1w ocular micrometer, capable of rca<ly adjustment in the vertical 
and liori:r.ontal pl:uwR. ~Wl1e11 tl1e micrometer iR horizontal and cfamped, transit threads ,·ertical, 
n minute steel stop·Rcrew abnti-; against a small sttwl stop to recover the position after the clamping 
has been free<l and the micrometer used in the vertical. \Vhe11 the micrometer is in the horizontal 
position, there arc uine vertical transit threads at equatorial intcrvalF; of 10 seconds for the transit 
ohsenations, and also the micrometer thrcat1, wl1ich is parallel with the middle transit thread. 
Thr a<ljnstment of the system is made in the mmal manner. 

'\Vhen tlie micrometer is turned 90° for latitude ofiservations, the horizontality of the microm
eter thread is a11jnsted 11y means of a collimator, hy a slow moving star, or by a sharply defined 
terreRtrial ol~ject.. 'When clampn<l in this position a seMntl minute steel stop-screw is fixed so as 
to re1•1ffer the position after tlle clamping lias been freed. 

The 1liagonal eye-Jliece hm; a parallactic 1mn·ement permitting a range of about fifty minutes 
of arc, although a range of twenty minutes is vers rarely use<l in latitude observations. 
-----·~ --- -·---~----~-----~--~---------- -------------·--------------

'* 11lRtca1l of compu1,ing t.l1ese '"'~lll(•s, take tlwm 1lirectly from tahle of" Azimuth and apparent altitude of Polaris 
I'm- field n><e in plaeing tbe nH•rillian instnunent in Hie }'lane nf th\' merhlian, computetl with polar distance 10 22' and 
mean refraction, h~' Georgt1 Davidson, Assistant Unit.ed Stat.es Con.st Snn·ey." Appendix XXII of the United States 
Coast Survey Report for 18i0. 
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In order to measure the incli11ation of the tranF:it axis in transit observations when tl1e trle· 
scope is })Ointing t-0 or near the zenith, where the ordina.ry F1tri(ling level is nmwailahle, a hanging 
level was devised for that purpose; hut in practice the striding le"rnl is preferred, and the form of 
the transit axis pivots is accurately determined hy lcvPlliug with the telescope remoYed from the 
transit axis. 

To prevent unequal expansion of the transit axis ph·ots by tlie heat from the mumination Jamp 
both pfrots are made hollow, and a lamp used at each ext.remit~·, while a YN'.Y small reflect-Or is 
inserted at the intersect.ion of the lines of tlie trausit and optical axis. 

To prevent irregular cutting of the pivots from grains of 8and, &c., the V's an' facf'd with 
plates of agaro having a curn)d surface of large radius. 

One of the Vs for the transit axis pivots has a horizontal moYement hy means of a large but 
fine micrometer screw; hut in order that no unknown mo»ement sha.ll take place in this V during 
observations, a horizontal slot has been cut iit the body of the V parallel with the transit axis, and 
a clamping screw passerl through tlle outer brass guide-plate, tluongl1 this slot, and into tl1e inner 
brass guide-plate. When the Vis in tht• desirell position this clamping screw is tightened, and the 
V becomeR as Recure as the pillar itself. 

The second V for the transit axis pivots has a nwtical movement by means of a large finP 
screw and two heavy steel guide-pins, &c. Having satisfied m:vself that this was equally objec
tionable with the olcler forms of the azimuth V, e\·en when Ride guide-pieces were also added, a 
Yertical slot has been cut in the body of the V parallel with flif' transit axis, aml a clamping screw 
passed through the outer brass guide-plate wl1ich I had Mlded, through the slot and into the inner 
brass guide-plate, which I had also added. Vvhen t11e V iH in the desired position this clamping 
screw is tightened, and the V becomes as secure as the pillar itself. 

In the work of geographic,11 reconnaiRsanee, and also in tl1e geodetic work in tlie great mount. 
ain chains of the United States, the question of size, weight, and portabilit,r of the instruments in 
nse is a ver,r important one, and therefore I ha,·e uot introduced reversing apparatus to the instru
ment. But to prmrent the wearil1g of the pivots of the transit axis by pressure upon tlie V's and 
by the weight of the lm·el, graduated springs can readily be secured to the uprig·hts or pillars car
rying the V's, and press upward on the under side of the transit axis near the pivots, or on the 
under side of that part of the pivot which pr~jects he.vond the V's. To th~ inverted V's of the 
heavy striding level of United States Coast Survey transit No. 3 I have adapted an analogous 
arrangement whereby most of the weight of the level is borne on the upper surfaces of the V botliPs. 

In order to make the instrument practically available for the douhle duty of transit and lat.i
tnde obsen·ations, the telescope must be able to show stars of the seYenth magnitude with fair 
illumination, and to bear a power of at least 100. It had been found that the portable transit" 
of 26 inches focal length would fairly show stars of the sixth ma.gnitude and stand a power of 6.J. 
The Troughton and Simms zenith telescopes of 45 inches focal length aml 2i inches aperture some
times failed to show stars of the seventh magnitude, and certainly were unavailable for smaller 
stars. 

When the first instrument of the new form was projected it was decided to try a telesco}Je of 
30 to 32 inches focal length, and to properly proportion the cast-iron stand thereto. The telescope 
of the new instrument, ha.'1 a. focal length of 31! inches, witl1 an ol~ject glass of 2~ inches tliameh~r, 
and gives good definition with a power of 100; the length between bearing points of pivots llei11g· 
17~ inches, and the height of the transit axis 17t inches above the horizontal frame. 

In experimenting with the instrument for stability when three foot-screws were used I fonnrl 
that horizontal strains upon the Yertical support over the single foot-screw had fa,r greater <'1fect in 
the derangement of its adjustments than with similar strains upon the support over the two foot
screws. The third foot-screw was abandoned, and two foot-screws added at that end and placed 
similarly to the two at the other end. Of course this involved the Jlracticability of leveling the 
instrument so that equal bearing should be borne by each of the four foot-screws. This was soo11 
found t.o be practicable and very satisfactory. The tests consisted in placing the instrument in 
adjustment, with the striding level on transit axis, latitude level set, and teleseo}le.collimat.ell; t~1eu 
eqno.I strains were made upon the supports by spring llalance. The test can reathly he made with· 
out the spring balance. But another decided advantage is obtained with the four foot-screws in 

S. Ex. 17--14 
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this instrument in the level adjustments for the latitude observations. In transit observations the 
l1orizo11tality of the transit axis may be established in less time by three foot-screws than by four; 
hut for the latitude ohserrntions it is also required tlw,t the vertical axis shall he in the vertical, 
a11d tl1e adjustments are much more readily done with the four foot-screws. 

The illnstratim1 (~ o. 35) exl1ibits the instrument with the micrometer in position for transit 
observations, and with the two frames clamped together by Hie four capstan-heatled screws, two 
of foem being shown. The tangent screw, for moyiug the upper frame, is alflo shown in gear. The 
pin below is for tlu·o\\-ing it out of gear, and tlte milled head key is remO\'ed after the instrument 
is 8Ct. There are shown also thf> 8mall st.nb set screws of the eye tulle for adjustment of ltorizon
talit,v of micrometer threa1l. 

The following memoranda from the record books of my party will indicate some of the prac
tical working point.s of the instrument. The experiments were urn.de Rimply for practice dnring 
tla,\'ligl1t: 

SAN F1uNcrsco, UAL., .Januai·y 27, 1srn. 

\YASIIINGTON SQUARE OBSERVATORY. 

(Ohserver, C. D.) 

e nitm1 HtateR Coa8t Sun·cy meri!lian instrument No. 1 set up Oil 8parc pier. 
Transit. axiR levellcrl, aml Im-el a(,jnste<l very nearly. 
Tbcn, with telcRco11e pointil1g North

Trausit axis level rea1ls: 
E. end \Y. ernl 

30. 30. 
HP\'el'se<l upper frame, tt•leseope pointing South-

Latitrnln le\·el reads: 
N. end S. end 

39. :m. 

East ernl n•ryhigh; adjn8ted hyestima- Sontlt end veryhigh, and bubble agairn;t 
tion, l1alf h;> foot-S(',l'{''rn, lmlf h,\· V chamber; adjusted hy estimation, 
scrPw. rougl1ly, half h~· foot.-serews and half 

'l'l1Pn the levels read: 
E. 
30 

W. 
30 

by level circle. 

N. 
3G 

lfo,·ersed upper frame, telescope pointing North-

s. 
40 

E. W. North end of bubble against chamber; 
34 2uJ adjusted hy estimation, a8 before. 

Adjusted as before, tllen the levels read: 
30 30~ 40 38 

Rernr8ed upper frame, telescope pointing South-
B. W. 
2<>~ 34z 

A<ljnste<l as hefore, then levels read: 
:~Oz 301 

I~ewrsed upper frame, telescope pointing North-

N. 
33 

39 

H. 
45 

39 

E. vY. N. S. 
21z ss 42~ 36 

Reduced this as before, and considered instrument sufficiently near adjustment for work. 
Found circular Iernl of upper frame in adjustment. 
'rite above work occupied about ten minutes of time. 
At ;{h ()()"' p. m. light clouds flying over and cannot see Polaris. 
Turned upper plate about 50° and pointed telescope out of the observatory to see top of 1lag

pofo arnl test setting of fimlers and latitude circle. In error one and a half minutes of arc; redn(l('.d . 
• January 29 at 2 p. m. eaunot see Polaris. Set up vertical circle, U. S. Coast and Geodetic 

Survey No. 5i, on a box south of meridian instrument, for a collimator. 
2i. 30m p. m. found the instrument had an error of collimation for both transit and latitude 

observationR. 
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First . .Adjusted -verticality of middle transit thread;* reduced collimation thereof to a small 
fraction of second; tested wrticality; small steel set-screw up to the stop. 

Second. UevolYed the eye tube carr:ying the micrometer 90°; found second set-screw out of 
adjustment; adjusted horizontalit.y of micro111eter thread; set-screw adjusted to stop; adjusted col
limation; then re-examined horizontality of micrometer thread; made slight corrections by set
screw; re-examined collimation. 

Third. 'l'urned back the micrometer ~10°; re-examined ,-erticality of midule transit thread and 
corrected it for a slight error by the two opposing screws. Het screw up to the stop. Re-examined 
collimation and found it correct. 

Fourth. Re-examined horizontality of micrometer thread; correct. l{e-examined collimation; 
correct, Then, at 4 p. m., found l)olaris; star very uusteady, diffused, and broken up, but instru
ment placed near the meridian thereby. 

January 31, at 2h 50m p. m., turned instrument off meridian and found Polaris; transit axis 
Yer,y nearly level; then from the altitude and azimuth table of Polaris,+ with the approximate 
time, determined the azimuth of the star; mo\·ed the upper frame through the required angle and 
clamped the frames; telescope is now in the meridian, or sufficiently near so for obserYations, \rhieh 
may he commenced at sunset for the smaller stars, or earlier for the larger ones. In this case a 
discussion of part of the transit observations sh0wed that the instrument poi11tetl l."1!) west of 
north. The stops were adjusted to the lower frame in order to be ready for the latitude obserYa
tions. A single st,ud stands out one-eighth of an inch from one end of the upper frame, and care 
must be taken in a<1justing the stop on eacll eud of the lower frame, so that wl1e11 the tdescope is 
pointing eit.lier south or north the stud is a.gainst that side of the stop, by which either star may 
be followed iu azimuth off the meridian if necessary by moYing the upper frame. 

For latitude ol>smTations after the transit work is finished, the four heaYy stTC\YS chimpi11g the 
two frames are re!lloved. The clamp securing the micrometer tulle, when tlle set-screw is up to its 
stop, is loosened, the micrometer turned 900 until the stop comes to the second sct-scl'ew, and tlw 
clamp tightened; the graduated head of the micrometer is down war<l, and the instrument is I'l'lH lr 
for work. I fiud that it is pi'eferable to set the mean of the zenith distances of the gh-eu pair of 
stars by one of the small finder circles, clamp the telescope to the re•1 nircd altitude, and then mo\·e 
the latitude circle until the lcn1l thereof is ceutral. This amids handling the more delicate cil'eh· 
and its attachmeuts, and keeps the level free from the near approach of the reading lamp or 
candle. 

To indicate how rapidly the change may be made from the transit obserrntious to the lntitmle 
observations I give an example from the experiment record . 

.A complete list of transit stars was selected to determine all the instrumental errors and the 
clock correction. The list emled with the close circumpolar Radcliffe 1311, of the G~ magnitude 
I was my own recorder, and had no assistance whatever. 1 had made out a la.titude list of tweh-e 
pairs, of which the first pair was Rad. 1311 north aml B. A. 0. 1544 (5 mag.) south. Thi8 pair 
had a meridional difference of zenith distauee of about fourteen minutes, and it was desired to rea<l 
each star equally distant from the center of the micrometer rack. Uad. 1311 was observed for 
time upon the first five transit threads, thus including the meridional thread. The micrometer was 
unclarnped, turned 900 to the stop, clamped. Tile latitude circle had been placed nearly iu a<lj11Kt
ment, but the telescope was moved slightly in altitude to observe the star near a given part of tlw 
micrometer; the latitude level was set and clamped to suit this change. Then three micrometer 
measures were ma.de upon the star,t and the chronometer times and the micrometer rf'.adi11gs rc·
corded in sixty-one seconds, and finally the level was read. The third observation was nm•ll' at ~ 11 ' 
20• after the transit of the middle thread, lea\-ing 2m 42" t-0 the next star of the pair. The four 
frame clamping-screws were now removed, the instrument turnetl to the south, aud three micrometer 
measures and the readings aml times noted and level read. Similar oh;ervations were made upo11 

*To the larger transit aml to the zenith telescope I have a1lapted a t1U1geut screw near tile eye end of the t,1".k
scope, at i·ight angles to the optical axis, by which a minute rotary motion can be i;:iven to the eye tube, so as lo briH;.: 

the threads vertical or horizontal, as required. In the present, ca;ie I used the small steel set-screw for the Harne pnr
pose. 

!Already referred to. l Usually only one micrometer pointing is ma·df'. 
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three nights, and lest it might be supposetl that there were changes of level in making the consecu
tfre readings on the same star, five measures were made on one night upon the North star, and the 
level read at the third and fifth observations as follows: 

Level: N. end. 
At third observation, 41.::J 
At fifth observation, 41.4 

S. end. 
34.7 
34.6 

Indicating the stallility of the instrument and the absence of flexure in the telescope or in the 
vertical clamp. 

After the twelve pairs of latitude stars were observed, the two frames were clamped when the 
stud was at the stop; the micrometer turned 00° to the set-screw and clamped thereat, ready for 
the transit work of the next night. 

Objection has beeu made to the m;e of this method of determining the latitude on geograph
ical reconnaissance, on account of the length of time requiretl for the different operations. The 
actual time and latitude lists obse1Ted are appended, to indicate what may be done in a reasonably 
short time. It will be noticed that the last eight stat'S for time and azimuth and collimation occupy 
but one hour, and the first nine pairs for latitude but one hour and twenty-three minutes, in all two 
hours and twenty-three minutes. 

Previous discussions of actual field work show that the probable error of the clock correction 
does not exceed :I:: O•.O:> when eight stars haYe been employed, arnl that with twelve pairs of lati
tude stars the probable error of the latitude therefrom does not exceed ±0."!W. 

l<'ORM OF WORKING TRANSIT LIST. 
~. 

I Author.) 

I 1 '! i 
Star. i Mag. Chronometer.; Zen. Dist. 

I 
Remarks. 

•, 
I 1. 

i---1-
1 I 

I :· I 

c 

-----~-

I 

, I Feb. 1st, l~i9 I 
I h. nt. .. I 0 

a. Persei ·--------- 2 3 15 22 N 11 381 Two sets levuls lmforn star. 

I 

Groom642 ·---··-·[ " J .. f'' 
6 26 34 N 48 27 1 { Lose I, VII, VIII, IX threads. 

I 37 .. .., Two setM levels on star . 
I 

Groom 716 ........ i 5! 31 22 N 25 02 Lose I, II, VIII, IX. 

" 00 o Persei. ..... ____ 

1 

3 34 OU N 9 36 
34 .. 
36 23 

8 Eridani ......... -1 3! 37 o;; s 47 56 
I ., 

"' 
~ Tauri---·-··-··-1 

89 II 3 40 00 s 14 05 

' 
40 .. A. 

: 4li "' 5 Persei.. ______ ._.I 3 46 13 s 6 17 Ono sot levels between:Stars. ., ., i 
"' 31 

750 Groom ......... 6 59 14 JN 47 26 Two sets levels on star. 

A. 

c 
I 

I REVERSE. 

1-
c 

c 

B 

B 

IN 
. 

750 Groom------·· 6 4 01 17 47 26 Two sets levels. 
"' .. 
"" .. 

Is o' Erida.nL - ..• - •. 4~ 09 22 45 37 
10 .. 
•• .. Level direct • 

iP Tauri. •......... 4 15 40 IS 20 33 
16 .. 

I Level reversed. 
20 .. fN I Ca.me!.-·-··· .... 6 22 10 15 51 
23 23 

27 .. Level direct . 
.A ot Tauri .•••.••.... l 28 40 s 21 32 .. ,.. .. ... Level reversed. 
B TTawi ........... 41 34 40 s 15 05 .. " .. .. 
B 4Ca.mel ..••••..... ~ :11 40 N 18 44 .. .. 

I GA 
I t I 

.. .. 
IN Rad. 1311. ·- ... ···i 66 49 21 48 00 Two sets levels. 

I ! 
*The smaller ftgnrea mdicate the times oft.raus1t of the first and nmth threads. 
t [i"" .A.ft-er fifth thread turn micrometer for latitude observ&tion. 
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FORM OF WOHKING LATITUDE LIST. 

Star. I ~I~ I 
I~ 

B . .A..C. 
ZD 

-Ra-d.-13_11_1· 6t 1-; _h_4_;'_9_" -~5-
1!\.14 5 s 54 07 

48 01 

48 14 

158516 N 
1611 5 s 
16361 6 s 

16451 6 N 
1705 N 
}72(i I 5i s 
1778 I 6 s 
18()4 I 5ll N 

1821 i 
1849 ! 

18671 
1876 

1887 . 

1953 i 
rn10 I 
20091 
2020 

I 
20871 
2005 l 
2144 i 
21981 

22491 

2265 i 
I 

7§ 

5 

s 
N 

s 
s 
N 

8 
r; IN 

I s 
6 ! N 

6! I s 
5! I N 

: I ! 
6! 1 N 

7 I s 

5 03 17 
06 58 

5 12 02 
! 

13 15 

35 20 

35 05 

3 58 

3 53 

52212 1920 

25 08 ' 19 18 

5 32 14 

36 33 
! 

5 39 48 

44 07 
! 

5 46 27 

47 13 

11 58 

11 58 

22 02 

22 04 

17 33 

49 40 i 17 31 

45 I ..,.~ 15 

47!2214 

5 59 

6 04 

i 6 Js 
11 

21!2137 

rn I' 

01 

38 i 
6 2~ 15 I 

3s 19 I 

6 21 

25 

6 46 531 
49 HI 

21 37 

42 05 

41 54 

30 08 

29 M 

19 55 
19 54 

I 
~ Ill Setting. I .. ·:.: 
~ I ! 

i--.-0--,-1--1 

~· ::: :1 
18 ! 

22 

20 

20 

20 

20 

20 

20 

15 

24 

13 
27 

3 55 8 I 

19 19 N 

11 58 8 I 

22 03 s 

17 32 s 

21 37 s 

42 00 s 

30 01 s 

20 1055 N 
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APPENDIX No. 8. 

cmIPA!WiON OF LOCAL JIEFLECTIONS OF THE PLl:.MR-LINE IN LATITrDE, LONGITPDE, AKD AZI
.:IJCTJI, AT STATIO~S OF THE OULIQFE ARC ALONG Ol'H ATLANTIC COAST, AS DEYELOPED ON 
llESSEL'::i A)ID CLAIIKE'S SI'HEROIVS. UY C. A. SCHOTT, ASSISTANT COAST A~D GEODETIC SFR
YEY. 

Co:)IP1JTING DrvrnroN CoAs·r AND GEODETIC SFRVlJY, 

December 9, 1879. 

nEAr. Sm: Tl1e den•lopme11t of the primary triangulation to the sonthwa]'(l and westward of 
\\'asllingto11, D. C.

7 
between tlw years lSllS and 1878, and "-hicl1 gani au additional extent of nearly 

600 statute miles to the ohliqne arc along our Atlantic Coast, brougllt out the fact that the geodetic 
latitudes, used up to the present time in this region, arc no longer in close accord witll the astro
nomical nwasures nrntle tluring tlH' abon~ periotl on the southwesteru exteusiou of this arc. Iiefore 
~·onr 1lirections, attached to my report of May rn, 1879, conl<l be mtrried out, it was essenti:tl to 
snbmit the local deflections of the plumu-line * of the primary tria,ngnlation between Maine and 
Georgia to a 1ww discussion, aud, further, fo render this discus1iion usefnl for the elucidation or 
:-wttlernent of the important <1uestiou whether the Besselia11 or Clarke's spheroid uettcr suited the 
figure of tl1e t\arth's snrface aloug which our arc extends. This of course also iu vohw1 the discussion 
of Uw gemletic azimuths, as well as the georletic longitw.les, allll it is this last consideration which 
has (lelayed thfa report some months, since the important result of the telegra,phic lougitude of 
Atlanta, Ga., was absolutely needed for the completion of the necessary data. 

The local deflections were brought out by rn.1-sclf iu ~ornmlier, 1878, and the discussion was 
c<1mplete<l last J\Iarel1, requiriug now ouly tlle introduction of the uew result for telegraphic lougi
tmle of Atlanta, Ga., just reached by l\lr. l\I. Baker aud l\Ir. B. D. Preston. The position computa
tion ou Clarke':.,; spheroill was made 1.Jy ::\Ir •• J. G. Porter. 

DETER:cl-fINATION OF THE STANDARD GEODETIC LATITUDE. 

The geodclic latitudes of the primary triangulation have necessarily been changeu from time 
to tirne as the field and office work progressed. Every additional astronomical latitude and every 
refinement iu the adjustment of the triangulation produces a small correction to thn value pre
Yionsl,Y used. The last general change was made in 1863t when the standard latitude of Blue IIill, 
J\Iass., wmi iucrcased by 0".2407 and the value so increased (4:.lO 121 4211.140) was introduced into 
the geographical positions about 18tiu. Tliis value rests on 20 astronomical stations between 
Cooper, 1\le., and Sandford, Conn. Our present triangulation comprises 58 stations,t and extends 
to Georgia. The utilization of this accumulated material alone would have demanded a new dis
cussiou, even apart from other considerations. The immediate occasion, J1owever, which determined 
me a year ago to take up this suQ.ject was the following fact: \Vhen the northern geodetic latitude 
was carried southward through the Blue Ridge triangulation into North Carolina, and there corn
pare<l at the junction line with Assistant Boutelle's southern latitudes l>r0t1ght up from Georgia 
aml South Carolina, a discre1iaucy of 3" .95 appeared;§ the triangulations seemed to overlap, and 
thus 11lainly indicated that the triangulation had been <levelope(l upon a spheroi(i too small to 
eorrespond to tl1e earth's size. The conclusion supposes that our uuit of length is correct, but 
abont this there could he no doubt. To determine a standard geodetic latitude relative to an 

• Counuouly kuowu a>l statiou-errur, ti misleading name, since there is no error in the common a.ceeptatiou of the 
worcl. 

t R1iport of ::\e11tember li, 11li:i3, to 8nperlnte1Hlcnt A. D. Bache. In this report the values depending on Bessel's 
& Clarke'" spheroids are already compared, 1.lllt nu (lccided rnsult could he r<lached uu account Qf tbe ~mall extent of 
t'ie arc em1•loyecl. 

t Sixty iu January, 18ll0. §Report of November 15, 1878, 
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adopted spheroid (which shonld he a close approximation to the arnrage fignre and to the size of 
the earth), we use the mean result of all astronomical latitudes reduced geodetically to the middle 
latitude of the arc, or we satisfy the condition that the sum of the differences of the astronorni<'.al 
and geodetic latitudes shall he zero, as {'xprcssed hy !: (A - G) = O; that i;;, the latitudes will 
balance about the middle point. Practicallr tlle astronomical latitudi•s are irregularly diRtrihnted, 
and in order to obtain a corrPct result the further condition tl1at the astronomical latitude ;;;ta
tions should be equally di8tributed oYer the arc should be satisfied in some wa~-, otherwise the local 
deflections of the plumb-line would introduce unequal weights~ and thus di~place th(• position of 
tlle triangulation on the surface of the spheroid. For in::;tancc, near arnl uortlt of Philadelphia 
tllerc is awaYe of deflection hctwccn 6" and 7", and if sc1eral or more than the an•ragl' 1m111hcr 
of astronomical stations 1rerc located 1rithin its hrfiucncc an erroneous ;-alnc for the standard gco· 
detic latitude wonld Jtece11sarily he obtained, since the result, as found by '!:(A - C) = O, would 
accommodate itself to this abnormal feature. To secure equal weight to each part of the arc antl 
at the same time make use of all the astronomical stations, no matter wltetlwr they arc greatly 
crowded together in number in one place (as near "·ashingt-On) or sparsely inserted iu anoth<'r 
(as in North Carolina, and Yirginia), the follo\d11g method was emplo;rnll: The local deflections wer.
plotted as showu by dots in tlw accumpau~·ing diagram, and a smooth mu.-e was drawn hetwecu 
and following them as closely as possible. To do tliis a mere free-hand curn' would he too arbi
trary aml unsatisfactory, hnt by apvlying· the process of su.ccc~sin: means, and limiting· onrseln•s 
to the third order of meaus, the smooth curYe of local deflections in the meridiau \Yas obtained, aR 
shown on the diagram. Ordinates to the central axis, marked O, wl1ich represents the nndistnrhell 
or geometrical zenith referring to Bessel's spheroid, were then dra wu, or supposed drawn, say for 
every quarter or for m·ery fifth of a dcgTcP of latitude. Tims in the latter case ii ordinates i11tl'r
secting the smooth cmTe of deflections and representing magnitude of detlection, equally di;;trih
uted, were obtained for each degree of latitude, and the 5(i values so found were made to take t lit• 
place of the 58 differences* A - G depeuding· directly on the observed latitudes. This trt'>atmc11t 
supposes a continuity, in a general way at least, of the larger waYes of deflection as distinct from 
features quite local, tlle two however combining to i1roduce the more or less irreg·ular position of 
dots of deflection, as shown in the diagram. \Yhcn the principal part of the lot'al dl'lh•ctio11s is 
removed by the process explained, there remains the wayy outline of tllc larger or more. cxte11dnl 
disturbances which have their origin in cam;es operating· in the same sense over large traets of 
country. That the greater part of the deflections of the plumb-line ma~· result from nneqnnl <lis
tributiou of the density of the earth's crust below the surface, and the smaller part from its visihle 
irregularities, has been sufficiently demonstrated, and little would he gainCll for our purpose wen• 
we to attempt to correct for the supposed disturbing effect of the presence of the sea, or for 
surrounding hills. 

Appendix A, Table 1, contains in tabular form the astronomical latitudes, and needful informa
tion connected therewith. 

Appendix A, Table 2, contains the astronomical and correspomling geodetic latitudes, tl:e 
latter as they actually stand at present in our registers of positions. The last f'olnmu contains 
the differences A - G, and the deflections are shown h~· dots on the diagram. Taking the RIH'
ccssive meanst of the latitudes, also of the observed apparent deflections correspomling- to tht>m, 

*Sixty in January, 1880. 
tThese may be computed directly, or checked by 6 = ~ ( !:.1 + 3 6.z + :16_3 + t:,,), anrl moving; down th .. c·olnmn, 

step by step, alwa~·s keeping 4 consecutive numbers iu sight for operation. 
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the following table of the systematic deflections in the meridian has heen formed from ordinates 
read off the diagram : 

Table of Rystematic apparent deffedions in the meridian. 

I.Rt. I l Lat. I A<f> i Lat. I A<f> I Lat. I r 

I ·-~- ----1---'------~ ___ I __ _ 
I 0 f I 0 I 0 ' I 

4r, oo +o. 3 42 12 I -1. 9 39 24 +3. w 36 an 1 +6. 4 

44 4B -2.4 42 00 i -1.2 12 +3.9 1 24 +6.8 
3r, +1.3 41 48 -LO 39 00 +0.4 12 +7.2 

24 +1.1 36 -0.9 I 38 48 +2.2 36 oo +7.4 

12 +0.1 24 -1.l 36 +1.1 35 48 +7.6 

« 00 +LO ~ -1.4 24 +L6 H +~7 

43 48 +1.6 41 00 --1.6 12 +2.6 24 +7.3·: 

36 +2.0 40 48 -1.0 38 00 +4.1 12 +6.6 

24 
12 

43 00 
42 48 

36 

4~ 24 

+l. 7 36 

+1. 2 24 

+o. a 12 
-0. 4 40 00 

-1. i 311 48 

-3.1 39 36 

+LO 37 48 

·i 3. 5 36 

+5. 8 24 
+6. 2 12 

+3. 0 37 00 

+2. 7 36 48 

+4. 8 35 00 

+5.2 34 48 

+5. 3 36 
+5. 5 24 

+5. 7 12 

+6.0 34 00 

+5.7 
+4.7 

+3.5 
+2.8 
+32 
+4.4 

• Introclucing the 11ew latitmles, "Sugarloaf, "'Md., and "Atlanta," Ga., the above A<(> become +4".0and +5".2. The value 1;<1> changes to 
+2''.685 and the starn1ard latitnde l>ecomes 39° 351 36".722. The correction ol1tained by the ot'd.ina:ry pTo~ess or +l".57 is changed by the intro
duction of ''Sugarloaf" aml ''Atlanta'' to + 1". 72. The change in the adopted standard latitude w,mld only amount to+ 0".030 anti has not been 
introduce.!. [Note appended in Octooor, 1880.-Scn.] 

This table, as well as Table 2, Appendix A, shows the unequal balance of the geodetic latitude 
1: .0. <F 

as at present in use; the correction to it is by above u 'a, - 5-u- = + 2".G55. Had we followed the 

ordinary process, taking no cognizance of the distribution of tbe astronomical latitudes, the cor
rection would have been + l".57. The new standard geodetic latitude for the whole arc, and for 
the station I'rincipio, which is nearest to its middle point, becomes accorclingly 

390 35' 34".037 + 2".65:3 = 39° 35' 36".692 = <p0 

'l'he probable uncertainty of this -value is ± 0".30. Contrasting this value with the average 
probable error of a single aRtronomical latitude determination; :I:: 0".07, we see the overwhelming 
influence of local attraction combined with imperfect assumption as to the figure of the earth. The 
value 90 being introduced in the position computation (together with corrected values for "• and ).0 , 

given further ou ), will produce the best latitude which the data afford, and if another spheroid be 
substituted, the same standard values ¥'o, a 0 , 20 should be employed, in order that the two sets of 
deflections for the spheroids may he directly comparable. 

DETERMINATION OF THE STANDARD GEODETIC AZIMUTH. 

The treatment of the astronomical and geodetic azimuths is similar to that employed for the 
latitudes. In 1863 and 186(l the geodetic azimuths were increased by+ 211.2 and+ 2".4, the latter 
as determined from a comparison at 23 astronomical stations between Howard, Me., and West Hills, 
N. Y. The standard geodetic azimuth so corrected in 1866 is 

Blue Hill to Copeeut, 3550 14' 56".36. 
The present list of azimuths, given in Appendix B, Table 1, oontains 48 sfutions• between 

Howard, Me., and Lavender, Ga. This table gives the results of the astronomical azimuths; the 
probable errors gi-ven are intended to be the combined errors of observation and of transfer to 
triangulation; but certain parts of the column need further critical examination if used for other 
t11an the present purpose. 

Appendix B, Table 2, contains the astronomical and corresponding geodetic azimuths as given 
by our present registers of positions; also, their di:li"erences, or the deflection in the direction of 
the plane of the meridian. For the full exposition of the deflection of the vertical it is, however, 
more convenient to convert the azimuthal deflection into prime vertical deflection or int.o deflection 
in a plane at right angles t,o that for which the latitude deflections have ah"t'.ady been stated, and 

*:Forty-nine, .including the new azimuth at "Sugarloaf," Md. 
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further to convert the deflection8 in longitude into defiection8 iu the prime vertical, thu8 makiag the 
azimuthal and longitudinal differences directly comparable. They are clo8ely relat€d, and the di8-
tance and direction of tlle di8turbed from the urnlisturbed zenith at any one place can h•\ equally 
deduced either lly means of the latitude and azimuth or lly means of the latitude and lougitmlt> as 
observed at the place.0 

Let 6 a= deflectiou iu azirnutlt, 
6p =deflection of plumb·liue in the prime nrtical, 

cp = latitude of the place; 

then 6 p = - 6 a cot 'h by which formula the numbers in the last cohunn of TaLle '..l have bt.,>t.1u 
computed. The arrangement of the stations is according to longitude. 

The deflections 6 p arc ou a uniform scale, aud tlrn sitme as the deflections .ci 'f· Since all 
latitudes of the arc are <45°, the numerical Yalues of 6p are slightly greater tlmu tile correspoud
iug values of 6 a. Tlte deflections iu the prime vertical are shown b~· clots on tlte oocompan.ring 
diagram. Taking the successive means of the longitudes, also of the ap1mrent deflections in the 
prime vertical corresponding to them, the following table of the systematic deflections at right 
auglet1 to the meridian has beeu formed from the onlinates read off tile diagram: 

Table of systematic deflections at rig/it angles to the meridian, resulting from ol>scrvcd azimuthM. 

67 30 

45 

68 00 

15 

30 

45 

69 ()() 

15 

30 

45 

70 ()() 

15 

30 

45 

71 00 

15 

30 

45 

+2.0 

·I 1.6 

+1.5 

+1.4 

+l.3 
+1.1 

+o.s 
+o.5 
+o.s 
+0.6 

+1.1 

+1.8 

+3.5 
+2.8 

+LO 

-0.6 
+2.9 
-1.S 

72 00 -3.:; 76 30 
15 -4.9 45 

30 -5. 7 77 00 

45 -6. 0 15 

73 ()0 -5. 7 J(J 

15 -4. 5 45 

30 -2. 8 78 OU 

45 -1.2 ! 1.i 

74 oo +o. 3 30 

15 I +1.6 45 

30 +2.V 79 00 

45 +2. 4 15 

7f> ()(I +1. 6 30 

15 +0. 2 ,I ([> 

30 -1.9 80 00 

45 --4. 5 15 

76 00 -6. 6 30 

15 -9. 0 45 

-10.4 81 00 

-·10.1 15 

-10.6 30 

- 5. 4" 45 

- 1.4· 82 00 

+ 1. 2· 15 

+ 1.8 30 
+ 2. 0' 45 

+ 1.9 83 00 

+ 1.6 15 

+ 1.1 30 

+ 0.4 45 

- 0.4 84 00 
- o. 8 15 

- 1.0 30 

- 0.8 45 
-0.3 85 00 

+ 0. 2 15 

+o. H 

+1.1 

+1.:! 

+l. 3 

+l.2 

+1.0 

-rO. fi 

--;--o. :! 

·" o. l 
+o. 2 
,o. 6 

11. ~ 

-,-2.(1 

+3.(1 
+3. 8 

+3. 6 

+2.9 
.p.1 

* Introd11cing the new azimuth ((Sugarloaf,,. Md., the above AJ> becomes -3N.0, +111.0, +211.4, ancl +l".8 re!ipt1ctive.Jy. 'l'he ~a1u<' -:;
11 ,_ 

chaDges to -0".333 and the azimuthal correction to +o" .276. henct' thu .1:11.iantlarll azimuth becomes 1° 34' 3611 .347. The eorrection ol>tainml hy 
the ordinary process or +011.59 is cbangerl to +0".46. The chai1g1• in t,lu• adopt~d standard azimuth ·would only amonut to-11 .066 and has not 
been introduced. [Nott> appended in October, 1880.-Scn.] 

We have the correction ~ ~t = - 0" .414, and reverting to the azimuths 6 a= - 6 p tan <p, wilere 
'"' <p=390 35'.6, the azimuthal correction becomes + 0".342. Had we followed the rough proccs~ of 

deducing the correction from the direct comparison of the azimuths we would have found + 011.!i!J. 
The new standard geodetic azimuth for the whole arc, applied to the middle part of it, and referred 
to the direction Priucipio to Turkey Point, becomes accordingly-

10 341 3611.071+0".342=10 34' 36".413=a0 

The probable uncertainty of this value is ± 0".3. Contrasting this value with the arnragc 
probable error of a single astronomical azimuth determination audits connection with the triaugll· 
lation :I:: 0".34, we notice again the great intl.ucnce of the local deflect.ions. Upon the whole tht•y 
a.ppear la.rger in the direction of the prime vertical than in tile direction of the meridian. 'l'hb 
fact ca.nnot be wholly ascribed to the circumstance that in the former case, depending on azimuths, 
the accumulated probable errors of the angular measures of the triangulation enter more dire{;tly, 

**See, on tbia point, Coast Snrvey Report of 18(i:J, Appendix No. 7. 
S. Ex. 17-15 



 

114 REPORT OF THE SUPERINTENDENT OF THE 

whereas in the latter case they are more nearly free of them if the arc be a meridional one; but 
in an oblique arc the angular errors of the triangulation enter more or less in both directions. 

DETERMINATION 01•' THE STAND.ARD GEODETIC LONGITUDE. 

Respecting longitudes our data are comparatively scanty, and as the distribution of the tele
graphic longitude stations is tolerably regular, after omitting certain stations as too imperfect 
(Jerse,y City,~- J., Philadelphia, ll. S., J>a., and Staunton, Va.) and otliers as too close to prin
cipal stations (Duxbury, Mas:s., to Cambridge, and Seaton to Naval Observatory, Washington), 
the deflections of the vertical in longitude are easil.Y exhibited. The longitude results are fhml, 
except that reaction from additioual lougitmle measures on the present values may change the 
least s11nare at~justment by a small irn101mt. The standard longitude adopted and introduced in 
onr registers, viz: Camllridgc, Mass. (E. transit), 41t 4J-m ;:~o•.85, was approved April 2, 1869, and 
iu my report of May 2!J, 187:J, I fnrtlter sltow that this standard longitude very nearly equalized 
the differences between the telegravliie and the geodetic longitudes at the stations'Oalais, Me., 
Cambridge, ~fass., New York, X. Y., autl \Vashiugtou, D. 0. In the place of i we now have 7 
longitude stations bearing on tlw arc; tlte rcst1lts are gin~n in Appendix C, Tahle 1. In the second 
tal>Ie of this appendix the astronomical longitudes are expres:scd iu arc and compared with the 
register lougitude:s. 'l'he differences :::iJ, arc eonyerted iuto difforeuce:s up in the prime w.rtical by 
the relation 

up= 61.cosp 
·which quantities ~tre shown by crosses on the diagram containing similar quantities derirnd from 

the azimutlJs. ·we have tlle correction ~'S'p = - 1".28~* and reverting to longitude uJ. = /',p 
j -

:sec 9' the eorrectiou to the lougitmle becomes -1".673, the value of 9' being 3()0 .35'.6. Nearly oue
tenth of a secoml of time is to subtracted from our register longitudes, and the new standard 
geodetic l011gitmle of Principio becomes 

760 00' 1811.080 -111.673 = 760 001 1611.407 = ),0 

The probable uncertainty of this value is ± 1".2, whereas tlrn a'"erage prollable error of a 
single longitude determination is but ± 011.8 

It; for any one astronomical station where latitude, azimutl:, aIHl longitude were determined, the val
ues of :c,.p as derived from the obsen·ed a, and as derived from the observed ..l, differ by more than 
their rmipective probable obsen"ing errors would indicate, the explanation will be found in the fact 
that the accmnulatetl errors of the angular measures of the tdaugulatiou had been left out of account. 

EXIIIllITION OJ< THE APPARENT LOCAL DEFLEC'.L'IONS OF THE VER'l'ICAL WI'.L'H REFERENCl<: TO 

BESSEL'S AND CLARKE'S SPHEROIDS. 

l~or the direct comparison of the remaining deflections of the plumb-line on the two spheroids 
we have only to develop the triaugulation upou their respective surfaces, starting with the same 
starnlard geodetic latitude, longitude, and azimutl!, or with the values 'fo ). 0 a 0 for the miudle station 
Principio, as deduced on the preceding pages. It might appear, at first, as if the old position com
putation for Bessel's spheroid could be made use of by appl,Ying the change in the data, or+ 2".655 
in latitude, + 011.342 in azimuth, and -111.673 in longitude as so many constants, but the change 
in latitude i8 so great that the relative positions become affocted, considering the whole arc, to 
~tu extent to tell nearly on the tenths of sec-0mls in the latitudes and even on the nearest whole 
se0ond in azimuth, but less in longitude (about 011.3). A partial recomputation of the positions 
had to be made for Bessel's spheroid, and, of couri:;e, a new computation for Clarke's spheroid.t 
The results are given in full in the following table: 

------- . -- --------------------
.The values originally reported wore -l".120, and, for 6il, -1".453; but they have now boon improved by the 

introduction of the results from tlie least square adjustment of the telegraphic longitudes in August, 1880, and by the 
revised longitude of Statetiville, N. C., which before restP,tl 111>on a rough computation ma.de in the field. [Note added 
in October, 1880.-Scn.] 

t For a similar roaeon the small corrections in latitude of+ 0".030, and in azimuth of - 0".066, as mentioned in 
t.wo preceding foot-notes, and which are due to the iutrotluctiou into the original paper of two additional latitudes 
and of one ILzimuth, were 11ot introduced here, eijpecially 8ince these corrections are far within the limits of the probable 
errors of the values of qio and of <ro. It is different, lmwever, with the longitude for which the new value or .l., = 750 
00' 16".407 baa been iutroduood, and to which value the longitude tables appended have also been made to conform. 
[Note added in October, 1080.-Scn.1 
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Com1;ari.son of effect of OJ>parent local deflections of the 'l'crtical in la.titudc, for Bcsacl'x and Clarke's 
Spheroid.~. 

---- ~---------------

Naml' of 8tation. 

Co.lnie, :Ale...... . . . • • .. . . . . . . . . . . . . . . . . . . . . . • . .... _ ....•. _ ... _ ...... _ .... _ ..•..•. 

Cooper, Me_ .... __ -· __ ...... _ ...... _____ ...................................... . 

!Iumpback, ~fe ..................... _ .......................................... . 
Bangor, Mc .................................................................... . 
Fannin1?1.()J1, ltlti •.•.•...••.•.•.•..........•... ______ -----·- ... -----· .•...•....•. 

() Harri~, Me ........................................................................ . 
Howard, Me ...................................................................... . 

8 Mount Desert. Mc ................................................ ·- ............. . 

Ragged, Me ...................................................................... . 
10 Sehattis, Me .................................................................... .. 

11 Monnt Pleasant., Mft . . . .. . .. . .. .. .. .. .......................................... .. 
12 Cape Smull, Me ................................................................ . 
13 Mount Independence, Mo ... __ .................................................... . 

14 Gunstook, N. IL .............................. - ............................... . 
15 .Aga1nenticns, Me ...•......•..............•........•••..... 
lG Isles of Shoo IA. N. Il .................................................... . 
17 Unkonoonuc, N.ll....................... . ........... .. ---------··--·········; 
18 Thompsou, MnHt-i ........................................................ . 

19 Wacbusett, ]fa.Rs....................... . ......................... . 

20 !Iarvard Observat<>ry, Muss ....................................... . 

\ trol 1 !'- i G<•od. I Good. i A-G l A-n 
~ s tmle.a l ! _q, t : Dt~~ec'n ! I>;t1 .. 1"n ! ll. i L. , lk"""l. i Clark"-
------------

4f> 11 09. 41 

« nn 1~. c;a 
44 51 47. l:l 

44 48 12. 86 
44 40 HI. 5r, , 

44 39 54.14 i 

44 37 48. 57 i 

44 21 04. 62 

44 12 43. 3:, 

44 08 37. 60 

44 01 36. 48 

43 46 43. 48 

43 4;, 34. 43 

43 31 05. 15 

43 1:1 24. 9k 

42 59 12. A8 ' 

4~ !'JR 39. 35 ! 

4~ 36 ~i~. 28 
' 42 2!1 li. OFi I 
i 

4~ 2~ 48. ()5 

07. 44 

13. li 

52. 37 ! 
17. H.1 ' 
24. 44 i 

56. 52 i 
48.14 . 

06. ';3 

46. 86 

39. 31 

38.1.> 

44. r,6 

3r •. 10 

Ou. 60 I 

25. Bo ! 
15. 94 : 

60. fl';' : 

4~. ~~ 

21. 72 ' 

54. :17 I 

{)f). 6rl 

U.48 

50. 69 

16.14 

22. 77 

[>4.88 

46. 5S ; 

05. 23 : 

45.38 

37.83 

3tl.6fJ. 

43. ~2 

33. 7'1 

04.32 

24. 63 

H.86 

50. ~() : 

41. 9~ 

20. 7~ ' 
5:t.4n 

+J. 97 I 

-2 . .:J4 

-5. 24 i 
-4.97 i 
-4.89' 

-l.6~' 

+o. 5a: 
-2.11 i 
-3. 51 i 

-l. 71 

-1.Gi 

-1.08 

-0.67 

-0. 45 

-0.82 

-3. 06' 

-1.62 

-4. 6(1 

-4. (H 

-6. 3'..!; 

-t<t ';~I 
-o. s;, 
-3. 56 

-3.2~ 

-a. 2~ 
-(J.()4 

-+ ~- ()~ 

-o.m 
-2. ri:~ 

-0. ~;{ 

-0. ~1 

+o. 2n 
+o.6~ 

-; o. s:i 
-+ o. :m 
-L 98 

-0, ril 

-:l.64 
-3. 70 

-fJ.44 

21 Clo~Pn1en 01,servntory-, MasH .. -·----·-··--·---·-····----·······-········-·--·--··i 4~ 22 40. gj 47. li I 40. 29 : -6. 20 -f>. 3'.' 

22 llilountTom, lfnss .................................... -----·············· ............... 4~ 14 28.~><:1 

23 Manomet,, MaRN.---·-···-------------------·----
24 Sandford, Con11 _ 

25 
26 

Nantucket, Mass .................... --- .....•..•......... __ ................. -....... ! 
WestHills,N.Y ............................................ . 

27 Rutberfurd's Ohservatory, N. Y .............. _ .... -- ... _ ........................... - -! 

28 :Be."Wonhill, N. J ............................................................ - ..... -' 
29 Monnt Roso, N. ,T. ................................................................ ( 

30 Gumwert~'R 0h8f~rvator.v, N. ,J ___ ................ _ ..... _ .................. __ ... _ .•••.•.•.. : 

31 Yarn, Pll ................................................................... . 
32 Old High Sr.11001 Ohoervatory, Pa .................................... _ ......... . 

33 Principio, Md ........................................................................... - ··--- -; 
34 Marylanil Heights, Md ............................................................ : 

35 Pool's Island, M<l .. . • . .. .. .. .. . . .. .. . .. .. .. . .. .. .. . . . . • • • . -............ . 

*~5t =='.~~ ~~!:::::::: :: : : : :::::: ::·:: ::::::::::: :::: ::::: ::::::::::: ::::::::: ··::·1 

~I ~~;:'.c;~:~~.;~~,·.~:·•···································••••••1 
42 U11it,,,1 State• Naval ObAervat-Or~-. D.C .................................. ···--·····1 
43 Washington F<mr-and-a-half street Ob•erVJttory, D. C ........................... .. 

: s::~~~:;~:~~,::~:~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::1 
47 Clark, Va ......................................................................... ! 
48 Elliot's Knoh, Va ........................................................... . 

49 Staunron, Va ................................................... · ................ -

: ~;.~~;:~:-~~.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::! 
52 Yonng.N.C ..................................................................... '! 

E g;~:.:::::.::·::::::.··• :·::: .. : ..... :.:·:•·• :··: ·.·.·· •: · I 
57 S...wnee, Ga ....................................................... ·•••• .... ·•·•• .. 
58 Middle Base, Ga .................................................. · · • ....... · · .. -- · 

*5Btl Atlanta, Ga ...................................................................... . 

•Added in October, 1880. 

41 55 35. 3:~ ! 
41 27 40. o~ · 
411714.00

1 

40 4R 49. 96 ' 

40 43 48. m 
40 ~2 27. 82 

40 22 05. 44 

40 04 51. G 

:m r>R 29. 3H 

39 57 07. 5 

39 3;, 32. 75 

39 20 31. 3R 

39 17 O!l. 6:. 

39 15 48. 49 

3g 05 2:i. 46 

39 or, 10. 5!l 

BF; 59 45. 9i 
38 r);, 32. 51 

38 :.i 25. 8 

3R 53 52. Rf; 

:IB 5.1 38. 78 
38 f>.1 3(). 70 

38 53 2f>. 17 
38 52 56. 16 

2H5~24fi2 

38 18 39. 5.1 

38 09 57. 23 

38 08 bO. 8 

37 17 28. 70 

36 23 54. 92 
35 44 21. 51 

35 1~ 29. 38 

34 56 31. 09 

34 31 43. 00 

34 19 17. 05 

34 14 11. 09 

3;1 54 22. 22 
33 44 W.42 

31.66 ' 

39. 41 

4.1.40 ' 
17. 4~ 

fil. 8:! 

20. &l I 
0366 : 
56. 76 

06. 07 

iJ6. 60 

27.fll 

07. 72 

44.43 

26. 39 

11. 68 

48.20 

35.08 

i 

29. 72 ,! 

fi-l.69 : 

42.051 

33.90 i 
28. 74 I 
!">3. 35 : 

27. 33 I 
40. 70 

GB. 89 

46. 07 

26. 91 
52. 58 

13. 26 

2fl.4ll 

27. 77 

43.50 

17. 82 

JO. 38 

19. 91 
56.52 

30. fi<1 : -a. 1a · -2. 2; 

38. 70 

42. 80 
17. 0() 

s!l. rn 
51. 45 : 

2<i. rw 
o:t 41 

46. 5:~ 

U.RO 
05. 95 

3G. 69 

~7. 09 

07. H2 

44. ;;.;, 

26. :-m 
11. 85 

48. 39 
3j, 29 

l 
2!J.!l4: 
54. 91 I 

4~. 27 : 

3i.12 

2~. ~6 

r .. 1. :;s 
27. ;,£ 

41. 11 
~~9. 37 

46. ;)f) 

27. f);f: 

53.-0fl 

14. 49 

27. ~8 

29. 27 
45, 14 

19. 58 

12, 12 

21. 75 

58.•o 

-4. 08' 

-a. 32 
-3.42' 

-5. 62 

-3. 21 
+1. 02 ! 

+1. 78 

+4.14 

+4.47 

+J.43 

-3. 94 

+3- i7 

+J.93 

+4.06 
-0. 93 

-J.09 i 
-2. 23 l 

.-, r;"" I --·"' i 
-3.~ i 
-1.!4 ' 
-3.27 i 
-:t~O i 

-3.57 

+2.Bl I 
-2. 51 

-].17: 
-]. 66, 

+4. 7a 

+1 79. 

-+~- 31 

-Ht2:-> \ 
+2.00' 

-t3. 32 

+0.46 
-o. 77 

+o. 71 
+2.31 

+2.90 

-2. 72 
-2. 94 

-G. 23 

-t 1. 27 

+2.0:1 

--t r~. o-; 

-t 4_ ;,9 

-! ]. !"~) 
--3. 94 

+3.fi? 

+I.RI 

+3. 94 
-1.1() 

-1. 2G 

-2.4:.? 

-2.7K 

-4.14 

-2. 00 

-a. 7~, 
-1!!.58 

-2. 74 

-1.M< 

-::!. 14 

-+4- 25 

-jl.05 

+J.32 

+7.0~ 

tl.f~) 

+J.82 

-l.1~ 

-2.f>3 

-1.03 

+0.4T 
+1.02 
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Comparison of effect of apparent local deflections of the vertical in nzimuth, for Bessells and Omrk-e's 
splieroids. 

I I Longitn,fo )Astronomical I Geod. I Geml. I A-,G T .A-G 
No.

1 

Name of direction. I of 'I . a a deft n 1 de:il'n 

----------------- ------ ______ i first stat'n. '_ azmmth~ 1-~•--c __ I IlesA<Jl. I Clarke. 

I 0 ' I 0 ' " " I " ' " I 
2 ~:;:~t~;oi;::~:::::::::::::::·::::::::::::::::::::::::::::::::::I ~ !!:~ 13:~ ~ ~~:~~ ~::: i ~~:: =:::I : ~:~~ 

EumpbacktoCooper............................................... 68 06.6 I 254 42 32.34 33.00 I 29.88 - 0.66 + 2.46 

MountDeserttoRagi:ed............................................ 681~.6, 78 30 46.82 51.13 / 48.09 - 4.31 - 1.27 
5 HarristoITum1>back ______ ........................................ 6908.912543510.71 11.lli 08.431 -0.40 +2.28 

6 RaggcdtoMountP!easant ......................................... ! 69 09.1 8148 44.99 46.60 I 43.95 -1.61 + 1.04 
Ca]>c Small to Sebattis .............................................. I 69 50. 7 155 19 03. 51 04. 31 01. 96 - 0. 80 + 1. 55 

S Se!Jattis to lm1"pemlence ......... __ .. _ ............................. -l 70 04. 7 24 31 23. 55 2;,. 22 22. 95 ~ 1. 67 + 0. 00 

9 lndcpendencetoAgamenticus ...................................... 1

1 

7019.2 2G 55 48.62 52.891 50.74 -4.27 - 2.12 

10 Shoottlyini; to Manollld ......................................... -- . 70 20. 8 ' 143 03 22. 74 ] 22. 36 20. 31 + 0. 38 + 2. 43 

I1ulinu to Coitt~cut -·· ..• ------ .......... -.... -· - ..... -... ··••·• ------! 11 
I 

70 40. 7 135 35 58. 82 66.25 64. 33 - 7.43 - 5.51 

~~ ~:::;:~~: :;:;.~::!~~~~::::::::::::: ::::::::::: :::::: ::: : ::::::1 70 41. 5 2 36 55. 39 00. 24 58. 26 - 4.85 - 2.87 

70 43. 8 351 21 41. 82 44. 62 42. 68 - 2.80 - 0.86 

14 MountPfoasanttoMount Bhw ....................................... 1 

15 Copecnt to Blue Hill .......... '" ................ -- .. - .... -- ---- ...... . 
16 Blm;RilltoManomd ............................................ .. 

HarvartlColle~t>Ob~ervatory to Blue Hill ................................. ! 
IK Gunstock to Mount Ph·asant ............ ··---- ...................... ! 
17 

70 49. 3 205 59 21. 56 21. 54 19. 58 + 0. 02 + 1.98 

il 03. 6 175 17 06. 47 08. 09 06. 30 - 1.62 + 0.17 

71 06. 9 305 57 30. 02 33. 95 3~.16 - 3.93 - 2.14 

71 07. 7 356 22 57. 94 57. 65 55. 87 + 0.29 + 2.07 

71 22. 2 217 43 33. 47 31. 28 29. 56 + 2.19 + 3.91 

19 l\~a.eonpow to J>lue Hill ............................................. 1

1 

20 Hpcnct~r to l\r~aconi•oln ......................................... - ........ . 

'!l Unkonoonuc to Gunst'°c-k ............................................. . 
~2 Waehuset,t t-0 llald Hill ............................................. ! 

71 21. o I 228 55 17.16 21.42 l\l. 77 - 4.20 - 2.61 

71 29. 7 : 185 57 33. 02 37. 96 36. 33 - 4.94 - 3.31 

71 35. 3 196 3;. 20. 01 20.50 18. 88 - 0.49 + 1.13 

71 53. 2 24 17 41. rn 35.99 34.50 + 5.20 + 6.69 

r: ~~f;f~~'"'.-:_••-•:·-·····--········•--1 
72 38. 9 212 37 21. 79 18.43 17. 23 + 3.il6 + 4.56 
'i2 57.0 5 so 25. o~ 17.9r) 16. 88 + 7.00 + B.16 
73 25. 5 174 57 38. 25 36.65 35. 76 + 1. 60 + 2.49 

74 13. 7 183 35 29. 89 31.85 31. 24 - 1.96 - I. 3.5 

Mount Rose to Mount flolly ........................ .............. ) 
Yard to Lippincot,t ................................................. ! 

29 J•riJu•iJ•io to 'J'urkey ----·· .......••............. -· .. -- .. ·•·••• ····- ·) 

28 

74 43. 4 7 46 55. tl9 tlO. oo I 00.11 I - 5.01 - 4.58 

7;; 23.3 347 17 38. 57 39.15 i 38. 94 - 0.58 - 0.37 

76 00. 3 1 34 43. 50 36;41 36. 41 + 7.09 + 7.09 
30 ]l[arriott to Ilill ..................................................... , 76 36.6 96 37 43. 24 34.01 34. 21 + 9.23 + 9.03 

Wrhh to Soper ..................................................... \ 

nm tu w·eui. ................. --·· ...... ··------·- .................. I 

~ f ~±~;~;~•••:••••·•••••••·•--•- ---•••••••• I 
36 Jlull Uun t-0Stn\Jler ............................................... .. 

31 

32 

76 40. 5 88 59 49. 22 42.02 42. 24 + 7.20 + 6.98 

70 52. 9 219 46 58. w 49.67 49.96 + 8.62 + 8.33 

76 57. 0 268 49 23. 38 17. 36 17. G7 + 6.02 + 5. 71 

77 00. 0 265 32 S:l. 75 42.38 42. 71 +11. 37 +11.M 
77 04.4 210 54 41. 771 36. 39 36. 74 + 5.38 + 5.03 
77 23. 6 32 29 16.11 21. 72 22.17 - 5.61 - 6.06 

77 42. 3 246 35 34. 20 35.58 36.14 - 1.38 - 1. 9'l 

37 l:larylandTicig:htato l 1 each GroYt- ........................................... . 77 43.0 317 48 55. 2a 57.65 58.21 - 2.42 - 2.118 
38 Clnrk t-0 Ilnll Rnn .. __ .. ......... .. .... ____ .. 78 00. 2 202 19 27. fi2 27.74 21!. 39 - 0.12 - 0.77 
39 Long Mount to Spear .................................... _ ......... . 79 05. 2 223 28 41. 73 46. 06 47.02 - 4.33 - 5.29 

40 j EIHott\•l\noldoilumphark ..................... __ ... ___ _ 

41 MoorrtoBuffalo ................................................ 1 

421 Young to Poore........... .. ............................. 1 

~111 ggi~~~:-·-·-···········-·- -··-----,,1 47 ~li<ltlle Base t-0 Stone Mountain ..................................... i 
481 La~t<lKeDtMW ............................................... i 

79 18. 9 303 25 23. !JO 21.38 22. 43 + 2.52 + 1.47 
so 1;. o 158 33 31. 16 31.43 32. 74 - 0.27 - 1.58 

80 38. 9 l~ 52 5!1.82 5't.49 03.lll! + 1.33 - 0.06 

81 18. 8 141 33 36. 91 39.65 41. 22 - 2.74 - 4.31 
82 24. 7 267 18 15, 16 15.89 

1 
17. 75 - 0.13 - 2.59 

83 22. 6 188 10 27. 8~ 2s. 7-0 
1

: 27.86 + 2.18 + 0.08 

84 09. 7 24:; 34 26. 20 2s. 40 I 30.119 -· 2. 20 - 4.49 

84 16. 7 312 22 28. 94 I 32.16 '"- 47 -- 3. 22 - 5.5.1 

85 Ii. 4 300 11 59. U 6().231 62.S() - 1.12 - 3.69 

* A(ltlt•d in October, 1B80. 
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Oomparisvn of effect of apparent local deftectiom of the vertical in w1itrit1tde, for Bessel's and Clarke'8 
spheroids. 

I.A t i I Good. \ Geod. -TA -G ~=-~ 
No. Name of st.'\tion. R ro~oro ca A. A. 1 cleft'n dt3tl'n 

•--------------------------' longitude. l_n_._, -~-· -1 Rt·••~ Clarke. 

1 Calais (tran•it), Me .. -· ...•...•...•••..•........•........•••..•••••..••..•...••••. 1 6; ;6 r~'. 20 ! 47:
0

76 I 5;· 76 I +d.'44 +1'. H 
2 Bangor (transit), :Me .••..••............•.•..•••.•••..•••.•......•.•.••••••.•..••• · 1 Oil w "8. 9-0 I 56. 04 f>-0. 15 1 + 2. 86 - 1. 25 

3 Cambridge, Harvard College Obsenatory (dome), Mass ................. ···--···-· 71 07 44. 91 I 41. 21 I 4.1. R9 I +3. 70 , +l. 02 

4 New :ork. Rnth.erfurd's Obs.ervawry transit) N. Y .•... •. ....••.•••. .••.. ... .••. 73 59 15. 00 i 13. 3~ / 14. 42 I +2. 62 I +1. 54 

5 Washmgtou, United States ~aval Observatory \Small <lome) .••...•......•.••••••• 

1 

77 03 00. 54 j 06. 6a I 06. 10 I -6. 11 ' -5. 56 
6 Statesville (transit), N. C .••• •• . ••••...•............•....•.. .•. ... . . . . .•.. .. .• .•. . 80 53 39. 53 ! 42. 38 39. 93 -2. 85 i -0. 40 

7 Atlanta (transit), Ga .............................................................. 
1 

84 2J 18.39 · 23. l6_j~'_[ _~~:7_l_.=o. 61' 

Respecting the signs in the columm~ of A - G, they ham the following meaning: 
For latitudinal deflections a + sign indicates zenith thrown to the north (or plmuh-line to the 

south) ; a - sign the reverse. 
For azimutlwl deflections a + sign indicates zenith thrown to the eaRt (or Routh meridian 

thrown to the east); a - sign the reverse. 
For umgitudinal deflections a + sign indicates zenith thrown to the west; a - sign the re\·erse. 
Squaring the numbers of the last two eolumns, headed A- G, we hase the following com

parison for the sum of the squares, or ~(A -G)2, and for the square root of the mean square or for 
the a>erage deflection: 

I 
B~ssel's 
spheroid. 

----------- ----

J,atitudes: :i; (A-G)'................. 631.24 

Average deflection..................... au. ao 
.Azimuths: }; (A-G)' .••.. ... . . . . .••. 859. 23 

A v~rage deflection......... . . • . . . 4". 23 
Longitudes: :t (A-G)' ••••. •••••. .. .. 138. 40 

.Average deflection------------··· 4".45 

Clarke's I Improvement 

spheroid. I on Bessel's. 

485. 16 146. OR 

211• 89 0". 41 

840. 09 19. 14 

4".18 0'',0:i 

38.5i 99. 83 

2".35 211 .10 

For our Atlantic coast the superiority of Clarke's over Bessel's spheroid is therefore demon
strated. While the latitudes are fairly better represented on the surface of Clarke's spheroid, the 
azimuths are improved but a trifle ; in fact, they are almost indifferent as to tho one or the other 
of the spheroids (the signs at the beginning and end of the columns (A - G) simply change from 
- + to+ - ). On the other hand the longitudes are 1ery greatly impro1ed, the smn of the 11pw 

differences being nearly one-half of that of the former differences. In Yiew of these facts, alHl con
sidering that this paper contains the largest induction the present state of the surwy a1fonls, I 110 

not hesitate to respectfully ask your attention to the question wl1ether the survey would not hr 
benefited by the adoption of Clarke's spheroid as its surface of development. It would seem to 
me that the present time is favorable for making this fundamental change, since nearI~- all th1e 

State surveys are yet in their infancy, so that no time would be lost in starting at once the Oeodetic 
survey on Clarke's spheroid, and allowing the Bessel spheroid to gradually disappear witl1 Uw olll 
Coast Survey work. The use of Clarke's spheroid, as recommemletl in my report of March 2S, 1S7S, 
was only partia11y ru:lopted, i. e., limited to the triangulation of the Pacific coast. At the time this 
was approved by you we were not in possession of so complete a proof for the Atlantic coast as 
is now offered for your consideration. 

With a few S}lecial exceptions (longitudes) the astronomical results given in this paper, and 
the results of the 600 miles of primary triangulation southwest of Washington, are as yet unpnh
lished. The character of the deflections between Calais, Me., and Washington, D. C., has long 
been known in this office ; the heavy deflections in latitude in the region abo11t Boston had already 
been brought to light by the Borden survey,• and in January la.st Prof. Young, of Princeti0n, N .• J., 

•Deflection given in the printed account of the survey ofM11ss. 7", t.hiR ll<'cording to the Coa8t Surw~- 6".:l, and on 
Clarke's spheroid 5".4. 
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wrote he had a difficulty in reconciling 1 his astronomical aml our geodetic latitude and longitude. 
He was informed of the existence of a wave of deflection iu that region. This latitude deflection 
had already been mapped in 1856. 

The deflection of the plumb-line. in the vicinity of ·washington is Yery remarkable, the zenith 
heing heavily drawn to the east or the plumlJ-line attracted to the west. The object of this report, 
however, is not a discussion of the local deflections, but a comparison of the value of two spheroids 
with regard to their respective fitness for the Coast and Geodetic Suryey. Physically the Atlantic 
arc, which is now 1200 statute miles in length, can he extended 42° to Mobile Point, increasing the 
prese11t length from 1i ~o to 22°; its value for geodesy would thus be increased 25 per cent., and 
the Atlantic and Gulf coast triangulations would be united. 

I remain, sir, yours, very respectfully, 

CARLILE P. PATTERSON, 

CHAS. A. SCHOTT, 
As.~istant in charge Computing DiviHion. 

Superintendent United States Coast and Geodetic Suri,cy. 

APPENDIX A.-TABLE 1.-Astronomica.l latitudes of the oblique a1·c along the Atlantic. 

' ' 

No. Name of station. 

-1· --· ·-- ·----·------·1 
Date of observation. i Observ~r. Instrument. j Resulting lati- I Prob. 

i tucle /J:. : error. 
~---------·----· ----- ________ ! I 

Calais, Me- ................... ··- Sept., 1857 .•••••..•. __ i S. Ilarris . ___ .••••••........... ___ ! z. T. 4 .......... 1 

: Coopt•r, Me --- --~ .................. -- . SPpt., 1850 .••••••..... ~ E. Good follow ...... ___ ... ----- __ . i z. T. 5 ....•••.•. : 

3 , Humpback, Me._ ....•.••........ July, Ang., 1858---···- f 1'- T. Mo•man- ..•.. -···· .. _ ...... ! z. T. i\ •••••••••. , 

: : !:::'!~:~=:~;;,:::::::::::::::::! ~~.'.·:.,~_·::s8:; :::::::) ~: ~-";~~;~~!: ::::::::::::::::_·:: ~:~:: ::::::::::! 
6 . Harris, lie-. - - ' •.•... -- . - - - -..... Aug., s.,pt., 1855 .••.•. ! (i. w. Denn. E- Goodfellow ....... i z. T. 2, 10 ···- .. -I 

Howard, Jlfo .••••••.•••.....•.•.• July,1859_ .••......... E. Goodfellow··-··--·-·-········· Z.T.5 .••. --.--.i 
: Mount De8t1rl, Mt~------- Aug.,Srpt., Oct., 1fit>6. R Harri~, E. Goodfl·1low. ......... z. T. 5 ............ \ 

9 , RaggP<l, Me···-·········-·--·--· Aug., Sept., Oct., 1854 _ G. W. Dean. S. Harris-----······- z. T. 5 _ ......... ' 
10 : Sebattis, Me .•.•.•..••.•. ··-····· Jun~, July, 1~53. ------: J.E. Hilgar<l ... -· ·- ............. z. T. l _, ........ i 
11 Mount Plensant., Me.······-----· ,Tuly, Aug., 1R51 ... -- .. Q_ W. Dean_--·-......... z. T. 5 .••.•••••. \ 

12: Cape Smnll, M•·········-·····-·· Sept.,!k,t.,1851..-·-··' G. W.Denn -·········--·-······· Z.T.5 •••....... 1 

13 ' l:101mi. lmlepeDd('lnce, Me .......... Sept., Oct., 184.9 --··. .. A. I>. B..'lcht\ G. Ilavithon, G. ,Y. : Z. T.1, 2 _ ....... 

1

. 

I He.an. 

14 ; Gunstook, N. If ......... - . -...... July, Aug_, 1800 .. ·-· .. : J. Il. Toomer_ .. -· .•.•••..••... _._ z. T. 5 ..•...•. --1 
15 I Ago.menticus, Me .•••..•..•••••• !ikpt.,Oct.,Nov.,1S47 _, T. J. Loo, A. D. Ba.ch•, IL H. z. T. (JIL A.), I 

Fauntleroy, C. 0. Boutelle, G. Z. S. 1, T. 2. \' 
I Davidson. 

16 lsws of t'\hoals, N. H ...... -- ..... Al1g-, 1"47 _ .. - ........ : T. J. Lee_ .••••..•.. __ .••.•• _-·· .. : z_ T. (Jli . .A) .. _ -.I 
17 I Unkonoonnc, N.H_ •••.••.••..... Sept-,Oct.,1848 ··-··--! J. S. Ruth ... -·-··--·····-······· [ Z-T.3 ....•.•.•. [ 
18' Thompson, Mass ......•••.•••.••. S.pt.,Oct.,1840 ....... j T.J.Lee, R.H. Fauntleroy ...... / Z.'1'.(M . .A) .•••. i 

.~: :a:~:~7'~~.:::~;;.-~;,;.~·::::: ::\:~~~-'.~~~:::::::! ~l~.~:-~~~'.·~:::::::::::_-:::::::::1 ~:~~--~ ::::::! 
~I Cloverden Observat.,ry, Mao.•-··· Aug., Se11t., Oct., 185:> .1 B. A. Gould, J. Se&ilcs, C. II. F. ; z. T, 5 ........•• 1 

\ Peters. : \ 

22 Mount Tom, Mass ..•.•...•. -···- July, .Aug., 1862 ....... : E. Goodfellow ................. _) z. T. 5 .......... / 
23 :Manomet, M388 ••••••.•••..•••••. July,.Aug.,1867 .•..... : C.O.llontelle, F.JJ . .Apiew- ....•. i Z.T.5 ..•.•••••. ! 
24 Sandford, Conn------ .. -- - - ------ Sept., Oct., 186~ ....... 1 E. Goodfellow_ •.. -· .•.... --· ... _ .. \ z_ T. r, .... ···---1 
25 Nantucket, Mlll!8 ••••••.••.••.•.. Nov.,Dec., 1~66 .•.•••• C. O.Jloutelle _ .•...•..••••••. ___ ,.: z. T. 5 ·--····--·1 
~ !:":.,~~~.~~~~:~~;;:~:;: ~!::~:;: ::::::.-.-::::/ ~:<~;,::;:;:::::::::::::::::::::! ~:~:: ::::::::::1 
28 Beaconhill, N.J -······ .......... Jul.1:, Aug., 18j5. --···· i G. W. Dean? J. RllaJlor- ...• - .••. 1 z. T.4 ....•••••• 1 

29 Mount RoS.\ N.J.·-···-········· Jul~,1852 ..........••. , J.E.Hllgard .•••••••.. --··········' Z.T-2 -'········ 
*30 Gmnmere'a OJMervatoey,. N. J .. . 
31 Yard, Pa ........................ . 

*32 Old High School Observatory, Pa 
33 Prlncipio, Md_ .. _ ..•..•.•.••..•.. 

IW Maryland Heights, Md .••••••••. 

~~: ;~~.:;~~-: :::::: l ;: ~~;::;;;:1:::::::::::::::: :::::: ! ~- ~:~·:::::::::: 
' . I 

1849 ............. ·····-) E. 0. Kendall •.•••.••..••••. •·•••· I· .. -· __ .••.•••.... 
July, Aug., Sept., 1866. ! R. D. Cutts .••••••••••••••.•••••••• ! z. T. 5 •.•••••••• 
Sept., Oct., Nov., 1870 -1 C. O. Jlontelle, F. ll!ake, jr ........ \ z. T.:> •••••••••• 

1 He stat.es the difference in latitude 311.8, and in longitude 5".5. 

0 

45 11 09.H ±0.07 
44 rm 12. 63 . 05 
44 51 47.13 .Oil 

44 48 12. 86 ' .06 

44 40 19. 55 ' . 05 
44 39 54. 84 .03 

44 37 48. 67 . .05 

44 21 04. 62 .04 

44 12 43. 35 . 04 
44 08 37. 60 

: 
. 09 

44 01 36. 48 .04 
43 46 43. 48 . 04 
43 45 34_ 4:i .06 

43 31 05. ]5 .04 
43 13 24. 98 _07 

42 59 12. 88 _01\ 

42 58 :;9.35 .07 
42 36 38. 28 .10 
42 29 17. OS .04 

42 22 48. 05 .22 
42 22 40. 97 .08 

42 14 28.53 .06 

41 55 35.aa .05 
n 27 40.08 .OS 

u 17 14.00 .06 

to 48 49.06 .05 

40 43 48.61 .09 
40 22 27.82 .07 
40 22 05. 44 .08 

w 04 51.6 

311 58 29-39 .06 

39 57 07.5 
39 ll5 32.75 ,05 

39 20 81.38 .06 
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Oblique Arc a.long t.he Atlantic Coast, from Ailanta GtL to Ca.lais Me. 

Apparent f,ocal Def/.ectvm . .s of Vertical in Plane uf Prime-VrrticnL . • s: 
Coasl {tnd. Gt'udetic Su-rv~y .Rrport, 1879 
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UNITED STATES COAST AND GEODETIC SURVEY. 

Astronomical latitudes of the oblique arc awng the .Atlantic-Continued. 

1

1· Date of observation. I Observer. Instrument. II Resulting lati· 
tud~ A 

_J ____________ ! . '-···------·· 

I 
No.f Name of station. 

351 Pool'sTuland,Md .•••..••..•...•. \ June,July,1847 ...•... \ T.J.Lee ..•..••..••.•............ .! Z.T. (M.A) ..... · 39 17 09.65 

135!1 Sugarloaf,Md .•..•••...•.•...... l Oct.,1879 .•.•.•••..... 1 C.O.Boutdlc ..... ---·············! Z T.5 .......... 39 15 48.49 
3\J 05 25.46 ! 
39 05 JO . .j9 

:16 J Webb, Md .•••••••••••••••••.•... 1 Oct., Nov., 18.'iO ·······I G-. W. Dean ..•••••••••••...•.•.•.. ! z. S. l 
37 I Soper, Md ....•...•..........•... 

1 
June, July, 1850 ..••... 1 G. W.Deau .....••..•.•....••..... ! z. S.1. 

38 i Taylor,Md ....••.......•.•..•••. 

1

' May,1847 ......••.••.. 1 T.J.Lee ....................... - .. · Z.T. (M.AJ .... 
1 

38 59 45.97 
39 1

1 

Causten, D.C .•••.•......•...•.•. May,Juue,1851. .••... 1
1 

G-.W.Dean ..•.•••..•......•...... z.,..;.i. .......... 
1 

38 55 32.51 

'40 I ~~~~townCollcgeObservatury, i 1840 .......•......•.•.. J.Curley ....•...••.•.•.•..••••••. M.C .........•.. 

11 

38 54 25.8 

41 , HilL Md ......................... Aug., !Wpt., 1850 .••••. G. W.Dean ....................... Z. S.1... ........ 38 53 52. 85 

'42 i Unit.id States Naval Observa· 1861 t-01"64 Various ..•...•......•.•.••.....•.. M. C.,T.C ······I 38 53 38.78 

I !-Ory, D.C. I 
43 ( Washingtvn, Four-and-a-hall st. Sept., Oct., Nov., 18J2 G. ,V. Stevens. C . .A. Scl10tt ....••. z. T. 5 ......... 'I 38 53 30. 70 

i Obirervatory1 D. C. j 
H i Scat-On, WashlngU>n, D.C ........ \.Jone, 18f.O ............ L.F. Pourtales .............. ······! z. T. 5 .......... , 
45 \ Bnll Run, Va .................... 1 Sept., Oct., 1871 ....•.. , F. Blake, jr ..•.•••..•...•......••. • z. T. 5 .....•.••• j 
46 Marriott, Md .•••................ June,1846; May, June, T.J. Lee, A. D.Bachi',J. Ilew•t-On. Z.T.l,Z.T.(M.A)I 

I 1849. ! i 

38 53 25.17 ' 
38 52 56.16 ' 

38 52 24. 82 ! 

38 18 39.53 ' 

119 

Prob. 
error. 

±0. 12 

- 12 
.04 
. 09 

.11 

.04 

.u5 

.10 

. n 

.17 

. 07 

.06 

• 06 47 Clark, Va ........................ Jnly,.Ang.,1871. .•••.. j F.Ill;tke,jr ..•......•.•••••••••••. Z.T.5 .......•.. [ 
481 Elliot's Knob, Va ................ \' July,1878 ...•......... 1

1 

A.T.Moaman ..................... · Z.T.6 .......... ! 
~9 ! Staunton, Va .................... April,1869 ..•......•.. A.T.)fosman ••••...••••.••..•••••. JILT.l. •........ \ 

38 09 57. 23 i . 15 

50 I Long Mountain, Va ................. Oct., Nov. 1 1875 _ ---··- A.. T.Mosma.1i. ....................... , z. T. 2 .••..•.••. \ 

51 I Mooro,N.C .••....•.•.••.....•... [ Nov.,Dec.,1876 ....... J.B.Jla~·lor, W.B.l"airfi~ld ..•.... ' Z.T.2 .......••. 1 

52 ! Young, N.C ......•..•......••••. 
1 

Oct.,18i6 ...•......... · li. W.lllair,J.B.llontelle ......••. ; Z.T.4 .......•• \ 
53 I King,N.C ........................ Dcc.,1876 .•.•..•...... 1 H.W.Blair,J.ll.Boufolle ......•.. Z.T.5 ....•.•.• / 

541 Paris, S. C ·······················1' Oct.,1875 ............. 1 C.O.Boutdle ·····-------······ --, z. T. 5 •••..•.••• / 
55

1 

Currahee, Ga .......•••••........ , Sept.,Oct.,18i4 .••••.• j H.W.lllair,J.B.lloutelle .•••..... : Z.T.5 .....•.••. \ 

56 Lavender, Ga. .•...•.•••.... ······\ Oct., Nov., 1874. ···-··I F.P. Webher .•..••••...•......... Z. T. 3 .....•.••. ( 

57 Sawnee, Ga .•••••......•.•.••..•. Oct., Nov., 1873 ....•.. H. W.Blair, A.H. Scott .... ,.. . Z.T. 5 ··········1' 
5S \ Middle Base, Ga ........... ······i Se1>t., 1872 .••...... ~-. P. Wehl>er .........••••.• ······: Z. T. 5 .•........ 

tasj[ Atlanta, Ga ..••...•......•••.•.•. i Jan., 1880. .••• .• .•••.. E. Smith, C. Il. Sinclair ..••......• 1 H. T. 13 ......••. 
1 

38 08 

37 17 
36 23 
35 44 

35 12 

34 li6 

34 31 

34 19 

34 14 
33 54 

33 44 

00.8 :---··---
28. 70 I .09 
54. 9~ : . OH 

21. 51 I l" 

29. 38 ' . 07 

31. 09 ' - 07 

43. 9ti : . U8 

17. 05 .12 
11. 09 ~ . 08 

:?2.22 \ . 05 

59. 42 ( .12 

NoTEs.--Stations marked hy a * are not CoaBt and G<'0<letic Survey stations. In all cases the a...tronomical station, if 1lif!erent from the 
geodetic, la reduced to tbe latter. No. 20 is referred t-0 t.Jie cent.er of the dome, 1<lso No. 40, and No. 42 to the •mall or north dome. Tb., 
column of observers contains tht\ name of the actual observer or obsen· .... er&, D.lld not the chief of the party. 

t Added in October, 1880. 



 

120 REPORT OF THE SUPEltlNTENDENT OF THE 

APPENDIX A, TABLE 2.-Comparison of the register latitudes, apparent deflections in the meridian. 

i I : ~~ i ... 
\ : II .gs 11 ~§ 

I 
No )Astronomical •

1

: :~ , ~] 
· j latitude of fl:.. ~~ ~~ 

l -o,E;..; r5'd 
I j I g~~ I g 

No. 

I 1---i !_rn_"-_·~_,. __ ""1_-__ 

~~ II ;5 ;I W:'41 I 

~1 

- 44 59 12.63 

44 51 47.13 

4 44 48 12. 86 

5 I 44 40 19.55 

6 ! 44 39 54. 84 

7 44 37 48. 67 

8 44 21 04. 62 

11 

12 

13 

14 

1[; 

16 

17 

1. 18 
19 

20 

21 

22 
23 

24 
25 

26 

27 

28 

29 

30 

44 12 43. 35 

44 08 37. 60 

4• 01 36. 48 

43 46 43. 48 

43 45 34. 43 

4a 31 Oa.15 

43 13 24. !18 

42 59 12. 88 

42 58 59. 35 

42 36 38. 28 

42 29 17. 08 

42 22 48. 05 

42 22 40. 97 

42 14 28. 53 

41 55 35. 33 

41 27 40. 08 i 
41 17 14. 06 

40 48 49. 96 

40 43 48. 61 

40 22 27. 82 

40 22 05. 44 

40 04 5160 

Ol. 80 

l!l 58 

49. 77 

15. 22 

2L82 

53. 91 

45.55 

04.13 
44. 25 

36. 70 

35.53 

41. 94 

32. 48 
02. 98 

23.18 

13. 32 

58.34 

40. 26 
19. 09 

51. 75 

44.55 

29. 03 

36. 79 I 

40.76 

14. 88 

52.93 

49.17 
24.15 

01.01 

44.11 

+ 4.56 

+ 0.05 

- 2. ll4 

- 2.36 

- 2.27 

+ o.~ 
+ 3. 12 

+ 0.49 
-0.90 

+ 0.90 

31 

32 

33 

34 

35 

35t 
36 

37 

38 

39 

+ 0.96 40 

+ ]. .54 41 

+ 1.115 42 
+ 2.17 43 

+ 1:80 44 

- 0.44 45 

+ 1.01 46 

- 1. 98 47 
- 2. 01 48 

-3.70 49 

-3.58 50 

- 0.50 51 
-1.46 52 
-0.68 53 

- 0.82 54 

-2.97 55 

-0.56 56 

+ 3.67 57 

+ 4.43 I 58 

+ 7.49 I 581 

Astronomical 
latitude of ,!I. 

39 58 29. 39 

311 57 (17.50 

39 35 32. 75 

39 20 31. 38 

39 17 09.65 

39 15 48. 49 

39 05 25. 46 

39 05 10. 59 

38 59 45. 97 

38 55 32. 51 

38 54 zr, so 
38 5:~ 52. 85 

38 53 38. 78 

38 53 30. 70 

38 53 25.17 

38 52 56. 16 

38 52 24. 82 

38 18 39. 53 
38 09 57. 23 

38 08 50. 80 

37 17 28. 70 

36 23 54. 92 

35 44 21. 51 

35 12 29. 38 

34 56 31. 09 

34 31 43. 96 

34 19 17. 05 

&i 14 11. 09 
33 54 22.22 

33 44 59.42 

22. 27 

03.42 

34. 04 

24. 94 

05. 07 

41. 77 
23. 74 

09.02 

45. 54 

32. 42 

27. 06 

52.03 

39. ~7 

31. 24 

26. 08 

50.69 

24' 67 

38. 03 
56. 2'l 

43.40 

24.24 

49.90 

10.59 

23.81 

25.10 

40.82 

15.15 

07. 71 

17. 24 

53.80 

+ 7.12 

+ 4.08 

- 1.29 

+ 6.44 

+ 4.58 

+ 6.72 
+ 1.72 
+ 1.57 

+ 0.43 

+ 0.09 

-1.26 

+ 0.82 I 
-0.59 

- 0.54 

- 0.91 

+ 5.47 

+ 0.15 

+ 1.50 
+ 1.01 

+ 7.40 

+ 4.46 

+ 5.02 

+10. 9"l 

+ 5.57 

+ 5.99 

+ 3.14 
+ 1.00 

+ 8.38 
+ i.98 

+ 5.57 

I 

NoTE.-The numbers of first column and the results of the aatronomicallatitudes are identical with thooc of .Appendix A, 1.'a.blt> 1. 



 

UNITED STATES COAST AXD GEODETIC SUitYEY. 

APPEl'IDIX TI, TABLE 1.-Asttonomieal a::imut!t.~ of the oblique arc along the Atlantic. 

No. Name of Rtation. 

Howard, Mo.---·...... .July, Ang., 1859 ..... . G. W.Dl·an ....•.............. 
2 Cooper, Me-------- ...... ______ ,I ~Ppt., ]R;i!} ______ -----· 

Humpback, Jlfo ..•......•••. ···I Auji., 1858 •••••....... 
G. ''· Dr:in ..•.....•......•... 
G. \\T. D1~au ..........••....... 
A. D. IloohP, G. W. Dr1tn .... _< 4 MountDeKert, J\:[c .............. Au~.,Rt>pt .. , 18t"~----·· 

H!l:rris, MH.. Ang., Sept., l~ft!'i ...... ; A.D.Uadie, G. W. De,an ·-·-· 

6 Rag~etl. Me·----·············· Au~.,H(•pt., 1854 ··----! A.D. Uaebe. G. 1V. Dean ..... 
7 Cape Smal~ Mo ••••....••.. __ . 1 Oct, 18;)1 ................ ; .\.. D Baehf' C 0 Bontolll' 

I 
i W }">.Trowbridge 

Sehattis, M(' .................... ,Juh~, 1853 .............. 1 A. D. Bache, G. ,V. Dl:'"an. 
9 :Mountlndepcndcnc('

1 
Mo ........ I S..~pt., Oet .. 1840 .......... 1 A.D.Bachc .. _____ .... . 

JO Shoottlying-, Mass ..••••........ 1 Ang., JS4r. •••.......•. ! A.D.Ilaclw ....•...••••• 
11 Intlian, Ma~s ..••.•.....•. ___ .. I tlnly. 184-r. .....•....•.. 1 A. D. Baehr~ .••••.•...••..... 

~~ I Agamcnticus, Afr .••......... -! Sept., Oct .. 1847 ......... A. n. Bar he_ --- .............. . 

, Thompson, Mass··············] Oct .. Nov .. Dec.,1846 .. A.D.Bache ......•............ , 
14 '. Mount Pleasant, Mc . .......... I July., .Aug-., 185L ..... 

1 
A. D. Ba('.be, C. 0. Boutclk, 

! 
1 

W. P. TrowhridgP. : 

15 Copoout, Mass ................ : Sept., Oct., 1844 ...•••. A. D. J~ache .................. . 
16 Blue Hill, Mass ............•... ! Srpt., Oct.,1845 ......... 1 A.D.Ba<'.ho .................. . 
17 lla.rvartl CollC'gt:' ObserYatory, ! Jan., Feb., Mar., 1869. A.1'. Mosma11 .••.. __ ......... . 

Piµ:eo11 ..•.•..•••••.••. 63 

Ilow11rd ............. 351 

~~:l~~~:{ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~ ~~ ~ ! 
~;'.'",.{ 

78 
Hnmpba(·k --·-···-··' ~54 
Monut l'h_•a1-1:rnt. .•.•. 81 

SPhattis .... ].l);'j 

Mount In1lepernle11r:.(~ . 24 

Aganwnticus +·-·- .. __ : 26 

M.anomet ............... : 143 

Coppcut .... -.. --.. ~ .. 135 

T11nmpS1Hl ······--·-·· 
Man om Pt .............. 3.;1 

::A[onnt ]Hue ............... 20:-J 

Blue Hill ................ 175 

llrmomf't ··-·---······ :JO;) 

lllue Hill ............... :156 
Mass. . 

18 Gnnstock, N. II ·-- ............. 1 Jul,\·, Aug., 1860 ...... G. W. Dean .••...•••••....•.•. ' Mount Pl<>at-1ant. ........ ,! 217 

JD J~eaconpole,R I···············! Oet., Noz., 1844 ....••. A.D.Bacbc ................... : lllnel!ill ............. l ~28 
20 Spencer, R. 1 ....................... 

1
Aug. 1 184-4 ............ ..:\..D.BaC"hP .................... 

1 

Et>aC'oupolf· .............. : l8Z> 

21 Unkonoonuc, N. fl .............. ! &•pt. 1 Oct., J8-4S ..••.•. A. D. Unch<" ......... ·---·- ......... ' Guustock ··-·-· .•.... l 196 

22 Wadmsett,, Mass ...•...•••.... ! S.•pt., Oct .. 1"60 .....•. i G. W. Demi ................... Ilal<l llill ............. : 24 

23 M:onnt Tom, Mass········-····! Jul~-1 Aug .• 186:! ....... 1 G. "-... DPau ....................... ~[onadnock ............. ·1 

212 
24 Sandford, C<nm .................... [ Srpt.,1863 .............. ! G.W.Denn ................... , Ruland ............... ' 

25 Wt>.st Hills, N. Y --·---·-··---·I Aug .. 186:> ---·--------~ G. ,V.Deau ................... ,,.oo~tr-r ............... j 174 
26 Beaconhill, N.J ................... 1

1

Ang.,187!) .............. i O.W.Dean .................... 'least•l ................... 1 183 

27 MountRo'ie,N.J ............... Aug., 1852 ............. : J.E.llilgarrl .................. ~fountR1ill.\· .•........ ! 

28 Yard, Pa .............•...•.... 1

1 

Oct., Nov., 1854 ....... ,J.E. Hiljiartl............ Lippincott ........... 34i 
29 Princi1lio, MtL ................... Au;::,:., &pt., 1866 ...... '. R. D. Cutts .. ____ ...... _ ....... Turke.\· Point .......... i 1 

30 Marriott, l.ld .••..•...••.••..•. [June, 1849 ............ !.A. D. Ba~he, J. Hewston ..••. Hill .............•.••• ! 96 

31 Webb, Md .•••••......•.•...... [ Oct., Nov., 1850 .••••.• : ,\.D. Bach<'. G. W. Dean ..... Soper ................. ! 88 

32 Hill, Md ....................... / Sopt., Oct-., 18i>O •.••••• ! A. I>. Bache, G. W. Dean ..•.. ' \Vebh ..•••..•..••••• .' 219 

33 Soper, Md·····················! July, 1850 ......... 'A.D.Bachr ....•...•.........• Webb ..•.••.•........ : 26B 
34 Seaoon, Washinjiton. D. C ..... 

1

Dec.,1868; Jan. 1869 C.O. Bout<•lle ..•.••....... Hill .•...•.•••....•.••• i 265 
35 \ Causten, D.C ....................... Ma'.\'", June, 1851. ..••.. 

1 
G.W.tioou ................... Sopl"r ................... 1 210 

35i Sugarloaf, Mel •••••••..•••••... ! Sept., Oct., Nov., 1879.' C. 0. Bon Idle ..•..........•.•. ! Bull Hun ............. ; 3~ 
36 BnllRun, "Va .....•••••......•. / Oct., Nov., 1871. ••••.. C.O.Boutelle .•...........•••. ' St.nl1lt·r .•.•........... ; 246 

37 Maryland Heights, Mel ..•.•.•. I Oct., 1870 .•••••••••••• , C.O.Bontelle ···············--: PeachGt'Ove .......... I 317 
38 Clark, Va ..•..•.....•••••••••• ·.] Aug., 1871 .•.•••.••••. 1 C.O.Bout.-,lle ....•.••.•..•.•.. ' ]lull Run •..•.....••.. ! 202 

39 Long:Monnto.in, Va ............. ! Nov., 1875 .............. A.T.lioemnn .................... 
1 

Rimar ................ 
1 

223 
40 Elliot'sKnobtVa..... ,,Tul~·,Aug .. 1878 ...... "1 A.T.Mo~mnn .................. llumpha<'k ................ :u:i3 
41 Moore's Mountain, N. C ....... 1 Nov., Dec., 1876 ......... ~ A. T. Mosman ................. 

1 

Untlitfo .................... 158 
42 Young's Mmmtain, N. C ........ Oct., 1876 ............... C.O.Boutelle ...................... i Poon~···- .................. , 126 
43 King's Mountain, N.C .••...••. 
44 Paris Monntltin, S. C .......•... 

45 Cnrrahee, Ga ................. . 
46 Sawnee, Ga ................... . 

47 Middle Base, Ga.--· ........... . 
48 Lavender, G ................... . 

S. Ex. 17--16 

May, June, 1877 ......... : C.O. Uont-e1fo ........................ !Henn.............. 141 

Oct., Nov., 1875 ..•... .1 C.O. Boufolle ....................... 1 Wotfortl .................. 267 

Oct., Nov., 1~74 .•••••• : C.O. Ilnut.ille ...........••••.• ; U.abnn ................ lBR 

Od., 1873 .....•..•.•.• 
1 

C.O.Jloufolle ...•...•••••..... Cunahe"' ............ '24:; 
,Tan., Feb., 1873 .••..••. C. 0. Jloutelle ..•.............. : 81,me Monntain ....... 31~ 

Nov., Dec., 1874 ...... 1 F.P. Webher ..................... l Kenesaw ............... aoo 
! 

NOTR.-The point of reference for No. 17 is the West TranRit. 

54 4S.10 

[1,'l 12. os 
42 32. 34 

30 46. 82 
3;; JO. 71 

48 44.HB 

HI (13.51 

31 2:~. 5;; 

55 48. 6~ 

03 ::.?. 74 

35 fi8.R2 

3G 55. 39 

21 41. 8~ 

59 21. 5G 

17 OG. 47 

57 ao. o~ 
2:! 57. 94 

43 3.1. 47 

55 17. ln 

fi7 33. 02 

ari 20. 01 

17 41.19 

::Ii 21. 7!l 

50 25. 04 

f17 38. 23 

35 20.SP 

46 55. 59 

17 3$. 57 

34 43. 50 

37 43. 24 
;,9 49. 22 

46 ~-29 

40 23. 38 

32 53. 75 

54 41. 77 

20 16. lJ 
3;, :J4. 20 

48 55. 23 

19 27. Cl.! 
28 41. 73 
2;J 23. !)() 

:1:1 31. Hl 

52 63. 82 

33 36. !I] 

18 15. lfi 

10 27. ~g 

34 ~G. ~O 

"" 2~. 94 

II 59.11 

: 

: 

: 

i 

121 

±0. 33 

. :14 

. 28 
~3 

.:!1" 

. ~7 

. 38 

. 34 

. :?9 

. 4!'1 

. :IH 

. 4.) 

. 3R 

. 31 

. ~i 

. 40 

. ~4 

. ~6 

.41\ 

. 48 

.19 

. :l4 

.19 

• 47 

. 3~ 

.4a 

. 44 

• 53 

. 48 

. 3!'~ 

. 40 

.4-1 

. 44 

. 36 

. 31 

. 37 

.:11 

. 2!l 

. :14 

. 31 

. 3;; 

.:i:l 

. 39 



 

l;c2 REPORT OF THE SUPEIUN'l'ENDENT OF THE 

API'ENDIX J1, 'l'AllLE 2.-Comparison of the register azimuths, appa1'ent 1lejfectio11s of tlte meridian, 
ant1 correspondin!J apparent i1t;flections in the prime 1,erlical. 

-"--·-~-------

])in-•ctin11. 

Tiow:ntl to ]ligt·Oll _______ ........•••••••.•.•••...... --

'"' Coopt>r to Hmvarll .....•...............•.•. --·-· - -····-· 
a! Humphaek to Cooper .................................. . 

: .Mount DPf.\Prf to Hagg:rid ..• 

llanis to IlumpbaC'k .•.•... 

-···------ .................. 1 

<i Uag-g-PU toMountPfoasant ··············-······--·-·--· 

7 Cape Small to Seliattis. __ ....... -_ -- ·--- ·-··-· --- ...... - -J 

8 , SelmttiH to :Mount lntlf'pelldt•11ce .... -- ... -- .: ........ - .. '. 

!l ."Mount lndepernknccto ..._\ga.mPnticns ·-·-···-····-··-··\ 

10 ' SlwotHying to Manomct ............... - . -- -- ... · · : 
11 lut1ian to Cope('UL ...... __ ...................... -

12 .Agamenticul4 tu Tl1omJ1!:'.lOll .. ···············----· 

l:! · ThomJ""" to lllanomet .............. _ ...... -- ..... . 

U 
1 

l\l(mnt,J'lt·at'.l-rmt t.oMouutR111e ---·····-----·-·········· 
1.i Cop{l('Ut to niue Hill.------ .... ·-· ..... - . -- . -- . ·-· -· .... 
Jtj Hint_' liill to )lanomct ....... - .....•.......... - .••. - . 

17 I llarvanl Colleg-t· Ol11'JlffViltory "\Y ez;it Transit to Hltw nm 
l' Cumt<)('ktnMonut l'h•a"""t ........ . 
1U' J!earonpolr·toJUuf•JlilL ...........•............. 

~o I ~}WlH:'tr to lka\'ODl)Ole. ·- -- •..••••.. ·- ......... ··-· .. ·--

~1 ' T"nkonomnw tn Gun~tnck .... 

'"'" ! \\"al'lm~ett toifaldIIill .......•........................ 

2:~ .Mount Tom to Mmmtl11nd\ .......•... ···-···-···· ....•. 
1 

:?4 Sarnlfor1l to Hnla111l ...•..........•...•.••...•••...•... 

:!5 \\ ... est Hill~ to "\Vuosti'I' .•..•.............. _ ........ _ ..... l 

27 ' lfmmt. J{o~f~ t.o ~fount IIo1ly . __ ..... __ .•.•. _ ...••...•... \ 

21'". Yartl to L1ppmcott . ···-·· ....•........••...........•• --1 

!!fl llrinci1lio to Turl'-{'Y . --- .... - ...••... - ... - ... -- - · - •· .••. \ 

30 '1.farriottto Ilill --·-·--·-· .................. ---·-···-·-·' 

~~ I ;~;;tlh~:> ~"~;,~,"'.'::::: ::: : ::::::::: ::::::::: :: ::::.:: :::: ::i 
3;1; S111•ertoWl'l>b ........................................ ' 

:H · 8t·aton to Hill. .........•............................... 
::;, Cami.kn fo Roper .......•............•...•....•...•..... : 

:1: & S11)!arlnaf to llull Jt1m ·---- ..••. -- ... - ... -. --- .. - -...... ' 
30 Unll ltun to Stuhlt•1 

:?7, Ma1-_vlamlII(•iµ,ht8-tol1P:whliro,.H ..................... . 

:l>' Clark lo Bull Hirn···---·-·-·· .......... ·-- .. ··-·· ...... ! 
:iu I~ougtnSpt•ar .••..•.......................•........•... ! 
40 Elliot'ti. Kunl1 t'' llnmphut·k ...................... . 

41 lll<M>f<' I<' Butfolo _ .. __ ........... - .... _ .......... . 

4~ Yo1111g; to Poo"• . _. _ ·-- ....... _ ...... - ......... .. 

4'' Ki11)!to ll<'mt _____ .. _ -·--- .. ··------·--

44; Jlarii"to\Vofford.... . ..........•.......••••.••• ( 

4;1 Currahce to Hahnn ......................•.••..... •••••· l 
46 Sawnt•f' toCnrrahi·~· ...... --··---·--------········ ! 

AF<tronomkal 
azimu1h. 

' Second• : .A (' I Ii 
, of gootletic - x, I ! Deflection 
1 azimuth i0r )_PPa[cnt, Latitude r,b. Lon~itnde A.: iu primH 
! from i dPft~:;:~\on. ! 1 ivertieal.lp. 
! l't'~ister. l \ 

-------·· ---- ------

-- 2 4U I r.3 r..i 4;;.io 
3.''11 53 ]'.?. 05 ' 

2.).J 4 ~ 32. 34 

78 30 4G. 8:? , 

2:14 35 JO. 71 

81 48 44. 99 

155 19 03. 51 

24 31 23. jj : 

26 55 48. 63 

143 03 

135 35 

36 

')•) 74 : 

;~: 82 I 
55.39 ! 

;151 21 41. 82 ' 

205 59 21. 56 ', 

li:i 17 06. 47 

305 51 30. 02 . 

a56 ~2 m. 941.. 

217 43 33. 47 ! 
228 55 17. ](J [ 

J Sf> 5i 33. 02 

19f, 35 20. 01 
24 17 41. J9 

~12 37 21. 711 1

1 

50 2,,_ 04 

174 57 38.25 

183 35 2ll. 89 

46 5::J. 59 

347 17 38. 57 

1 34 43. 50 

96 37 43. 24 

88 59 49. 22 
219 46 58. 29 

268' 49 23. 3li 

~fit> :~z 5:1. 1r. 
210 54, 4-1. 7i 

3., 29 Ht 11 

240 35 34. 20 

317 48 55. 2:1 

~02 19 27. 62 

2::!3 28 41. 73 
3()3 2S 23. llG 

];;8 :i3 31.16 

12(, 52 53. 8:.! 

141 33 36.91 

267 18 15. lf> 

188 JO 27. 88 

245 34 26. 2-0 

312 22 28. 94 
300 11 59. ll 

47. 5ri I 

u. ri2 ~ 

32. 12 i 
50, ~7 I 

10. :10 ; 

43. so i 

03. 56 ; 
24. 47 ' 

52.17 
21. GU 

G~. 57 

59. 54 

43. 94 

20. ~4 ', 

07. 43 ' 

:13. 29 i 

57. 01 ! 

:rn. 6~ 
20. 7f! 

~7. 33 

lit 87 I 
35. 38 j 

1;. 86 

17. 41 
36.15 

31. 40 

60. 18 

38. 77 

30. 07 

33. Tl 

41. 72 

49. 3\l 

17. 08 

42. JI 
~G. 12 

21. 46 

33. 35 

21. 5a 

4a.90 
2L24 
31. 35 

52. 42 

39. r.1 
15. 93 

2.'i. 79 

28. 54 
32. 29 

60. 42 i 

• i 

- 2. 47 ! 
+ 0. 22 

- 3.4,'"1 

+ 0.41 

- 0.81 

- o. 05 

- 0.92 

~ 3.5.'i 

+ l. 08 

-- 6. 7& 

- 4.15 
-· ~- J2 

+ 0.7'! 

-· 0. 96 

- 3. 27 

+ 0. 93 

+ 2.85 
- 3. 63 

-· 4. 31 

+ 0.14 
+ 5. 81 

-F 3. 93 

+ 7. 63 
+ 2.10 

- 1.r,1 

- 4. 59 

-- 0. 20 

+ 7.43 

+ 9. 53 

+ 7. 50 

+ 8.00 

+ 6.30 

-j-Jl.114 

+ 5.Gt"> 

- 5.35 

- l. lfi 

- 2. rn 
-t- 0. 09 

- 4.17 

-1 ~-Gs 
-· 0. J9 

·i- l. 40 

-- 2. 72 

- 0. 77 

+ 2.09 
- 2.34 
- 3.35 
-- 1. 31 

i 
44 38 : 

44 fl!, 1 

44 !'):! I 

44 21 i 
4t 40 

44 l:! 
43 47 

44 09 

43 46 

41 41 

41 26 

43 13 

42 37 

4~ O!! 

41 43 

42 13 

42 23 
4:l 31 

4~ (10 

41 41 

42 59 

4~ ~9 

42 14 

41 28 

40 49 

40 22 

40 22 

39 5H 

39 36 

il8 5~ 

39 05 

38 1i4 

39 05 

38 53 

38 56 

39 16 
:1H [13 

3H 21 

38 19 

37 17 
38 10 

:m 24 

!J.j 44 

ar; 12 

34 57 

34 32 

34 14 

3.1 M 
34 19 

Ci7 23. 7 

67 28. 0 

fi8 06. 6 

GR 13. 6 

69 08. 9 

69 09. l 

69 50.7 i 
70 04. 7 i 
70 _19. 2 I 

70 20. 8 
70 40. 7 

70 41. 5 

70 43. 8 

70 4-9. 3 

71 03. 6 1· 

71 06. 9 I 

71 07. 7 i 
71 22. 2 ; 
71 27. 0 i 
71 ~9. 'i i 
71 35. 3 

71 53. 2 

72 3~- 9 

72 57. 0 
73 25. 5 

74 13. 7 

74 43. 4 
75 23. 3 

7fl 00. 3 

7f> 36. (i 

76 40. 5 

76 52_ 9 

7ti 57. 0 

77 00. 0 

'i 04.. 4 

77 23. 6 l 
77 42. 3 
77 43. 0 

78 00. 2 

79 05. 2 

'jg 1~. 9 
8() J7. 0 

80 38.91 

81 18. 8 \ 

82 24.i: 
83 2J. 6 I 

84 00. 7 
84 16. 7 

85 17. 4 

-+ 2.49 

--t 2. 47 

- 0. 22 

+ 3. 5:J 

- 0. 42 

-j- 0. 83 

+ 0.05 

-I 0. 95 

+ 3.71 
-- 1. 21 

+ 7. 64 

+ 4.42 

+ 2.30 

-- 0. 74 

+ 1.08 

-+ 3.60 

- l.O~ 

- 3.oo 
+ 4. 04 

+ 4. 83 

- 0.15 

- 6. 34 

- 4.32 

- 8.63 

- 2.43 

-+ 1 77 

+ £i.40 

+ 0.24 

- S.97 
-11.82 

-- 9. 23 

-11.02 

- 'i.74 

-14. 43 

- 7.00 

+ 6.54 

-t- l.43 

+ 2.67 
-- 0.11 

+ 6.47 
- 3. 38 

+ o. 26 

- 1. 95 

+ 3.86 

+ l.10 

--- 3. 03 

+ 3.44 
+ 4.98 

+ J.92 

:KnTt<:.--Tlw uumh<•rs in RN'OIHl rolumn :tl"t' iikntit'al with tlw COITCS})()llding astronomical azimuths given iu Appentlix. B, Table 1. 
T~• 1·1.·dm·t• to <·~·ut.t-1' of ilo1w· at11l 2! 2W 1 .4-2'. 
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APPENDIX C, TABLE 1.-Astronomical (telegraphic) lonlfitudes of the oblique a>«· alou.r; the Atlantic 

No. j Nanw of station. 

I 
I 

E'S"r. 
~ :S 
"-" 
t.r.--::;:: 

~.§:) ;: == t ~.;:; 
~ 

h. m. s. b'. 

Calais, Me--------·--------·- · Sept., Oct., 185i: lJe.c,, 1866. .. . G. W. Dean, E. Goodfellow, C. 0. H"utelle .... 4 29 07. 6J:J · ±. 07 

., .llanJ!or, Me ........•.•........•. 1'0Y. 1 Dec. 1 18.il; 8t..·pt., Od,., 1837 .. L. }', l,onrta.lc~1 S. C. "'\rulkcl', G. ,Y. IA.·a1i. 3.'.) 07. 9~7 ; . OG 

I~. noodft'llow. 

:i Ca.mhl'itlgt\ Harvartl Cl11lt,gc :Kov., Dec., 1851: Jullt.\ 18G7 ...... "'\Y. C. Bond, S. C. \Valker. L. l:'. Jlourtaks.... 4 44 30. 9tl4 ' 

: Ob!3ervators Dome.* 

4 1 lt.utherfurd Ohservator~·, N. Y 

5 jUnit.etl States Na.v-alOhxernttor,\·. 
1\,.-ashiugtou, tlonw."' 

6 Statcsvillt_>, N. C .. ----- ..... 

Jnl;-, Aug., 1848 .................... H. C. Walker, W. C. llond, E. Loomis ........ . 
~Jnne.1~fi'i: Fch. 1 ~!ar.,1874 ....... 8. N~wcomU. A. Hall,- Tltiriou 1 J. \\ .. iu-

lJec., 1878: Jan., 1879 ............ .. 

lock. G. M. Searle, W. llarkueso, ,J. J:. 

}:astmau. 
G. W. li..au. E. Smith ....................... · 

7, .Atlanta,Ga .•••.............•.. ; Mar. 1 1074; Jan., Fl'h., 1E79. E. S.mitl1, F. lUake, \\". Hal'lrnes8, J. H. _Ea~t· 

mau. G. "~. Deau. 

55 57. OtH 
08 12. 03G 

23 34. 63"• 

37 33. !:?26 

. OJ 

.(16 

.ll'."> 

• 0'."1 

.();) 

"See page 182, Coast ~n1'V(•5· !:('port of 1874. Point of rL'fr"'I"{'nt'e, t•enter of tlonu•; t{ir otlit:r lm_·alitit•s, tht• tran~it (.)f the astronomical statio11. 

APPENDIX C, TAnu; '2.-Co111pari1wn of tlte reyi.~ter lunyitudes, apparent d<:fiectfonli in longitude, .. wd 
corre~po1111ing apparent dejlcctfonli hi flu: pri11tc 'l:ertical. 

I 
I 

I 
1 j Calais (T), :Ilk .. . 

- I '""''. "'· 

-.... : : : : : : : : : : : : : _· ~ _. .·::::::::::::::::::::::::::: I !~ ~.:: ~ 

Nu. 1 :Same of station. 

!! j Ban~ur(T), J\le ..... . 
;:; I Cam\Jritlg-c (D) 1 }{a~s •••.•...•.•.•..•.... -- ...•.. - ...•... ----. ------... 4'.2 ~'.!. !l 

4 /New York ('I'), N. Y ............................ .' ................... .. 
5 i Washington (D), D. C .................................................. . 

~I ~:i:::lt~)'.Tb,.~._~_:::::::::::::::::::::::::::::::::::::._:·~-~::::::~ 

-10 4;1. 0 

38 5'!. 7 

:1;J 4G. 1l 

3:1 4-1. iJ 

A ~tronomkal 
(t1·l1·gr;1phk) 

longitude. 

(i'j IG [14. :!O 

fit' 4G ri~. i}() 

71 07 44. 91 
7;1 fi!J ]5. ~(j 

77 o:; 
~() 5a 
b4 2:3 

' I He!!ister ' .A. - G. 

! s~~~:\~~i(~f; a11/:,~-~int 
: 1nugitud1.•. <ldkction. 

I 

4ll. 87 -f 4. ;i:: 
fi.:-'. 07 : LI. 8~l 

4:J. ll +1.tiO 
1;,_ 10 +ll.E'G 

-7. 7~ 

-4.3:.: 
-0.1;; 

·i 1.:::! 
1-0. (),;) 

--lj O'.! 
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ArPE~DIX Ko. 9. 

ON THE SECULAR ClIANUE OF MAGXET1C DECLINATION IN THE UNl'l'ED STATES AND AT SOME 
.FOHEIGN STATIONS. BY CHARLES A. SCHOTT, ASSJST,<\NT COAST AND GEOHETIC SURVEY. 

[~'ourth edition, June, 111.~l.*J 

The present inYestigatiou incorporates the additional obsernttious made or collected 8ince June, 
18i!I (date of Uie last e1lition), aml containR the extended aml impr(rrnd rmmlts of old stations as 
well :ts those for a number of 1101v loc.tlities. The geogr.iphica1 muge of the lliscnssion includes ~1 

station in Europe, a station in Brazil, two on the Sandwich Islands, and oue in Asiatic Hussia. 
The demand for the contents of tllis article llas been constantly on the increase, not only by 

scientistR and surveyon;, but also by lawyers, arising chiefly from cases of disputed land bound
aries, which originally had been nm hy compass and are uo~v required to be retraced. To reuder 
this investigation more useful to practical men, I have thought it Llesirable to preface it by a brief 
account of the nirious and principal motions, systematie aIHl irreguhtr, to whicll the direction of 
the magnetic needle is subject, and thus clearly to separate and distinguish these eltanges from 
the secular chang<', which is here the special ol\ject of treatment. 'l'heoreticall.r, a knowledge of the 
secuhtr change is of great importance aml practically is indispensable iu order that the coast charts 
published by this ofllee ni<L)- be supplied with the variation of the compass for the date of issue. 

The magnetic declination (or variation of the compassi as it was formerly called by surveyors 
and still is by navigators), at auy place, is tlie angle contained between two vertical planes, one 
heing the astronomical or trne meridiau, aud the other a plane in whicll the horizontal axis of a 
freely strnpended magnet lies at tlte time. The fimncr plane is fixed; the latter variable, since it 
is fouud that the needle i.,; in a state of coutiunal motion. Tue magnetic declination varies with 
re:;pect to space and time; it h•, therefore, necess~try to gi\·e with the statement of its measure the 
exact time (year, day, and hour) when an observation was made, as well as tlle geographical posi
tion of the place (tlte latitude and longitude to the nearest minute of arc). The declination is called 
"west" when the north end of tlte mag·uet poiuts to the west of .true north; algebraically this fact 
is indicated by a+ sign, and if "east" by a - sign. It is a matter of observation that the magnet, 
when ligl1t and delicately suspernled (by a single fiber of raw silk), is sel!lom or never at rest, but 
is always shifting ]ts direction, or is in a state of oscillation or of tremor, or it may be of sudden 
chau~es. These angular motions h:we heen classified as regular (periodic) and irreg·ular varia· 
tions, and of these we propose to uotice briefly the principal ones, such as may generally be 
exhibited within the limits of the United States. 

The solar-diurnal variation consists in a systematic movement of the magnet, having for its 
period the solar day. Its character is the same for the greater part of the northern hemisphere, 
viz, about the time of sunrise the north eml of the needle is generally found approaching to or 
uear its most easterly deflection from the average magnetic meridian. This phase happens, for 
instance, at Plliladelphia, on the yearly average, about 7 lh a. m.; at Key ·west, I<'la., about Si;h a. m.; 
and the same at .i\fadiso11, "-is. It is snliject to all annual variation, being about {/; of an hour later 
in the months wheu the sun is south of the PIJtrntor, aud about ~ of an hour earlier in the summer 
months than its yearl,v average epoch. The north end of the needle tlten begins its principal 
dail;v motion, and reaches the opposite extreme position, or its western elongation, about llalf past 

•This paper originally appeared in Coast Sun-ey Hq1ort for 1859, Appendix No. 24, pp. 2'J6-305. In tho second 
Pditiou, in Coast Survey Report for 1»74, Appendix .No. 8, l'l'· 72-101!, the iU\·.,,..tigation appears greatly extended; the 
substitution of a sine for a co8ine function wa• made and t.1111 e'11<1eh was changed from 1830 to 18.'lO; also wrue use wa,s 

made of Cauchy's met bod of interi•olation for the estahlikhme1Jt, of s<>Ultl second iieriodic terms. Tho third edition, iBSued 
in June, 1879, appeared in pamphlet form, and is uot contained in any anunal report of the Coast and Geodetic Survey, 
The geographical range of the investigation wwi much enlarged, and the paper was illustrated by two plates. 
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1 o'clock p. ru. It is reached a few minutes earlier in summt~r and a few minutes later in wiuter, 
and hardly varies ha1f an hour for different localities. .After this epoch tl1e needle takes up an 
easterly movement, and gradually returns nearJ,y to the direction from which it set out iu the 
morning. Frequently an interruption, or small rm-ersed motion: i.s cxhiuiteu during the uight. 'l'lie 
average daily direction is reaclwd iu summer about 1011' a. rn. aml iu wiutcr about 10]1

' a. m. at 
Philadelphia,, and generally within half au hour of thet>e timet> at other places. The maguetic 
meridian is crossed a second time, generally Letween i anu !J p. rn. The augular range between 
the morning and afternoon elongations, or the diurnal range, is about 8' on the average at Jlbila
delphia and about 5:!' at Key 'Vest; in higher maguetic latitudes more, in lower less. 'J.'his range 
is subject to au annual inequality, being- much wore cou:spicuons in summer tliau iu winter (10:2' 
at Pbiladelphia in .August and fY in NoYember). It is further sul~jeet to a, perio!lic inequality 
related to the eleveu-.rnar cycle of the sun-spots. It is least in years of minimum stm spots (as 
iu 1878, for instance) ancl greatest in ~·ears of maximum sun-spots (aEI in 1870) the factors beiu~ 
0. 7 ancl 1.:~, about, of the aYerage amount of these years rm;pedinl~-. This !laily variation appears 
at times intensified, at other timet> eufoeliled, and during the winter months there are Lla,ys 011 

which it cannot Le recognized. Obser\·ations must he corrected for time of day iu order to reduce 
the result to the average direction of the :?4 hours; a table gin~n for this purpose is found in Coast 
Survey Report of 1875, p. 2G3. 

The annual variation of t11e declination is so small tl.H1t a mere mention of its exii,;teuce suftice:-;; 
its amplitude is at most 1~ minute of arc. 

The lunar inequalities: These we likewise pasi,; O\'er 011 account of their small amplitude. The 
principal inequality is the lunar diurnal Yariation exbil.Jiting the peculiarity of two maxima and 
two minima values on each lunar day. Tlie range of tliis inequality at Philadelphia is about 2i", 
and at Toronto, Canada, ahot1t 3811 • Other lunar inequalities are of yet smaller order. 

The secular change of the magnetic deeli1wtion, our subject proper, is most i1roba1.Jly ah;o of a 
periodic character, but since it requires centuries for its full deYelopment, awl as yet no one c~·cle 
has actually been completed within the r.mge of observation, we arc obliged, iu the absence of 
any reliable theory, to follow up tl.ie phenomena b.f coutiuuous obsernttions. Tlms from time to 
time our prm-ious deductions or supposed hnrn ueed cliangiug or amending in order to presern.1 
the required harmonious relations with faeb;. The sccuhr motion may he compared with a w:n-e 
motion or with au oscillation of a i)enduluq1 wl1ieh comes to rest momentarily at its extreme po;;i
tions or elongations and moves fastest midl\·ay between these extreme,;. Smaller Yariations within 
this period have also been detected, but the general moYemeut (of the uorth end) of the magnet 
ma~' be described as follows: About the times of maximum detfoction the magnet appears almost 
stationary or oscillating about the siime a\"cragc directiou (to ordinary or rongh iustrument1') for 
several years; soon, however, tlie effect of the secular change IJecomes perceptible, increasing 
gradually, year by year; the progressive motion soon reaches an annual maximum chauge, after 
which it slowly diminishes, becoming stationary at the opposite extreme digression and possibly 
returning again to its first position. "'ithin the area of the United States and south of latitude 
490 a complet~ oscillation of this kind may require between two and a half and three and a half 
centuries, during which time the magnet would swing twice through an arc of se\~cral degrees, 
ge11erally keeping within the limits of 3° and jo of total range for our geographical boundaries; iu 
other localities the period and range is Yery much greater. The great regularity of the motiou is 
well shown on the aceom1mnying diagram for l'aris, :France, for which place we possess tlw longest 
series of observations; the period is about 4a centuries, aud the rauge uearly J3°. To illuiitmte 
further the effect of the secular change we may take the case of New York City. In this locality 
the needle was observed to be in nearly a stationary condition about rnsti, pointing then !P to tlie 
west of north; it then mo,·e<l easterly and reached its easterurnost digl'ession al.lout 1 Wi, slt0wi11g 
at tliat time ouly 40 west declination. Ever since tl1is epoch the motion has been wet>terly, i ti; 
yalue being now 7~0 "\V.; the greate8t mumul change (nearly ii') hm; apparently heen passed. The 
times of these stationarJ epochs arc difforent at different localities; the last epoch was noted 
earliest in Maine, later in :Florida and Texas, and has uot yet been reaeltetl in California. At 
present, all along our Atlantic and Gulf coasti:;, and over the middle allll eastern partt> of the 
United States, the effect of the secular change is to increase wet>t declination, or (what is the salll~) 
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to decrease ea.~t declination; but on the Pacific coast and for some distance interior the effect is 
opposite, Yiz, an increase of east declination. Alaska, howe,·er, is to be excepted; there easterly 
deelination seems to tlecrease slowly. ~'lwre must, conser]lwntl,r, be a region of no change, which 
will be noticed farther on. 1t is thi8 motion, known as the secular change, which renders it neces
sary to recoHstrnct from time to time our isogouic cliarhl. Alt.hough the secular change is perfectly 
regular it may not ahvays 11ppear so, especially when deduced from few obsernttiom; made at difter
e11 t stations in the same geuernl locality, either on account of small observing errors and possible 
local detlectiom;, or for the reason that ordiuary perirnlic variations and disturbances are not full.r 
rliminated. Among the latter must be classed tbe-

Jfo!]netfr disturbance~; these may occur at auy t.ime, allll are, when takeu individually, beyond 
the power of prediction i lmt attacked by the statistical method, i. e., when cla8sifiell and averages 
ar{' taken of many thonsands, they are found to he subject to various laws. Their 11resence is gen
erall.v indicatc11 by sudden deflections and by rapid and great ffuctnatious iu the direction of the 
needle as compared with its normal position, which otherwise might have been expected. They 
of'tcu take place simultaneously at distant regions of the globe and in duration may be confined to a 
few hours, or tlwy may last a day or eYen for several days. They arc frequently accompanied by 
auroral lights aml by strong electric earth-currents. \Yheu aualyzetl in large numbers they exhibit a 
;;olar-dinrnal variation, the westerly and eastel"ly uisturbauce8, lwwever, following different lawis. 
'l'Iwy also hn rn an annual variation and seem to depend large!,\· on the sun-spot period or an eleYen
year ('.rde. Irrespecti\·e of direction of the disturbing forces the most disturbed hours of the 1la.r 
are g'Ciu•rally those hetween ih and IOit a. m., and the least disturbed those between 211 and 611 p. m. 
\V t>isterly tlistur11;111ces ocenr most frequentl.\· about Sh a. m. aIHl least about Sh p. m. They exhibit 
:i t:-1i11gle 1bil,Y progression. Easterly llii-;turba.nees reach a maximum about 811 p. m. and a minimum 
about 2i. p. m. ; they exhibit a double daily progreRsion. "' eskrly and easterly disturbances 
appear to agTee in their annual variation, in their times of maxima, i. e., in .August, September, 
and Octoher, and in their times of minima, i. e, in Jannar;r and .Tnne. The disturbances are most 
frpqnt'nt arnl conRitlerahlt• in year:< ofmaximnm :-nm-spot actiYit.y, and the reverse in yearsofmiuimmn 
Rnn-spots. The following- tn hle of the obselTetl disturbance:;, in a hi-hourly series at Philadelphia. 
i11 the years UWI to l~Ei, will giwi an i1lea of their rcla.ti\'C frcrpHm<'y a111l nmgnitrnle: 

1 
Deviations from nor- ~umber of ! 

mal direction. disturbances.I 
I 

3·.6 lo 10
1 .S 2189 

10
1.8 to 181 .r '47 

18'.1 to 25'.3 18 

-:t5'.3 to 32'.6 
Fleyontl ... 0 

At Key \\'est, Fla., the maximum deflection noticed between 1860 and l8(if:l was 21'.4. At 
1\ladis011, '\'is., wlwrc the horizontal maguetie intensity is considcmuly less, Yery much larger 
detlt•ctio11s lt:LYe heen 11oticed. Tlurn, ou October 12, 18i7, one of 48', anti on 1'lay 28, 1877, one of 
Io :!1'. We now proceed to the cousi(leratiou of the secular change of tllc magnetic declination. 

IIISTORICAL N01'E. 

'!'lie following brief J1istorica.l remarks on the magnetic declination aml its secular Ymiation 
were extracted from Ilmnboklt's Cosmos tOtte's translation, I1omlo11, 1849-18.'JS), vols. II and V; 
from tlw Encyclop:t'!lia Jfritauuicn, Uth edition, Art. Compass, Yo!. VI (Boston, 1877), and from E. 
\\'alkcr's treati8e Terrestrial and Cosmical Magnetism, Cambridge (England), 1866, in which works 
fuller n•frn~uces will lie fonllll. The Encyclo1wdia of I<Jxperimental l'hilosophy, I,omlon, 1848, Art. 
l\la~11etis111, a--; "·ell as Gcl1lt:r's l'hysikalishes Wiirterbucl1, I,eipzig, 1821), Art. Compass, were also 
eousultell. 

The fir;;t notice of the nrnguetic needle 11.s applie(l to na\·igation we meet with among western 
nations doe;_S not d.ate f'nl'ther back than the eleventh or twelt"tb century of our era, but in China 
the llirectiye propertJ' of the magnetic needle was macle use of on land as early as the twelfth 
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ceutury n. C., and, according to traditio11, even at a Yer~- much earlier time (~11:31 n. l'). In 1lw 
third aml ibnrth centuries of onr era, Chinese yesselfl were guided by the magnetic 11ee<1le, and 
through them a knowledge of the polarity of the needle was co1ffcyctl to India, and tl1e11c(• west. 
ward. Ju the ninth century Chinese merchants traded in ships to the Persia11 Gulf and the Heil 
Sea. Probably through the influence of Arabian mtYig·ators, or through the agency of the cru
saders, the use of the mariners compass wa8 introduced into Eastern Europe. Among the fir;;t 
European writers of t11P middle agps who rt•fer to the loaclstone or to the com pas:,:: is the foelamli1· 
historian, Are Frode, who li\-ed about the eml of the cJe,·enth eentnr,L Ile states that the llirect1n 
property of the loadsto11e was then knowJJ to Reamen in northern countriPs. }frxt, Alexarulpr 
Neckam, in two treati8es, "De Utensilibus" and "De Naturis Hernm,'' of the hrelfth century; 
Guyot, of l'rovins, in ll!IO, aml Jaques de Vitry, behrneu 120! and 1213. ltaymond Lull,\·, in 127:.! 
and 1286, r_emarkR tllat the seamen of l1is time ernplo~-ed the magnetic needle, and from 'l'orfa•n;:: 
we learn that the compass was in use amoug the Norwegians about the middle of the thirteenth 
century. Among western nations the construction of the instrunwnt umlerwent great impron·
ments, particularly by the hands of Flavio Gioja, of Amalphi, in 1302. 

The dcclination.-J<'rorn a Chine8e work written between 1111 and 1117 A. D., we learn that the 
needle was then suspended hy a thread, and that the mode of rneaRnring thP amount of thr 
1lec1inatio11, it being tl1en west (or as rx1n·cRsed east of south), had long been mHlPrstoml, and it 
can hardly be supposed that the fact. of the needle, in general, not ])Ointing to the true north arnl 
south could htn-c lwen o\-erlooked in the twelfth centnr;1-, on the Metliterraneau, in places wlterP 
the declination reacl1r1l C.0 or 10°. A passage iuterpolatecl in a Pari:> :MS., a copy of "Epistola 
l'etri Peregrini, &c.,'' of 126!1, states the declination t,o haYe been tletcrminetl hy him iu Haly at 
50 B. Columlms probably was the first who records the clm11g-e in the declination with clrnng<' of 
position. On starting from the west coast of Spain he had east dPclination. In September, U!l~, 
in latitude 28° longitude 2so (~tbont) he obflern•tl ll0 IY. Ile has also the merit. of being thP 1ir,.;t 
to <liscoYer a part of an agouic line. The first scientific work in Europe iu which the dt>i'li11ation 
i8 treated at any length and deduced from actual ohsen-ations is that by Boroughs, pnhli,;lwd in 
1581, entitled "A discourse on the Yariation of the Cnmpas or :rtlagneticall ueetlle,'" aud i,.; ded
icatetl to the "travaillers and mariners of l~nglaud." In lii!.!U, Jlriuce Maurice, of Nassau, the lortl 
l1igh-admiral of.the Low Countries, recommended seamen to keep a regif:trr of ilie dPcJinatiou in 
cver;r iiart of the world they might yisit. 

lsogonic Charts.-Tlte declination was marked on the chart of Andrea Dianco, drawn np in the 
J&'1r 1436, aml Alonso de Santa Cruz, in 15:m, constrnctetl tlle first general declination chart, 
though based upon yery imperfect material Upon the chart by Father Chri:,::topher Bmru,.; (dit>1l 
in 1632), published at Lisbon, the lines are called" tract.us chalylloelitif'.Ds." Abont 170 years after 
Alonso de Santa Cruz, Bd w. Halley published his celebrated isogonic chart for the ;1-ear 1700, 
based entirely upon observations. jTabnla Nantica, Yariationnm J\fagneticarnm Index, jnxta 
obser,·ationes anno 1700.J His yoyages of the ~-ears 1!WS, 169H, and 1702 were mHlertakPn at tlw 
px1iense of the Rritish Go,-ernment,. This chart comprises the areas of the North aml South 
Atlantic, the Indian, and the extreme westPrn part of the Pacific Ocean. lsogonic chart,.; lwci111u· 
quite numerous after Halley's time. Those by Ha11steP11 (l\fagnetismns dcr Bnle, lSI!l) <lecWl'\'t' 
special mention; bis earliest, one is for tbe :rear moo. 

The secular Mriation of the dcclination.-The discm·ery of the:; gradual changP of the 11Pclina t ion. 
-whicl.1 for any one })lace had by philoso;)hers hitherto beeu supposed coustant, is dne to GellillrarnL oJ' 
Gresham College, England. In 1635 he published his work entitled, "A discourse matlwmatieall 011 

the Variation of the Magneticall Needle, together with its admirable diminution lately <lisro\·cre,l.'' 
He based llis conclusions upon tl1e recorded ohscrrntions of Boreughs (1580), of Gu11tPr (1G2'.!): and 
his own obserrntions (1633-'3!), showing that in the vicinity of London the dirPction of the nt>edh• 
ha.d changed in the interval fully 70 to the westward. Prom this time the fact of thP ;::pcnlar 
Yariation was completely established, and it remained to later times to determine itt; extent and 
develop the law governing this change, and endeavor t-0 fincl its rntuse. That the Yelocity was not 
uniform was soon percei\·ed, and the apparent perioclie character of the Yariation was promineutly 
forced upon the attention of the observers when the needle reacl1ed a st.ationary coudition, as for 
instance, in the eastern part of the Unitell States towards the end of t,he eighteenth cet\tury, and 
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tlit>n recommenced its motion in a direction opposite to that it had bcfon•. Similarly at Paris: 
l<'rnncc, the sPcular change was westwanl between the stationar5- epochs of 1580 (about) and 1814 
(about), i-;iuce which time the nee<lle has been retracing its course castwanlly. Nearly mi<lway 
hetwt•en such statiornuy epocl11'l the annual change is obsc>rYe<l to be a maximum. 

ANALYTICAL EXPREl"HION OF TIIE SECULAli CHANGE OF THE DECLINATI@N. 

The secitlar change can he represented with eonsi1lcrnble accuracy by means of a circular or 
harmonic functim1, as might he expected from the almost u11lirnite1l adaptation of 811c·.h fnnetfon8 
to all forms of periodically recurring phenomena. proYilled a sutl1cient number of terms are intro
duce1l. 'l'he formula employe1l for onr purpose may be written-

D = 11 + r sin (am+ c) + r, sin (a/n + c,) + r 11 sin (a 11 in + c") + ....... . 
\Vhcre D =magnetic declination at any tinw t, positive when west, negative when east. 

m =number of years aml fractions of a year from au epoch t11 for which 18.10 has been adopted; 
he nee 1n = t -1830.00 

a a, a" ...... are factors depending on the adopted periotls p p, 1>11 •••••• of t.be 
3Goo ;rno0 3uoo 

several termsi so that a= -- , a,=---, a11= -~-~,etc. 
p ~ p,, 

'l'Jms to a = 0.9, l .0, 1.:?, 1.5 correspon<l 1rnrio1ls of 400, 360, 300, aml !HO years respeetively. 
r r, 1·11 •••••• are parameters, aml 
c c, c11 •••••• epochal constants of the sen·ral periodic· terms. 
,1 = a constant, representing the mean or normal declination ahout which the 1ieriodie fluctua

tions take place. 
'l'lle quantities 11 r r, r,, . . . ,, a, a,, . . . mvl c c, c11 • • • for any one 

localit,r have all to be determined from the obseiTations made there at various times, and their 
most probable values are to he <ledncetl bJ application of the metl101l of least squares. 

\Ve begin b,v assuming a suitable value*' for the length of the principal periotl, and the first 
periodic t~rm of the formula is treated as follows: 

Put 1/ = ,1, + ,x; where 1/1 =an assumed approximate value ri, aml .x a correction to it,; alflo put 

r cos c = ]! and r siu c = z, 

then the conditional equations will take the form 

0 = 111 - U + .r: + sin am . y + cos am • z + ........ . 
from which the numerical values of x y z are to be deduced in the nsnal wa,r hJ means of normal 
equations. To lfotermilw the ralue of a (and similarly of a, a11 • •• ) the computation is repeate1l 
three times (or more if necessar.Y) usiug the slightly changetl Yalnes a+ Jr; and a - Jr;, amt tlwt 
value is fonud aml iimtllj- retained which renders the sum of the squares of the differences of 
observed and computed deelinations a minim nm. In some cases where certain observations were 
C\-identls less trustworthy than others, yet which nevertheless coulll not be dispensed with owing 
to the small numher of ohsernitions, or on account of their special valne with reference to time, 
special weigl1ts were assigned to tl1ese obsernitious; generally each observation received the weigl1t 
unity, a few imperfect obserYatio11s tlie weight one·half. 111 these cases the conditional equations 
wen• multiplied b;r the square root of their respective weight. Of obsernitions eddently grossly 
in error uo notice whaternr was taken. lu finally selecting what seemed to be the best expression 
for the secular chitnge at a st;1tioa, I have also occasionally been guided by the accord of the 
,·ariom; values entering into the e.qm1tion when compared with corresponding values in the equa
tions for surrounding stations. \Yhen appl,yiug Cauchy's method of interpolation the form 

D = IJ + t· cos c . sin ma + r sin o • cos ma + ... 
was found more com·enient in use. This method was employed for establishing such second or tbh'<l 
periodic terms as appeared demanded by the observations, but ouly a few of these could be deter
mined and they generally failed on account of insufficiency of obsen·atfons or for want of sufficient 
accuracr. 

*It may be found graphically in the first instance. 
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The anuual change v of the magnetic declination due to the secular motion, positi,·e wlw11 
increasing west (or decreasing east) and negative when in the opposite direction; also tlte epoch of 
minimum west declination (or of maximum east); also the amount of the decli11atiou a.t this epoch 
and the apparent probable error of an observation-arE' fonJHl as follows: 

Differentiating the expressiou for D we h~we 

rlD = ra cos (rim+ c) rlm + r,a., cos (a,111 + c,) dm + 
hence for any time t and for minutes of arc, 

v =GO sin 10 [ra cos (am+ c) + r,rz, co:-; (a,m + c,) + ... ] 
J\faxima and minima are deduced from the equation: 

0 = ra cos (am+ c) + r,a, cos (a,111 + r1) + 
from which expresRion m can he found. 

The ap1mrent probable error e0 of an observation iR deduced from the difference" L1 of the n 

observed and compnteil declinations by the formula c,, =)oAtit.::J' , wlwr(~ n, rquals thr numlwr of 
' n- n, 

unknown quantities in the expression for D which was found from the ohsernttio11s themseln•s; 
when weights 1c enter wt~ snbRtitute wJ 2 for J 2• The greater part of thi8 apparent pmbablc error 
is due to the fact that tlie ohser,'ations collected at auy one place were not g·enerall.Y made at prr
cisely the same spot, thus admitting the effect of posflihlr local iI'l'egularit.ieR in the tlistrihntion of 
magnetism in addition to the ordinary ohserYing errors. Jn other caseR the obsernitio11s twident ly 
were not eorrect('d for 1liurnal Yariation, and the honr of the dar of ohRernition not hring kno\\n 
the receiYed imperfect value had to be accepted. 

There are a f<"w stations where from want of a snffieient number of ohservations, or from short
ness of record between the first and laRt obseiTation, no period of the secular change eould be made 
out. In such cases the annual change rlne to the secular motion ma;y he expreRse<l hy means of an 
exponential function, thus: 

D =do+ y (t - to) + Z (t - to)2 + .. , , 
where do= magnetic declination at epoch t0 • I adopt, a'1 in the preceding formula•, t0 = 18;"10.0 and 

put d0 = IJ + x, where IJ =an approximate value of a,,, an<l .r a correetion to it to he determined, 
as well as y and z, &c., from the ohsen'ations themseln'R. For this purpose we hnse the con
ditional equation 

0 = ,1 - D + .T + y m + :: 111 " + , . , . 
which equations are to be treated, a8 cnstomar,v, hy the method of least squares. 

D =resulting magnetic declination { ~ ;t:~ ~ } for tl1e time t 

a =annual change = y + 2.z (t - to) = y + 3z. m ; also 

T = time of maximum declination = t0 - f-z 
In case the change of declination can be represented hy a straight line, we haw 

D = d0 +a (t - t0) and the conditional equation 0 =do - D +a (f - t,,) 

•where d,, =mean of all observed declinations, aml t0 =mean of corresponding times. 
The principal uncertainty in the investigation thus arises partly from large ohsen-ing or im1trn

meutal errors in the older observations made with ordinar,\· compasses or with rude instruments 
generally, and partly, in modern observations, since the introduction of more retine<l instruments 
(the magnetometer, with collimator magnet and the0tlolite) from change of local po~ition aml 
imperfect elimination of irregular variations from the normal direction of the magnet. From the 
extended use of iron and the rapid growth of cities, it is difficult to S('lect and pr('serYe at Rnch 
phlces a suitable locality for use at future times. Accurate investigations of the secular clrnuge 
can only be made at permanent magnetic observatories or in localiiies not liable t-0 disturbing 
influences. 

S. Ex. 17--17 



 

130 REPORT OF THE SUPERINTENDENT OF THE 

In applying at preseut a periodic fuuction for representing tlle secular clrnnge it should be 
understood that this rloes not necessarily imply that the phenomenon is a periodic one, or ha,s a 
period of the length assigned, or that it must exhibit a second and other periods of like character 
to t11e first, or ern11 that a first period will be completed without change of law.* The aim i8 
simply t-0 represeut hy a suitable and comprnhensi.ve formula the changes which are obsen'ecl in 
the directio11 of the resultant horizontal magnetic force, aml to in·o\·ide the means for the further 
8tmly of the phenomenon as well as for predicting, at least for a few years in ad\'ance, the vrohable 
dirf'ction of the needle as reqnirerl for 11se 011 Olll' 11ydrogra.phic charts. 

'l'he process is thns one of a tentath'e character, and the formul1P are empirical. Employing- a 
formula of interpolation capable of rppresenting the phenomeno11 as far as obserYed, it would 
manifestl,Y be unsafe to extellll the numerical results beyond tl1e limits of observation, arnl they 
are here gi,·eu with in safe limits and should not he ext.emled unless it shouhl he fonud that addi
tional observations sustain them. 

f10LLEC'l'ION OF MAGNETIC DECLINATIONS FOR THE lHSf1USSION OF 'l'HE SECULAR QHANGE. 

The collection of the material i8 presenterl first, the stations JJeiug arranged in approximately 
geogrnphical order, beginning in the northeast, passing to the south and west, and ending in the 
northwest. This approximates to an arrangement proceeding from the greatest western to the 
greate8t eastern declination. For each localit.y the observed tlecliuations are giyeu in chronological 
order, together with such notes and reference!\ re8pecting obser\'er, place, publication, etc., as 
could be sUpJllied. 'l'lrn stations here gi\·en are the only ones, as far as known, at presm1t suitable 
for a discussion of tlie secular change, hut it is expected that future accumulation and collection 
of data will render the character of the work more comprehensh·e and reliable than it can now 
he made. 

~ff we snppo~e for the moment that the Recular change consists simply of a swing about a mean position, the 
deflecting force being a m:txinrnm at the times of elongation and zero for the epoch midway between, we may obtain 
some roup;h evaluation of tlw magnitude of the horiwntal t1P.flecting force wl1en greatest. Thus at Philadelphia t.he 
half-am11lituile or the secnla1· detlection either W:t.Y from the normal equals nearly :io.3, and the last extreme deflection 

happene<l ahont 11307. At that time, then, the rleflecting force corrcApondetl to ,:"
7
•·

3
3 

= -
1
1... nearly of the nonual hori-

•"> •• ' 

zontal force acting in the plane of the meridian. This deflecting force is very much greater than the deflecting force 
whkh protlm·rs t.he 1laily solar variation, the latter being at most., at. Phila.delphia, for an averal{e amplitucle of 

i'<'.Uouh· .. 4~;~-- = --.~11 nearlv of t.l1e same normal horizontal force. 
• ._,· •ll.I ~\) ' 



 

UNITED STATES COAST AND GEODETIC SURVEY. 131 

COLLECTION OF MAGNETIC DECLINATIONS, OBSERVED AT VARIOUS PLACES IN THE UNITED 
STATES AND AT SOME FOKEIG" STATIOXS, FROM THE EARLIEST TO TIIE PRESEXT TI.ME, AND 
FOU:\D SUITABLE FOR THE INVESTIG.\TION OF THE SECCLAR CHANGE. 

1541. 

1550. 

l 158o. 

rt'.Y.:>3 •••• 

1610 .... 

1630 ... 

1641. 

1659 and 1660. 

166.1. 

' 
IO 1-666 and 1667. 

I 1670. 

i 168o-81-82-83-84 .. 

IJ I 685-&6-87-SS-89 ..•.. 

14 1691-02-93-95-96-97-08 

15 1699, 1700-1-2-3-4-5-6-7 .... 

i6 1708-() "' ll-H-13-14-15-16 .... 

17 
' 

1717--18-1q-20--21-22 2.-1-24-25. 

18 ' l 726-27-28- 29-,yi-31-32-33-34' 

19 i 1735 36-37-38-39-40 ·41-42-43' 

1744··45 ··46-47-48-4q-50-5 1-y2. 

T753-54-55-57-58- 59··6o · · 

1765 .... ' .......... 

23 t.770--71-72-73--74. 

24 
11 

1777-78-7g-8o-81. 

25 1782-83-84-85-86 .. ······ 
• 6 ' ! IJ89-9D-9I-92-<)J . 

27 17q8-qq-1800-1' .. ' 

28 I802-~-b4-· .••... 

29 1807 

30 1814 ......... 

31 { 
1816, October 12, 3 p. m. 
1817, February 10, oh 30"' p. m. 

32 1835.5 .. . . . . . . . . . . ' . ' . . 

33 r838, February. 
34 1842.5 ....... . 

35 1858, January 1. •• 1 

' 

36 t865 .......•... 

37 1869, September 1 •••. 

E. 

XI 30 

45 

4 30 

2 30 

I 30 

40 E. 

0 o8 \\" 

l 30 

oS 

4 52 

" 37 

9 un 

5'..! 

14 37 

15 23 
,(, 37 
17 4'1 

HJ 

20 40 

ZS 

22 18 

14 

58 

34 

34 

\ 22 25 

) n 19 

04 

21 38 

29 

19 36.3 

PARIS, FRANCE. 

A::::::. - ~c 20' .2. 

\Paris observatory.) 

lkllarmatus*. 

Orontius Fina.eus. 

Sennertus. 

Nantonnier. 

Petit. 

~Picard. 
i 
Pioard and La Hire. 

1 
La Hire and Cassini. 
La Hire and Cassini; mean uf 2 Yalues of 1698. 

La Hire and. Cassini: mean oi 2 v·alue;; for 1700-1-2--3-4. and oi ~values for 1705. 

La Hire and Cassini: 1 value tor 1715, ::>for I]t6, and::? values each fo1 other years. 

Cassini 1 La H!re, ant: .\laraldi; 2 ,-aluc~ for 1717-1S-:.c1-22-23, :; for 1725, and 1 for j 
I 

1711;1-20-24. I 

..\laralrli and Ruache: 2 ,-atucs ior 1734. 

l\laraldi and ('assini; z value~ for 1735-36-38-40-4.:i each.. 

Fnuchy. 

} ~lar~ldi. 
! Maraldi and Le ;\loonier: 2 values each for 1772-73-74. 
I Le Monnier; 'l values for r778. 6 for 1779. 46 for 178,), and 12 for 178I. 

i Le :Monnier; 3 values for 1782-83 each. and 2 for 1784-86 each. 

Le ::\Ionnier ; 2 Yah1es for 1790-91 each. 

Le )lonnier ; z value~ for 1799. 

Le Monnier. Bml\·arci. and Cottc; 1 Yalues for t8v2. 

lBouvar<l.* . 
I 
r .-\rago; Terrestrial and Cosmical Mag-nctism, hy E.. "·atker ,lamhridg:e (EnglandL 

~t :xS66. [l~nitcd into a mean and corrected for diurnal \·ariation 22-:.-: 18 1 for 1816-19. 

L -Sch.] 

Arago; (;en. Sir E. Sabine. Phil. Trans. Roy. Snc ... v0l. 162, part ii. 1872. ¢i = 48" 

53 1
• 'A.:::-..: - 2° 20

1
• 

1 
Darondcau; Phil. Trans. Roy. Soc., 1849. part ii. 
Lamont; Gen. Sir E. Sabine in Phil. Trans. Roy. Soc., \"01. 1fo, part ii1 1872. 

Re\·. S. J. Perry; )lagnetic Sun·cy of the East of Fxancc; l'hil. Trans. Roy. Soc., 

vol. 162, 1872, London, 1873. 

18 44 Encyclopa!dia Britannica; 9th ed., 1877, Art. Compass. 

17 o8.4 \\'.: Re\·. S. J. Perry~ ::_\lag. Sun·ey of the E.ast of France. 

*.All the values between ~1541 and I814 inclusive, were taken from the Encyclopredia of Experimental Philosophy (part or the Enn·. :\le
tropolitana), London 1 1848. Art. Magnetism, by Peter llArlow. The values were combined by me intu suitable groups and their means were 
separately taken 1 as indicated above.-ScH. 
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Collectiott of 11·£a;;nctic Declinations, e/c.-Continued. 

1756. 

1 775 

•798 .. 

1818 (ahout) 

1821, June and November. 

185:J-53. 

1852-y{. 

r86o, July 22 . 

10 r866, April. 

u J879, September 8-10 .. 

'3 

IJ 

10 

17 

17 

18 

.. I IS 

19 

50 

35 

:=;o 

23 

:;6 

5' 

55 

05.f_l 

HALIYAX, NOVA SCOTIA.• 

,r. According to chart by E<lw. Halley: Tabula Nautica; \~ariationurn )lagneticarum 

index juxta observationes anno 17too. [Greenwich astronomical observations,-1869.] i 
F1om )15. map by Charles :Morris, assistant surveyor. ' 

Des Barres' Sailing Directions. 
!'Jan pu blishcd by Thomas Hackhouse. 

: Remark book of J. Napier, master R. N., a~g-iven by Anthony Lockwood, esq. 

Remark-book of J. Napier. master R. N., as obsen7 ed by himself. viz, in June, 
17° JS'.z; in November~ 17v 33'.5 

Captain Bayfield, :\IS. survey. 

Remark-book of J. Hill, master, R. N ., Ylz, August, 1852, 16° 461
; September, i:852 1 

19(' 21'; August, 18s::h 18° 25'. 

Cap tam Orlebar, R. ~. 

Halitax dock-yard, in <f>=44° 40', A.=63° 251 
\\'". ~ declination, April 1, Qa.m., 20° 55'.o; 

Apnl 3, 3 p.m., zr 0 16'.3. 

43.3 \V. ' J.B. :Baylor, U.S. Coast and Geodetic Sun--ey. In southeast end of Dock Yard. 

*For the collection and communication of the observed values, Nos.~ tu 10, at Halifax, 1'ova ScQtin, the Coast and Geodetic Survey IS in
del.Jted to StaJf-Commander Fred. Jno . .E\'ans, R. i\. \novw· Hyrlro~rapher to the Admiralty.I. Letters dated January 5, 1866, and April 26. 1867. 
According to Champlain's obsen·ations in this region the dedination at Halifax would appear to ha\'C been about 161° west for 1604 to i612. 
Our formula give~ 19° ''"'e~t. Champlain's vl>sen,atium; are not certain wilhin ± 4 or 5°. 

QlJEHEC, CANADA. 

A....::.71°14'.5 \\t. of Gr. 

(Wolfe's Monument.) 

' I : 
1642 .... r6 w. : Padre Bressani; Hansteen's :hiagnetismus der Erde, 1819; also Trans.t of the Lit. i 

I and Hist. Soc. of Quebec, 1865. Hansteen's date, z649, changed to 16421 according~ 
to President J. Langton, Art. x of Trans. 

1686. 15 30 1 De Hayes; Hansteen's Mag. <ler Erde, i819. 

1700. 16 I Edm. Halley's Jsogonic Chart for z700, Greenwich Observations for 1869. 

r785 12 35 Surveyor-General Holland; E.T. Fletcher, in Trans.t of the Lit. and Hbt. Soc. of 
Quebec, 1865, Art. ix. 

5 1789, June 30. II 45 Louis Perrault, P. L. S.; reference as above. 

6 17'J1 1June:.:2. 13 Pierre HeauprC1 P. L. S.; reference as above. 

1792, )larch 2-J- 15 J. R. Demers, P. L. S.; reference as above. 

17()'2, )lay 9 •. 13 CXJ A. Dezery, P. L. S.; reference as above. 
71 17<):::, )lay 16 .. , Ch. Turgeon, P. L. S. ~ reference as above. 

I 1792. )lay x6 ... 12 '5 Fr. Legendre, P. L. S. ~ reference as above. 

s{ 1793. 12 05 Surveyor-General Holland; reference as above. 

I793) N<1vember i9. 13 J, C. Antill, P. L. S. j reference as above. 

9 
i8o5, April II 35 Reg. A, folio n7, Dept. of Crown Lands; reference as above. 

"'{ 
181U. " •.•. 00 Becquerel's Traite du MagnCtisme, Paris, 1846. 

18lo., June 5. 15 Reg. A, folio 131 ~ E. T. Fletcher, Trans. Lit. and Hist. Soc. of Quebec, 1865. 

18u,June .... 12 15 Reg. A, folio 143; E.T. Fletcher, Trans. Lit. and Hist. Soc. of Quebec, 186.1. 

12 1814 .. , .......... 50 Kent; Becquerel's Traite du ~IagnCtisme, Paris1 1846. 

1J 
1820, October 2. 12 30 Bourdages, P. L. S.; E.T. Fletcher, Trans. Lit. and Hist. Soc. of Quebec, i865. 

'/ 1820, N ovem bcr. 12 35 Livingstone, P. L. S.; reference as above. 

r 18::H, August 25 15 Jno. Mc!\aughten, P. L. S .; reference as abo\~e. 

I 1821. Septemher. 13 00 A. Cattanach, P. L. S.; reference as above. 
14 ·~ 1821, September .. 13 00 \\. ... \\-"are, P. L. S.; reference as above. 

I 
l r82r, November 28. 13 E. Tetu, P. L. S.; reference as above, 

( 1822, January 21 •• , • l.J 00 Jos. Hamel, P. L.S.; reference as above. 

1, 1822t January 21 •.•• 13 Ph. Verrault, P. L. S.; reference as above. 
15 i i822, April :z6 •..... 13 P. J. Bureau, P. L. S.; reference as above. 

l l8n, May. q 00 Reg. A, folio 162% ; reference as abo\·e. 

( 1823, )farch 26 .. .... 13 N. Le Fran~ois, P. L. S.; reference as above. 

I 18:z1. May 12 •..... 1.J 00 I D.S. Ballantyne, P. L. S.; reference as above. 

t6 ~ 1813, October 3 ...... _ 13 i Jo:i.Gamahe, P. L. S.; reference as above. 

t 
18~3, October 23 . ............ 13 ; A. Hoch et, P. L. S.; reference as above. 

18z3, November 14 .... 13 w. i I... Dorval, P. L. S.; reference as above. 
I 

--------~--- - -·-~-·--···~-~·-~-------- -------
t I am indebted to Mr. Marcus Baker, of the Computing Division C. and G. S., for pointing out and procuring this volume for me. 
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QGEBEC, C.\KADA-Continucd. 

-! __ I ___ _ 

i 17 j 182.-t-, March z I 40 W. _\.Cattanach, P. L. S.: E.T .Fletcher ,Trans. Lit. and Hist. Soc. of \_luebec, iS65. 

r 
i 1831 ........ . 

i 1831, July zo 

18-(i 1831,autumn. 

. . . . . . i 13 

13 

38 Capt. Bayfield; Becquerel's TraitC clu )laguetismc, Pa1is, 184t'.i. 

Thos. Carrol, P. L. S.; E.T. Fletcher, Trans. Lit. and llist. Soc. of Quehec, i865. 

Jos. Hamel, P. L. S.; reference as abo\·e. 

l \ 1831, September 6. 

1831, December 10 .. 

19 1832, Mar. 
1833, May .. 

1833, July .. 

1834 ..... 

i:S34, l\f arch 

1834 .. 

1834,July 

1835, December. 

1838 and 1839. 

1839, May. 

1839 ... 
\I 1840, May 20. 

24 
-/ 1 840, Sep tern ber 14 

25.-;1 
1842 1 December 7 . 

1842. 

1846 .. 

I

i 26 l, 

I 
27 

r 1847, September 17 

i I847, September 20 

l 1847, October i.3 

! { r.848, February. 

I

i 28 \ 1848, June 28. 
1.848, October 

i849, 'March 8 . 

I 29 ) 1849, July 8 ............ . 

1

1 
30 1850, April. -

;t 1851, autumn. 

32 i:853, January t9 

I

I :3,~6: :::::::, 

t:865 ...•.. 

37 18]1), September 16, i9 ..... 

1749. 

1785. 

1793 1 July 26 

4 1814 ....•..... ............. 
1834 .......... 

6 1835 ........ 

7 1842, August. 

8 1859~ July :zo. 

9 1879, September 25 

13 

14 

13 

13 

·I 
13 

14 

13 

13 

13 

13 

13 

13 

13 

'3 

13 

13 

14 

14 

15 

14 

13 

15 

14 

'4 

15 

15 

'5 
15 

15 

15 

H. C<Jrcy, P. L. S.~ reference as abo,·e. 

1 John ~ewman, P. L_ S.; reference as above. 
co ! Reg. B, fol. ]6; reference as ahove. 

14 

00 

30 

35 
50 

35 

1 Reg. B, fol. 43; reference as above. 

' Reg. B, fol. 43; reference as above. 

Capt. Bayfield; Trans. Roy. Sue., June, 1872, Gt:n. Sir E. Sabine, Contributions to 

Terr. Mag., No. xiii. 
Reg. A, fol. i97: E.T. Fletcher. Trans. Lit. and Hist. Soc. of ~uebec, i865. 
Reg. B, fol. 61; rderence as abo\'e. 

Reg. B 1 fol. 69; reference as abo\·e. 

Reg. H, fol. 85; reference as ahm·e. 
Reg. B 1 fol. 66; rd ere nee as above. 

Reg. H, foL 144, reference as above. 
Reg. H, fol. 154; reference as above. 
R. )I. ?.loore, P. L. S.; reference asabo\.·e. 

Prods-\'erbal. by Jos. Houchette, D.S.(~.: reference as atJm·c. 
50 Reg. B, fol. 281, Anse de~ !\leres; reference as aho,·c. 

Capt. Lefroy, R. E., Phil. Trans. Roy. Soc. 18.4(), part ii. 

32 Reg. B, fol. 318, La CanardiCrc; E. T Fletcher. Trans. Lit and lli:-.t. ~ot: ni Que-

bec, 1865. 

JO Reg. H, fol. 316; reference as ahoYe. 
4S Reg. B, fol. 262 ; reference as a hove. 
40 Reg. H, fol. 269; reference as above. 

15 : Reg. B. fol. 277; reference as aboi,·c. 

15 

34 

Reg. B, fol. 299 ; reference as abo\-c. 
N. Le Franc;:ois, l-1. L. S., field-hook C, 511; referen<~e as abo\·e. 

Reg. B. fol. 116; reference as abo,·e. 

Reg. C, fol. 5 ; reference as aboYc. 
Reg. C, fol. 13; reforence as above. 

Reg. C, fol. 33; reference a~ above. 

Reg. B, fol. 320; reference as abo\·e. 
\ Capt. Orlebar, R. N.; communicated bv· Capt. l--. J. E'·an~. Hydrographk Depan- • 

f.. ment, Admiralty, Lomluu. 
·' C. A. Schott, assistant U.S. Coast Survey, C. S. Report, 18-:;9. p. 2J6, station near 

Wolfe's Monument. 

16 28 

. . ! 16 40 

17 13.7 \.\"'. 

Capt. Orlebar, R. N.; communicated byr Capt. F J. Evans. Hyd. Dept., Admiralty. 

E. T. Fletcher, sun·eyor to Department of Crown Lands. 
J. B. Baylor1 U. S. Coast and Geodetic Survey; station of 1859. 

Ohsen.-ations of the ~e year are united into a mean value for that year. 

J\IONTRKAL, CANADA. 

(McGill University.) 

---------- ------·----

I 
10 :;8 w. 
8 24 

8 15 

7 45 

1 M. Gillion ................. ···· l \". ('olvtn, Sup't A<hrnndack surYC), ~ Y .. ;-th 

I Holland, Surv. Gen. of Canada ... f annual report, Albanv,1880, p 492 
I Jer. M<·Carthey, Trans. Lit. and His. Soc. of Quebec, session of 18t14 "6:;, nc" srnc-;, 

I 
Quebec, 1865, p. 3· 

Becquerel's TraitC <lu MagnCtisme, Paris, 1846. 

8 

9 50 

I Capt. Bayfield: Phil. Trans. Roy. Soc., 184Q1 Gen. Sabine·~ Contributions, ~n. 

\ ix~in4f>=45°32','A.=73"34'.. T ••••• , • 

j Reference: 7th annual report Adirondack survey,:\. \..; \. ( o1Ym, Su1 1 l, .·\ll>an~, 

8 58 

13 40'.5 ".,.· 

\ 

1880, p. 492. 
Capt. Lefroy, R. A., Coast Survey Report, 1855, p. 304. 
C. A. Schott, A~sistant Coast Survey, :MS. in Coast Sun·ey .Archin:s, grounds of 

! McGill Universitj\ in cfli=45° 30'.5, .\=73" .H
1

·9· .. . . . : 
] J.-B. Baylor, U.S. Coast and Geodetic Sun·ey, grounds of Mcb1ll t,m,·erstty. ' 
I ______________ ---··------------
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YORK FACTORY, HUDSON BAY. 

rb= 57° <.x/ A= 92° 26' \\". of Gr. 

l7z5. -T-=---:. ! Capt.-~llddlcton; Hansteen's Magnetismus der ~r~::,~~~:~ ~::.-:ir E. Sabine, 

i787. 
1819, September. 

i Proc. of the Roy. Soc., 1858. 

W. i Hansteen's map: references as above. 
E. I Sir J. Franklin, in</>= 57° oo', A=92° 26'; Gen. SirE. Sabine, Proc. Roy. Soc., x858, 

l and Cont. to Terr. ~fag., No. xiii, Phil. Trans. Roy. Soc., 1872. 

•84 . .;, July .. 

1857, August 

9 25 ; Capt. Lefroy, R. A.; references as above. 

. . . . . . . I 

1775· 

1845, J unc 4 .. 

1851, August i8, 20 

s . i859, July 15 . 

1863, July i.s ..... 

1864, Aug-ust to Decemher . 
1865, January to Decemb~r. 

I 

I 

7 37 

\ s 30 

t 7 

45 

.;o 

28. 3 

II 41. I 

12 20 

I8.1 

28.2 

43·7 

q ' 186ii, January to ~larch (inclusivc) 1 i2 
1873, September 81 9, 11 ...••.... I t2 

I 

E. 

; Capt. Blakiston, R. A.; references as abovs. 

11 Alfred R. C. Selwyn, director Geological Survey of Canada; report of i87S-'79, 
l Appendix VII, :Montreal, :i:88o, S. W. side of fort. In 1878 he found only 5°3-01 at 

: r the N. E. side, but there appeared to be local attraction. [Use - 6° 30' for the 

1 
present.-ScH.] 

PORTLAND, 111E. 

A=70<:> :r.6'.6 W. of Gr. 

(Bramhall Hill.) 

W. Prof. John Winthrop, at Falmouth, in </> = 43° 39', >. = 70° r9'; Sill. Jour., vol. xvi, 
1829; see also Prof. E. Loomis' remarks on the \Vinthrop Table in Sill. Jour. 1 vol. 
xxxiv, 1838. 

J. F. \V. Des Harres' Atlantic Neptune, London, 1781. 
Dr. J. Locke, in <?= 43° ,p', A= 70° 20'; Smithsonian Contributions to Knowledge, 

vol. iii, 1852. 

J. E. Hilgard, assistant Coast Survey, at Bramhall Hill, in $=43° 38'.8, >. = 70° 16'.6; 
Coast Survey Report for 1854, p. *143. 

C. A. Schott, assistant Ccast Survey,at Bramhall Hill; Coast Survey Report of 1859, 

p. 296. 

C. A. Schott, assistant Coast Survey, at Mount Joy Observatory, in •=43° 391.9, 
>. = 70° 14'.9: Coast Survey Report of 1863, p. 20<- [Not used;] 

C. A. Schott, assistant Coast Survey, at Bramhall Ifill, in ii>=....:. 43° 38 1.8, A.=10~ 16'.6; 

Coast Survey Report of 18631 p. 204. 

} 

Prof. H. W. Richardson, observer for United States Coast Survey, at Bramhall HiD; 
! monthly determinatiofis on four days, about the middle of each month i MS. in 

'. , Coast Survey archives. 
Dr. T. C. Hilgard1 observer for United States Coast Survey, at )lount Joy Observa

tory, two stations; MS. in Coast Survey archives; to refer to Bramhall Hi111add 10'. 

llURLINGTON, VT. 

A= 73° 12'.3 W. of Gr. 

(Coast Survey astronomical station.) 

-~93~----------.-.-.. ~, --3~~r. Williams; Prof. E. Loomis' collection in Sill. Jour., vol. xxxiv, 1838; in <f>= 14' •8', 

A= 73c 14'. 

1805.. 12 J. Johnson~ in Thompson's History of Vermont; from repeated cemparisons. Decli-

3 1818 ...... 

1822 .. 

:i8z6 ... 

6 1830.' 

7 1831' 

8 1832. 

9 1834-
ro 1837. 

! 1!40 .. 

1845, June 26 ..... . . . . . . . . . . . . 

12 1855, August 28 . 

i 
lJ i 1873, October 14, r5 

IO 

'5 

25 

42 
22 

57.1 

nation believed by him to have been the minimum. 
J. Johnson .... ) Prof. E. Loomis' collection in Sill. Jour., vol. xxxiv, 1838 i in 

J. Johnson···· I </>=44° .w. >-= n· 14'. 

Prof. G. W. Renedict; Prof. E. Loomis' collection in Sill. Jour., vol. .u.xb, 18.fo; in 
t/l :::--= 4-4-o 27', A= 730 io'. 

}.Johnson .... ) 

J.)ohnson .... P f E L · ' II · ' S'll J 
J. Johnson . . . · J 

ro . . oom1s co ecbon in l . our. 1 vol. xxxiv, i838. 

J. Johnson .... 
Prof. Benedict; ThompS<>n's History ofVennont. 
J. Johnson: Thompson's History of Vermont. [Not used.] 
Dr. J. Locke, in 4>= 44° •7', >..=73° 10'; Smithsonian Contributions to Knowledg'e, 

vol. iii"t :r:-S52. 

C. A. Schott, assistant Coast Survey, in If> =44° 29' 3, A= 73° n'.4, at encampment 
flag-staff, near shore of the lake; Coast Survey Report of dt55, p. 3'37· 

Dr. T. C. Hilgard, observer for United States Coast Survey; MS. In C"*8t Survey 
archives. 

t Supposed mispril!t for 8', 
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1. I A 'I 

I r 'I x789, pn .. 
i 

I 

2

1

1810, M~y.... ..•. .. . . .. . . . ... 
1 

3 18n 1 September .. _ ..... . 

I 4 : 1859, Juir 21 .... .. 

s 1 i813 1 October 17, 18 

I 

RUTLAND, \'T. 

~=-{30 36'.5 A-:-::720 55'.5 \\"'.of Gr. 

7 03 

6 04 
6 

9 49 

w. 

09.0 w. 

(Post-office.) 

I 

1 t Dr. \Yilliams; Sill. Jour., vol. xvi, 1829. 

tJ 
' C. A. Schott, assistant Coast Survey; near new post~office; Coa11t SurYey Report for 

1859, p. 296. 
Dr. T. C. HilgarJ, observer for L' nited States Coast Sun·ey; MS. in Coast Sun"er 

archiv·es. 
J.B. Baylor, U.S. Coast and Geodetic Suryey, station of 1873; north and west of 6 :

1 
18791 October 14 1 15 ..... . 

\ __ ! ____ . _____ -----~----------·------post~offic~~=43°36'·~:_:1:: 55

1

•

5
. 

3t 
4 

s 
6 

1771 ................. . 

1775· .. 
•B+f.5 .... 

1850, August 28 1 September 2 

1859, July '4 . 

PORTSMOUTH, 1\. H. 

f/J=43°041.2 A.=70° 42'.5 °"~·of Gr. 

w. 

(New Castle Lighthouse.) 

i Holland., at Kittery, hle.; in 4>=·43° 06~, A-:=-7c/1 45', Prof. E. Loomis' 

j Sill. Jour., ~ol. xxxi,·. 1838. 

! Holland, in <ft=: 43° 05', A= 70° 45 1
; reference as aboye. [Not used.] 

! J. F. "' ... ·Des Barres' Atlantic Neptune, London 1 17~h. 

coHcction in 

Major Graham at Roiling Rock Boundary Sun·ey. Gen. Sir R. Sabme in Phil Tran;;;. 

Roy. Soc., 18721 ct>= 43° 05', A.~ 70° 45. 
j J. E. Hilgard 1 assistant Coast Suryey, at Kittery Point, :\Ic.; Coast Surn·y Report of 

i 1854, p. •14.3. 

11 15 : C. A. Schott, assistant Coast Survey, at Kittery P>Jint, Me.: Coast Survey Report of 

1859, p. ·~· 
.. ) JT .3 W. : J.B. Baylor, lJ. S. Coaslanrl Geo<letic Sun·ey, station of 1850 and 1859, in$-==- 43c.· 041.8, 

\ i A =10• 43'.o. 

1775 ......... . 45 

i:781 .........•.......•....... 18 

I 

rrnWBURYPORT, MASS. 

</> = 42" 48' 4 A =;0° 49'.o W .of Gr. 

w. 

(Plum Island lights.) 

I 
1 J. F. W. Des Barres' Atlantic Neptune, London, 1781: north of Cape Ann, apposite 

Newburyport. 
Dr. Williams, in 4> = .42° 48' 1 ~-:- 70° 52'; Prof. E. Loomis' collection in Sill jour .. ,·ol. 

xxxiv, I838. 
J. E. Hilgard, assistant Coast Suryey, on Plum Island, in .P = 42° 48 1 .o, A--=- 70" 48' .8, 

Coast Survey Report for 1854, p. *143. 
r850, September r8-•o ........... 

1 

ro 

t85Q, July lJ .... , •• , .. XO 58 w. C. A. Schott, assistant Coast Sur\'ey, same position as above; Coast SurTey Report 

for 1859, p. 2¢. 

r78r, Augnst ...... 

18os, November ........... 
rBo8, June ......... _ ............. 

1810, April ..•................... 

•Sro, April, to i8rr, M&.y ........ 

re~. August ""' ................. 

1855, Al\IPlst as ................ . 
1877.5 ... ..................... . 

SALElll, MASS."'* 

q.=-.-"' 31.'.9 "-=10° s~'.5 ".,.·of Gt. 

"" W. 

57 
20 

47·7 
5 13.4 

6 :z2.6 

JO '4·5 

•o 49,7 
II 30 W. 

(Fort Lee.) 

President \\.,.illard, at Beverly, in~ =42° 33', A= 7oe. 54 1
, mean of se\·en observations; \ 

Sill. Jour., vol. xvi, t8:29; reduction to Salem-8'. 

Dr~ &wditch, in Summer street, Salem, from ns observations. 
Dr. Bowditch, one-eighth of a mile south of above place, from 112 obsen~ations. 

[Not used.] 

{
Dr. Bowditch, about one-fourth of a mile ea.st of the place of t805. lSecond \·alue 

not used.] 
Dr .. Bowditch, result by a third needle from 5125 obsen·ations of monthly values. Mean 

of twoneedles,+6°.09in 18w.5. Reference to Nos.2,3,Sill.Jour., vol.:xTi ,r8?9. 
1 Prof. G. W. Keely, observer for United States Coast Sur\'ey, at Fort Lee; Coast 

Survey Report for rS 54, p. • lH 
C. A. Schott, assistant Coast Sur"ey,atFort Lee; CoastSun·erReportforz855,p.337. 
I. K. Harris,communicated in a letter to Superintendent, dated Lynn, Feb. •8, i87S. 

~-~----------------'-------'-----------------·--·-~-·----··------"------- -

"'Ebe vicillity of Salem is subject to local magnetic dellealom, which have been traced as far as Cape Ann. 
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1700. 

1782. 

T.193-

1846, September 6-8 .. 

IO 1855, August 24 .. 
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... \ 

BOSTON, MASS. 
cb=42° 21'.5 A::=71° 03'.8 \\'.of Gr. 

(State-house.) 
--~----

1 Prof. J. Winthrop's table,tSill Jour., vol. n·i, 1829 (also Mem. Am. Acad., vol. ii, 

7 
6 30 

6 05 

9 o6 

9 JT.4 

IO I3.7 

w. 

I new series, Cambridge, 1846); also Coast Survey Report for 1855, p. 316. t • 

1 
l\.fathews, observer, Sill. Jour. for 1829, Dr. ~. RO"wditch; alF.o Encyc. Met., 184"8. 

!

1

1\Iathews; Encyc. Met., 1848. 

Des Barres' Atlantic Neptune, London, 1781. 
1 

Sill. Jour. for 1.829, Dr. N. Jlowditch i see also first \·ol. Mem. Am. A cad. 
' I Mean of 1644 observations ; Mem. Am. Acad .. new series, Cambridge, 1846. 

Communicated by'\\.<~. Rotch, ktter dateU Fall River, February l/, •874. 

I \\'. C. Bond, at Dorchester~ in tf>=- .. p 0 19', A:-=: 71° 04'; Prof. E. Loomis' co11ection 

1 in Sill. Jour .• vol. xxxix, 1840. 

I
, Lieut. T. J. Lee, assistant Coast Survey, at Dorchester Heights, South Boston, in 

tP =42° 20'.o, A-71° 02'.5; Coast Survey Report for x.854~ p. *143. 

I C. A. Schott, assistant Coa.11t Survey, in South Boston, locality as abo\?e; Coast Sur-
\ vey Report of 1855, p. 337. 

1 

1872, September28,30,0ctober 1.

1 

15.~ I A.H. Scott, United States Coast Sun·ey, locality as aboYe; l\IS. in Coast Survey I 

archfv·es. 1 

.L877 5 . . 36 ,,~. \ At meridian line on Boston Common, from records at the City Hall, communicated h:r 1 

--·- ----------------· \ I I. K. Harris, February r8, 1878. __ ______ _ ______ _ 

t In this table the obsen·cd and interpolated values were pointed out by Prof. E. Loomis; no notice is taken of the la.tter \•alues. The tab le 
was published in the 11 Boston Post Boy,'' July 2, t764. (Information by J. H. Trumbull.> 

t See alsQ E. Halley's isogon\c chart for tbe epoch 1700, reproduced by photolithography in the "Greenwich obsen·ations of 1869; .. it gives 
about 10° \\

7

, for Roston. 

1708 ... -

1742 •... 

1757 ... 

r76r •. 

1763 .. 
1780. 

j 1782 
11 17&2 .. 

8 I 1783 .. 

1788 •. '. 

1810 •.•... 

tr 1835 •..... 

1837 •. 

15 
16 1845 ,June 2 

17 1859,August g ........ . 

t8 1852 •................. 

I ,ss•- ...... . 
191 1854,May ro ...... . 

20 I 1855, May 22 1 23 ... . 

j 
1

. 1856, May 16 ... . 
"'1 · 1856, July •7 ...........•........ 

1859, March ......... . 

23 1866-67-68 .•.•...•..........•... 

9 

'4 
00 

02 

6 45 

6 44 

30 

9 r8 

34.9 

9 39 

9 32 

9 30 

to o8 

10 39 

9 46 

54.6 

10 50.3 

JO o6 

CAMBRIDGE, MASS. 
~=.p0 22'.9 A.=71° 07'.7 "l\

7 .of Gr. 
(Harvard College obsen.,.atory.,I 

"-· : Brattle, obsen'er; Prof. E. Loomis' collection in Sill. Jour., vol. xxxiv, 1838 (same I 
reference for 1'?os. 2,3,4,71 and 9); :Mem. Arn. Acad., vol. ii, new series, Cambridge, 

1846; also Encyc. Met.'I I848; also Coast Survey Report for I855, p. 317. 
Prof. J. \Vinthrop's table,- Sill. Jour., yoJ. xd, 18:i9; also Mem. Am. Acad., vol. H, 

new series, Cambridge, :t846. 

Prof. 1. Winthrop; reference as above. 

Dr. \Villiams, Mem. Am. Acad., vol. ii, 1846. 

Prof. J. "'inthrop; Sill. J"ur., vol. X\·i, 1829. 

Dr. Williams ; Encyc. Met., 1848. 

Dr. Williams; Encyc. Met., i848; in Mem. Am. Acad., 1846, 6° 46 1
• 

Prof. Sewall (mean of extremes 6° 21
1 and 7° o8'); Sill. Jour. for 1829. See also first 

Yol. of Mem. Am. Acad. 

Dr. °"'illiams; Mem. Am. Aca<l., 1846; also Encyc. Met., 1848. 

Dr. Williams; Mem. Am. Acad., 1846. 

1 } Prof. Farrar; Prof. E. Loomis' collection, Sill. ]our., vol. xxxiv, 1838. 

Mem. Am. Acad.; Cambridge, 1846. 

W. C. Bon<l, director Havard College obsen·atory, observer. Mem. Am. Acad. 1 18.46. 
See also Phil. Trans. Roy. Soc., 1849. 

Prof. J. Lovering; Mem. Am. Acad., vol. iv, 1850. Half-hourly observations during 
one year, October, x841, to October 1 x842. 

W. C. Bond, director Har. Coll. observatory; MS. communica.ted by Prof. Loyering. 
Dr. J. Locke, Smithsonian Contributions to Knowledge, vol. iii, i852. 

Lieut. J. C. Ives, at Har. Coll. obsen.,.atory; Coast Survey Report for 1856, p. zz2, 

} 
W. C. Bond, director Har. Coll. observatory. Communicated in a letter by Prof. 

i LoveTing (May 29, 1855). 

I
: ieut. J. C. Ives, at Har. C . observatory. [Used mean value for 1854.] 

C. Hond, d i rector Har. Coll. observatory. Communicated by him, Dec. 24, 1858. 
W. C. Bond; reference as above. 
Karl Friesach, at Cambridge observatory; Herichte der Kais. Acad. der Wiss., 

Vienna., vol. 29, 1858. Result corrected for diurnal variation. 
Lieut. W. P. Smith, U.S. T. E., at Har. Coll. observ1>tory. Communicated by Capt. 

I G. G. Meade, U. S. T. E. 
10 41 I Prof. J. Winlock, director Har. Coll. observatory; from a large number of observations 

i \ communico.tedinNovember,1870 [a.ndcomputedbyme.-Sctt.). M;,..nepoch1867.5. 

24 1879,August7,9 ... ·-··········! n 46.3 W, i J. B.Baylor,U.S.Coastfl.lldGeodeticSurvey. GroundsofHarvard Collegeobserv-
1 j atory, 4>=42° n'.8, .l.=71° 07'.6. 

VrLJh;;;-tab~ the -;;bserv;d-~lotcrpolated vai~cs were p oWed -;,ut by Prof. E. Loomis: no notice is taken of the latter values. The table 
was published in the" Boston Post Boy," July o, 171i4. 
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9 

II 

13 

14 
rs 
16 

17 
18 

19 

"° 
•• 
•3 

24 

25 

26 

•7 
28 

29 

30 
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1775 ...... 

1776 .. 

J.834. 

1838.9 

i.842, August and September. 
1843, September. 

1846, July 30, 31. 

1855, August 22 .. _ 

1717* * ........ .. I 
1720. 

1725 .. 

IiJO. · 

1735 .. 
1740. 

1745. 
1750 •. 

1755. .. , 
I 

176o .. 

1765,. 
1769*,,. ............ . . . . . . . . . . . . . 
-..775 .•.. 

178o .... 
1785 •... 

1790. 
1795 .... ························ 
18oo ..... ' ········ .............. 

18o5 ........ ........ 
18Io .... ············· 
1815* * .. 

1819 ..... . . . . . . . . . . . . 
1825 •...• ············ 
1830 •... .. .................... 
1835* * ........................ 
1840 •.•... ····················· 
1841 ...... .......... , .......... 
1842 .......•.......• ' ...... 

1843 ... 

1855, August 20 ..... 

s. Ex. 17-l-~ 

NANTUCKET, MASS. 

A= 70° o6'.o W. of Gr. 

(Mitchell's observatory.) 
---;-------------·· 

i 6 30 w. 
30 

J. F. W. Des Harres' Atlantic Neptune, Londo·n. 1781. 

From a chart, Prof. E. Loomis' collection. in Sill. Jour., Tol. xx.xiv, 1838. 

ot the same origin as No. 1. JNot used.] 

l 
Probably I 

I • 

9 

6 

6 

6 

6 

6 

6 

6 

6 
6 

6 
6 

9 

'7 
02.3 

c9 
f W. ::\lilchell; in Sill. Jour .. vol. xlvi. 

J 
Lieut. T. J. Lee, U. S. T. E ., assistant United States Coast Surve~·: near Mitchell's 

house. Coa&tSurYey Rt!port uf 1854, p. *r.43. 

C. A. Schott, assistant United States Coast Survey; near Nantucket Harboi· light, 

north of Mitchell's h.ouse, on beach, in rp = 4-£ 0 17'.5, A= 7oro ol'.o. Coast Sun:ey 
Report of 1855, p. 337 · 

C. 0. Boutelle, assistant l7mted States Coast Survey; at l\"a.ntucket Cliff, in 

if>= 41° 17' .2, A= 70° o6' .3. ~IS, in Coast Survey archives. 

27.9 \.\r. i J.B. Baylor, United States Coast and Geodetic Sun·ey: at Cliff Station 
I 

36 w. 
•B 

14 

54 

39 

15 

59 

40 
21 

57 

43 

30 

16 

IJ 

10 

IO 

'5 
19 

24 

30 

37 

51 

IO 

34 
25 

31 

39 

46 

31.5 w. 

PROVIDENCE, R. !. 

A=71°24'.1 W.ofGr. 

(Brown Unlversity.) 

The recorded declinations between 1717 and 1843 inclush~e are gi\"en by M. B. Lock
wood, civil engineer, from actual obsen·ations and recorded bearings of a number of 

permanent objects. Sill. jour., vol. xliv, 18-13. 

(Observation of 17171 R. Jackson, on a. map of Providence. 
! Observation of "7€9, Dr. B. West. 
) Observation of 1815 by M. Brown, B. Lockwood, and G. Sheldon. 
j Obsen·ation of 1835; sint::e this time the observations were made more 

* NoTE.s. < carefully. I [There can be no doubt that this table, like the Winthrop table for 

l 
Boston and that of Hatboru', Pa., depends in part on interpolation. 

It is well gra.duated, and unquestionably rests on reliable observations 

-SCH,] 

C. A. Schott, assistant Coast Survey, grounds east of Brown Unirers:ty, m 

cf>= 41° 491
• 5, A= 71° :241 .1; Coast Survey Report for i855, p. 337. 

! 
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• l 1828 
18~9' 

5 

6 

1859,July 27 ..... 

1867, August 15, 17 ... 

---

1

1 :7:,~-

'J.775 

I :~~~ ~ ........ -· . 
I:::::·~'.· ........... . 

j , 1819, May .................... . 
5 11820, April ... _ ................ . 

6 ' 1828. 

7 
j 1834, November. 
1 r835, November ... 

1835 .. 

1836 ........................... . 
i:837, NoYember .... 

:~ ! ::::::::: :: :: :: :: : : :: : :: : . :: : : : : 

15 

1845, September 10 

z847, Septemher 25 a.nd Octo
ber 2. 

:1648, August 21 to 29 ........ . 

18'48, August to to 14 ..... 

18481 August 30, September I. 

1855, August 17 .. 

1872 ...........•......... 

I 16 . 1878, July 18 ................... . 
I 
I 

4 

5 

·) 6 

4 

7 

6 

7 

8 

25 w. 
46 

45 

03 

03 

•7 

49·3 

34.0 W. 

47 W. 

25 

•s 

4.'i 

35 

25.2 

17 

40.6 

52 

55 
50 

10 

4-5-I 

17.3 

27.2 

2 5·5 

37·9 

3 1 ·9 

02.7 

27.5 

.p:.2 \V, 

I 

HARTFORD, CONN. 

A = 72° 40' .4 '\\t. of Gr. 

(State-house.) 

I Dr. '\\""illiams; Prof. E. Loomis' collection in Sill. Jour., vol. xxxiv, 1818. 
j Asher l\Iiller, at East Ha1tford, in tji=.p 0 46 1

, A= 72° 38 1
; reference a~ above. 

i1 
11 
I i N. Goodwin~ reference as above. 

I' C A. Schott, assistant Coast Survey, in City Park: Coast Survey Report for 1859, p. 2g6. 

I C. A. Schott, assistant Coast Survey, in f/l=41° 45'.9, A.= 72° 4~'.5, near the Athemieum; 
[ MS. in Coast Survey archives. 
i J. B. Baylor, United States Coast and Geodetic Survey: station of 1859 in City Park, 

! 4'=41° 45 1 ·91 lt.=72° '40'.5. 

NEW HAVEN, CONN. 

A.=72° 55'.7 W. of Gr. 

(Yale College.) 

I 
\ President Stiles . . } 
! Prof. Strong . . . . . . . , . . . 
: President Stiles... Prof, E. Loomis collect10n, Sill. Jour., vol. x.xxiv, 1s38. 
I 
i Nathan Redfield .. 
I Hon. De Witt, Sill J our., vol. xvi, 1829. [Not used.] 
' Prof. Fisher, of Yale College; Prof. E, Loomis' collection of 1838. [Not used. See 

below.] 

Prof. Fisher, from hourly observations; Sill. Jour., vol. xvi, t829. 

N. Goodwin: Prof. E. Loomis' collection, 1838. 

Prof. E. Loomis, from hourly observations; Sill. Jour. 1 vol. xxx, 1856. 

: Prof. E. Loomis. in his collection of 1838. [Nol used.] 
1 E. C. Herrick; Prof. E. Loomis' collection of 1838. 

E. C. Herrick; Sill. Jour., vol. xxxiv, 183&. 
E. C. Herrick; Prof. E. Loomis' collection, Sill. Jour., vol. xxxix1 18'40. 

i Prof .J. Renwick, observer for United States CoastSurveyat Yale College, 4> = 41° 

i A=72° 55'.7; Coast Survey records. 
i Prof. J. Renwick, observer for United States Coast Survey, Pavilion Hotel, south of 
f college, near bay; Coast Survey Report for 185.f., p. *q3. 

I R.H. Fauntleroy, assistant Coast Survey, at Fort Wooster, in c/>=4•' 16'.9, h=72° 

: 53'.6; Coast Survey Report for 1854, p. *'143. [Not used.] 

1

1 J. S. Ruth, subassistant Coast Survey i references as above. '[The observations at. 
Fort Wooster a.re not used; the result is affected by local attraction.] 

j J. S. Ruth, United States Coast Survey, Pavilion Hotel; Coast Survey Report for 
I 1854: p. ••43. 

I
, J. S. Ruth, United States Coast Survey, at Oyster Point, in t/J=.p 0 17'.o, A =12° 55'.7 

(meridian of Yale College); Coast Survey Report for 1854, p. •143. 

i C. A. Schott, assistant Coast Survey, at Oyster Point, in c/>=41° 16'.9,A= 72° 55'.8; 

I Coast Survey Report for 1855, p. 337. 

I
! G. H. Mann, C. E., United States Engineers' survey of harbor of New Haven, on 

College Green: MS. communication, [Not used.] 
i R. M. Bache, assistant Coast Survey; topographic and hydrographic survey of New 
i Haven Harbor and vicinity, from bearings of trigonometric lines. Hydrogn.pbic I 
I chart No. n70. 

I 
Dr .T.E.Thorpe, Proceedings of the Roy. Soc.,No.200, 188o. In ProlessorSilliman's l 

garden, 4>=.41° 18'.7, A=72° 55'.6. 
' ' 
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r 1817, October .......... . 
I 
I 

••••• 1 

2 j z8z8, AugUst. ............ . 

I 1825, April ................ . ·{I 1828 ........ :······- .. ····· 
4 ! z828, September. . . . .......... . 

. 1828, September .......... . 
5 ( 1830, June.. . . . . . . . . . . . 

{

; x831,May ................. . 
6 i l83t ..................... . 

1 183t, November . . . . . . . . . . . . .. 

7 1834, October . . . . .. . ..... . 

I 
i 

Ii 1836, October . . . . . . . . . . . . . . . i 
1847, November .... 

to 1855, August 31 

JI 1856, September 1 

1858, May 12-14 ..... 

13 187q 1 October 21, 24 ......•.•.. 

1790 to 1795 ................ . 

ISY7 .. " 

x828, July 7 .... . 
i 1834, October 9 .............. . 

s 1836, October s .. . .. .. . . . . . . .. 

6 1837 ........................... . 

1838, July 6 ................. . 

-r849, N O''ember 27 .••.......... 

9 1857, April 4 .. -

IO 1858, February 4 . 

1858, December ... .. l.873, December t 

IJ l.874, May29, 30,June2~3, 41 5,6. 

6 

6 

5 
6 

ALBANY, N. \', 

'1>=4-'2° 391
.2 'A.=73° 45'.8 'V. of Gr. 

44 w. 
45 
00 

14 

16 

18 
18 

25 
32 

40 

40 

47 

35 

54.7 

39.2 

51.7 w. 

(State Capitol.) 

·}De Wltt, in </>=42° 39', >-=73° H'; Sill. Jour., vcil. xvi, 1829 . 

I 
I 
I • 
!Geological Report, State of Xew Yurk, and Sill. jour.. ml. xxxix, 18.(o. 

J 

1 

Regents' Report. 

}Regents' Report, and Sill. Jour., nl. xxxh·, 1838. 

Regents' Report. 
C. A. Schott, assistant Coast SurYey, at Greenbush, in $=4':!c 37'.8, A=-7~/- 44'.3; ~ 

Coast Survey Report of 1855, p. 337. 
j Karl Friesa.ch, in Berichteder Kai. Acad. Vienna, ro1. 29, i358; 8° 35' '\\'hen corrected l 

' for diurnal ,·ariation. I 
' G. "\\ ..... Deant assistant Coast Survey, at Dudley Obseryatory, in 4, _.:_._~42° 391.8, A:-=73° 

44'.9; Coast Survey Report of 18581 p. z9x. 

J. B. Baylor, United States Coast and Geodetic Surny; Station of 1858, grounds of 
Dudley Observatory. 

OXr'ORD, CHENANGO COUNTY, N. Y. 

W. I E. H. McCall, surveyor, in a letter to the Superintendent of the Coast Survey. dated ! 

30 

S• 

lT 

•• 
47 
50 

52 

55.7 w. 

December n, 18s8. 

}E. B. McCall, in </J=42° 26'.5, A=75° 42'. 

} Regents' Repo~, in t/1=42° 28 1
, A=15° 33 1

; also Prof. E. Loomi~' collection; Sill. 
]our., YOl. XXXlV, 1838. 

Sill. Jour., 2838; also Regents' Report of 1839. 

At Guilford, in 4'=42° 2-'f.', A=75° 261
; Regents' Report; Sill. Jour., 1'838~ when 

referred to Oxford, 4° 7f " ... 

i l 
' ~ E. K. McCall, as above. 

J i 
Erving Taintor, local surveyor (azimuth determined from observations of Polaris). I 
Dr. T. C. Hilgard, observer for United States Coast Survey, on hill about three- 1 

fourths of a mile north of railroad depot; MS. in Coast Survey archfres. 
'-~'--~~~~~~~~~~~~~~..L.~~~~~~~~~~~~~~~~~~~~~~~~~ 

I 
BUFFALO, N, Y. 

</>=42° 52'8 A=78° 53'.5 W. of Gr. 

(Light-house in the harbor.) 
~------------- ---··------- --------------------~-·~---~ ·--- ---·---- -

3 

4 

5 
6 

1 
8 

l~]••· ························• 

1798 ... 

1839 ................. . 

1845 ................. . 

1859, June .................... . 

1872, June 14 •.•.•...•.••.••.•.•• 

1873, June 3, r3 ................. . 

0 30 

I 25 

l •s 
l 25 

• 56.5 

w. I Amry Atwater, surveyor, east end of Lake Erie; MS. collection by Charles \\-hittle-

1 sey, communicated to the Coast Survey, March 2'i, 186o. 

Buffalo Reserration, Lake Shore. August Porter, in Twenty-..second Report of Re

gents of University, New York. Albs.ny, :r86g, 
R. W. Haskins, </J=42° 53', »-=78° ss'; Prof. E. Loomis' collection, Sill. Jour., vol. 

.xxxiv, 1838. 
At Fort Erie, </1=4-2° 54-'• .\=78° 591

; United States Lake Sunrey charL 

CapL Lefroy, Gen. Sir E. Sabine's Contributions, xiii, in Phil. Trans. Roy. Soc. 1872. 

Lieut. W. P. Smith, United States Lake Surrey, 4'=42° 531
, .\:::::-: 7B0 55', near south 

pier; Report of the United States Lake Survey, by Capt. Meade, Appendix H, 

Detroit, 1859. 
l Capt. A. N. Lee, United States Lake Sun·ey, c/J=.c-2" 53-'· A=-78° 58

1
; magnetic 

5 results, 18;io-'73, Report of the Chief of Engineers for 1873, pp. 1195, 1197. 
,__--1.. ____________ _,__ _____ .._!.. _________________ ~---··----·-- ------------------- -- -·--·----- --
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10 

12 

I 1840, January 
1841 •.......... 

1842 .......•... 

1845 .... . 
1846 .......... . 

1847 ....... . 

1848 ...................... ·-· .. . 
1849 .................. . 

:r850 ....•.... 

1851 •....... 

1853 ..... . 

1854. 

1855 ..... . 

. . . . . . . I 

13 

14 

IS 

16 

1856 .. 

1857. 
. . . . . . . . I 
········ 

1858. 

1859. 
186o .... 

1861 .•. ' 

1862 .... 

21 1863. 

1864 ... 
23 1865. - . 

24 1866. - ..... . 
1867 .................... . 

26 1868 ........ . 

186<i ........ . 
1870 ...................• ' .... 

1871 ............ ········· 

1872 ...................... . 

1873 ...................... . 

187-1. 

1875 ........ . 
1876 .. . 

1877 .. . 
1878. • · • • • • • • • • • •• • • • ••••I 

::::.Oct. i8 ................ : :::I 

I 

TORONTO, PROViNCE dF ONTARIO, CANADA. 

(Magnetical and Meteorological Observatory.)• 

t 27 w. I Capt. C. J. B. Riddell, R. A. Phil. Trans. Roy. Soc., 1849. 
l 14.3 
I 18.9t 

I (Vol. I, Toronto Observations. p. xi. Mean annual declinations. t l• 19'1 in thepub-

1 J lication of 1875. 
t 29.1 

l 30.8 

33.2 

l 35.4 
l 36.9 
I 38.6 

l 40.9 

1 .. 6.1 

I .. s.o 
1 52.3 

I 56.3 

2 co.5 

2 04·5 
2 0 7·4 
2 I0.6 

2 :14 .• 3 

2 15.7 

19. I 

2 2I.9 

2 24.8 

2 27.6 

2 29. 8 

2 33.2 

2 37· I 

2 41.9 

2 47·9 

2 53.0 

2 58.3 

04.I 

3 IJ.7 

i:8. 5 

24. 9 

3'-4 

37·3 
41. l 

11 

i IV• n. Turo•o O"'"m"'"'"' m-•. MNo """""' ''"'••••oo• 

IJ . 
/ Observations in July and August. ............................ } Yalues corrected for 
I Observations in February, March, April, and June........ . . annual and secular 
i Observations from August to December, both inclush·e.. . . variations. 

'I 
1, 

I 
Mean annual declinations. 

} 

Abstracts and results ofmagnetical and meteorological observations at tb.e Magnetic 

Observatory, Toronto, Canada, from 18•1 to 1871, inclusive, 1875. Mean annual 
declinations. 

1 l MNo ••-• O~O"'""oo' o•=-"-WO F«m""" ••,'"'•>,CO•"? C..,...,, 

:i',[

111 

director of the Toronto Magnetic Observatory, and superintendent of the Mete
orological Service1 Toronto, Ontario. 

\\"'. \ Communicated by C. Carpmael, director of Obsen .. atory, January 1.f, 1881. 

*Results published by G. T. Kingston, M. A., director of the Magnetic Observatory, in the Canadian Journal especially from two communi
cations, u Monthly absolute values of the Magnetic Elements at Toronto, from 1856 to 1864, inclusive'~; and ~·Monthly absolute values of the 
Maa-netic Elements at Toronto, from 1865 to 1868, inclusive, with the annual means from 1841 to 1868.'' 
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ERIE, PA. 

A= 8o'-' 05'._. "~. of Gr. 

(Court-house.) 

t7S6, October... . . . . . . . . . . . . . . . o 32 W. New York and Penns_yhrania boundary line ; monument on French Creek, in 

1795 ............. . 0 

1841, August 9 0 

1 

1859, April 1 

6 1862, August 6, 7 ..... . I 

1867, April. ... 2 

2 

2 

s{ 1873,June, 11,12 ... . 

1873, October ........ . 

9 1876 .................. . 2 

10 11877, November ........... . 

11¢, September ... 2 

1830 .....•...............•....... I 

1831, August .................... I 

4 1834 (winter) .................... 0 

s t838 (winter) ......... 0 

6 1840 .••.•.•.••.•.•.... 0 

1 11!.41, May I ..... 0 

8 1145 ........•......... 0 

9 1859, July •.............. 0 

1865 •.................... ········ I 

ro 187:i, November, 9-II ··········· 0 

" 1872, June 17, 18 ················ 0 

llt 1873, June 16, 17 ········ 0 

13 r88o, July 9, 10-u •...•.. I 

B 

30 

33 

34 

33 

13 

00.7 

36 

50 

00 

20 

15 
50 

35 
19 

05.2 

39 

46 

I2 

32.6 

44·9 
50.9 

38.5 

E. 

w. 

cfl=42°oo', A-79° 58',about 10 milesS.SE. of Erie. Geological Survey of New 

York. See also a map in the State Department of Ne\\' York, on which the ob
sen,ed variations are givi:::n, H protracted by Abm. Hardenberg, one of the Com-

missioners for the Sta.te of New York, October 29, r787.' 1 

Andrew Ellicott, in 4' ~ 42° 03'.2, A.-::c-- 8o0 05'.2. Stone monument comer Parade and 
Front streets; Am. Alm. of 1 36r, p. 54. 

Dr. A. D. Bache, magnetic survey of Pennsylvania; Coast Survey Report of 186~, 

p. 213. 
Annua.l Report of Secretary of Internal Affairs of Penn5yh·ania for 1877. Harris

burg, 1878. 

Samuel Low, at merit.Han line established by him in cemeterr. Mean of 9 years' 
obsen~ations, 1855 to" 1&63, inclush~e. From Annua.1 Report of Secretary of lnternal 

Affairs, Commonwealth of Pennsylvania. Harrisburg, 1876, p. 20 A. 

C. A. Schott, assistant Coast Survey. Same place as in Dr. liacbe's.survey, near 

Mr. Reed's house~ Se,~enth street, in cf,= 42° 07 1.5, A= 80° 051
• 3 i Coast Sun:ey 

Report of 1862, p. 212. 

Samuel \\·ilson, at meridian tine in cemetery; mean of 7 years of ohservations, 1864 

to 1870, inclusive. Annual Repon of Secretary of Internal Affairs of Pennsyl

vania, 1876. 
Capt. A. N. Lee, United States Lake Survey, in </>=- 42° 08'. 2, A= 80° 05 1 .3. ~fag

netic results, 1870 to 1873; Report of Chief of Engineers for 1873, pp. u95, u97. 

Samuel ,,~ilson, at meridian line in cemetery; mean of 6 year~ uf obsen~ations, 1871 to 

r876, inclusive. Annual Report ofSecretary oflnternal Affairs of Pennsrh~ania~ 18i6. 

Annual Report of Secretary of Internal Affairs of Pennsylvania. 1876. 

W. 
1 

Annual Report of Secretary of Internal Affairs of Pennsylvania for I877. Harris

burg, 1878. 

E. 

E. 

w. 

E.(1) 

W. 

w. 

CLEVELAND, OHIO. 

>i. = 81° 42'.o v.r. of Gr. 

Aug. Porter and Seth Pease, in <f> = 4 t 0 301, A= 81° 401 ; \fS. compiled by Charles 

Whitt1eser, March, 186o, Coast Sur\?ey archives. 
Ahaz Merchant; Prof. E. Loomis' collection, Sill. Jour., vol. xx:x.ix, t840. 

Edwin Foote; MS. compiled by Charles Whittlesey, 186o. 

Ahaz Merchant; Prof. E~ Loomis' collection, as above. 
Ahaz Merchant; reference as abo\•e. 

Prof. E. Loomis; Phil. Trans. Roy. Soc., r872, General Sabines Contributions, xiii. 
Misprinted=1° 19' E. See Dr. C. Davies on u Surveying.'' 

J. N. Pillsbury; MS. compiled by Charles Whittlesey, i86o. 

From a chart of survey of North and Nonhwest Lakes. Topographical Engineers; · 
beacon-light, in •=·f.1° 31', A::::-::81° 41'.5. 

Lieut. W. P. Smith, Topographical Engineers, in <1>,-,41° 30', ~=Bt0 43'; MS. by 
Charles Whittlesey, also MS. by W. F. Raynolds, major of Engineers, Survey of 
North and North west Lakes. 

MS. (December, 1865) by W. F. Raynolds, major of Engineers, as above. l''alue 
not uscd.-ScH.J 

E. Goodfellow, assistant Coast Survey; Coast Survey archives; at .Marine Hospital, 

in~ ==.pQ 30'.4, A=8t0 41'.5. 
Capt. A. N. Lee, United States Lake Survey; Report of Chief of Engineers for z8n 

Capt. A. N. Lee, United Sates Lake Survey; reference as above. 
J.B. Baylor, United States Coast and Geodetic Sun·er. Station of 1871, grounds 

of the City Hospital. 
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I 
I 

I i 1810., 

I 
182:? •• 

1S2B ................. . 

1835 ..... . 

- J 1840 •. 
::i j iS.-t.o. 

! 1859 •. 

\ 1S65 •... 

1872, May S-29. 

i873t May 5-17 

1876, June 3 1 6 ..... 

, 1819,June 17. 

j 1855 

3 I 1856, October 31 .. 

1877, June ... 

' 1879, :>ept. 9 

R~PORT OF THE $UPER1NTE~"'l}:itNT OF THE 

Collection of Magndic Declinations, etc.-Continued. 

J r3 

2 50 

l 56 

o z5.2 

o r7.3 

o 04.7 E. 

DETROIT, MICH. 

J. ·Mansfield; Prof. E. Loomis' collection, in Sill. Jour.,Yol. xx.xiv, 1838. 
assigned, t/>=4'2° 30',;\=-Sz( 58'. 

L. Lyons ......... ·) 
L. Lyons ........... lProf. E. Loomis' collection, in Sill. Jour.,vol. xxxix, 1:840. 

GeOlogical Report .. f Position assigned 1 ¢=42° 24', i=S2° 58'. 
Geological Report .. ) 
Prof. E. Lnomis; Gen. Sir E. Sabine, PhiL Tran~. Ruy. Svc., 18rz. ContribUtiOnS1 

No.xiii. 

/United States Lake Survey, MS. communicated by Col. W. F. Raynolds, United 
) States Engineers. Position, cf>= 4J1° :.io

1
, h = 83" 03'. 

\United States Lake Survey, G~n. C. B. Comstock, U.S. A., sup~rintendent; Report 

J
. of the Chief o~ .Engine~rs for 1873, :P· 

1 

n95-u97n; C
1

apt. A. N. Lee, U. S. A., 
observer. Pos1Uonsass1gned, 4>=42 20 .o, "-=83 o2 .5. , , 

U. S. Lake Survey; Report of Chief of Engineers for 1877, ,·ol. 2. Lieut. T. N, 
Hailey, observer. Positioti,<P=42° 20'.o, A.=83° 03'.I. 

ST. LOUIS, 1110. 

¢=::38° 38'.o A=go0 12'.2 W. of Gr. 

•n.6 E.* 

49 

45 

8 

6 23.r 

37.5 

6 33·7 

6 13.3 E. 

(Washington Uninrsity.) 

:Major S. H. Long; at St. Louis1 in cb:::::::-:,8° 361
, A=90° o6'. [Longitude abouts' in 

error.-Srn.] Account of an expedition from Pittsburg to the Rocky Mountains 
in 1819 and 1820, by Maj. S. H. Long, Philadelphia, 1823. 

Col. Nicolls; Prof. E. Loomis' collection,Sill. Jour., vol.xxxiv, 1838. 

] De '\\'ard, surveyor. In City Commons. Letter of Thomas Featherson,of June 18, 
) 1877. Communicated by Assistant Eimbeck, Coast Survey. 
1 Colton's General Atlas, ~~ew York, 1873. 
1 Karl Jfriesach, Berichte der Kais. Akad. der '\\'~iss., Vienna, vol. xxix1 J858. 

Dr. T. C. Hilgard, observer; Bache-Fund Magnetic Survey; MS. communication. 
Two stations, south and west of court-house; first, on C6mpton Hill, -6° 35'.2 in 
q,::=;38° 37'.1, "-=go0 I4'.o; second, near City Hospital,-6° 391.9 in ~=38° 361 .5, 

>..=90° u'.7. [Mean-6° 37'.5.-Scu.] 
Thomas Featherson, deputy county snrveyor, St. Louis Co. From comparisons of 

I
. 17 old lines run in the City Commons in 1838 by De Ward, surveyor. Communj

cated by W .Eimbeck, assistant Coast Survey. Annual change since 18.;&, + T'.91. 

I Prof. F. E. Nipher, Washington University; Trans. St. Louis Acad. Sciences; ob- , 
! servations in vacant square, SE. corner Garrison a Ye. and Dickson st.; used Coast 
j Survey i.nstrum~nts. 
I Prof. F. E. Nipher, corner Garrison aye, and Glasgow Place. Communicated I Oct. 14, 1879. 

----~-

*This value is probably somewhat too great.-Srn. 

NEW YORK AND VICINITY, N. Y. 

l/>=40° 42'.7 ;\=74° 00'.4 ·w. of Gr. 

(New York City Hall.) 
------~------------,.-----~----------

! Hudson, on his third voyage, near the Jersey shore, a liltle below the mouth of Hud
. son River. The day before be found not abo,·e 20 W. [See reference below. Ob· 

' 16og, Septem her :2. 

' 1684 .. 8 45 

I 
2 ' 1686 •.. .. .. ... ........ 9 

'i:~t. s •s 

w. 

serYation not used.] Hudson, on bis third voyage, a few miles up the Hudson 
River.,_ found, 100), Sept. 13, 13° W. This obsen+ation ma Jr have been ms.de on shore. 
Prof. E. Loomis' collection, in Sill. }our., vol. xxxix, 1840; extract furnished by 
Prof. J. Sparks from 3d vol. of Purcbas' Pilgrims. (Observation not used.] 

Philip Welles, Surveyor-General; Report of the N. Y. Commissioners on the Con
necticut Houndary, made to the New York Legislature in April, 1857 [Sen. Doc. 
i65, p. i55]. Received from J. H. Trumbull, April, 18;-6. 

George Keith, at Sandy Hook. Line run between E. and W. New Jersey. Records 
o1 proprietors of New Jersey. Communicated by Prof. G. H. Cook, Sta1e Geolo· 
gist of N. J., Oct. n, x879. 

On Staten Island; Geological Survey of New York, 1858, E. Duxbury's patent. [See 
also E. Halley's isogonic cltart for the epoch 1700, reproduced by pbotolit.h<>gn.phy 
in the "Greenwich Observations of 1869." It gives aboutS0 W.iorNewYork.] 

John Beatty, deputy surveyor, on map of Livingston's Manor (N. Y.). Engraved in l 
O'Callaglwi's Doc.Hist. N .Y.,ili,~·+· RecelvedfromJ. H. Trumbull. [Notused.J 

. '"------------------------------------' 
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NEW YORK AND VICINITY, N. Y.-Continued. 

------------------------·---------

41 
1723_. 

1724 •. 

5 1750 

6 1 755· ..... 

1 775·. 

1789 .......... 

1824 •..•..... 

9 1834 ......... 

10 1837 •............ 

I 1840, June 16 to July u .. -· 

II { 

i 1840, July 18 to October 16. 

12 1841 •.... 

1842 1 September ..... 

18+4-, January .. 

1844, August 20-22 . 

r3 1844, .\ugu5t 24 . 

14 1845, September 4 .... 

t846, April 30 •. 

r846, ~lay 4 ........ 

1146, May 14. 

16 1847, October 161 20 ·---·· •••••• 

1855, August 7 ............. . 

1855, August 8 ............. .. 

1855, August u ...... . 

1855, August t..t- •.• _ ••••••. 

i:8 186o, September 21, 22 •••..•. 

1872, October 31, November 1 

a.nd 2. 

19 1873. November 5, 6, 7, 9 ... 

20 187.+, August. .•.... 

21 i879, July i7, 18 •.....•. 

I 
. ! 

7 20 

5 00 

7 

4 20 

4 40 

50 

4" 

5 01 

53 

o6 

32.5 

s 51.1 

51.0 

13.1 

25.3 

.I 0<)·7 

54·7 

35.t 

41.0 

6 39.6 

28.0 

II.:Z 

44-0 

45.8 

-09.0 

23 

32.0 

W. G. Burnet; Prof. E. Loomis' collection, in Sill. Jour., vol. xxxiv, 1838. 

w. 

Cadwallader Colden, one of the commissioners of the New York and Connecticut 

boundary, of 1724. (See Report of Commissioners of ·1857, as above.) Received i 
from J. H. Trumbull. : 

Mr. Alexander~ Prof. E. Loomis' collection, in Sill. ]our., vol. xxxiv, 1838. i 
l\lr. Evans; Prof. E. Loomis' collectiJn, in Sill. JouL, vol. xxxiv, 1838. 
J. F. \\r. Des Barres' Atlantic Neptune, London, 1781, at Sandy Hook, Xew York 

Bay. [Not used.] 

Prof. Loomis' collection of 1838; also Encyc. )letrop .• 1848. 
Blunt's map; Prof. E. Loomis' collection of 1838. 

Prof. J. Renwick, Columbia College; Prof. E. Loomis' collection oi i838. 

I 

Capt. Owen; Prof. E. Loomis' collection of 1838. 

Lieut.S, C. Rowan, U.S. N., observer for Vnitcd States Coas;t Sun-ey, at Howard . 

Stalen Is1and, in cf>-= 4-0° 371.6, A=-- 74° 051 .4; .:'115. in Coast Survey archives. 
Lieut. S. C. Rowan, U. S. N ., observer for l: nited States Coast Survey, at Bergen 

:\eek, in q, ~ 40° 45 1 .8, >. :=... 74°02 1.6 i MS. in Coast Sun~ey archives. 

Douglass' map of New Jersey: Coast Survey archives. 
Coast Survey dctenmnation (observer not stated) at Sandy Hook, in 11=.:"40° 2 71

. 7, 
.\~;.74° oc./ .2 ; )iS. in Coast Sun~ey archi\.·es. 

Licuts. G. M. Bache and J. Hall, U .s.~-., observers for enited State:-. Coa....,t Sur...-ey, 

I at Sandy Hook (same place as in I842); )lS. in Coast Suryey archives. 

1
1 Prof. J. Renwick, obsenrer for United States Coast Survey at Sandy Hook, in : 

I r/J = 40° 27 1.7, A= 74° ex/ .2 ; Coast Survey Report for 1854, µ. 144 ,.. 
1 

Prof. J. Renwick, observer for United States Coast Sun~ey~ at Columbia College , 
(old position), in cl> =40° 42 1 .7, A= 74° 00'.5; reference as above. ' 

Prof. J 4 Renlvick, obsen~er for t:"nited States Coast Survcy 1 at Columbia College; 

reference as above. 

Dr. J. Locke,observer for C-nitcd Sta~es Coast Survey, at Blooming-dale Asylum, in , 
¢= 40° 50 1.3, A= 73° 56' ·'?; Coast Survey Report ior 18541 p. 144"· I 

Dr. J. Locke, observer for United States Coa.-=;t Survey, at )fount Prospect (former!\' 
Flathush), Brooklyn. in ti> =40° 40' .3 . .\ = 73° 58'.o; reference as above. 

Other observations at this place arc given in the Regent~· Report of the University 

of the State of New York, viz: 

Oct., :1835, 4 45 

Oct., x837, 4 45 

Dec. is, 1838, 4 4; 
Jan. .._, 18+0, 4 55 

Dec. 301 18.p, 5 12 

Dec. 30, 1842, s io 
Dec. 20, 1847, 5 3-0 

Oct. 26, 1848, 5 15 

Assigned position 4> =-· 4oc 37', 

A=::: 71° s8'. 

Dr. J .Locke, obsen""er for Vniterl States Coast Sun•ey, at X ewark, in if, =:4oc 44 '.S. 

A~ 74° 07'.3; Coast Survey Report for 1854, p. 144•. 
R. H. Fauntleroy, assistant Coast Survey, at Legget, in ~ = 40° 48 1.9, A= 73° 53

1 .4 ~ 

reference as above. 
C. A. Schott, nssistant Coast S1ll"vey~at Governor's Island, in tf>= 40° 41 1 .5,A = 74" 01' .o; 

Coast Survey Report for 1855, p. 337. 
C. A. Schott, at Bedloe's Islanrl1 in i/.>=-40° .p' .4, A.= 74° 02' -7; reference as abo\~e. 

C. A. Schott, at Receiving Reservoir (now in Central Park), in $=40° 46'.7. 

i\ = 73° 58 1
.2 ; reference as aboYe. 

C. A. Schott at Sandy llook i position same as in 1844; referem·e as above. To re

duce to New York add 22'.4 or 0°.37 fnot used]. 
C. A. Schott, at site at ~lount Prospect, now Brooklyn (new) water-work~, in 

<fJ ;::.:.. .. 0° -40' .3, A= 73° 58'.o; Coast Survey Report for 186o, p.352. 
A.H. Scott, United States toast Survey, at Central Park, we~"t. of )lall,in ~-- 40''46 1 .2, 

"A.=73° 58'.2; MS. in Coast Survey archives [Not used.] 
Dr. T. C. Hilgard, observer for United States Coast Survey, at ~and_v Hook; station 

as in r&t-4; MS. in Coast Survey archives. To reduce to New York,add o0
• 37. 

Report<>f Chief of Engineers U .S.A.for 1875; chart of Way Reef, Hell Gate. 
J. H.Saylor, United States Coast and Geodetic Survey. Station of 873, at Sandy 

Hook, N. J. To reduce to New York add 0°.37 
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Collection of il'fagnetu Declinations, etc.-Continued. 

HATBOROUGH, MORELAND TOWNSHIP, MONTGOMERY COUNTY, PA. 

168o. . . . . . . . . . . . . 
16\>o. 
1700. 

1710 

1720 ..... 

1730. 

1740. 

t7so. 

176o. 

1770. 

1780. 

1790. 

1800. 

.1810. 

1B20 •.. 

18.10. 

1840 .. 

1850 ...... .. 

1701. 

1710. 

1750. 

1793· 

1793. 

18o2. 

1804. 

1804. 

l8I3. 

1813 .......... . . . . . . . . . . . . . 
1837 ............. 
i:'140, June., ..... 

18.p, July zo a.nd November t. 

;855, Septembers....... . . . . . . 

18'52, August 15, 16 .. 

r8r2, October 19 1 20, 21 .. 

1877, October 2, 3, 5, 6 . 

8 28 

15 

SS 

7 28 

6 25 

35 

55 

4 00 

2 55 
05 

I 50 

l 55 

2 27 

3 50 

~ 25 

w. 

w. 

II 

I 

"J..=75° 07' W. of Gr. 

I Table communicated to the Superintendent of the Coast Survey in a letter, by Mr. E. 

r 

\\~.Beans, dated Hathorough, March 1, 1852 (see Coast Survey Report for 1855, p. 

312). [lt is not to be presumed that this table presents direct observations, as the 
regularity of decennial values sufficiently attests; but it is not doubted that it rests 

upon rdiahlt: observations of numerous hearings of old (and new) lines which were 
submitted to some process of interpolation, probably graphical.-Srn.] 

---------

PHILADELPHIA, PA. 

</> = 39° 56'.9 A= 75° og'.o W. of Gr. 

30 w. 

30 

<5 
I 30 

l 30 

' 30 

2 00 

2 25 

2 27 

5z 

37 

53.7 

3 51.1 

31.7 

00.0 

6 02.2 w. 

(State-house.) 

By Mr. Scull, as stated by G. Gillet, Sill. Jour., vol. xxiii, 1833. [See also Coast Sur- I 
vey Report for 1855, pp. 313, 314.] j 

Th. Whitney; Prof. E. Loomis' collection, in Sill. Jour., vol. xx.xiv, 1838. 1' 

Kalm's Travels; reference as above. 

~~· ~::~~;::~.~·~~~~~~:;.~ :~~.v:~iii. 1833. 1

1 

Ry ~fr. Howell ; reference a.s above. 

By several men of science ; reference as above. 
Th. Whitney; Prof. E. Loomis' collection, Sill. Jour., vol. .xx.xiv, 1838. 
D. )fcClure; reference as above. 
By Mr. Whitney; Sill. Jour., vol. xxiii, 1833. 
W.R. Job.nson; Prof. E. Loomis' collection, Sill. Jour., vol. xxxiv, [s3s. 
Dr. A. D. Bache, at Girard College,</>= 39° 58'.3, /\ = 75° I0'.3; annual change from 

differential observations between 18,.0, June\ and 18.(5, December,= 4'~'4 (Coast 
Survey Reports for :i8591 p. !185, and 186o, p. 3u) ; subtracting s' .3 from his observa
tion, 3° 53'.7 July :roand November 1, we find 3° 48' for June, 18.io; again subtract
ing 26' from Dr. Locke's observation, 3° 51 1 .1, in May, 1846, we find 3° zs'; mean 

] adopted, 3° 37'. t 
I Dr. A. D. Bache, at Girard College; magnetic survey of Pennsylvania; Coast Sur. 
' vey Report for 1862 1 p. 2r3. 

: Dr. J. Locke, Girard College magnetical observatory: Coast Survey Report for 18s.+, 

i P· 144·* 
I C. A. Schott, assistant Coast Survey, east of main building, Girard College; Coasf 
j Surrey Report for 1855, p. 337. 
! C. A. Schott, assistant Coast Survey, at site of old magnetica.l observatory 1 Girard 
I _.ollege; Coast Survey Report for 1862, p. 212. 

I A. H. Scott, United States Coast Survey, at site of old magnetical observatory, 
i Girard College; MS. in Coast Survey archives. 
; J.B. Baylor, United States Coast Survey, Girard College, SW. of main building. 
i 

I 

------·---- ---------
t Which is preferred to the values given in Co .. t Survey Report for 18Q4 p. O<J.4.-ScH, 
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I 
1 I 1795, August 19 

18401 July 25 .. . 

1843........ . .. . 

I ·'" , ........ . 
r I 1857, April 29 ... . 

'~ I 
~ l i 18;7, Junq ..... 
6 186o-6t......... . 

I 
i 

lSfo, July 28,z9 . . . . . · 1 

I 1874, October and :t\o\-embe1 .. · 1 

1

1876, December 2 . . • • • •. 
1 

Jo J877, Septcmber25. 26 ... ···1 

I 
1679.0 .... ' ...... I J I I 

I ! . I J683.5 ............. :I 1703.5 .............. ············ 
172u.5 ... I 
1729.2. ·············· ... I 
J754·5· .. ········ ........ ·1 

7 J156.9. ··············· I 8 1771.0 .. ··············· 
1776. J, ............. 

I JO J78o.5 .......... 

JJ J787.5 .... ...... ·! 
JZ 1808.5 ........... ' ············ ., 

I 

J3 1840, August 27 . ·········· ·····I 14 1847, April 29 ... ............... 1 

I 

J856, September 
I 

15 13 ..... ""i 
I 

J6 J875.5 ......... ....... .... 1 

J7 1877, October 10, u, 12 ..• , .. ····I 

HARR!SHPRG, PA. 

(State Capitol.) 

o 26 E. ' From a map of the horoug-h of Harrisburg on file in office of register and rerordt'r 

of this county, made by Thomas Foster. Communicated by '\\7
• V\'. "~right, )larch 

:2 35 

o6 

30 

44.5 

4 51 

5 TO 

4 53.5 w. 

101 i875. 

Dr.A .D. Bache; in the grounds east of the capitol; Coast Surver Report of 1862,p.212. 

From a map of the borough of Harrisburg, on file in the city register's office, tuade 

by John Rolints. Communicated by "'. \Y. \\.right, )larch 10, 1875. 

John Roberts and Samuel Hoffer, sun·cyors, established a true meridian east of tlle 

State House. Commuaicatell by W. "'· 'Vrig-ht,February,I875. [Sec also Annual 

Report of Secretary of Internal Affairs of Pennsylvania for 1876.l 

James l<erguson, James Aspach 1 and Daniel Hoffman, suryeyors. Results recorded 
at county commissioner's office. Communicated hy Vi~."~. 'Vright, February, 1875. 

Samuel Hoffer. Reference as aboYc. 
From sun·eys made by Hather Page;+ map in the city register's office at HarrisburK 

Comnrnnicated by \Y. \\~.\\~right, l\larch 10, 1875. 

C. A. Schott, assistant Coast Survey; grounds of the Slate House. near eastern 

entrance; Coast Sun~ey Report of 1Sfo, p. 212. 

11. Alricks, jr., J. Simpson Africa; Annual Report of Secretary oi Internal .\flairs of 
Pennsykania, 1876; ".-· ~lcCantlless, secretary. 

Annual Report of Secretary for 1876, as abon:. 

E. Smith and J. B. Baylor, United States Coast Stu Yey; grounds east of capitol. near 
astronomical station and near station of 1862, 6 = 4oc 15'. S, A= 76(_ 52' .9 

t'.'iame not clearly legible. 

·BALTnIORE, MD. 

$=39° 17'.8 

5· 25 w. 

6.25 

5.12 

4· ZI 

4.02 

2.28 

o.88 

I. II 

r.75 
0.77 

0.37 
o• 12' .5 

• J6.5 . 18.6 

2 29.3 

3° .74 
40 10' .8'\\". 

(Washington Monument.) 

I 
I T. Kel baugh1 from resuryey of old lines.* I D '"'·" = D ""·" + 4 °. 50 Adopted value for second epoch + o0

• 7 5 
i D 1683.& =-D m4.s + 5° .50 Adopted value for second epoch+ o. 75 
I D mr.u; = D 1811.8 + 4° .43 Adopted value for second epoch+ 0.69 
J D 1m.& = D 1sui.o + 3° .42 Adopted value for second epoch-+ o. 79 

j D 1729.2 = D 1807. 1 + 3°. 3q A doµted value for secund epoch + o. 63 

I D 1164.&= D 1855.5 - o0 .37 Adopted value for second epoch+ 2.65 

1 D 1166.s = D 1s10.o + 2° .12 Adopted value for second epoch+ o. 76 
l D 1111.0 = D 1846.5 - r 0 .oo Adopted value for second epoch + ~ 11 

I 
D 11'16.l :::--D l8ll.4 + r 0 .07 Adopted value for second epoch+ o.68 

D 11S0.o= D 11161.0 - 2° 25 Adopted. ,·alue for second epoch+ 3.02 

j D uR?.5 = D 1ss1.o - 2° .oo Adopted value for second epod1 + -z. 37 

I 

D Byrnes, fro_~ numerous observations in Baltimore in different localitie~; Sill. 
J our., vol. x·nn, 1830. 

I 
Dr. A. D. Bache; Coast Survev Report for 1862, p. :2T; 

Capt. T. J. Lee, United States Engineers, assistant Co~st Surrev; at Fort McHenr). 
1

1 

m tfJ =39° 15' .8, A.=76° 34' .8; ( 'oast Survey Report for 1854, p. lH 
1 

I
C. A. Schott, assistant Coast Sun·ey; JUSt outside Fort McHenry,in~:::::-39"' 15'.9. 

A= 76° 34' .q; Coast Survey Report for 1858, p. r91. ' 
See note•, D 1875.f.i= D iss1.o + t 0 .oo. Adopted ,·alue for second epoch+ 2°. 74 
J.B. Baylor, Pnited States Coast Survc_y; at .. ~ort McHenry, near station nf 1856. 

I ~--··-~--· 

•Mr. Thomas Kelbaugh, surveyor at Mt. Carmd, Baltimore County, Maryland, communicated to the Coast Survey Office !letters dated 
August 17 and 24, ?871,and April 28, 1879) 52' cases of observed or allowed for changes of magnetic declinations between given dates, mostlr from 
redeterminations of magnetic bearings of old lines, made with the common surveyor's compass. by different individuals and with <lifferent instru
ments., and generally within a radius of 15 statute miles of Baltimore City, on the N .• NE., and N \V. of it. These sun·eys were made by order of 
the Baltimore County circuit court, arising from disputed land cases. Other Yalues were copied from the record-book of the court~· sun~eyor 
and his assist.ants, between 18o5 and 1825. 

The 52 differential values, after acrutiny, were properly combined; the r2 results,1'~ os. r to n ,inclusive, thus obtained arc gh~cn in the abo:e 
table. The adopted values for the epochs of the resurvey are likewise given, and are those resulting from a formula established by me in 

August, 1877. At that time but 25 differential values had been communicated by Mr. Kelbaugh.-[S~H.] 

S. Ex.17-19 
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IiQ2. 

r I/92 .. 

1, 

l 1792.' 

18og, December. 

18.p .() 

4 184~.o ............ . 

1855. July .... . 

•••••••• 1 

18N\ .r\ugust 16 to September 26. 

1862, August 18, 19 ............ . 

n 1863. J unc 18 to] uly 28 ... .. 

2) 

1366, Novemh~r 1 ..•.•••• , ••••. 

1S67, January to Dec-ember .. 

1868, J anua•r to December .. 
J.%9, Janua•y tn June, inclusive-.'; 

1870. June 13. 14, 15. 

1871, June 14, 15, 16. 

:iB71., J unc 1+. I;-;, 17 .. 

1873, June 14, 16, 17 .. 

1874, June 13, 15, 16. 

i:874, July 20, 21, '22 •. 

1875, June 121 q, 15 ..... 

I 1876, )fay l, 2 .•••. 

18;7, June q_, 't~. rfi. 

1877. Aug-ust i7 ....... . 

t878,] une 14. 15, 17. 

r878. September 8 . 

1879~, J u11e 9, 10, :II •• 

1880. Feh' uary 23, 24, 25 

1880, June i:2, q. t7 .... 

17'-'S, March fl 

1732 .. 

1823-24. 

1832, June 9, 11 

tH56. September n, 12 . 

1879 1 l\1ar and June ............ . 

Wc\Sl!INGTOX, D. C'. 
<i~-38° 53'.3 A=77° oo'.6 \\·.of Gr 

(Vnitcd States Capitol.~ 

o sr E. 1 Maj. A. Ellicott, sun·cyor-gencral; inscription on fourth milestone northwesterly 
from east corner of District; reported by G. Mathiot. [Supposed affected by local 

de,·iation; not used.] 

o 19 A. Ellicott; inscription on first milestone northwesterly from east corner of District; 
reported by J. ""iessner. 

E. A. Ellicott; inscrirtion on east corner-5tone, District; reported hr J. ""iessner. 

o 52 \\-. ::\"icholas King, surveyor of the city of "·ashington; Prof. E. Loomis· collection. 1 

I 20. 2 

I 23.9 

2 24 

2 24 

20. 

2 39. ~ 

2 41 8 

2 44. 2 

2 48. I 

2 5r. 2 

2 53.0 

2 5::;. 6 

2 56.9 

00. I 

05.~ 

15.5 

18. 8 

42 I 

Sill. J our., vol. xxxiv 1 1838. 

J.M. Gilliss, U.S. N.; Capitol llill, north of Capitol; Sen. Doc .. 2d sess. ,sth Cong., 
1:844-45. 

J. J\I. Gilliss, U.S. N.; reference as abo\·e. 

C. A. Schott, assistant Coast Sun·ey; Coast SurYey Report for 1855, p. 334, on Capitol 
Hilt, near Gilliss stRtion. 

C. A. Schott at (old) Coast Survey Office. Capitol Hill; also 2° 01' \V., August 15, in 

park east of the Capitol; Coast Sur\'ey Report for 1S56, p. 227. 

"'·Read; near Capitol, south side~ Coast Survey Report for I85.S, p. I)6. Com

municated hy ob~en·er. 
C. A. Schott, at {old) Coast Sun·er Office; 1>=38° s.<'. r, A=77° 00

1.6; Coast SurYey 

Report for r86o, p. ::;52. 

C. A. Schott, at (old) Coast Survey Office; Coast Sun·ey Report for 1862, p. 212. 
1 C. A. Schott, at (old) Coast Sun·ey Office; Coast Survey Report for 1863, p. 204. 

[ Prof. \\". Harkness, lJ. S. N.; enited States Xaval Obsen·atory grounds, in 

¢=38° 53'.7, A=7i 0 03'.1; Smithsonian Contributions to Knowledge, No. 239, 
p. 6?, \Vashington, I873. l <'.A. Schott, at magnetic observatory, corner Second street east and C street south, 

I , Capitol Hill, in¢-= ,:8" 53 1
.1, A= 77° 00',2; nionthly Determinations, Coast Survey 

, j Report for I869 1 pp. 11_)9-207. 

; l C. A. Schott, at magnetic observatury, corne1 Second and C streets southeast; 
I ( Coast Survey Report for 1870, ~\ppendix ~'"o. r4. 
>J 

:l 
i ~Observer and locality as before; MS. Coast Sun·ey archi,·cs. 

J 

:, ~ Obsen~cr and locality as before; MS. Coast SurYcy archives. 

I ' 
C . .:\, Schott, at new magnetic observatory, near corner Flrnt and B streets southeast; ] 

<f>=-38c 53'.2, A=77° ou'.4; 1\JS. in Coast Survey archh-es. 

! A. Hraid, United States Coast Sun·e5"; same place. i 
I C. A. Schott; locality as above. 
/ Dr. T. E. Thorpe; locality ns above. 

3 52 ·4 

57" w. 
I
' W. Eimbeck and C. A. Schott, assistants Coast and Geodetic Sun·ey; locality as in 

1877 and 1878. 

~L Baker, United States Coast and Geodetic Sun·ey; locality as abo...-e. 

I J. R. Baylor, United States Coast and Geodetic Survey; locality as aborn. 
---~-

00 

4 42 

40 

00 

0 ov 

I 32 

0 45 

l z8 

39·5 

2 32 

CAPE HENRY, VA. 
t/>=36° 55'.5 .\=76c oc/.5 "··of Gr. 

w. 

w. 

(Light-house, 1857.) 

W. Ryrd, at hea<l of Currituck Sound, in .P ~--36° 30'; Westover 'MS. (Two printed 
copies in Library of Congress.) RcU.uction to Cape, + :;zo' 

\\~.Boxton, seven miles from Cape Henry, in q;.~36'' 50'; Bansteen's ~1agnetismus 
der Erde, 1819. 

Douglass' History, iu i/J=37° 07 1
, >.=75° 3o'; Prof. E. Loomis' collection, in Sill. 

Jour., vol. xxxiv, 1838. 

J. F. W. Des Barres' Atlantic Neptune, London, 1781. [Not used.] 
}>resident )..fadison, at Norfolk:, in ¢=36° 51', A.=76° 19'; Prof. E. Loomis' collection, 

Sill. Jour., vol. xxxh·, 18:J8. Reduction to Cape, -8'; by observations of i856. 

State map of \'irginia, of 1859, by H. Boye. [Not used.) 
Prof. J. N. Nicollet ; Coast Survey Report for 1864. p. no. I 
C. A. Schott, assistant Coast Survey, in </>=36° 55'.6, ll.=76° oo'.4; Coast Survey Re-

port for 1856, p. '227. 

Dr. T. C. Hilgard, observer for United States Coast Survey; MS. in Coast Survey 

archives. 
Lieut. Samuel W. Yery, U.S. :S-. From 50 observations at the Rip Raps. jReduc

tion to Cape Henry, according to my obser\"ations of 1856, + 13' .-SCH.) 
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I 

IO 

II 

1700 •.. 

1742. 

1775 ... 

1777 ... 

1784, Fchruary. 

1785, Octoher 

1824-25 .. 

1837. -

1840 •....... 

1841, )lay .. 

1847, October 

tS4•:h April J: and 2z. 

1874, )lay 27, 28, 29 

1880, January u, ':.'2 .. 

" 

.t8r7 .. 

1839. 

1852, April 26-23 

...I 

0 30 

23 

48 

48 

5 1 5 

45 

45 

2 54 

2 H 

2 24 

l.J 

16. 3 

0 5S. r 

v 25_() 

E. 

E. 

CHARLESTOK, S. C. 

(St. }!ichael's Church.) 

; E. Halley's isogonic chart for 1700; rcpn.><luccd l)y photulithography iu the Green
/ wich observations for J869. [Sot uscd. l 
! English Pilot 1 published on Tower Hill in 1794; extracted from a paper hy Anrlrcw 

llu_ghes. [ :\ ot used.] 
' Des Harres' Atlantic :S ep:une, London . .I78i. 

1 From a chart: Prof. E. Loomi~' Collection, in Sill. ]our .. "t"nl. xx.xiv, 1838, proh:thly 

! the same as that gi\·cn in the Xeptune. [Xot used.] 
1 ~Joseph Purchel1, sur..-eyor; see pamphlet h_\' Charles Parker, Charleston, 1849. 

) fObserYations said to come from a reliable source.] 

Lieut. Sherburne, P. S. ":\".; Blunt's chart of 1824-2_~. 

Capt. )lissroom i Prof. E. Loomis' col1ection, in Sill. Jour., vol .xx;.. iv, 1833. Pn~itwn 

</>=32° 47',A=79° 57'. 
Dr. C. Davies, in his treatise on su:-•;eying. 

Barnet; Phil. Trans. Roy. Soc .. vol. for 1849. 
Charles Parker; see his pamphlet (Charleston. 18491. 

: C. 0. Boutelle, assistant Coa.F>t Sun·ey, at Breach Inlet, lz] 0= 33: 4fi'. ;, A~~ 79c 4s'.c,, 

SulliYan's Island; Coast Survey Report for I854, p. *r4.i· 
C. 0. Boute1le1 assistant Coast Suryey, at Fort ).1ar::.hall, same position as for B1c.: .... d1 

Inlet; )fS. in Coast Survey archi1·es. 

J.B. Kaylor, Lnited States Coast and Gcod~tic Sun·cy 1 at Br(!ach Inlet, SulliYan's 

Island; c/>=J'z 0 46'.4, A~ 79° 4S'.8. 

S_~ YAXKAH. GA. 

1-=y.:i'' 04'.9 .\-::::81° 0.:/.5 "'.of br. 

E . 

D5 

31 

4o.3 

27. 5 

l 58.5 E. 

(Sa \·annah Exchange.) 

Becquerel's Trait~ du >1agnt?tis:1ll.!. Paris, 1846; Cartcs du Dt.;pOt, in </>=32 o,/, 
A=So0 40'. 

Geological Sun·cy, in qi--: 32° 05', A=::: S1° 07'; Pro[ E. Loomh;' collections. in Sill. 
Jour., Yol. xxxix, 1840. 

Dr. Posey; reference as abon.!. 

J.E. Hilgard, assistant Coast ~urn:y. in rf>~ 32'· 05'.o, A =81 ~ 05 1 .1. 011 Hutchinson'!:! 
Island i Coast SurYey Report for 185~, p. -... 145. 

C. A. Schott, assistant Cou.s: Surn:y, position as above; Coast Sun·cy }{cport for 

1858, p. 1Q2' 

F. Blake and C. Tappau, t:nitcd Statt.:s Coast Survey, po~itiun on Hutchinc.on·:-:i 

Island, opposite Sa\·annah, a.s aboYc; :J.iS. in Coast Survey archives. 

KEY WEST, FLA. 

(Tift's observatory.) 

6 25 E. z829, February........ \\? .. \.. " .. hiteheail; from a map oi Florida, by the Topographical Engineers, of 2S4G. 

1843..... Report of Commander L. ~I. Powell, U.S. ~.,at custom-ltouse. 

28.8 1849, August 19-21. ]. E. Hiliard, assistant CQast Survey, at Sand KL'y, in ¢::::.-::24' 27'.2, A~$1'' 53'.1; 

4 1860, Febru.1ry, ~larch, June, 
and December. 

5 186.x, February, )larc11, April •. 

6 1862,monthly,Mayto December.: 
1863, monthly, January to De- I 

cembcr. I 
186.h monthl}', January to De- i 

ceruber. / 
9 1865, monthly, January to De- ! 

cember. II 

•o 

1

1866, January to April, inclusive.! 

! 
n 11879, March, 24, 25, 26. 

4 46.6 

-I 44·5 

4 39.9 

4 36.8 

33.9 

3t.5 

• 29.8 

3 3_;.9 K 

Coast Sun·ey Report for :1854, p. *q5. 

Prof. " .. P. Trowbridge, assistant e nit~(l States Coast Survey; subsequent obscrn~r, 

S. \\~alkcr; Coast Surycy Report for 1tlti01 p. 340. 

i 

I 
~Observer, S. Walker. 

I 
.I 
J 

The ahovc observations. between xS6o and 1866, inclu~in:, ,...-c1 c taken at the Coast 
Sur\'ev magnetic observatory at Key \\"est, in 4>=24° 33'.r, A:..:.=81~' 48'.5. The rcsulr.... 

1 

are co~rected for daily variation. 
Lieut.-Com'g S. :\1. Ackley, U.S.~., assistant Coast an<l Geodetic Surn.'~·; g-r.m11d~, 

, of Army Hospital, 4>=24Q 33'.3, A=81° 47 1.9. 
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i700 •...... ' .. 

IT~6 .... 

1732, }larch and :\pril. 4 

18r5. 7 

4 1816, August. ........ 
5 

I 
1857 1 January 28. 5 

I 1858_ 

I 18791 .March 13, 14, rs . 

··1 
: 
I 

E. 

'24 

30 

°'' 
;o 

rs 
45 

53 8 E. 

HAYAXA, CUBA. 

A=82° 21'.5 '\V'. of Gr. 

Dlorro light.) 

I 
\ E. Ilallcy·5 i::mgnnic d1a1t fur r700; Greenwich obst:rvation~ for 18Gy. [Not used.) 

I Mathews, in¢ =23° 02', A =--81° 44'; Encyc. "'.\letrop., 18.48. 

: J. Harris, off Ha\·ana, in cfl;::;;;.. 23° 08', i\.-=--.:82° 32 1
; Phil. Trans. Ro}r. Soc. 1 vol. vii 

\ ~ahridged,1, 1724-34; also Ency~. 'Metrop., 1B48. 
i Encyc. Brit., seventh edition, 1842. 

i Bentley, .hncyc. Brit., seventh edition. 

I Karl Fricsach; Imp. Acad. of Sci., Vienna. vol. xxix, t858. 

I From a map of Cuba, 18fo. 

] Licut.-Com'g S. l\1. Ackley~ U.S. X., assistant Coast Survt:y, at the Colleg-e de Belen. 

I 
Annual change observed at the Colegio de Helen, according to Padr~ P.H. Viiies, 
S. J ., director of observatory, 47f minutes decreasing for several years past. lLet-

1 tcr of Lieut A{.;kley to C. A. S., dated l\.fard1 :n, 1879.] The Morro light is in 
! ~ ;;;:..-: 23° c)(/:3, )I. ----,..82° 21'.5. Determination by Lieut. Com. F. -:\1. Green, U.S. N. 

KIXGSTOX, PORT ROY AL, JA:\fAICA. 

30 

30 

<P = 17° 551 ·9 A= 76° 50'.6 W. of Gr. 

(Port Royal ilagstaff.) 

E. ' In Jamaica, according to J. Robertson; Phil. Tram;.. Roy. Soc. 1 i8o6. (Not used.] 

According to .:\lountain's chart. constructed in the year 1700 from Dr. Halley's tables; 
Long's History of Jamaica; E. Halley 1s chart for 1700 gives 7" E.; Greenwkh 
observations for 1869. [Not used.] 

1732, ~larch and April ... 

1789 to 1793 ..•.......••.. · 

179Y tO 1792. 

. . 6° to 6 05 1 At Black Rh'er,J. Harris; Phil. Trans. Roy. Soc., 1733 . 

18o6. 

11 18!9. 
4) 18.I. 

5 182'..!. 

6 1832. 

1833 (?) ..... 

1837, October ....... , . 

9 1847, April ................... . 

10 1857, March 2. 

1866 .•. ...... 

r ,sis. ........................... . 
II~ • 

l i876 ... 

50 

45 

30 

• 4 50 

4 50 

54 

5 13 

4 3° 
4 18 

40 

4 57 

00 

35 E. 

} J. Leard; chart of Port Royal. 

j. Robertson; Phil. Trans. Roy. Soc. 1 iSo6. V'ariation in Jamaica said to have been 
constant for i:30 or 140 years. 

De Mackau, in q,--::=: i:7° 55'. A= 76° 09'; Becquerel's Traite du Ma.gnetisme, Paris, r846, 

De Mayne, in¢= 17° 55', A-=-76° sJ'; Be{.;querel, as above. 
Owen i Hecquerel, as above. 
Foster; Bect'tuerel. as above. 
From a map of Kingston of i:S54. 

1 
:Milne, in 4> ~i7° 56', A.::-: 76° 51'; contrihutions to Terr. Mag., No. ix, by Lieut. Col. 

[ E. Sabine, Phil. Trans. Roy. Soc., i849, part ii. 
! Barnett, in tfi= 17° 56', A.-;::_ 76° 51'; contributions to Terr. Mag .. No. ix, by Lieut. Col. 
I .E. Sabine, Phil. Trans. Roy Soc., 1849. part ii. 

I Karl Friesach; Imp. A cad. of Sci., Vienna, vol. xxix, t858. 
English Admiralty Chart of Jamaica, No. 446. Variation in x366 nearly stationary. 

I [Not used.] 

I Pon Royal and Kingston Harbor; English Admiralty Chart, No. 456. Annual 

I 
decrease 2'. 

West India Islands and Caribbean Sea.: English Admlr .. lty Chart No. 762. [Used 
mean ralue -3°.79.-Sctt.] 
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r700 ......... , . . . . .. . ru 

1775, ~ovember. 49 

r7901 October 3 .................. ! 49 

1791, December. 7 49 

1802. .. . • . 8 

18!12 .•. •.••. -

1837, ..... .. 

I849. 

I849. 

1858. 

18661 :May 14. 

18731 December ?.5 .... 

I 1768. 

2 11787. 
3 1820. 

4 1821. 

5 i830 ......... ' ........... . 

6 1836 ..................... . 

02 

15 

6 55 

17 

56 

6 57 

7 34 
6 I:.! 

2 54 

21 

2 10 

2 00 

E. 

E. 

(Cathedral.) 

l I 
ii .Approximate v·alue act:orJing lo E. Halley':-; isogonic chart for r700. 

! sen·ations for 1869. [Not used.] 
Gn:enwJch 

I 
ob- I 

Encyc. Hrit., 7th edition, 1842. 
Don A. ~Ialasplna; Bcrlmcr Ast. Jahrhuch, ·vol. 53, for 1828, p. 18.S. 

Encyc. Brit., 7th edition, x842. [Probably same as preceding authority; not used.J 

: Encyc. Brit., 7th edition, 1842. 

I 
I 

i Hall, in r/J=8° 58 1
1 A.=79.., 21

1
; Becquerel's TraitC du MagT1etismc, Paris1 xS46. 

[Sir E. Belcher, in 4'=8° 571
, A=::::.79° 29'; Phil. Trans. Roy. Soc. 1 1843. 

i Hughes, Brit. Admiralty Chart. / 

) )laj. W. H. Emory, !t.1exican Boundary Sun·ey. in ¢=8° 57 1
, A.=79° 29'. Sec also \

1

. 

l Coast Survey Report for 1856, p. 223. 

: Karl Friesach; cf>=8° si, A.=79CJ 31 1
• Sir E. Sabine·~ Cunts. to Terr. ~fag., Phil. 1 

/ Trans. Roy. Soc., voL 165, iB75. ) 

I Prof."'"· Harkness, U.S. ~.,in 1fJ = 8° 55 1
, A= 79° 30'.5; Smithsonian Contributions I 

1 to Knowledge, Ko. 239, \Vashington, i873. i 

.

1

: 1-Iydrographic Office, "\\'ashington, D. l,.~ from lng-hook~ of the Renicia and Rich- Ii 

mond, in tfJ =: 7° 26', A= 79° 54', off Point :\!ala. [Reduction to Panama, -22' ; hence 

I at Pana.mat 6° 35 E.-ScH.] 
I 

RIO JANEIRO, BRAZIL.** 

>. = 43° og'.5 W. of Gr.t 

(Fort Villegagnon ftagslaff.) 

E. Cook ... ···· 1 
Hunter ..... I 
Freycinet.. ~ Yoyages of the Adventure and Beagle, 1826-36, vol. 1, Capt. P. P. King, ; 

i Rumker . . . 1 London, 1839, p. 523. Discussion by Major Sabine. 

: Erman ..... / 
E. Fitz Roy ... J 

1857 ..................... .. 1 20 1V. 1

1

· Capts. E. 0. Stanley and G. H. Richards, and Lieut. Bullock, R. N.: Admiralty Chart 

No. 541. Fort Villegagnon ~=-22° 54'.7, A=.43° 091
.0 W. 

8 1866, January 8 ........... . 2 41 .8 
1 Prof. W. Harkness, U. S. N.; position near north face of Fort Caraguata, in 

<P= -z2° 54'.1, A=43°' o6'.5 \.\". of Gr. Smithsonian Contributions to Knowledge, 

No. 239 1 Washington, z873, p. 61. 

9 1876.5 ................... . 4 26 W. Samuel "'.Very, Lieutenant U.S. N. From numerous observations at various times 
and different places. :Ms. communication of December t_), 1879. 

**At this place the secular change is progressing perh.aps at the most rapid rate known within the tropics, and close to the magnetic equator. 
t Longitude from telegraphic determinations of longitudes, Lieut. Comdrs. Green and Dads, e. S. N". 1 t878-i79. \\'ashing-ton, D. C., 18Su. 

I 1809 ... ......... ··-··· 

1814 .. '. ....... 
1835 ............ 

3 1840 .. .. 

4 IB+J ...•.•.•..•. ············· 

5 18.;7, May 21-30 •.•.•....•••.. 

6 1857, February 1.;-18 ...•••••..•. 

1875, May 27 ................. ' .. 

8 IO E. 

6 JO 

7 05 

6 56 

04.1 

6 52.2 

6 07.0 E. 

MOBILE, ALA. 

A= 88° 021 .5 ~r. of Gr. 

(Episcopal Church.} 

I , 
I J. H. Weakly, in 4>= 3o0 40', A=88° n' (probably a misprint for 88° 01'); l'roi. E. I 
\ Loomis' collection, in Sill. Jour., vol. xx:xiv, i838. [Apparently more than 1!'~ wu 

: great. Not used.-ScH.] I 
i Kent; Encyc. Brit., seventh edition, 1842: for l\lobHc Bay, in¢ =-30° 13', A =-SS'' 21'. 

j J. H. Weakly i Prof. E. Loomis' collection in Sill. Jour., vol. x~x.fr, 1835. 

1 Chart of Mobile Bay, by E. and G. \\·'.Blunt; Coast Survey 1'!cport of r845, p. 42. / 
i Commander L. ~I. Powell, U.S.~. (in a report), at )lobilc Point Light; <ti= 30·' 13'.S, ) 

i A=.88°01'.5; reductio11to "Mobile City insensible i Coast Survey Rep.art of 1855. p. VJ· \ 

, R.H. Fauntleroy ,assistant Coast Survey ,at Fort J.\lorgan,in </J=30° r3'.S,A=8S" 02'.4; I 
J Coast Survey Report of 1854, p. •145. • 
\ Edward Goodfellow, assistant Coast Survey, at Mobile City, near Episcopal Church, / 

!I incb=30°41'.4,A.=88°02'.5; CoastSunTeyRcportof 1858~P· rrJ2. 

I 
J. M. Poole

1 
observer for National Academy of Scicnce-s; Bache fund series; "1S. I 

communication. 
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I720 ..•.. 

1768 .... 

1796 .. . 

1So6 ... . 

1840 .... . 

1856, Dt::cember 28 

1858, April 6, 7 .. 

1870 ........ . 

1872, February 10, 12, 14~ 15. 

1880, )larch 24, 23 ....... . 

I 1726 to 1727 ...... . . . . . . • • • I 

I i769 ....... . ! 
2 

·1 1769, March 15 ::j 1776 ....... . 

1815. 

1819, April 27 

t839 .. 

. . . . . i 
I 
i 

1856, August 7 an<l S ........... I 
I 

186r. 

1880, February 10. n, i2 . _ 
. '! 

i 

-~~1~::une .............. . 
I · :t769, December ........ . 

1775. 

1856, December xo-17 ... 

r858 .................... • · 

1860 ...............•.. 

9~ 1862 .......... . 
( 1862 .. ' ........................ . 

1866 .................... . 

1867 ......................... . 

II 1868 ......................... .. 

50 

o6 

03 

NEW ORLEANS, LA. 

<b= 29° 57'.2 l>.=90° 03'.9 W. of Gr. 

E. 

(Custom-house.) 

Father Laval; Prof. E. Loomis' collection; Sill. Jour., vol. xxxiv, 1838. 
Gauld i Gauld's Sunrey of the Delta, lrn' added to declination at Pass a Loutre to 

refer to New Orleans.-SCH.] 
A.G. Blanchard, city surveyor; change 2° E. 1 from 1796 to 1870. 

Lason, from 37'2 obseryations; Prof. E. Loomis' collection, Sill. Jour., vol. xxxiv ,1838. 
From information in General Land Office. 
Karl Fricsach; Berichte der Ka.is. Acad., Vienna, vol. xxix, 1858. 
G-. W. Dean, assistant United States Coast Survey; near Canal and Basin streets, 

4' =29° 57'.4 1 .\..=90° 04'.4; Co:i.st Survey Report of 1858, p. 192. 
7 o6 M. J. Thompi;on, State engineer. 

2 

8 

8 

8 

8 

39.6 Dr. T. C. Hilgard, observer; Bache-Fund )fagnetic Survey; I\1S, communication, 
June 7, 1879; at City Park, ---6° 39'.8; at Fair Grounds ~6° 39'.5. 

~1.6 E. 
1 

J. B. Baylor, U. S. Coast and Geodetic Survey; at Fair Grounds, ~=29° 591.1, 

15 E. 

40 

28 

30 

37 

16 

22 

17 

26.3 E. 

E. 
35 

42 

o8 

30.2 

35.2 

{6 

22.3 

30 

20.5 

34.8 

o8.5 

O<J·3 
lo.o E. 

VERA CRUZ, MEXICO. 

A==g6° 081.8 "'·of Gr. 

(Castle San Juan d'Ulloa.) 

Joseph Harris; Phil. Trans. Roy. Soc. (abridged), 1824-34. 

} Encyc. Brit., seventh edition, 1842. 

Don Ulloa; Encyc. Brit., seventh edition. 

l\1alony: Encyc. Brit., seventh edition. 
"\\'ise ; Encyc. Brit., seventh edition. 
Hehard i rl>=x9° x2' 1 A=96° 09 1

; Phil. Trans. Roy. Soc .. Sir E. Sabine·s Conts. to 
Terr. l\lag., No. xh\ ,·ol. 165; 1875. 

AugustSonntag,in4>=19°12',A.=96°0</,atthevilla La Guaca,200 yards south of 
the city; Smithsonian Contributions to Knowledge, 'Vashington, 186o; also Coast 
Sun·ey Report of 1856, p. 2r4. 

English Admiralty Chart N'o. 523 1 corrected to x86:r. 

Lieut. S. M. Ackley, U.S. N., assistant U.S. Coast and Geodetic Survey; Northe11.st: 
bastion of Castle San Juan d'Ulloa, $= 19° 12'.2, A.=96° o8'.5. 

CITY OF MEXICO, MEXICO. 

>-=99°o6',oW.of Gr. 

Don Alzate; Hansteen's Magnetismus der Erde, 1819. 

Don Alzate; reference as above. 
Velasquez de Leon; Memoria del Observatorio l\feteoroJogico Central de Me.1.ico, 

Por V. Reyes, Mexico, 1880. 
Alex. von Humboldt; Hansteen's :'lfag-netismus der Erde, 1819. 

Gomez de 1a Cortina; Memorla. del Observatorio 1'leteorologico Central de Mexico, 
Por V. Reyes, Mexico, 18&0. 

Velasquez. y Teran ; F. Diaz Covarrubias, Tratado de Topogratia y Geodesia, Mexico, 
x8C19 1 tomo 1, p. 221. 

Aug. Sonntag; Observations on Terr. ~fag. in 'Mexico, Smithsonian Contributions to 

Knowledge, Washington, l86o; also Coast Survey Report of 1856, p. 214. 

Alamazan"*; F. Diaz Covarrubias' Tratado, e.s above. 
Salazar Ilarreguit ; Tratado, as above. 
Diaz Covarrubias; Tratado, as above. 
Iglesias; :Memoria de! Observatorio Meteorologico Central de Mexico, Por V. Reyes, 

l\fexico, 188o. 

} Ponce de Leon; Tratado de Topografia y Geodesia, Mexico, 1869, tomo 1, p. 221. 

Fema.ndez y Diaz Covarrubias; Tratado, as above. 

----------------------------------------------------· 
•Almazan in Mem. de! Obse1'0 Central. t Llarregui in Mem. del Obser'o Central. 
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ACAPULCO, MEXICO. 

(South of Fort San Diego.) 

-----------------------------------·------- -

1744 ..... 

1791, April 29 ................... . 

1822 .•.• ' ..... 

4- 1828 .... ' 

s{I :::::: ..................... . 
. 1838.. . 

11841.. .. . . . .. .. 

6 I zS66, May 30. 

I 18;.4, March T/ 

l79r, April 12 ................... . 

18:zr-22 ..... , .... 

1828, .. .. 

3J 1837 ..... 

f I 1837., .. .,., 

4 I 1838..... _ .. ··- ............... . 
5 \ 1839.... .. ................ . 
6 I lB4r .................... . 

I 1874, February 2J.24,26. 

I 

40 

9 07 

8 23 

s 13 
8 J7 

8 17 

22 

28 

40 

II 06 

34 

9 09 

47 

9 00 

E. Anson; Hansteen's lllagnetismus der Erde, 189. 

.E. 

Don A.1\Ialaspina, observed on land; Berliner Astronomis.ches Jahrbuch, yol. s1~ for 
i82lL 

Hall, in 9'==16° 5o', A.::::::99" 51'; Becquerel's TraitC du MagnCtisme1 Paris, 1846. 
Reechey; Becquerel, as above. 
Sir E. Belcher, San Diego Fort, in q, = 16° 50'.9, ,\ =99° 52'.2; Admiralty Chan of 

1 
Acapulco. ; 

Sir E. Belcher; Phil. Trans. Roy. Soc., I843. 
Du Petit Thouars; Voyage of the Frigate Venus . 

i Dutlot de Mofras' Exploration of Oregon, Paris, 1844. [Probably Du Petit Thouars' 
!' value; not used.] 

PrnL \\~.Harkness, U.S. N., in qi=- r6° 5o'.r, .\=-:99c s~'.3; Obserrations un Terr. 
:Mag., Smithsonian Contributions to Knowledge, ~o. 239, 1873, p. 6r. 

1 
Commander G. Dewey1 U.S. Steamer Narragansett~ Lieut's Z. L. Tanner and E. J. 

' Young~ obsen·crs1 in~= r6" 50'.51 A=-99" 53'4. 

SAN llLA.S, MEXICO. 

>.. = 105° t.51 .7 W. of Gr . 

Don A. )lalaspirut, observed on shore; Berliner Ast, Jahrbuch 1 vol. ~3, for 1823; also : 
Encyc. Brit .• 7th edition, rS42. - ' 

Hall; Encyc. Brit., 7th edition. . 
Beechey; Beechey·s Voyage to the Pacific, 1825~28; also Becquerel'b Traitt! du ?tlag- / 

nCtisme, Paris, 1846. [Not used.] 
Sir E. Belcher~ in 4> =21° 32', /!..:::::: 105° 16'; Phil. Trans. Roy. Sflc .• :rS..J3. 

Yoyage de la Venus, Paris, 1841. Gen. Sir E. Sabine's Conts. to Terr. Mag.; Phil. 
Trans. Roy. Soc., No. xh·, voL r65, pt. x, "1%75. Positi.t'ln, $:::::: 21° 32'~ A:= 105° 16 1

• 

Sir E.. Belcher in the Sulphur. Reference as abol"e. 
SirE. Belcher; Phil. Trans. Roy. Soc., x$43. 

9 12 Duftot de ~fofras1 Exploration of Otegon, Paris, 1844. 

\ oung, observers, 1n </>=zi 32 .4, >..=105 18 ·7· 
08.2 E. \ Co'."mander G. Dew~;-, U.S. ;te~mer Na"".,ga~sett; Lieuts. Z. L. Tanner and E. J. 

---~~~~~~--~--~ ~~-~~----~----~~--~~~-~-~~-~-------~--~-

......... { 
1839 ...... 

::::, ~-une 9 •....•.•. : .•• : •... : ::I to 

1871, March to June 

5

{ 1873, March 5, 6, 1 .............. 

1 
1873, June 23 .................. ··1 

IO 

10 

MAGDALENA BAY. LOWER CALIFORNIA. 

A.=nz0 o81.9W. of Gr. 

(Near village, on :Man of War Cove.) 

•s E. 

'7 
15 

15 

<JO•S 

00 

36.6 

30.8 E. 

Du Petit Thouars; Voyage of the Frigate Venus. 

Frigate Venus ......... · 1 
Sir Edward Belcher, in Gen. Sir Edward Sabine in Phil. Trans. Roy. Soc., 'l'OL 

,,,_ o 8, , _ .,o ,. j 165, pt. 1, 1875. Couts. to Terr. l\tag., No. xi\·. 
Y' ~ 24 3 'A-- U- 07 . 

Duflot de Mofras~ Expl~ration of Oregon, Paris, 1844; in '/> = 24° 36'1 .\ =- rrz 0 05'. 

[Not used.] 
Prof. W. Harkness, IJ. S. N.; cruise of the 11-Jonadnock, 1865-6£. Smithsonian C'ontri

butions to Knowledge1 No. z39, "-rastrington, 2873; in¢= 24° 40', A:;;;;:: 11~0 07'. 

G. Bradford, assistant Coast Survey; near village, on J\1a.n of \\~ar Cove; in 

<f>=24°371.5,A=:.u2° r3'.3. Chart in CoastSurveyarchit"cs. . ~ 

W. Eimbeck, assistant Coast Surrey; near viHage. on l\fan of ,,~ar Cove; m: 
f=24° 321.41>.=1r2° oS'.9. [Near Helcher's and Bra<lford's Stations.1 Record in \ 

Coast Survey archives. \' 
Commander G. Dewey, U.S. Steamer Narragansett; Licuts. Z. L. Tanner and E. J. I 

Young, observers. I 
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-- . --- --- ---------~---

r792. 

1 793, Decem her .. 

183q ...... . 

284i:. ..... . 

r851, April 28 to )lay 7. ....... 

I853 1 October 15 . 

1866, June 15. 

18p, :i\Iay 28-30 .. 

1872, November 19-21 ..•. 

179r, September 23 

:r792, December ................ . 

l 794, N O"Vember lJ .. 

r827 ....... . 

183i .. - ...... ............ 
1839 ..... 
1841 ...... 

i 

1843. ...... 

1851, February 8. 

1854, ?i.lay 29, 30. . . . . . . . . . . . ' . . 

1873, August 301 31, September 

E. 

12 20.6 

12 28. 8 

12 3!. 7 

[] O<J-4 

'4 4G. 7 

13 19. 4 E. 

SAN DIEGO, CAL. 

h=n7° q'.3 W. of Gr. 

(La Playa, Point Loma.) 

Vancou,·er i in 4'=3z0 39', A= rr7° r-7'; Capt. G. Vancou\·er's Voyage of Discovery, 

etc., 1790-95. vol. 2, p. 475, London, 1798; also Hansteen's Magnetism us der Erde, 1819. 

Reference as above; in cp = 32° 42', A= u6° 53'. Observed on board ship on or near 
the coast. [Xot used.] 

Sir E. Belcher~ in q, = :;2° 41', A= 117° 131 ; Phil. Trans. Roy. Soc., 184i. 
Duflot de Mofras; Exploration of Oregon 1 Paris, 1844; in tP =32° 391 .5, A= n7° 17'. 

[Not used.] 
G. Davidson, assistant Coast Survey; near La Playa, in 4' = 32°42'.2,A=117° 14'.6; 

Coast Survey Report of 1856, p. 229. 

Lieut. "?· P. Trowbridge, assistant Coast Sun·ey; at La Playa, near· the custom
hou~e; Coast Survey Report of 1856. 

Prof. '\\ .... Harkness1 U. S. N.; in r,/l =32° 42 1
, A= u7° x3 1

, at La Playa; Smithsonian l Contributions to Knowledge, No. 239, "\\-,..ashington, 1873. 

i G. Davidson, assistant Coast Survey; at Nev.,· San Diego, intfl= 32° 43'.1, .\ =117° og' .7; 
! MS. in Coast Surveyarchi'\·es. l~ot used; distance from La Playa too great, reduc

j ti on uncertain.] 

1 
G. DaYidson and S. R. Throckmorton, United States Coast Survey; near La Playa, 

j in r,/l =32° 42 1 .2, A= n7° x4' .6, station of :r85i:; MS. in Coast Survey archives. 
I 

l\!OXTEREY AND POINT PINOS, CAL . 

.\.=121° 53' .6 W. of Gr. 

(Custom-house.) 

56 E. Don A. Malaspina; Berliner Ast. Jahrbuch1 vol. 53, for 1828. Observation mac1e on 

12 22 

I2 22 

14 30 

14 13 

15 

14 

I4 58.3 

14 58.9 

x; 55-3 E. 

shore.* 

Vancouver; in 4i = 36° 361
, i\= 121° 341 ~ Capt. G. Yancouver's Voyage of Discovery, 

etc., :r790-951 vol. 2, p. 5i:, London, 1798; also Hansteen's Magnt!tismus der Erde, 
1819. [Not used.] 

Vancouver; in¢= 36° 36', ~ = i21° 51 1
; Capt. G. Vancouver's Voyage of Discovery, 

etc., vol. iii, p. 337; also Hanstccn's ::\1agnetismus der Erde, 1S.:r9. Probably taken 

on shore. 
Beec.::hcy; Phil. Trans. Roy. Soc., vol. 165, i:875; Sir E. Sabine's Conts. to Terr. 

l\iag. 1 No. xiv. (Not used ; apparently about 2° in error.] 

Du Petit Thouars: Voyage of the Frigate Venus; near Monterey. 
Sir E. Belcher; in 4' = 36°36 1 ,~=121° 531

; Phil. Trans. Roy. Soc., 1841. 

Dufiot de Mofras; Exploration of Oregon, Paris, 1844 i at Presidio, Monterey, in 

<J> =36° 36', A= I2I
0 53', 

Chart of the harbor of Monterey, sun-eyed by Commander T. A. Dornin; position 

of fort, •==36° 36'.4, A=:r2i: 0 52'.4. 
G. Davidson, assistant Coast Survey; at Point Pinos astronomical station, ffJ = 36° 37' .8, 

h=1n° 55 1 .5; CoastSurveyReportfor:r856,p. '229. 

Lieut. W. P. Trowbridge, U.S. A., assistant Coast Survey. Station near Barracks 

of Redoubt, in 4' = 36° 361
.2 1 A= 121° 5)'.8. 

G. Davidson and S. R. Throckmorton, United States Coast Survey; near astronomi

cal station. in f/:l =J6° 371 .8, >.. =121° ss' .6; MS. in Coast Survey archives. 

*The Coast Survey Report for 1856, p. 229, gives U1e erroneous date 1790. 
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1 i 1792, November 20 ... 

1815, November 1 i 16 05 

182+. 
1827. 

I829. 

tBJo .... 

sJ I 1837 .. " 

11 1837 ... . 

6 I I839 .... .. .... 
\: :r84r, October, 

7 l j 1842, January . 

8 ! t84<;-50. 

{

I t851?, February 18-28 ... . 

Q i t852, Ma:ch 24 ...... .. 

\ i8r;2, Apnl 21 .......... . 

1

1850, May 28 ........ .. 

Io t866, June 26 ....... . 

I xr , 1871, Dec.ember 14 1 15, 16 

i 
12 ! 1872, October 26, 27, 28 ... . 

{
i 1873,June 25, 26, 27 ....... .. 

... : 

I t3 \ 1873, August 19, 20, 21, 22, ~3-

j 1873, November t\i: to 16 ... 

I i 
I<f. J j t874, J~nuary ro, 121 :131 t4 ... t ! 

,5 

15 27 

15 o6 

14 51 

'5 

15 00 

IS 

I5 30 

15 30 

15 4u.8 

15 '27.6 

15 28.8 

'5 27 .8 

15 JI.I 

Io :25.5 

16 23.1 

16 2 5·7 

16 25.4 

16 24.0 

16 ~s-+ 

26.9 I I874, February 19, 20, 21 ...... l l I
6 

15 1879, March 12, 13, 14, rs t6 
34

.
0 

SAN FRANCISCO, CAL. 

(Presidio.) 

Vancou\er; in'/>= 37° 48', A= rn:t0 o8'; IJansteen's :\Jagnetismus der Ertle, 1819. 

Probably on shore. 

Kotzebue's Yoyage of D1scovery 1 1815-'18: inrJJ.=37'- 481 .6, A=122c 12'.5 f~ot 

used.] 

i Kotzebue. 
' Beecbev. 

! Erman ~- .. 

[Not used.] I 
I : ~: j Becquerel's Traite du Magnttisme, Pari~. 1846. 

. Erman; Phil. Trans. Roy. Soc., vol. 165, 1875; Sir E. Sabine's Coots. to Terr. Mag. 1 

! No. xiv. 

Sir E. Belcher; in ti>= J7° 48', A- 122° 23'; Phil. Trans. Roy. Soc., 184 t. 
: Du Petit Thouars ; Voyage of the ~·ngate Venus. 

Sir E. Belch.er; in<{1=37° 48', "-=122° 23 1
; PhiJ. Trans. Roy. Soc., 1841. 

Duflot de ?\{ofras; Exploration of Oregon, Paris, 18.H; in cp ::= 27° 48' .5, )!.. =- 122° 28' .4. 
Duflot de Mofras ; as above; at Fon Point. 

· Commander Ringgold, tr. S. ~- 1 at Alcatrnz lsland 1 harbor of S.a.n Francisco. 

G. Da\·idson, assistant Coast Surver; in -¢ :::::-:- 37° 47'.5, A= z22° 27 1 .2; at Presidio; 
mean of daily maximum and minimum; Coast Survey Report1 1856. p. 229, and 
MS. in Coast Survey archi\•es; mean 15° 28' .8 E. 

Prof. W. Harkness, U.S. N., in q,~37° 49'~ )t..=122° 21
1

; east side of Ycrba Buena 1 

Island; Smithsonian Contributions to Knowledge, .So. 239. \Vashington, 1873. 

G. Davidson and S. R. Throckmorton, United States Coa.st Surveyi at Presidio 

station of i:852; ~iS. in Coast Survey archives. 

;1 
! {Reference as abuye. 

,J 
' G. Davidson and W. Eimbeck, United States Coast Sur;·ey; at Presidio; MS. in 

Coast Survey archives. ~1ean for 1873.7, 16° 24 1 .8 

i Reference as above. 

\ G. Davidson and B. A. Colonna, assistants United States Coast Survey ; at Presidio 
j astronomical station. 

i 16 18&0,NoY.20 r6 39.5 R. l W. lL Dall and.\!. Baker, United States Coast anti Geodetic Survey; at the Presidio 

1 station. 
I 

CAPE DISAPPOI~T'-H:NT, COT.UMRrA RIVER, WASH!l'>GTON TERRITOR\' 

1-~:-:-~ril 2~~=.~~: .... \ 18 
/ 179>, December. .. .......... 

1 

1839 ............. . . . . . . . . . . . . . . . . 19 

1842 •............•.•. ' .. 20 

4{ 
1851, July 5-9 ............. 2o 

t851, July 14-I9 ..... 20 

1858 ................. 2I 

s{ 
i:873, October 2-4--27. ············· 21 

1873, October lg-23 ...... ...... 

It 

00 

19.1 

45.3 

00 

26.5 

A= 124"' 02 1 .0 \V". of Gr. 

(South shore of Baker•s Bay.) 

E. i Vancouver;* in~= 46° 14', A= 123° 59'~ near mouth of Columbia River~ Hansteen's 
Magnetismus <ler Erde, t819. 

Vancoui~er'sv·oyage;t reference asabmre; in ·~46° 1/, A= 123° 5J'. [Value evi

dently too high; not used.] 
1 Sir E. Belcher i in <I>.,.....,. 46° 17',),, ~ 124° 02 1

; Phil. Trans. Roy. S0<:., 18.p; on Baker'<; ; 

Bay. 
Duftot de I\lofras; Exploration of Oregon, Paris, 1844; at mouth of Columbia River. 
G. Davidson, assistant Coast Surveyi in4>=46° 1.6f.71 A-:'.'."":124" 02'.o, near beach of, 

Baker's Bay, Cape Disappointment; Coast Survey Report of 1856, p. 230. 

Reference as above; on tap of cape, in ti>=- 46° 16' .6, .\ ::..:. 124° oz' .01 at astronomical 

station. 
Communication by S. Garfield, surveyor-general '\\~ashingtun Territory, dated Au

gust 24, 1866. 

W. Eimbeck, United States Coast Survey; near beach of Baker's Har, int/>= 16° 16'.7. 

1 A= n4° 02' .o; MS. in Coast SurYey a.re hives. 

46.9 E . \ "\\'". Eimbeck, United States Coast Survey; a.t old astronomical station, top of cape~ · 

( MS. in Coast Survey archives. 

....-Vancouver's observations made on board ship. t Observation by Rroughton . 

S. Ex. 17-20 
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KAlLl'A (KAIRllAl, HILO. AXD KE.\LAKEJ..;'.VA (KARAKAKOA) HAYS, ISLAND OF HAWAII (U\l'HYHEE), SAND\\'ICH 
ISLANDS. 

>.. = 156° 01 1 \\"'.of Gr. 

(Kailua Bay.) 

--------------------- ----------- - --------

r779, 

J]Qr.. 

i793 1 ,:\larch. 

179fi. 

18r9 

1824. 

r8::z5. 

1836 .. 

1841. 

1853 

9 1877 

1793 ... 

1816 .. 

1819 ... 

1824 ('25}. 

4 18:27. 

5 1836. 

6l 1$37. 

! 1837. 

1838 

i840. 

1841. 

1852 

9 1859 

1867, August. 

IO 1871. 

II 1872. 

12 { 
1875. 

1875 ... 

06 E. 

15 

47 

15 

9 

~) 50 

to t4 

51 

4.1 

50 

'5 

to E. 

Cook; in cp :-:- 19° 28' 1 A=- 156'-' oo' '\\ .... of Gr.; P. Barlow, in Encyc. Metropol., Lon-

don, 1848. ) 

I 
Capt. l\farchand. \Yest of IIawaiL* l 
Capt. G. Vancouirer; A \-oyage of Discovery, 1790 to 1795, vol. 2, p. 170, London~ 1798. j 
At Hilo. 
Broughton; Encyc. ~Ietropol., London, 1848. 

Broughton; Encyc. :\letn1pol., London, 1848. [Not used.] 

Freycinet; at Kawaihae; cl>::-- 20° .5; "!\".,.· Ha\\•aii. 

Byron; Jsland of Owhyhee, in '/l-19° 431
, A= 156° 101

, Gen. Sir E. Sabine's Conts. 
to Terr. Mag., No. xh·, in Phil. Trans. Roy. Soc., vol. 165, pt. 1, 187_5. [Not used.) 

Ryron. At Hilo.* 
Vora.ge de la Venus, Paris, 184i. Position and reference as abo\·e for 1824. I Not 

used.] 
Com. Wilkes, C. S. N. At Hilo.* 
c. J. Lyons~ Haw. Go\·ernment Survey. On shore at Kawaihae.* 

N. B.-The Hritish A<lmiralty Chart ~ o. 782 gives the declination for 1875, 9° T5' E. 

C. J.Lyoas; Haw. Government Survey. Jn llamakuaand JSorth Hilo, NE. coast of 
Hawaii. Reported to W. D. Alexander, Superintendent Government Survey. (10' 

may be subtracted to refer to latitudes of Hilo and Kailua.-Sctt.] 

l!ONOLULU, ISLAND Of' OAHU (WOAHOO), SANDWICH !SLAl\DS. 

. . . . . . . . . . . . . . 

~ =zr0 18'.z >.. ::=- 157° ss'.o W. of Gr. 

(Fort near town.) 

52 E. i Capt. G. Yancouver. At "\\i.,.aikiki, S. of Honolulu.* [Not used.] 
57 , Kotzebue. At Honolulu.* 

ro 24 ! Capt. Freycinet. At Honolulu.* 

9 52 

26 

ro 

10 39 

39 

9 17 

9 4' 

I1 15 

9 36 

9 18 

16 

9 15 E. 

i Hyron; from L. S. Kaemtz~lSS. ~Oahuisland,inef,=2r0 r7',A=158"001• Gen.Sir 

: Reeche}~; from L. S. Kaemtz l\ISS. f E. Sabine's Conts. to Terr. Mag. 1 No. xi\ .. , Phil. 

1 Trans. Roy. Soc., vol. 165, pt. 1, 1875. 
\ Voyage de la Bonite, Paris, I8'42. l Honolulu, in q, = 21° 19', A.= 157° 481

• Gen. Sir E. 
Voyage de la Venus, Paris, 1'84x. ~ Sabine, in Phil. Tmns .. as above. 

' Becchev. l 
Belche; ... 1 Oahu Island. Reference as above. 

. Berghaus; from L. S. Kaemtz MSS. 

I Com. '\'ilkes, U.S. N. At Honolulu.* [Not used.] .... 
· Collinson; MS. in British Ilydrographic Office. Reference 

!Not used.] 

.. ...... ] 
I 

.. ........ (Honolulu. 
as above. J 

Karl Frief.ach i Memoirs of the Imperial Academy of Sciences, vols~ xxix to xliv. 
Reference as a.hove. 

Capt. W. Reynolds, U.S. N., in the Lackawanna I chart No. 6). Wharf near court
house, in 4' = 21° 18'.2, A-~ 157° 5d.1 \V. of Gr. (Not used.] 

C. J. Lyons; Haw. Go,·ernment Survey. North side entrance to Honolulu Harbor.* 
1 C. J. Lyons; Haw. Government Survey. South side of entrance, on Fisherman ~s Point.* 

\\~. D. Alexander. Entrance of Pearl Lochs, Oahu, and throughout Ewa District.• 
'\\ .... D. Alexander. Shore at \V'aikiki, south of Honolulu.* 

*These observations were communicated to the Superintendent of the Coast Sunrey by \\-.... D. Alexander, Superintendent of the Hawaiian 
Government Survey, in a letter dated Makawao, Maui, Hawaiian Islands, December n, 1877. 
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1775, August 23. 22 

1787. June. 24 

1791, August 8, 11,21. 27 

iSo-.. _\ ugust 20 26 

,g,s, July .. 27 

1824. 27 

1627.5. 28 

1829, November 10. 28 

1.837, ~eptember 12 16 27 

1839, Jul~· 15-H}. 29 

18~2, c•·cry month except Janu- : 28 
ary, February, and Octoher. 

1843, January-Decemher. 28 
1844, January-December. 28 
1845, January-December. 29 
18.p, )fay-December ... 28 
1848, January-December. 2Q 

1849, January, February, ~arch., 29 
1851.0 ....... 29 

1867, August 17, 18, 19, 20 28 

1874, )lay 4, 5. 28 

i876, January 15 to )larch 20 .. 28 

1879, April ...... ., .............. 28 

46 

.+5 

IS 

30 

30 

iS.8 

4:.? 

"i 2 5 

.F·4 

54 .o 

57..J 

00,0 

58.9 

04.5 

03.6 

14 

49 

59.5 

20.5 

54 

SITKA, ALASKA. 

A-= 135° 19' .7 \\-. of Gr. 

(Parade Grounds, Sitka.) 

E. F. A. ~laurelle; Journal ofa Voyage to XW. coast of America; D. Barrington, ~!is
ccllanie~, London, 1781. ~ ~:: 57° 08', at sea, near coast. [); ot used.-Se1-1.] 

Capt. G. Dixon; Yoyage Round the \\"orld. London, 1789. At anchor near W"hitc's 

Point. !fl;_= .=,7° 03', A::..= 135° 38 1 (compass beanng]. 

Capt. E. Marchand; a \~uyage Round tht ,\-.,.odd, Londun, I801. 2 vols. Mean of 3 

values given in vol. ii One mile north of abm.·e station, in q, =- 57r:. 04', A - 1:;7° 59' 

(from ParisJ. In ,·ol. i obsen·er gives 28c 45 1
• 

Capt. L' .Lisian~.ky; a Yoyage Round the VVorld, London, 1814. 1>- 57c 03', ;.._ 135" _~u·. 

Capt. V. M. Golovnine; Yoyage Round the "\\'orld, St. Petersburg, 1822_ vol ii_ ~lean 

uf ~e\·eral observations between 24° and 30~ E. In 'fl=- 57° 02'.8, A.= 13: 0 of.)'.6. 

Kotzebue quoted from Becquerel, Trait€ du l\iagnetismc, Paris, 1846. 

i Capt . .F. P. LUtke; Gen Sir E. Sabine's Conts. to Terr. !\lag,, Phil. Trans. Roy. 

Soc.~ i87.:, Su . .xi.ii. In iP =----- 57<' 03', Jt ~ 135° :-3'. 

Ad. Erman; Reise um die \\"elt, Herlin, 1835, yols. i and ii. _\careful <ldermination 

on shore, behind tht: church, in <ti 57°02'.7,A.....:..137~· 45'.7(frorn ParisJ. 

Sir E. Belcher; Sir E, Sabine in Phil. Trans. Roy. ~oc., 1841, part i. In q, - 57c 03', 

A__.:__ 135° 26 1
; a careful rlctcrminatiou on shore, near go\'ernor's house. 

, Sir E. Helcher; Sir E. Sabine, in Phil. Trans. Roy Soc., 18.u 1 part i. fn rfl.::. 57° 03', 

A;;:::. 135° 22', at summer-house in goYernor's garden. A careful determination. 

Pleau ('f these 2 determinations used, viz, for 1838.6,- 28°.62.~Scn.] 
1 l ··H Magnetic Obscnatury, Japonski bland, founded in 1842. Huur1y obscn·ations. 

'. }- In <P 57° 02'.9, A=--· 135° ~w'.x. Annuaire ~!Ct.et :\lag. du Corps de~ ~lines de Rus-

i j sic, St.-l'etcrsbourg, 184- to 184-. 

! } At Mag-nctic Observatory, Japonskt Island; Annalcs des l'Observ. phys. Central du 
I Russie, St.-Pc!tersbourg, 184- to 1B5-. 

: Capt. Richard Collinson; ~IS. in Brit. fl yd. Off.; Sir E. Sabine iu Pl1il. Trans. Roy. 
Soc., 1872; Cunts. to Tt::rr. Mag., No. xiii. 

A. T. l\1osman, assistant l'. S. Coast Sun-ey; at old Russian ohsen·atory on Japon 

ski Island, harbor of Sitka; in <:P = 57° 02'.9 1 A~ 135° 20'.1; (:oast Pilot of Alaska, 
by the lJ. S. Coast Survey, i86q, p. i:w. 

)1. Baker, e. S. C. S. observer: V\-. H. Dall, acting asst. C. S. in charge of party i st.a 

tion on Parade Ground, in</>= 57<) 02' .g, A= 135u r9'. 7 ~ ::\15. in Coast Survey archives. 
Capt. J. H. Campbell and Lieut. \\-. R. Quinan, C. S. A.; Report of Chief of Eni;i

neers, i876, part 3, p. 7_51. 

Lieut. J.E. Craig, U.S. S.Alaska; reportto(:apt. G. Brown, U.S.~.,:,\lay7, i8i9; 

at Coast Survef station. 
21 1880, ~iay 17-18 . 29 oJ.s E. W. !I. Dall and ~1. Haker, U.S. Coast and Geodetic Surwv, near old Russian obser

vatory on Japonski lsJand, in f/J = 57° 02'.9. A= 135° 20'.3 

N. B.-For the collection of the values Nos. 0 1 1, 2, 4, 9, 10, n, 12, 13~ 14, and 15 I am indebted to l\lr. ~farcus Haker, of the Computing 
Division, Coast and Geodetic Sunrey Office. He discussed the hourly differential observations made at the )lagnetic Observatory between 184 'J. 

and 1849, basing the annual meanl!i upon the absolute determinations, January 4, 184:i. D = - 28" 48 1 54'' ~ March 4, 1843, D-;;:.,:. -- 28° 37' 20": the 
first corresponding to 419,3, the;: second. to 432_,h SCB.ie divisions 01 the dHfcrential decHnometer.-ScH. 
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r778~ October 12 

1790, June 4-13. 

1792. 

:r:8r7, June 

i&.27, August II 

1829.0 ...... 

18:;r 

1848. 

:1849 

1867, September 8, g. 

1870. 

1871, ~ ovember n. 

9.I 187 3• May 26, 27 ... 

I t873, September 17 

1874, September 15 .. 

II 1880, July 28-29. 

REPORT OF THE SUPERINTENDENT OF THE 

Collection of 1lfagnetic Declinations, etc.-Continued. 

CAPTAIN'S HARBOR, UKALASHKA ISLAND, ALASKA TERRITORY. 

··~·" 

cfJ=53° 52'.6 A= 166° 31'.c; \\'.of Gr. 

(Greek Church, Iliuliuk Village.) 

' 19 ,19.2 E. , Capt.J, Cook: Vorage to the PacificOc~an, London, 1784. Position onshore of Sam-

19 35 

19 00 

19 24 

19 50 

19 54 

19 30 

'9 30.5 

20 

19 47·4 

'9 45 
18 36 

19 07.2 

18 59.7 

18 42.8 

18 38 E. 

1 ganuda Harbor, $=53° 55', A= 166° 30' '\\"". [Not used.-Sctt.] 

i Commodore J Billings; ::\1. Sauer, an account of a geographical and astronomical 

I expedition to the northern parts of Russia. London, 1802. On shore of Heaver Bay, 
in¢~ 53" 56', A--- 165° 4d. 

Sarycheff, old Russian chart; no date, year doubtful. At Iliuliuk. tf,=53° 57', 

A:..:..:_166° 32'. Communicated by Dr. W. H. Dall, acting assistant Coast Survey, 
November, 1873. 

Otto v. Kotzebue: Voyage of Discoverr into the South Sea, London, 1821. Iliuliuk 
Village, in 4>=-~53° 52'.4, A=r66" 31'.9. Communicalions by Dr. Dall and Mr. M. 
Baker, of the United States Coast Survey. [In the edition of this paper of :1874 the 

date l8o6 was in error.l 
Capt. F. P. Liltke; Lenz in l\lern. St. Pet. ~-\cad. Sc., vi serie _r...tath. et Phys. Sc., vol. 

I, 1838. Jn 4>=53° 54!, A..=166° 301
• 

Capt. F. P. Llitke; Gen. Sir E. Sabine, in Phil. Trans. Roy. Soc., London, :r872. 
vol. 162. Supposed to be derived from above observation of i827 and reduced to 

1829. [Not used.-Srn.) 

Vasilie:ff? At sea, north of Akutan; Reuss.Hydr.Ch.No. 1379 1847; ¢= 54°.4, .\= 1&5° .o 
ls supposed to be identical with preceding observation; hence is omitted in this edition. 

: Tebenkoff's Atlas. chart No. xxv; near church of Iliuliuk, in 4' = 53° 52 1
, ~ = r66° 25'. 

Observation doubtful. 
' A. T. Mosman, assistant United States Coast Survey; party in charge of Assistant G. 

Davidson. At Captain's Harbor \onshore), at Spithead,in 4'= 53° 53'.9,A= 166° 30'.4 
MS. in Coast Survej~ archives. 

Karlin: MS. chart of Iliuliuk and Captain's Harbor. Communicated by Dr. W. H. Dall. 

Dr. W. H. Dall, observer: Amaknak Island, opposite village. [Not used.-Sca.) 
, \\r. H. Dall, observer; near church of Iliuliuk, in <fl-= 53° 52'.6~ ). = i66° 31'.6. 1 
: M. Baker, observer; Amaknak Island, off village, in "'=53° 52'.9, A=166° 31 1.7. ! 
[ [Meanused,-19°.00-Srn.]. I 
: !\1. Baker, observer; MS. of observations for Nos. 10 and u in Coast Survey archives. 

i W. H. Dall and M. Baker, United States Coast and Geodetic Survey, Iliuliuk Harbor.

1

1 

! Position the same as m I873. 
I 

N. B.-For ~he collection and communication of observations Nos. o, i, 4, and 5, I am indebted ~o Mr. Marcus Baker. of the ComputinJ 
Pvision. Coast and Geodetic Survey. 
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1779, June. 

1792 

18o4, September 

18041 September. 

1827, September ;o. 

t827, September 30 

1837, September 4. 

I [$4-9·5· 

1 •85~. July. 

I ::· Ooo><• . . . . . . .. 

\ 1876,June rr 1 13,Scptember rs. 

Coilcctio11 ef "~fagnetic Declinations, etc.-Continued. 

PETRO PA \'LOVSK, KA~lTCHATKA. 

i/1=530 or' 

i8.7 E. Capt. j. King~ A Voyage to the Pacific Ocean. London, i754. '\"est side of \·1llage, 

20 

5 39 

4 IJ 

13 3 

43 

f/.i--53(l oo'.6, A---158° 43 1 ·3· 

(;. Sarycheff; F. P. Llitkc's Voyage Round the World, St. Petersburg, 1835. 
A. J. von Krusenstern; Voyage Roun<l the \\ .. orlrl, London 1 1813. On the spot on 

which the village stands, in <P =sf' 00
1
.2, A~- t38c.' i7'·i· 

Observer and references as abo\'e; on .\vatch.a Bay. !Used mean of the two \·a1-

ues, - 5° .49} 

Gen. Sir E. Sabine's ('onts. to Terr. .\bg., No. xiii. in Phil. Trans. Roy. Soc., 

1872 ; 1J -_:5 3° oo'~ A..:....::20L 0 20' \V, [This is supposed to refer to Capt. Beechey's 

obserYation of 1827. Not used.-- Seu.] 

Capt. F. '\\ .... Reechey; Xarratfre of a \~oyag-e tn t11e Pacific, i825 to 1828: London, 

1831: in<P=-53°01',A -158°43'.5. )lcanof9determinations. 
Capt. F. P. Llitkc; Len~, in Mem. St. Peters. Acad. Sc., d, vol. i, 1838. In rp-= 53c 01 '. 

A~--158°44'. 

A. Erman: Reise um die Erde, Herlin, 1835. In $.=..53° oo'.5,A=-=--156° 19'.8 finm 
Paris. [:\lean of 3 rleterminations use.fl~ gi,·ing the middle one % weig-ht ~ hence. 
for 18:n.6, D:::..:- -4°.07-ScH.l 

Gen. Sir E. Sabine1s Conts. to Ten. Mag., in Phil. Tran~. Roy. Soc., 1872. [This is 
supposed to i-cier to Erman'~ ,-alue of 18::7, Not used, ~Sett 1 

Du Petit Thouars, Voyage Autour du :\londe, PariE. 1843. In front of Auchard's 

house, in tb -=-: 53° 01 ', A:_ - r:;6'"' 23' from Pari~. 
37 Capt. H. Kellet; Gen. Sir E. Sabine in Phil. Trans. }{qy, Soc. London, r872, Yol. 162. 

40 Frigate Aurora: Compte-Renrlu :\ nnuel <le J'OhserY. Phy:o:;. Cent de Russie; annee 
1854; St. Pi::'.tersh., 1855. In rfi= .s.{' oo', A-;_-158° 4/.5 [Apparently anomaJous; 
weight a.ssigned ~/;-ScH.l 

24 .Admiralty chart No. :.:46o. Position of Petropavlovsk in Encyc. Brit., 7th edition, 

<P =- 53° 01
1
, .\ .::_ 201c r7' \.\". of Gr [Probably deduced value; not used.-ScH.1 

r 25.1 K. S. Staritzky~ Onaze\·ich's collection of observations made during hydr. exr)lor. in 

the Pacific, 1874-77; St. Pctersb., 1878. 

i oq E. )f. L. Onaze\·ich. Reference as abo\·e. 

N. B.-This important Asiatic station is included in the <liscussion on account of its prox\rnit~· to the \Vestern A.leutian or Rat Island<>. F'o 
information Nos. 3, part of 4, 5, 7, and 9, I am indebted to Mr. :Marcu~ Baker 1 of the Comµutiug Divisiou, Coast and Geodetic Survey Office:, 

'l'lte following ma,gnetic declinations have not yet been incorporate<l in the discussiou, ln1t 
they will he worked up whenever the data become sufficiently com11lete for the purpose: 

-Ill-- :::::~ ... ~ ~ 
z863, September 22 

x86.(, June 3 •...... 
1866, April to October ...... . 

29 

3r 

3' 
JI 

3' 
30 

36 ., 

18 

00 

55 

ST. JOHN'S, NEWFOUNDLAND. 

w. 

w. 

(Government House.) 

Capt. Bayfield, R. N., in Phil. Trans. Roy. Soc., 1849. p. 211. 

, Capt. Dayma.n, R. N'. Account of deep-sea soundings in the North ~.\.tlantic Ocean_. 

1858, p. 61. 
Capt. Orlebar, R. N. 
Capt. Orlebar, R. N. 

, Capt. Orlebar, IC N. 
' Near Go\~ernment House. 

N. B.-The above declinations were communicated in 1866 and 1867, by Staff-Commander F. J. Evans. hydrographer, Rritlsh Admiralty. 
[According to Halley's cha.rt the declination in 1700 was nearly 15° W.-Srn.] 
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r6o4 tfJ 1612 . 

1700. 

1775 ... 

1 797· .. 

r857. September 16-19. 

186o, August to December 

186!, January to December .. 

18'2, ]aouiry to December . 

18"3. January to December. 

1864, January to December. 

1865, July 22, 2_.;, 24, 25. 

1873, September 2, 3. 

1879, Au~ust 27, ~8. 

Collection of Magnetic Declinations, etc.-Continued. 

EASTPORT, ME. 

~~44° 54'.4 A=66° ,!;9 1
.2 \\ .... of Gr. 

(Fort Sullivan.) 

17 3z W. Champlain; Douchet's Island. St. Croix River. (Not used.] 

IS :i'l. I 

17 57· I 

17 59.2 

18 oo.6 

18 

18 o3. 7 

18 06.1 

18 56.0 

19 07.S W. 

According to E. Halley's isogonic chart of t700. * [Not used.) 
: At Grand ~fa nan Island; J. F'. \\l, Des Barres' Atlantic Neptune, London, 1 781 , 

From a chart; Prof. E. Loomis' collection, in Sill. Jour., vol. xxxi\·, 1838; at the 
mouth of St. Croix, in 4' ~ 4:/ 05 1 ~ A= 67° 12'; reduction to Eastport a.bout- 5' 

[Not reliable.] 
G. 'V. Dean, assistant Coast Survey; at Calais, in r.t:i::::: 45° It'.1, A:.:: 67° 16'.B; Coast ! 

Survey Report for z858, p. 191; reduction to Eastport-12' [Not used; probable 

local deflection.] 
G. B. Vose, observer for United States Coast Survey .. 

G. B. Vose and S. ~ralker, observers for United Sta.tcs Coast 

Survey. Coast Survey Report : 
S. \\~alker, R. H. Talcott, E. Goodfellow, observers for r 1865, Appendix / 

United States Coast Survey. 

E. Goodfellow, assistant Coast Survey .. 
E. Goodfellow, A. T. Mosman, and H. W. Richardson, ob

servers for United States Coast Survey. 

tl. W. Richardson, obseffer for lJnitedStates Coast Sun·cy. 

No. 18; a11 ohserva- j 
tions made at Fort 

Sullivan. 

Dr. T. C. Hilgan.1 1 obsener for Unitt:cl States Coast Survey; at Fort Sulli\'an; )IS, 

in Coast Survey archives. 

]. B. Baylor, United States Coastan<l Geodetic Survey, station of 186o; parade ground 

of Fort Sullh·an1 in 4> = 44° 54' .4. A= 66° 59' .2. ! 

*Tabula Nautica.. Variationum magneticarum index juxta obsen·ationes anno 1700 (Gree11\\·1ch astronomical obseryations of 1869), 

4 15 

15 

1873, October 4, 6, g, 10, H. 

i 
1 

1879, October 6. 

5 j I 18791 October 7 . 
'' ... I IO 

I 

llANO\'ER, N. H. 

!Dartmouth College Observatory_) 

'V. 1 President \\·heelock; in 4' = 43° 4r', A;::: 72c to'; Prof. E. Loomis· colJcLtion, in Sill. 

f Jour., vol. xxxiv, 1838. 

Prof. Young; inr./J=43° 42', A=:.72'' 10'; Prof. E, Loomis' collection1 in SilJ. Jour, 1 ! 

vol. xxxu, 1840. 

Dr. T. C. Hilgard, observer for United States Coast Survey; 1'.IS. in Coast Survey ' 

archives. 

'lJ. B. Baylor, United States 
J and Georletic Sun~ey. 

(Station of Oct. 6 same as that of 1873, a little 

Coast j north ()f Observatory. Station of Oct. 7, ji 

) mile west of Observatory hill, in r/> =-43° 42' .:;, 

l 'A.=72° 18'.o 
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:1812 ••. - . 

18r3 .. . 

18q .... . 

18'"s. 
r8z6 •........ , 

1817. ' ........ - ......... . 

1818. 

1819 •..•..... 

i:820 ••.•...... 

1821 .. 

I822. 

t8:t3. 

1824 ... 

1825 •. 

1826. 

1827 

1828 

1829 

1830 .. 

1831 •.. 

1832 .. . 

1833 ' .. . 

i:834 .. . 

Colll'dion of Magnrtic Declinations, etc.-Continued. 

I 
--! 

I 

26 w. 
25 

17 

07 

03 

o> 

OJ 

30 

40 

35 

35 

4S 

52 

Io 

15 

30 

35 

CHESTERFIELD, N. H.• 

I 
I 

ll 

I 
I 

I i Nathan Wilde. ll 

1835 . . . . . . . . . . . . •• • . . . . . 40 

: :!~:_·_. ---~-~---~ ::::J __ :~ W. A.\. Twinii>g. 

* Frum Prof E. Loomis' collection, in Sill. Jour., vol. xxxiv, 1838; position assigned, ¢ = ;2° 53'. A= 72° 20'. 

S.\ULT DE STE. MARIE, MICH. 
~=46° 2<:J'.g A=84° 2o'.1 

{Garden of Fort Rmdy.) 
~------------------------

i 1843 ... 
. 1845. 

3 18461 N m:ember . 

4 18561 September 29 .. 

i873, July 22, 23 .... 

I I 6 1879, November 12 ....... . 

I 7

{; l88o,July II,13,14,17,19. 

, l88o, August 6,7 ..... 

i i 

I 
l 11825 .. 

1837 ... 
' 

3 t859, August ..... . 

4 1865 ...... .. 

6 t88o, July 20, 21 ••••••••••••••. 

I 
I o8 E. 

0 46 

0 40 

0 32. I E. 

0 o4.9 W. 

l 01.0 

0 53.7 

l 04.5 w. 

3to to6o E 

4 JO E. 
6 15 

2(.2 

4 TS 

28.2 

•5·1 E. 

i Capt. Lefroy. Sir E. Sabine, Phil. Trans. Roy. Soc., Cont. xiii, 1872. 

/ Capt. Lefroy. Sir E. Sabine, Phil. Trans. Roy. Soc., Cont. xiii. 1872: assigned posi .. 
I tionin</>=46° 31',~=84° 32'. 

Lieut. G. C. Westcott, U.S. A. Information by Mr. ] . R. Rayl or. 
Karl Friesach, Kais. Acad. der '\l'iss., vol, :19; l'ienna, r85:8; assigned position 

$=46Q 3o', A=84° 34'. 

Capt. A. N. Lee, V. S. Engineers. Survey of the N. and N. ,, .. Lakes, Gen. C H. 
Comstock in charge; MS. ot t873; also report of Chief of Engineers, rS74, app. C( · 

</l=-46° 30'.1, .\~84° 20'.o 

Citr Surveror at Fort Brady. Information hy Mr. J. R. Baylor. 
Lieut. S. '\\'".Very, U.S. N., Act. Assist., Coast and Geodetic Surver. 

garden of Fort Brady. 4> = 46° 29' .9, A= &t. 0 20'. 1 

I 
I 

At ,·egetable ! 

J.B. Baylor, U.S. Coast and Geodetic Survey. Military post garden, about 3oyards 
N. \\'".of Lieutenant Very's station of 1880. Position as abol·e. 

GRAl'.\D HA \'E;o.!, M!Cll . 

.\ = 86° 12 1 .6 \\•. of Gr. 

L. Lyon; at Grand Riv·er, <ti::-.::- 42° 55', >... =86° Jo'. Prof. E. Loomis, Sill. Jour. vol. 
xxxix, 18.io. [Giving double weight to second \•alue, we may use-5. 0 25-Scu.J 

Geological Report; reference as above. ti>'."".:';:" 42c 55', A=- 86° Jo'. 
Geological Report; reference as above. qr-::-:43° J9', A.:::-85° 59' [\Veighted mean, 

1 

first value double weight,-5. 0 o8-SCH.] 

Lieut. W. P. Smith, Survey N. and N. W. Lakes; report b)' Caµt. G. G . .'lleade, 
Detroit, 1859; </1=43° 05'.2, A.=86° 12'.6 

Survey of N. and N. \\ .... Lakes i MS. by Colonel Raynolds, Dec., 1865; <b = ·4-3" 04' 1 

It..=::::. 86Q 13' 

Capt. A. N. Lee; Survey of N. and N, Vf. Lakes; MS. 1 1F73; see also report of 
Chief of Engineers, 1874. 

J. B. Baylor, U.S. Coast and Geodetic Survey; in grounds of county court-house; 

+= 43° 041 .7, A=86° 12'.5 
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. ·-

3 

4 

: 

•694 
l780 ... 

t&><J. 
1874, December 4, 5, 6, 8, 9 .. 

~----

1796. 

18o6 .. 

1809. 

1874 December z1, :a3, 24 

1818. 

r835 .. 

1S65, April 11 ........ 

1875,May 29 

1831 •..... 

rS37,. 

1845, October ..... 

1846. 

i 1876. 

t.82s .. . . . . . . . . . . . . 
>S36 ........ , .......... , •. 

1874 ........... 

1878,June 10,n,12 .....•. 

C(ll!ectzon of Magnetic Declinations, efc.-Continued. 

·1 
·1 
. i 
I 
! 

WILLL\:\ISBL'RGH, JAMES CITY COUNTY, VA. 

0 50 

0 33 

----

I 45 
I 20.<f. 

35 
o& 

z4 

14.4 

6 59 

40 

OI 

6 53 

~5 

IO 30 

9 45 

9 30 

9 22.3 

~ ~= 37° 16'. 2 

W. 
w. 
E. 
w. 

I 
I
] Rislwp '.lfadison. president of William and Mary's College, in 4> = 17° 15', A= ']6° 3;'; 

1 
j Prof. E. Loomis' collection, in Sill. Juur. vo1. .:cxxil", 1838. 

] J. R. Baylor, aid United States Coast Survey; tjl::;;::::37° 16'.3, A=76~ 42 1.7; :MS. in 

t. Coast_~:=~~r~~i~~:.:. 

NEW BER~E. N. C. 

4> =J5" o6' 

E. : l : Junath. Price; from Prof. E. Loomis' collection in Sill. Jour. vol. xkxiv r838; 

E. 1' J position assigned, rf1~3s" 20'. A.=77°05'. 

W 1 J. B. Baylor, ai<l United States Coast Sun-ev; ¢ = 35° 07' . .;, A~ 77' 03'.3; MS. in 

Coast Survey archives. 

E. 

E. 

FLORENCE, ALA. 

(Coast Survey station.) 

I 

I J. H. \reakly; Prof. Luomis' collection, 1n sm. Jour.1 vol. xxxiY, y838; position I 
( assigned, tJ>-::034° 501

, A-87c 47 1
• 

A. T. l\Iosman, assistant Coast Survey; MS, in roast Sun~ey arcbi\·es. 
F. E. llilgard; Bache-Fund obscn·er, Nat. Acad. of Sciences. 

BERMUDA ISLANDS. 

(Signal station, ~t. George's Town,) 

w. 

"" 

E. 

E. 

( Austin and Foster; Sir Edw. Sabine in Phil. Trans. Roy. Soc., t874, Conts,, xi\'". In 1, 

: 1'~3'2-0 23'. )..~64° 47 1
• 

! )iilne ; reference as a.hove. j l Captain Harnett, Royal Engineers; Bermuda Royal Gazette. At signal Rtation, J, 

cf.=3'2-0 32', A=640 40'. 

! Captain Barnett, Royal Engineers; Sir Edn-. Sabine, P.hil. Trans. Roy. Soc., ! 
/ 187'4, C<>nts., xiv. Position</> - 32° 23', ,\. ccc 64 ° 47'. 

i Admiralt~T Chart 36o, issued Feb., 1877. Annual increase of declination about 3'. 

SAN ANTONIO, TEXAS. 

(Arsenal grounds.) 

I . 
'} I I Land Office record at San Antonio. rommunicated by Mr. J. B. Baylor. : 
l i 
j J.B. Baylor, U.S. Coast and Geodetic Survey; arsenal grounds, position q given i 

\ above. j 
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CollectitJn tJf Magnetic .Declinations, etc.-Continued. 

1819, September -aa .••.......... 
I 

2 186g, January 25,26,27; Febru-
ary u,z3. 

1872, October 31 ............ _. 

.. 1877, October 13,15,i6,17,z8 ... 
1878, August 30 ...........•.... 

6 188o, October 15, 17 ............ 

OMAHA, NEB., AND COUNCIL BLUFFS, IOWA. 

12 

IO 

IO 

IO 

IO 

IO 

cfl:=..+to 15'.7 A=95° 56'.5. 

(Astronomical Station, grounds of High School.) 

58.8 E. 

42.6 

..... 2 

!l2,0 

39·7 

o6.2 E. 

i 
Ma.jor St. H. Long, U. S. A., Expedition to the Rocky Mountains, Phila., 18•3 (two : 

volumes). At Engineer's Cantonment, 4' = 41° as' 1 >.. = 96° oo'. 
E. Goodfellow, assistant Coast Survey; at Astronomical Station. 

Dr. T. C. Hilgard; Bache-Fund Observer to National Academy; station as above. 
A. Braid, U.S. Coast Survey, station of 1869. I 
Dr. 1'. E. Thorpe; Proc. Roy. Soc. No. •oo, 188o. At Council Bluffs, near railroad 1' 

depot. t/l = 410 r5' .3, A= 950 52' .4 , 

J.B. Baylor, U.S. Coast and Geodetic Survey. Station on High School grounds as 

1 
in 1~, 1872, a.nd 1877. 

~~~~~~~~~~~~~~~"-~~~~~-'-~~~~~~~~~~~~ 

1850 •.. ~····· •······· ··········· 15 

~ z866, August. .................. 16 

z86g, May 6 to 15 ............... z6 

J:872. ·························· '7 

{ z878, August 15 .. , .. ,5 

5 

1'878, October 26,28,09 .. 16 

1693 ..••................... ' .... 

1786, September 8 •..•.......... 14 

f 

1792, April 18 .................. r6 

1792, April 19 .......•....... ' . ' I 
31 

'5 

I 
1792, April•• ...................• ; 16 

34 

30 

36.4 

48. t 

44.2 

SALT LAKE CITY, UTAH. 

l/>=40° 461.1 A=rn° 531 .8 ~ .... of Gr. 

(Astronomical Station, Temple Square.) 

E. 

E. 

Major W. H. Emory, U.S. A., Amer. Acad. of Science, vol. vi, new series, 1856; in 

4' = 40° 46', A= 112° o8'. 
Jesse W. F o.x ; Letter from Surveyor-General' soffice dated August 29, 1866. 4> = 40° 461

, 

A= IIIO 541
• 

G. '\\"'. Dean, assistant Coast Survey ; Temple Square near astronomical station~ 
Report of Chief of Engineers, 1879, part iii, p. 2099. At Ca.mp Douglass1 near astro

nomical monument, in ti.> ==40° 451.8, >.. :::::=- n:r 0 501
.2 

Dr. T. E. Thorpe; Proc. Roy. Soc. No. 200, 1B8o. Ee.st of the President's house,in 
4>=40° 46'.1, A-III0 53'.7 

J.B. Baylor, U.S. Coast and Geodetic Survey, near Fourth street south and Second 
street east of Temple. [Mean of the two determinations of 1878,-x6Q 46'.~] 

CAPE MENDOCINO, CAL. 

4>=40° 26'.3 A=x24° 24'.2 W. of Gr. 

E. 

24 

00 

00 

00 E. 

(Cape Mendocino light-house.) 

Carreri; C. Hansteen's Magnetismus der Erde, 1819; in q, ==•o0 29', A= 124° 29'. 
[Declination probably much in crror.-SCH.]* 

La Per(luse; C. Hansteen1s Magnetismus der Erde, :r819; same position assigned.• 

Capt. G. Vancouver; near the cape, about ten leagues from it; it bore N. 36° W 
[This would put him in about.f>= 39C1 58',).. = 124° 12'-ScH.] Vancouver's Voyage 

of Discovery, etc., 1790-95, London, 17<)8, vol. 1, p. 197. 
Same a_uthority, vol. z, p. rg8; on board ship, in f/>=40° 03'\ A= r24c o</; Cape Men

docino bore N. !2° W. four leagues from shore. 
Same authority, vol. 1, p. 200; in cf>=40° :;2' 1 A=124° 32'. 

•The latitude given would indicate that this navigator refers to False Cape Mendocino (now called Cape Fortunas), in 4> = 40° 30'.5 

A =124° 2a' .8-SCH, 

,,~,May ...................... 

1141 •.• ......................... 
3 1Bs6, August 17,18,19,00 .••.••.. 

• 1857 ..•....•.•.... ' ....••.•••••.• 

5 1859 ....................... ..... 
6 186s .............. ' •..••..•..• .. 
7 1876, February •.....•.••...•.... 

s. Ex. 17-21 

PORT TOWNSHEND, WASHINGTON TERRITORY. 

., 30 

.,, 40 

•t 39.5 
lllt ~ 

20 45 

"" 00 

21 59 

E. 

K. 

4'=48° 07'.o >.= 122° # 1.9. 
(Point Hudson.) 

Vancouver: a.t Port Discovery, 4'=48° 02:', A= 122° 38'; Hansteen's :Magnetismus 

der Erde, 1819. 
Chart by the U.S. Exploring Expedition, at Carr Point. 4>=48° 03'.3, i.= 122• so'.8 
G. Davidson, assistant Coast Survey; at Point Hudson. 4' = -18' o6'.9, >. = 122" 44'.9 

S. Garfielde, Surveyor Genem! of Washington Territory; at Admiralty Hea.d, Whitbey 
Island. 4J= 4s• 09•,>.=u2' 41'. Letter of August24,1S66. [Reduction to Port 

Townshend+ 8'-ScH.] 
Ref.ereoce as above. 4' =.,.S0 07' 1 A= 122° 45'. 
Reference as above. + =48° 01', A=-122° 51' at Mill. 
Capt. G. H. Burton, U.S. A.; report of Chief of Engineers, 2876, p. 3• 



 

162 

l 

• 
3 

4 

4 

REPORT OF THE SUPERINTENDENT OE' THE 

Cl)/fetlil)n ef Magnetic Declinations, etc.-Continued. 

NEE-AH BAY, STRAIT OF JUAN DE FUCA, WASHINGTON TERRITORY. 

0 

qg.z,April 30 .................... x8 

18.p ............... ' ..... ' .. '.'.' 22 

18521 August17 ,18, :t9,20,21,!l2 ,23 21 

1855, August 13,15,16,18 ........ 1 21 

1778, April 4 ·················· 19 

11911 August 161 17 .... ' ......... 22 

1792, October ................... 18 

1863. - .. ........ ················ 23 

(Scarborough Harbor, Astronomical Station.) 

' 
0 E. Vancouver; IIa.nsteen's Magnetismusder Erde, 1819. Inside Cape Flattery 1 <fJ = ,..s0 :i9' 1 

>. = r23° 41' (possibly misprint for 1'24° 411). 

30 Chart of U. S. Exploring Expedition, Commander Wilkes; Scarborough Harbor, 
North point Nee-ah Island. oef>=48° 211.8, A=n4° 3~V.o 

29.1) G. Davidson, assistant Coast Survey and J. Rockwell, Coast Survey; Scarborough 

48.• E. 
Harbor, Astronomical station, in</> =48° 21'.8, ~= 124° 38'.o I 

Lieut. ·w. P. Trowbridge, assistant Coast Survey; N ee-a.h Bay, near Wa-a.ddah Island. 

NOOTKA, VANCOUVER ISLAND . 

45 E. 

30 

22 

05 E. 

.>. = •26• 37' W. of Gr. 

(Friendly Cove.) 

Cook; in Resolution Cove, ¢=49° 35', A=n16° 371
; Hansteen's Ma.gnetismu.s der 

Erde, 18IQ; also Encyc. Metrop., 1848. 

Don A. Malaspina; observed on shore ; Berliner Astronomisches J ahrbuch, vol. 53, 
for 1828. 

Vancouver; in~= 49° 34' '\A= u6° 28', in Nootka Sound; Hansteen's Magnetismus 
der Ertle, 1819. 

Capt. G. H. Richards, R. N.; in Friendly Cove,<1>=49' 35'.5, .\=126° 37'.5; Admi
ralty Chart of ~~ootka Sound, No. 1916, :i865; magnetic variaticw increasing about 
2'annually. 

ANALYTICAL EXPRESSIONS OF THE OBSERVED DECLINATIONS. 

The resulting empirical expressions for the secular change of the magnetic declination, given 
below, were derived from the prncediug observations by applying to them the harmonic analysis as 
explained in the preface. The stations are arranged geographically, as far as practicable, and their 
positions are given by latitude and longitude (west of Greenwich). Total number of stations 55, 
and of observations about 6!4. The epoch to which the formuhe refer is 1850 or m = t - 1850.0 
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TABLE !.-FORMULA': EXPRESSING THE MAGNETIC DECLINATION AT VARIOUS PLACES; DEDUCED 
FROM THE PRECEDING COLLECTlON OF' Ol1SERVATJONS. 

Locality. l Latitude. ! :,-------------- I 0 

' Paris., France ........ . "" .... I + ,¢ 50.2 

......... / H 39.6 Halifax, Non Scotia. 
Quebec, Canada .......................... ) 46 48.+ 

Montreal, Canada .............. ·""···i 15 3o.5 
York Factory, on liudson Bay........... 57 oo 

l 
Portbmd, Me ........................ ,.... '13 38.8 

ftur!ingt'ott, Vt ......................... ") H z8.2 

Rutland, Vt ........... , ........ -......... 43 36.5 

l 
Ports1nou\h,N. H ........................ I '13 o4.S 
Newllury'!><>rt, Mass...................... •12 48.4 

Salem, Illo.ss.............. ............. p 31.9 

l I$oston, Mass......... • . • . . . . . . . . . .. • . . . . 'f.2 z1.5 

Cambridge, Mass ....................... . !

1 

4" 22.g 

1Vantt1ckel,M11SS. ...... .. . . . . .... . .... ... P 17.0 

l 
Providence,R.1......................... 1' 49·5 
Hanford, Conn ............. , ........... I 1r 45.9 

:Newl-!av~n. Conn ...................... \ "' •8.5 

I 
Alba11y,N. Y ....................... . 
Oriord, ~'. l'...... .. .............. . 
Buffalo, N. Y, ......................... . 
Toronto, Canada .. , ........ ,. . 

Erie, Pa ........... . 
Cleveland, Ohio ............. .. 
Detroit, Mid< .......................... .. 
Saint l,ouis, :Mo ......................... . 
NewYork;,N.Y ................... . 
Fl"toor=l!;b.. Pa. .. .. .. . .. .. .... .. 
fhila<lelpb.ia, Pa.. .. . . . ........... . 
ttarri%bure, Pa ............. " .......... .. 
He~tlZZzore .. Md .... , ........ ~ .... , ....... ~ 
Wash\ngt()n, D. C .................... .. 
Cape f!em-y, Va ................. . 
Caarli,sto», S. c .................... .- ... . 

'1-2 s-z.s 
43 39.4 

~2 07.8 

"\1- 31:).3 

<f,2 2Q,0 

38 3S.o 

40 4~.7 

4o ,, 

39 5<5.9 

~o 15,9 

39 17,8 

38 53.3 

36 55.5 
3• 46.6 

Savannah, Ga. .. .. . .. .. .. . . .. . . .. .. . • .. .. 3• °'4·9 
Key West, Jfi. .... ,,..... . .... , .. . . .. •4 3l-5 

Hg...,.,.a, Cu!>a .......................... / ~3 "1>·3 

K:ingston,)am>.ica ............... , ........ I 1 7 55·9 
Po.nallla, New Gni.na.da . . . . .. .. .. . . + 8 51-< 
Ri<> Janejro, Imlzil ,, -- .. -- . . .. . .. .. .. .. .. - a. 51·7 
M;ebile, Al& . . .. .. .. . . .. . . .. . . .. .. . . . . . . . . + 30 4• ·4 

New ()rlea.ns, La ........................ . 
Ver_.. Cm.z, Me&ico •. ,, ...... ,. .......... . 

I 'M:exicu, Mexic<:> .................... · · ... · 1 
, Acapulro, M ex\co .. . . . . . . . . . . . .. ....... . 

Siu> .Bl.ti. Mesit'<l ........................ . 
M:agdaie"9. Bay, Lower Cal ..... , ..•..... 
San Dlego, Cal ......................... . 
MMterey, C.aL. .... ,. .................. .. 
Si.n Ftanci!lCO. Cal ................... " .. 
Cape Disappointmelrt, Wash. Ter ...... . 
KJl.ilu11., S..Udwich Islands ............... . 
fl.<>nolulu, Sandwich. Isla.nds ............ .. 
Sitka, Ai.Ska ....................... · ... .. 
U~,Al.a.ska .................... .. 
Pctf<)pe.V'lavslt, K..,,,_1ci.._t1ca ......... "' ••• 

•9 s1.2 
>9 n.9 
1 9 2 $·9 
16 S<l-5 

~J 3:e.6, 

~. 3a.4 

3Z 4~. t 

J6 36,r 

37 '\1-5 

46 x&.7 

19 37 
:o d.2 

51 °"·9 
SJ .5~-6 

+ 53 Ot 

( Longitude. \ ExJ)resslon for magnetic dc,clino.tioo. 
' 1,~~~-~~~~~--~~~~~~~~~~~~-l I I 0 0 • , o 1- • 20.2 ID-+ 6.516+16.oosia(o,715m+i20.z4/-to,44sia(3.~3m+n~). 
1 + 63 35.3 D=+r6.~9 + 4.c.Ssin(1.1 m+ #,7) .. 

\

\ 7I 14.5 \ D=+z4.64 + 2.85sin(1,5<, mt <;.8)i-o.61sin(4,om+ 0.3). 

73 H·9 \D=+u.83 + 4.r7sin(1.5 m- z8.5i+o.~3siP(4.9m+ J9). 

92 26 ID"'+ 5.c.8 + l4.12sin (1.6 m- 19 .~).• 
70 16.6 D=-tro.72 + 2.08s10(133 m+ •4.1). 
73 <2.3 D=+io.8r-'- 365sin(«34 m- 29.5/·f-o.JSsin(7.om+r3>). 

72 55.5 f D = + 10.c.3 + 3.B2S'.n (r.s m - 2'1.3). 

70 .3.0 \D=+10.63 + 3.17sm(1.44 m- '1·7l· 

70 \9.0 \D:::::+ro.t:.7 + 3.-rosin(z.4 m+ t.9). 

?O 52.5 D=::::+ g.~<> + 3.61sin(i:.5<l m- t.o). 

71 03.8 D=+ 9.52 + 2.93sin(1.30 m+ s.o). 

7< "1·T \ D=+ 9.58 + z.6'siu(i.3 =+ 7.o)·f-o.rllsi.n(3.zm+ f4}• 

70 "6.o D=+ 9.29 + 2.78sin(<-3S m+ s.s). 
rr. ~4.:I 

72 <(G.4 

72 55· 7 

73 .5.8 

75 4a.5 

78 S3· 5 

79 •3·4 

8o ()5.4 

81 '1-2-0 

83 03.1> 

~ i::2.2 

74" c:io.o 

75 07 

75 qg.o 
76 52.9 

76 JJ-D 

77 c.o.6 

76 <>o.5 

79 55_8 

81 <>5.5 
81 ~S.5 

82 >1-5 

76 50.6 

79 ••.• 

+3 07.8 
88 <>z.5 

9" <>3.9 
96 <>8.6 

99 o6 
99 5._3 

105 'S·1 
112 a8.9 

tt7 '4·3 

'"' 53.6 
t~2 <:Z7.z 

'l'.!4 o-:i.o 

1$6 QI 

r,s7 55 .o 
•:is 19.7 

.166 Jl.5 
+~1. 19 

D=+ 9.ro + 2.99sin(1.4; m- J.4)+0.\9sin(7.•111+n6). 
D=+ S.D/5 + 2.gosin{<.2s m- n.~). 

D:::::::-r 7.78 + 3.usin(1.4c) m- n.1). 

D=+ 8.17 + 3.a2sin(r.H m- &.>). 

D=+ 6,Ig + 3.24sin{r.3s ,,,_ z!J.9}. 

D = + 3.66 + 3.47 sin ("4 111- 27 ,8). 

D=+ 3.60 + 2.S.sin(l.4 4<1.7)i-<>-°9sin(9.3in+x36) 
+ c.DS sin {«J-"' +"fr}. 

D=+ 2.26 + 2.7tSin(1.55 m- •9.7). 

D=+ o.t.t;:i + 2.07sin{i.+o m-- 6.~). 

D=- 0.97 + 2.z>sin/1.,50 m- 15.3). 

D=- 7.15 + 2.3~sin(1.4 m- •<>.1).* 

D=+ 6.4<:> + ,,29sin(I.6 m- s.sl +o.r1sin(6.3'"+ 64). 

D=+ 5.2.1 + 3.2~sin(»J4 m- 13.0) -}.o.2•sin{4.1,.,+•57l· 

D=+ 5.3e + 3.29sin(1-55 m- 23.9)+0.39sin(4.o.,,+16x). 
D-=-+ 2 .9;, + z..9~ sin (t. 50 m -+- Q.z). 

D=+ J·"> + 2.5)sin(1.+5 m- 21.2). 
D=+ 2.47 -t 2.47sin(1.40 m- 14.6). 
D=+ 2.s1 + 0.4.sin(i.50 ,,._ 35.4). 

D:=- 2.1+ + 2.1~sin(.1.35 m- 1..J). 

D=- 2.54 + 2.3>sin(1.5 m- 28,6). 

D=- 3.9'J + o.9:1sin(1.4 m- 33.5). 

D=- ~-5• + 2.0i>sin(1.3 m- >6.7).• 

D=- 4 64 + 2.04sin(1.2 m+ •s.9). 
D=- 6.Bo + 1.S>Sin(o.9 m+ 10,4).• 

D=+ 0.282+ o.t395m +<:..ooo.~sm•. 

D=- 4.40 + 2.&,sin(r.45 m- 76.4). 

D=- 5.6> + 2.57sin(r.4 m- 6t.9). 

D=- 4.3B + 5."isin(1.1c m·- 6s.c,\. 
D=- +.al;+ 4.7hin(1.o ,,,_ 76,5). 

D=- 4.31) + 4.6>Sill(r.O ,,,_ 85.3). 

Do=- 5.'/G + 3.4<>sin (1.0 m- 93.9). 

D<=- 7·S" + 3.6tsin(r.3 m-144,7). 

\ 

D=-12-H + I.64sin(r.2 m-1&.o). 

D=-12.80 + 3.~stn(1 o m-x42.9). 

D=-13.3<1 + 3.23sin(1.0o m--130.3). 

\ 

D=-•0.7> + 2.l1tsio(1"' m-iilil.ii). 

D=- S.75 + o . .,_,,.+o.ooo<Sm', 
n~- 9·~ + o.~27m+o.o::>030m~. 

l 
D=-~6.7• + 2.4t.dn(r 6 m-~07.1). 

D=-xS.3• + 1.45sin(1.4 m- 67.8). 

D=- 3·31i + 2.97sin(1.3 "'-t iz.z). 

•A ppra¥ima.te expre~on. 

In the l!econd table are exhibited for each locality discussed: in column (1) the year and fra.c. 
tion of a yea.r when the observations were made; in columns (Z) and (3) tht>, observed and oomputed 
decliua.tiona, the latw by the preceding f<trcnulru; ®din column (4) tne diiferenoos l.>f the.ire value-e 
or obeerved mintl.$ oomputed declinations. 
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TABLE !!.-COMPARISON OF OBSERVED AND COMPUTED MAGNETIC DECLINATIONS. 

Year. 
! Obs'd !comp'dj Year. ( Obs'd [Comp'd( O-C. ! Obs'd lComp'd 0 C y I Obs'd IComp'd 0 C I I 0-C. Year. dee. dee. - · ear. dee. dee. - ' dee .. dee. dee. dee. 
' I 

PAR1S 1 FJU\NC]i.. QuRBl!C, C:ANAPA-Continued. PORTLAND, ME.-Continued. BosTON, MAss.-Continued. 

! 0 

0 I 0 
0 I 0 

. I 0 I 0 I 0 . I 0 
0 

t541.5 !- 7.00 - 7.09 +0.09 1792.3 +12.42 1+12.29 +0.13 1863.5 •+12.H +12.52 - .05 1741 ·5 + 7.50 + 7.48 + ·"" 
1550.s I 8.oo r.776.0 

I 
+1.c8 8.n +o.u 1793·7 12.541 12.26 +0.28 186+.8 12.73 12.58 + .15 7.6] I 6.59 

158o.5 i ll .50 9.931 -1.57 18o5.3 n.58 u.oS -0.50 1865.5 12.71 12.6t + .10 1780.5 7.00 6.61 +0.39 

i6o»s : 
8.751 

8.65 --0,IO 1810.5 n.63 12.o6 --0.43 I866, I 12.72 12.64 +.o8 1793.5 I 6.50 6.So -0.30 

1610.5 l 8.oo 7.89 i -o.u i8n.5 12.25 12.o6 +0.19 1873.7 1+12.891+12.94 - .05 
1&7.5 I 6.oS 7.27 -x.19 

5.30 I +o.So 18r4.5 11.83 12,10 -0.27 t839.5 9.'IO 1 9·07 +0.03 1630.5 : 4.50 

9-5• I 1642.5 I 66 I - 1820.8 iz.54 12.27 +0.27 BURLINGTON, v·r. 1846.7 9.56 -0.04 2.50 3· I +1.10 

166o.o I 1,50 0.99 I -0.51 1821. 7 12.go :1:2.30 +o.6o 

1793.s I+ 1.63 

1855.6 i I0,231 I0.14 +0.09 

1664.5 -· 0.67 -0.~5 I -o.4z r822.2 !_3.00 I 12.32 +o.68 + 7.35 +0.28 1872,7 I n.25 u.18 +0.07 
I i 

1823.6 J:2.38 +o.62 1877.5 /+n.6o l+n.43 +0.17 1667.0 :
1

+ 0.13 +o.z3 -0,10 •3.00 I 18o5.5 6.:zo 7.22 -1.02 
o.88 +0.62 1824.2 +0.25 + 

I 1670.5 i l.50 u.67 \ 12.42 1818. 5 7.5o 7·43 .07 
1682.5 ) 3.t3 3.41 -o.2B 1831.7 13.40 12.91 +0.49 1822 .5 7.7o 7.62 + .o8 CAMBRlDUR, MASS. 

1687 .5 I 4.87 4·59 fo.28 t832 ... 23.00 12.97 +0.03 I8"6,5 7.6o 7.88 - .28 
2695. I ( 6.fo 6.H +0.18 1833.5 12.75 13.07 -0.32 7830.5 8.17 8.18 - .OI 

17o8.51+ 9.0 + 9.30 - .30 
1703 .5 I 9.00 8.49 +0.51 1834.4 13.31 13.15 +o.t6 1831.5 8.>5 8.26 - .01 1742.5 8.o 7.70 +·JO 
1712.5 i n.18 10.58 -10,6o t835.9 13.17 13.28 -0.11 1832.5 8.4• 8.34 + .o8 '757·5 7·33 7.08 + .05 
2721.5 i .12.87 12.56 +0.31 1839.3 13.37 13.63 -0.26 1834.5 8.83 8.50 + .33 1161.5 I 7.23 7,17 + .o6 
173<>.5 14.6'1 ' x+.~9 +0.33 1840.5 13.71 13.75 -o.o+ 1837 ·5 8.75 8.75 .oo 1763.5 i 7.00 7.i3 - .13 
t739.5 15.38 ! 15.76 -0.38 1842.7 24.02 13.gS +o.O.f. t845.5 9.37 9.37 .oo z78o.5 7.o3 6.90 + .13 
1748.5 16.62 I .17.02 -0.40 1846.5 '4·53 14.42 +o.u l855 ·1 9.95 10.01 - .o6 1782.5 6.75 6.89 - .14 
1757 • l 17.82 ! 18.13 -o.3:r ,847.7 x4.64 14.56 +o.o8 1873.8 i+" .32 +ti.31 + .01 1783.5 6.87 6.90 - .03 
x765.5 19.00 19. J4 -0.14 ,848.5 14.58 1+.65 -0.07 1788.5 6.63 6.93 - .30 
x772.5 20.02 19.94 +o.o8 1849.4 15.37 14·77 +o.6o RUTLAND, VT, I810.5 7·50 7.52 - ·°" 1779·5 20.67 20.73 -o.o6 1:850.3 15.25 x4.86 +0.39 t835.5 8.85 9.<>• - .17 
1784.5 21 • .f-2 21 .25 +0.17 1851.7 25.00 ?5.03 -0.03 

178g.3 I+ 7.05 I+ 6.58 + ·47 1837.5 9.15 9,15 .oo 
1791.5 22.30 21.92 +0.38 1853.I 15.50 15 . .19 +o.31 1810.4 6.07 6.z3 - . 16 1840.4 9·30 9.;i6 - .o6 
J8oo.o 22.23 22.54 -0.31 1858.8 •5·57 15.82 -0.25 

1811.71 6.02 6.>5 - ·•3 1:842.2 9·57 9.49 +.o8 
18o3.5 21.97 22.72 -0-75 1859. 5 16.28 15.90 +o.38 

•859.61 9.82 9.37 + ·45 1844.5 9.65 9.65 .oo 
1So7.5 20.57. 22.&6 -0.29 186o.8 16.47 16.02 +o.45 1873.8 10,67 to.79 - . 12 1845.4 9·53 9·7• - "9 
18J4.5 22.57 22.94 -0.37 ,865.5 16.67 16.47 +o.20 

•879.8 +n.15 l+n.36 J - ... 1850.6 9·5° 10.07 - .57 
1816.9 22.30 22.91 -0.61 1879. 7 +17.23 +17.30 -0.07 1852.5 10.13 %0,20 - .07 

.. 

1835.5 22.07 21.79 +0.28 1854.5 ro.ar - ... PORTSMOUTH, N. H. 10.33 
1838.2 :u.63 21.51 +o.n 

MONTRS.AL1 CA.NADA. 1855.4 10.91 10.39 + .52 
1842.5 21.48 21.04 +0.44 

1771.5 + 7.77 + 7.82 - .05 1856.5 10.47 l0.46 + .oi 
1s5s.o \ 19.6o 19000 +o.6o 

+10.63 l+rn.55 +o.o8 1775.5 7.75 7.69 + .o6 1859.2 10.So 10.63 + ·'7 
1865.5 l 17+9·5 18.73 17.95 +0.78 

1785.5 8.40 8.58 ~-o.tS 18.\4·5 9.78 9·94 - .t6 1867.5 10.70 11.0Q - .39 
1869.71+17,14 +17.35 1-0.21 

1793.6 8.>5 8.28 -0.03 1850.7 Io.50 Y0.4:2 + .o8 1879.6 +u.77 +u.fu + .15 

1814.5 7.75 7.65 +0.10 1859.5 11.25 n.u + .13 
HALIFAX, NOVA SCOTIA. 

1834.5 8.oo 8.6o -o.6o 1879.6 t-12.52 +•z.58 - .o6 NANTUCKET, MASS. 

1835.5 9.83 8.71 +1.12 
1700.0 +13.00 +12.971 +0.03 x842.6 8.97 9.6o -0.63 NEWBURYPORT~ MASS. 1175·5 + 6.50 + 6.52 - ""' 1756.5 12.83 13.03 - .20 1859.5

1 

1•·35 I n.a. I +0.34 18:H·5 8.45 8.55 - .Io 
1775.5 13.58 14.021- .44 1879 .1 +•3.61 

1
+13.79 I -o.u 177S·5 + 6.75 + 1.o+ I - ·•9 1838.9 9.04 8.83 + .n 

1798.5 t6.50 15.65 + .85 
178x.5 7.3o 6.981 + .32 18.42.7 9"5 9.o8 + •O'f 

1818.0 J:7·'47 17.16 + .31 
1850.7 IQ.()() 'l0.;13' - 18H·7 9· 1 7 9· 15 + ·°" YORJC FACTORV, HUDSON BAY. .14 

18"1.7 17.6o 17,45 + .15 1859.5 +10,97 +lo.881 + ·"9 18.\6.6 9.23 9.33 - .10 
t852.5 t8. t7 19.50 -t.33 1855.6 9·97 9.92 + ,05 
1853.9 18.85 19.52 -0.67 17•5·5 +19.0 1+•9.04 - ·04 1867.4 10.64 S-AL'EM, MASS. 10.33 - .31 
186o.5 19.88 +0.04 1787.5 + 5.0 + 4.93 +.07 

1879.6 +n.46 j+11.•7 
19.92 

- 6.o 1- 6.o6 + .19 
1866.3 ::n.09 20.11 +0.98 1819.7 +.o6 

1781.6 + 6.90 + 6.29 + .61 
1879.7 +""·7• +20.47 +0.25 18.\3·5 9·•· j 9.05 - ·37 

1857.6 - 7.62 - 1·95 + ·33 
18o5.8 5.95 6 ... 7 - .52 PROVrDUCB~ ll. l .. 

1820.5 6.09 6.67 - .58 
QUBBEC, CANADA. 1249.6 "J:o.•4 9.70 + ·54 1717 .5 + g.6o + 9.73 - .13 

PORTLAND, MR. 1855.6 xo.83 \ 10.27 + .56 ''''"5 9·47 9·49 - .oa 
•642. s +16,00 +16.33 -0.33 

• 

1817.5 +11.50 1+12. 13 - .63 171'5·5 9·2 3 9.14 + -09 
1686.5 15.50 17-70 -2.20 1763.5 + 7.75 + 8.05 .... ·30 t73c>.5 8.90 8.85 + .05 
I7tJO.O 16.00 17.05 -x.05 1775.5 8.50 8.14 + •JO · BOSTON, MASS. 1735.5 8.65 8.sg + ."6 
x785. 5 x~.ss 12.39 +0.19 1!45.4 IJ,.f7 n.55 - .oS •740.5 8.25 8.33 -.o8 
1789.5 11.75 ta.33 -o.sll 185t.6 u.69 u.91 - ... •700.5 +zo.o +10.00 .oo •745.5 7.g8 a .... - .... 
X791 ·S +13.00 +u.09 +o.71 1859,5 +10.33 +'"·33 • co 1708.5 + 9~0 + 9•47 - ·47 •75<>.5 + 7.67 + 7.'6 + .. , .. 
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·TABLE IL-Continued. 

) Ye&r. Obs'd 1Comp'd~1. 0 _C. Year. i O!>s'd jcomp'dlo-c. Year. I Obs'd i,·Comp'dlO-C. Year.] Obs'd Comp'd\/lo-C. 

1-~~-'--d_c_c_._;__d_•_c_.~;---l---/ __ d_e~~L-d __ •c_.~f----1r-----l-d_ec_.~-d-e_c_.-'-----t-~--'--d-e_c_.~-d-e_c_._,_ ___ _ 

PROVIDENCE, R. I.-Contiaued. ALBANY, N. ¥.-Continued. TORONTO, CANAO,\-Continued. 

, i 0 I 
2.36 ,+ 2.J/ I - .OJ 1755.5 !+ ;.35 I+ 7°.n 1_ + 

0

.o8 183t.6 ·+ ;.54 
1+ ;.45 I + 

0

.09 1864.51 

•700-s 6. 95 I 6.ss . + .o7 1834.B 6.67 ! 6.65 + ,02 •865.5 2, 4, i .oo 
l 

2 .. 41 ! 
2.45 ! + .Ol 

.oo 
>765.5 I' 6.721 6.53 '+ .19 1836.8 6.78 I 6.78 .oo 1866.5 2.46 I 
1769.s 6.50, 6.29 + .. , ,s47.9 7.58 i 7.58 .oo 1867.5 2.501 

I
' 1775.5 6.33 \ 6.15 + .18 1855.7 7.91 8.:z:7: - .26 1868.5 i 2.55 3,55 .oo 

I 178o.5 I 6.27 I 6.12 + .15 i856.7 8.58 8.24 + .34 186').5 
1 

2.62 2.62 .oo 

I 1785.5 6,22 I 6.17 + .05 l858.+ 8.28 ' 8.37 - .09 1870.5 z.70 2.69 + .01 

sr. t.Ot!JS, MO. 

Q j 0 1 G 

1819.5 -Jo.79 :- 9.22 i -1.57 

1837.0 8.29. 8.59 '.+ .30 

:1856.1 ! 7.20' 7.62 j + .... z ! 
1872.6 6.63 6.6g I + .o6 l 
1877.5 6.51 6.41 1- ,JO j 
1878.6 6.56 6.36 - ·"° 
1879.7 - 6.22 I- 6.30 I + .o8 

! 1790.5' 6.17 I 6.25 - .08 1879.6 + 9.86 + 9.87 - .OI 1871,5 2.So 2.78 + .02 

•795.5 / 6.>7 I 6.32 - .151-------------11872.5 2.88 2.88 .oo NEW YORK,"· Y. 

18oo.5 6,!>5 ! 6.37 - ·'t2 OXFORD, N. \", 1873.5: 2.97 2.98 - .01 1----,----, ---1---1 

lBos.s 6.32 i 6.40 - .o8 1--------------i 1814.5 3.01 3.09 - .o. 1684.5 !+ s.75 + 8. 77 I - .= 
18to.5 6,40 r' 6.45 - .05 ' 1875.5 3.t9 3.20 - .or 168605 i 9.00 ! 8.77 i + ·•3 

1!1,5.5 6.50 ,i 6.55 - .05 o 1876.5 3.31 ,i 3.30 . + .ox i&]1.5 . 8.75 , 8.65 I + .1~ 
lQI7.5 3.0 3.31 - .31 I ' I • 

'794-0 + 3.0 2.96 + .04 I ' I 
J819.5 6,6:2 :. 6.75 I - • J3 8 I + 1877.5 3.41 3.41 .oo 1724.0 7.331 7.47 - .14 182 ·5 4.50 3·79 ·71 . 
18•5·51 6.85 7.o6 - .zz 8 8 8 6 7878.5 3.52 ·, 3.50 ' + ·°" 1750.5 6.37 5.Bz , + .55 

l 34• 3· 7 4· I3 - .2 , 
tll•n.5 7.17 7.45 - .28 8 6 8 6 · 1879.5 3.fo 1' 3.58' + ·04 1755·5 j! 5.00 I 5·43 - ·43 

;y- I 3 • 4.15 4.2 : - .II , 
1!135.5 7.57 7.go - •33 l88o.8 + ;.68 + 3.67' + .01 1789.5 1' 4.33 11 4.27 i + .o6 

1837.5 4.50 '4-•3o + .20 ,_ ___ ! ____ i ------1 >824-' 4.67 I; -',6r .' + .o6 18-1o.5 s,.. 8 ·36 + .o6 1838.5 ' 4.45 4.36 : + .09 " ' 
l&-4-1.5 8.5~ 8,45 + .07 I8.of.9 •9 S·l.8 5 ,14 + .04 J!:RIE, PA. 1834.5 4.83 I' 5·:1.4 ! - .31 

184•.5 8.65 I 8.53 + .12 1857.3 5.73 5.68' + .051-------, -----;-i---11837.5 5.67 5.34 :I:+ .33 

14J.5 I 8.77' 8.6o + .17 1858.I i 5.78 5.74' + .04 1786.8 ,+ Q,53 '+ 0.121 + .41 1$40.6: 5·45 ! 5.58 - ,IJ 

1855.61+ 9.52 ;+ 9.42 + .10 r859.o i 5.83 5.St : + .02 1795.5 ~- o.72 - o.21 ! - .51 18.41.5 j 6.10 l 5.65: + •<t-5 

HARTFORD, CONN. 

1873.9 I 6.81 6.94 ·, - .01 rs4i.6 '.+ o.50 + 0-{2 : + .o8 1s44.6 6.221 5.Sg '+ .33 

r874.4 :+ 6.93 + 6.97 I - .04 r855.5 r.55 x.28 + .27 1845.7 6.42 5·98 / + ,44 

1859.3 

1786.5 + 5.42 + S.28 + .14 ~UFFALO, N. y, I862.6 

t.54 + .03 

i.78 - ,2-3 

2.12 + .10 

1846.3 5.56 I' 6.02 ! - .46 
1847.8 5.68 6.>3 ' - .45 

1855.6 6.72 i 6.70 l + .02 
J8ro.5 't•77 5.25 - .48 1--------------• r867.3 

I86o.7: 6.73 i 7.00: - .27 
1873.8. 7·5• i 7.56 i - .04 

1874.6 i 7.38 !,. 7.59 : - ·"' 

1879.s :+ 1.90. + 1.9• I - .02 

i.824.5 S-15 5.6o + .i:5 1797.5 .l+ o.oo + o.26 ! - .26 1873.6 2.3:i: 2.59 - .28 

1829.0 6.05 5.76 + .29 1798.51 0.50 0.24 + .26 t876.5 2.83 2.79 l + ,Q4 

1859.6 7·•9 7.34 - .05 1837.5 '1 1.42 r.19 + .23 1877.9 + 3.00 + 2.89; + .I! 

1879.6 + 8.57 + 8,59 - ,02 I8-4-S•S I.'42 : I. 71 _ •Z9 CLEVRLAt-OD, 01110. 
11167.6 7.82 7.84 - .02 t839.5 !' 1.25 1.31 - .o6 ·-·--

~---'----'----'-~--! HAT80ROUGH,PA, 1859.5 2.94 2.79 '+ .151---,--,1---,-,---11----,-----.:,.:...:,.:..:...._ ____ ! 
NEW >IAV£N, CONN. 1872.5 I 3.87 3.89 : - .02 17g6.7 - 2 .00 1- x.95 i - .05 1680.5 I+ 8.47 + S.491-

1----.----,.-------1 1873.5 !,+ 3.97 + 3·97 Ii .oo i83o.5 t.33 I 1.04 ! - .29 """" I 8 8 
. lvyv.5 I .25 .30 I - .05 

1761.5 + 5.78 + 6.04 - .26 ,_ ____________ , 183r.6 I.25 I.CO: - .25 1700.5 I 7.92 1·94 - ""' 

x775 .. 5 5.4::1 !j.28 + • 14 TORONTO, CANADA, iS3-t-.I o.B3 o.S9 I + .o6 :t710.5 I 7,47 1·~9 - .02 
178o.5 5.25 5.07 + .18 1-------------11838.I o.58 o.70 I, + .'2 ! 1720.5 7.00 6.95 + .05 
18u.5 5.17 4.76 + .41 1840.1 !+ 1.45 x.36 + .09 rB4o.5 I 0 ·32 o.59 i + ·27 1730.5 6. 4• 6. 3o + .12 

.SJ9.8 4.42 4·97 - •55 i\41.5 1.24 I.40 - .16 tS41.3 I o.og 0 •55 I + ·46 17.;o.5 5.58 5.¢ + .02 

1828.5 5.28 5.32 - .04 18.;2.5 l.32 1.45 - .13 1845.5 ,- Q.65 - 0.35 f - .30 1750.5 4.92 4.67 + .25 

-s835.3 5.68 5.67 + .01 1845.5 I.48 r.52 - .04 1859·5 :+ 0 ·77 + o.J!i + ·41 1700.5 4.00 3.75 + .25 

18)6.5 5.92 5.74 + .18 i846.5 I.51 1.54 - .03 ' 871. 8 o.54 : 0 ·95 - ·41 1770.5 2.92 2.89 

1837.9 5.83 5.82 + .QI 1847.5 r.55 >.sfi - .ol ' 872 ·5 o.75 \ o.g8 - ·23 1780.5 2.o8 2.21 
r•·o.5 6 '7 5.~• + .rg r8•8.5 59 + • 1873.5 o.85 [I x.03 - .18 8 8 

+ .03 

- .13 
-t • ,... "!' I. I.57 .O... 1790.5 I. 31 I, 4 - .QZ 

•a.+.6 5.75 6.24 - ·+9 18<19·5 1.62 1.59 + .03 i88o.5 + I.64 I+ 1.33 i + ·3' 1800.5 r.92 1.79 + .13 

•8•s-1 6.•9 6.32 - .03 1850.5 1.64 .. 6. + .02 1----'-----'----'----1 1810.5 2.00 I 2.01 - .01 
:a;8._8.6 6,58 6,51 + .07 185t.5 1.68 r.66 t .02 DETROlT, MICH. 1820.5 2.-f.5 i :i.56

1
~ - .ti 

1855.6 7.os 7.01 + .04 •853.5 l.77 >.76 + .01 1830.5 3.00 I 3.20 - .20 

1872.5 8.46 8.29 + 0 17 1854.5 I.Bo 1.82 - .00 1810.5 - 2.80 - 3.lO + •JO 1840.5 3.83 3.891- ,00 

J878.5 + 8.6g + 8.73 - ·04 1855.5 z.87 I.BB - .or r822.5 3.22 2.82 - ·40 r850.5 r+ •·+•I+ .;.6o - .18 
l---"'---...:....---.:...---1 l856.5 I.94 1.95 - .Ol 1828.5 2,83 2,00 - .23 l---~--~--~---

ALBANY, N. Y. 1857.5 2.0l 2,02 - .OI 

1-------------1 zB,58.5 •·"7 2.oS - .oz 

dl18.6 

dlm5.3 
~8.6 

1830--5 

S·1S 
6.oo 

6.27 

+ 6.30 

+ 5.71 

5.74 
6.oB 

6.26 

+ 6.:.8 

+.02 
+ .OI 

-.o8 
+ .QI 

- .oS 

1859,5 2.u :a.:c4 - .02 

186o,5 2. 18 2.20 - ,02 

1861.5 2".Zf 11.25 - .CI 

xsfu.s ··'"' I •.29 - .03 
16~3.5 I+ 2.32 I+ 2.33 - .01 

1835.5 

1840.5 

1859.5 

1865. 5 

1872.4 

1.0I 

o.66 

o."8 

1873.4 0.29 0.22 

1876.4 '·- o.o8 - o.o6 

+ .13 PHILADELPHIA, PA. 

+ "'9 1-------,-----,..----1 

+ ·3' 17Q1.5 + 8.50

1

:+ 8.171 + .33 

- .01 :r710.5 8.50 8.oo + .50 

- .14 1750.5 ;.75 5.59 + .16 

- .07 1793.5 l .50 I 1 ·97 - •47 
- .02 18o2.5 + l.50 + 1.94 - ·44 
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TABLE IL-Continued. 

Year. , Obs'd 1Comp'd1 O-C. Year. I Obs'd IComp'd/ 0-C, I 0°bs'd lcomp'dl 0-C Year. I Obs'd IComp'dl 0-C Year. I 
dee. dee. dee. dee. dee. I dee. dee. dee. 

i 

PHJLADSLPHIA, PA. -Continued. WASHINGTON, D. C.-Continued· HAVANA, CUBA-Continued. N1tw ORLEANS\ LA.-Continued. 

I 0 
0 0 I 0 0 

0 I 0 I 0 I 0 
0 I 0 

0 

18o+-s '+ 2.08 + 1 ·97 + ,Il 2870.5 + •. 09 r+ 3"'7 - .18 2815.5 
1
- 7.o i- 6.42 - .58 1840.5 - 8.33 I- 8.:CO -0.23 

.s.,. 51 0.43 2.22 + .2! 187r.5 l 2.95 3.13 - .18 1816.6 I 5.5 I 6.40 + .90 1857.0 8,oo j 7.69 -0.31 

1837.5 3.87 3.49 + .38 i872.5 3.00 3.19 - .19 185p I 5.25 ! 5,,.

1 

_ .13 1858.3 7.86 7 ,59 -0.27 

•840.5 3.62 3.65 - .03 2873.5 3.00 3.25 - .25 1858.5 5.75 i 5.05 - .70 1870.5 7.xo I 7.02 -o.oB 

l84t. 7 3.90 3.72 ! + .18 1874. 5 3· II 3.30 - .19 1879.2 - 3.90 j- 4.13 + .23 1872.1 6.66 6.93 -j-o.27 

1846.4 3.85 3.971 - .12 1875.5 3.26 3.36 - .10 I I 188o.2 - 6.46 1- 6.47 +0.01. 

?855.7 4.53 4·49 + .04 1876.3 3.31 3.40 - .09 KINGSTON, JAMAICA. 

186o.6 5.00 4·921 + .08 2877 .5*1 3.66 3.47 + .19 VERA CRUZ, MEXICO. 

18,..8 5.46 5.66 - .20 1878.6 3'75 I 3·53 + ... - 6.o I_ 6.30 + 1732.2 .30 

- 2.25 i- 2.63 ?877.7 1+ 6.04 1+ 6.o6 - .02 1879.4 3.84 ' 3.58 + .06 
1791. 8 6.78 6.29 1727 .o + .38 - .49 

1880.31+ 3.91 [+ 3.62 + .29 :t8o6.o 6.5 5.86 - .64 1769.4 6.57 ' 6.61 + .04 

HAl.Jl!SBt:RG, PA. 1820. 5 4.8 5.32 + .52 1776.5 7.50 ! 7.21 - .29 

CAPH HEN RV 1 VA. 1822.5 4·9 5· 2 4 + •34 1815.5 10.62 I 9·•9 -1.33 

179,.6 - O.H - o.o:2 - .41 
1730.0 I+ •. o 

I r83:z.5 5.2 4.82 - .38 1819.3 9.27 . 9.36 + ·09 

?840.5 + 3.21 + 2.21 +1.00 3·93 + .07 1833.5 4·7 4.78 + .o8 2839.5 8.37 i 9.•8 + .91 

1843.5 2.58 .... +0.14 28og.5 .- o. 13 O.I.f - .27 1837. 8 4·59 + .29 2856.6 8.28 ' 8.64 + .36 
I 4·3 

1854.8 3.01 3.31 - .30 1832.5 I+ 0.75 0.42 + .33 2847.3 3.67 4.19 + .52 1861.0 8.33 I 8.40 + .07 

1857 .4 3.32 3.51 - '19 1856.71 1·'4-7 1.51 - .04 1857 .2 3.67 3·79 + .>2 iBSo.1 - 7.44 1- 7.04 - .40 

1861.0 3·5° 3·79 - 2874.9 I 2.66 2.62 + .04 1876.0 -· .65 I ' .29 - 3·19 ,_ 3.14 

186o.6 3.74 3.90 - .16 2879.4 i+ •·1s I+ •·90 - .15 MEXICO, MEXICO, 

1874.8 4.85 4.74 + .11 PANAMA, NRW GRANADA. 

1876.9 $·17 4.86 + .31 CHARL!t.~TON, S. C. 
176<).7 - 5.461- 5.94 + .48 

1877.7 + 4.89 + 4.91 - .02 1775.8 1- 7.82 ,_ 8.32 + .50 1775.5 -
'775 ·5 ,_ 3.So ,_ 4.84 +1.04 

6.70 ' 6.38 ·3• 

1784.1 5.25 4.88 -0.37 t790.8 7.82 8.04 + .22 l8o4.o 8.13 8.09 - .04 

SALTIMORB, MD. 1802.5 8.o 7.77 - .23 1849.5 8.50 8.72 + ... 2785.8 5·75 +.88 -0.87 

+ 5.771-
1825.0 3.75 3.72 - .03 1822.5 7.0 7·•5 + .25 :r850.5 8.59 8.70 + .u 

1679.0 + 5.25 .52 2837.5 2.<JO + 1837 .5 7.03 6.83 -.20 1856.9 8.77 8-54 - ·•3 2.99 "'9 
>683.5 6.25 

5.751 + 
.50 1840.5 2.73 .. ss + .15 1849.5 7.08 6.48 - .6o 1858.5 8.37 8.+9 + .1. 

1703. s 5.ua 5.27 - .15 2841.4 2.40 0.75 + -35 
1858.5 6.28 6.2 .. - .o .. 286o.5 8.50 8.43 - .07 

17'.IO· s 4.21 4.45 - .2.j 1847.8 2.25 2.35 + ,JO 1866.4 5·93 6.03 + .10 1862.5 8.46 8.36 - .10 

1729.2 4.<n 3·93 + ·"9 1849.3 '2.28 2.24 - .04 18H.o 1- 6.58 - 5.84 - ·74 1867.0 8.I5 8.19 + ·<>+ 
1754.5 2.28 !2.JI - .03 1868.5 - 8.17 1- 8.u - .o6 

•1s6.9 I, 

2874.4 0.97 0.70 - "7 
o.88 2.16 + .72 z880.1 !- 0 ... 3 :- o.f3 .oo RIO JANEIRO, RAZIL, 

1771.0 I I. I1 J: • .fI - .30 ACAPULCO, MltXJCO, 

17]6.x 1.75 :r.19 + .56 1768.5 !_ 1-51 I_ 7.47 
178o.5 

S.AVANNAH, GA. - .XO 

0.77 1.02 - .25 1787.51 6.20 I 6.31 + .Zl + 
1787.5 2817.5 I- 4.0 

I 
17-14.5 - 3.0 - 3.50 .50 

0.37 o.B:i - ·45 + -.66 ,_ 4.68 .68 1800.5 •·90 3.26 + .36 1791.3 7.73 7.07 
l8o8.5 0.21 o.66 - .45 

2839.0 I 4.18 - .12 2821.5 3.351 3.25 182~.5 8.67 8.61 - .c6 4.30 - .:ro 
184<>.7 2.27 i.76 + .51 1852.3 3.67 3.52 - .15 1830.5 :2. 17 :2.23 +.oo 1828.5 9,12 I 8.77 - •35 
1847.3 g,3J: 2.11 + .20 

l857.3 3.46 3.24 - ... I836.5 - 2.00 - l.50 - 2838.0 8.•9 1 8.93 + .64 .50 
1856.7 0.49 •·6\i - .20 

1874.a 1- 1.98 :_ ~.23 + .25 1857.5 :+ '·33 1+ 1.36 - 1866.5 8.371 8.66 + ·29 ·<>3 
1875.5 3.74 3·90 - .x6 + .05 2874.2 - 8.64 - 8.39 

I+ 4.18 
1866.0 1+ 2.70 1+ 0.65 - ·•5 

>877.8 + 4.04 + .14 + .07 KEY Wl!ST, l'LA. 2876.5 j+ +·43 1+ 4.36 

I SAN BLAS, MEXICO. 

WASHINGTON, D, C. :1829.1 - 6.42 - 6.50 +.oS MOBILE, ALA. 

1843.5 6.03 5.88 - • 15 1791·3 - 7.47 - 7.32 - .15 

17911.5 - 0.24 + O,OJ: - .25 ?849.6 s.+• s.s+ + .o6 2814.5 - 6.50 - 6.52 +.co 1822.0 8.67 8.65 - "'" 
11!o9.o + 0.87 0.14 + .73 186o.7 4.78 4.83 + .05 i835.5 7.20 1·<Y7 - .x3 1837. 5 8.8; 9.02 + .17 

184i.o 1.34 1.34 .CJQ l861.2 4.74 4.8o + .o6 2840.5 7.oB 7·09 +.<>t 1838.5 8.79 9.04 + ·•5 

.s .... o 1 ... 0 1.40 .oo 1862.7 +.67 +.69 + .02 i843 .5 6.93 7.oB + .zs 2839.5 9.00 9.05 + .05 

18ss.s •·40 ~.17 + .03 1863.5 4.01 4.64 + .03 1847 •• 1·0'J 7·05 - ·"" 18.1.5 9.20 9.o8 - .1 .. 

1856.6 a.36 a.a3 + "3 11164.5 4.57 4·57 .oo 1857.1 6.87 6.86 - .01 >87.j.1 - 9.14 - 8.95 - "9 

?857.• 2 • .fJ 2.28 + .13 1865.5 4.53 4.50 - .03 1875 •• - 6.12 -6.n - .01 

lll6o.7 •·« 2 ·49 - .05 1866.2 4.50 t·•S - ·05 MAGDA.LENA BAY, LOW&R CAL. 

186o.7 a.66 a.61 + .05 :1:879.2 - 3.s6 - 3·5• - ·"+ NEW ORLEANS, LA. 

186].6 •·70 2.66 +·04 1837.5 - 8.•7 - 8.68 + ·•· 
1866.8 •·74 2.85 - .u HA.\'ANA, CUBA, x7ao.51- 2.0 - J.31 +1.31 1839.5 9·•5 8.84 - ·4• 

•867.$ •• So •·89 - •<>9 1768.5 7.83 5·79 -a.Oof 1866.4 10.67 IO.SJ - .16 

1868.5 2.85 2.95 - .ro i7o6.5 1- 4.4 1-p7 - .13 1196.5 5.10 7.37 +-·•7 1871.3 n.oo xo.72 -."8 

186g.3 + a.88 + 3"'" - .12 1732·3 4,5 4.53 +.03 iSo6.5 1- 8.05 - 7·77 -o.a8 •873.3 -10.56 -zo.19 + ·"ll 

• Chango of sta.tion between 1876 and 1877, 
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TABLE IL-Continued. 

I Obs'd lcomp'dj 
Year. I I 0-C. l dee. [ dee. I

. Obs'd /comp' di y I Obs'd 'Comp' di y I Obs'd lcomp'd 0 C j 
Year. dee. I dee. 0-C. ear.

1 

d d !'0-C. ear. 1 - .
1 I ec. ee. dee. I dee. 

SAN DIEGO, CAL, SAN FRANCISCO, CAL.-Continued HONOLULU,. SANDWICH ISLANDS. SITKA, ALASKA-Continued. 

'I 0 folo!o lolo o l•lo 0 

1839.5 12.34 12.18 - .16 1866.5 i 16.42 l 16.29 - .13 1819.5 i 10.40 10.32 - .08 r874.3 I 28.99: 28.g6 -0.03 

1790.5 -a.o -ZI.01 + .Ol 18!'J.3 ,-15.48 ,-15.88 i + .40 i816.5 ,-10.951-10.30 - .65 1867.6 1-28.82 :-29.oS +o.:16 

1851.3 12.48 12.581 + ,IO t.871.9: :x6.39 11' 16.40 + .OI 1824.9 i 9.87 10.35 + .48 1876.1 l 28.34 I 28.91 +0.57 

1853.8 i2.53 12.67 i + .14 i:872.8 '. y6.43 16.41 - .oo 1827.51 1:0.43 xo.35 1 - .o8 r879.3' 28.qo ! 28.81 1-0.09 
1866.4 1 3 .16 13.og ! - .o7 1a73 .1 ! 16.p I 16 .. u + .CY.2 1836.s 10.is 1· 10. 3011 + .12 1sBo.4 -29 .oo 1-2s.7s -0.28 

I I I ! I 
1872.9 -13.32 -13.29 j - .03 1874.0 : 16.•s I 16.43 - .02 1837 . 5 10.33 10.28 - .os 1-------'----'----1 

1-----------11879.2 : 16.57 ' 16.50 - .07 1838.5 II 10.65 .! 10.27 - .38 UNALASKKA, A.LA.SKA. 

188o.9 1-x6.66 ,-r6.53 - .13 1840.5 9.28 1 10.25 + .97 i I I 
MONTEREY, CAL. ,I j ' 1790.4 1

1.-:ig. 59 -19.Q.4 - •55 
-------------:-----~-----I 1859.5 9.70: 9.8o + .Io t792.5 19.00 'i 19.10 + .IO 

I I 1871.5 9.6o 'I 9.32 - .28 
1791.7 -10.93 -n.53 + .6o CAPBDISAPPOINTMENT,WASH.TER I 1817.5 !. i:9.40 19.67 1 + .17 

i:872.5 9.30 9.281- .02 

1837.5 14.50 14.29 - .!.:!l l--------~--11:875.~-]~ 9.26 - 9.14 - .12 183i.5 19.50 19.79 + .29 
1795·5 12.37 II.76 - .6J: I827.6 t9.83 I' 19.77 : - .o6 

1839.5 14.22 14.40 + .18 1792.3 1-18.0 -t7.98 - .02 SITKA, ALASKA. 1849 5 1 20.00 I 19.&) ' - .JI 

1841.5 15.00 14.51 - ·'49 I 3 • • ' ----------1 t867.7 j :19.33 i - .• 6 8 9 5 I 19 18 19 70 + .52 i 19.79 1· 

8 6 t842.5 20.00 19.86 - .I.of. 1787.51-24.00 ,l-25.62 I +1.fu: 8 I 6 1' 

I 43·5 14.00 I{. '2 + .62 
8 8 

- .t
6 

I 70.5 
1 

19.75

1 

lQ.2 - •49 
1851.1 14.97 15.01 + .04 l 5i.5 I 20.54 20.3 t791.61 •7·71; 05.88 -1.Sg r873.5 I l9.o6 19.17 ! + .It 

i854.4 I x4.98 x5.17 + .19 1873.8 :-2x.61 1-21.67 + .o6 tSo.t.6 J 26.75 l 26.73 -0.02 r874.7: x8.71 l i9.t:3 !11 + ·4• 

1873.7 -15.92 
1
-15.91 - .01 -----• 18 18.5 I 2 7· 25 1 27.64 + 0 ·39 188o.6 -18.63 j-18.95 I + .32 

t824.5 27.501 28.00 +0.50 

KAILUA, SANDWICH ISLANDS. 1827.5 28.83 I 28.17 -o.66 PRTROPAVLOVSK, KAVTCHATKA.. 

SAN ll'RANCIScn, CAL. •--~--~1---,---1 1829 .9 28.31 I 28.29 -0.02 ·--~1---1---.1
--. 

1---,--~---i --• 1779·5 - 8.10 i- 7.77 - .33 1838.6 28.62 ! 28.69 +0.07 1779.5 ,i- 6.31 
1

,_ 6.27 - .Q,j 

1792.9 '-I2.8 I I I -10.92 + .12 179r.5 8.25 8.28 + .03 x842.6 28.54. 28.83 +0.29 1792.5 6.oo I 5.gS 1- .02 

1827.5 15.45 14.81 - .64 1793·3 7.78 8.34 + .56 1843,5128.90: 28.86 -0.04 lSo.+.7 5·+9 5.51 + ·"" 
1829.5 15.10 14.91 - .r9 r7g6.5 8.25 8.45 + .20 1844.5 28.95 ! 28.89 -o.o6 1827.6 4.07 4.01 I + .14 

1830.5 14.85 l4.g6 + .II 1819.5 9.83 I 8.91 - ·9' 1845.5 29.00: 28.92 -o.o8 1837.7 3.45 i 3.54 j + .og 

1837.5 15.x7 15.29 + .12 :i825.5 8.85 1 8.95 + .To "I8.17.7128.98: '28.97 -a.OT i:849.5 2.62 i 2.75 + .r3 

1839.5 15.33 15.38 + .05 l84r.5 8.831 8.88 + .05 1848.5 29.07 j 28.99 -o.o8 1854.5 3.67 i 2.43 -1.24 

::::: [-:::: /-:::~ ~ :: ::~::: -::: !- :::: ~ :;~ ::;;:; 1-::~ :-::: J ::::: ::~:~I- ::;; i- ::~; t :: 
To facilitate the comparison of the results at widely different localities there has been added 

to this paper the accompanying plate, headed "Secular change of the magnetic declination." It 
exhibits the observed and computed declinations for Paris, France, for New York, San Francisco, 
and for Sitka. The :first.named station bas been introduced for the special purpose of showing in 
a conspicuous manner the great regularity of the secular motion, and thus impressing the mind 
with the fact that the explanation of the secular change must ultimately be referred to forces of a 
periodic character acting for centuries with great regularity. So far no approach ha.a yet been 
ma.de towards the discovery of the cause of this motion. The diagrams also assist in connecting 
the phases of the secular change as exhibited for places in the United States with the correspond· 
ing phases of the motion in Western Europe and Eastern Asia. 

The following Table III shows for each station: (1) the number of observations used in the 
disoussion of the secular change, numbers in parentheses uncertain; (2) the apparent probable 
error, in minutes of arc, of one observation (including all sources of error, namely, those caused by 
imperfect value of the average declination due to variations of the needle, those caused by differ
ence of location of station, those arising from purely instrumental defects, and those due t.-0 imper· 
footion of formula); t3) the computed epoch of greatest easterly deftootion reached in the secular 
motion, i. e., the date when last reached or the dare (in parentheses) when it is next expected. to be 
in that position; (4) the amount, in degrees and fractions, and direction ( + west,-east) at this 
the, nearest stationary epoch; (5) (6) and (7) the computed. annual changes for the epochs 1870, 
1880, and 1885, expressed in minutes of arc, a + sign indicating north end of needle moving west
"'*1'd, a - sign north end moving eastward. 
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TABLE III. 

L H j LI li 11 ___ A_n_nua1 __ c_hang __ e_. ---1 

c.2 ~~ .. ~~·§.1 OS~ : 
] ~ f:: 6 .§ 1 ~ -5 ~ I § .!:P I In :r970, In %88o. In r885. 

Locality. 

8 dt:Cij'l-<Ob,Qj 0"0 I 

I z ~" ~ I ~ ~:a j ~ I ----------, 1--0 1-, -, -, 
37 ± 22 I 1580* i - 9.g' 

11

, - s.6 - 8.9 - 9.2 Paris ........................... ·· ·· ·· ·· ·· ·· · ·· · ··· ·· ··· · 
Halifax, Nova. Scotia ..................................... . 
Quebec, Canad.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......... .. 
Montreal, C..nada .............................................. · .... · -1 
York Factory, Hudson Bay .......................................... ) 

Portland, Me ............................................. .. 
Burlington, Vt ............................................ .. 
Rutl&nd, Vt .................................. , ............ . 
Port911louth, N. H . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . ........ . 

Newburyport, Mass......... .... ... .... .. . . . . . .. .. . . .. . .... ... I 
~=~.~-:.·: :: :: :: : : ':: :: : : : : : : : : : : : : '' ........ '.: ... ' .. ':::'.':'. · 1 

§:§.•••································· J ~ew Haven, Conn .••...•.................................... 
Albany, N. Y ................................................ . 
Oxford, N. Y ......... ,, .. , ..... c •.... , ...................... . 

Buffalo, N. Y ...................•............................. 

Toronto, Canad.... . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . .. . .. . . . . . . . . . . .. 
Erie, Pa ...................................... . 

~1:;::~i~hi~. :: :: :: :: :: ::: : :::· :::: :::: :: :: : : : : : :: : : :: : : :: : : : :: :: ::I 
Saint Louis, Mo .................................................... 

1

! 

New York, N. V ................................................ . 
Hatborough, Pa., .................................................... 

1 

Philadelphia, Pa ..................................................... . 
Harrisburg, Pa . . .. . . .. . . .. .. .. . . . . . . . . . . . . . . . . . . . . .. .. . .. . .. . . .. .. 
Baltimore, Md . . . . . .. . . . . .. ......................................... -, 

Washington, D. C ................................................... . 
Cape Henry, Va .................................................... .. 
Charleston, S. C . . . . . .. .. .. .. .. .. .. . . . . .. . . . . .. . . . . . . . . . ......... .. 
Savannah, Ga......... . . . . . . .. .. . . . . .. .. . . .. . . . . . . . . . . . . . . ......... . 
Key West. Fla .................................................... . 

Havana, Cuba • .. . .. • . .. . . . . . . . . .. . . . . . . . . . . • . .. . . . . . .............. . 
Kingston, 1 amalca .... , .............................................. . 

Panama, New Gr..nada ..................... _· .· .......... _ .· •· ..... · .... _· ......... · _· ... · _·.·I 
Rio Janeiro, Brazil ........................ .. 
Mobile, Ala ........................................................ . 

New Orleans, La .................................................. . 
Ven. Cruz, Mexico ................................................. .. 
Mexico, Mexico •... , ...................... . 
Acapulco, Mexico . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . ............. . 
San Blas, Mexico . . . . . .. .. • . . . . . . . .. . . . . .. . . . . . . . . . . . . . . .......... . 

Msgdalena Bay, Lower Cal ......................................... . 
San Diego, Cal • • • • • • . • .. • • • • . . • . • . • . .. .. . . . . ..................... . 
Monterey, CU ..................................................... . 
San Francisco, Cal .................................................. . 
Cape Disappointment, Wash. Ter .................................. .. 

Kailua, Sandwich Islands. • . . . . . . . . . . . . • . . . . . . . . . . . .. . .. . . ..•........ 
Honolulu, Sandwich Islands . . . . . . .................................. . 
Sitka, Alaska . . . • . • • • • . . • . • . • • • • • ................................... . 
UD&lashka, Alaska ..................................... , ............. . 
Petropavlovsk, Kamtcht.tka .••• , .................................... . 

37 

9 

13 

6 

6 

12 

I6 

I] 

13 

8 

38 
IO 

13 

(rS) 

15 

IO 

17 

II 

II 

9 

9 

IO 

9 
II 

7 

s 
6 

9 
16 

9 
ta 

•• 
II 

9 

30 1728 +I2.4 I, + •. s + 1.0 + o.s 
20 r8o9 +12.I Ill + 4.2 + r.6 + 0.5 
30 1816 + 7.6 + 5.I + 3.I + 2.8 

± :~ ~~~~ ; ;:: II :I~:~ : ~:: ! ::: 
16 r8o6 + 6.2 + 6.o + 5.6 + 5.3 
6 

13 

± 33 

u 

± 12 

6 

9 

± 2 

13 

13 

± '5 
6 

14 

IS 

17 

± 8 

II 

23 

I5 

3 

-± •6 

II 

± 20 

•5 
IO 

24 

8 

± I7 

6 
21 

12 

:I: 20 

17 
IS 

16 

16 

+ 7·511 + 4·4 + 7.0 + 3.9 

+ 6.2 + 5.0 

+ 6.6 + 3.4 1777 

1799 
t802 

1793 

1797 
r8o6 

+ 6.9 

+ 6.5 

+ 6.I 

+ 5.2 

+ 4·7 
+ 5.2 

+ 3.0 
+ 0.2 

18n - 0.5 

1790 
I8oo 

18oo 

1797 

1797 
l8oo 

I7QO 

l8o2 

- 2.0 

- 3.:i 

- 9·5 

+ +•o 
+ r.8 

+ I.9 
o.o 

+ o.6 

0,0 

+ O.I 

- +·9 
- 4.9 

- 6.8 

l8o1 - 6.s 
I762 - 6.7 

1739 - 8.6 

!···· .. ···· ......... . 
184x - 7.z 

1830 - s .• 
•S.7 - 9·4 
1836 - 8.8 

1845 

1846 

(1892) 

(•925) 

(1903) 

(tll!)O) 

(r932) 

1829 

18n 

•861 

1834 

x.771 

-11.1 

-14.2 

-r6.4 
-16.6 

-•3·5 

- 9.0 

-10.4 

-29 .. 

-_19.8 
- 6.3 

+ z.9 

+ 3.3 

+ 3.8 

+ 3.8 
+ 4.6 

+ +·3 
+ +·5 
+ 5.1 

+ +.B 
+ +·4 
+ 2.8 

+ 3·+ 
+ 3·4 

+ •·+ 
+ 4.6 

+ +·9 
++·I 
+ 3·9 

+ 3.5 

+ 3.8 

+ 3·5 
+ 3.6 

+ 4·3 

+ •·1 
+ 2.0 

+ I.5 

+ 9.7 

+ •. s 
+ 3.1 

+ +·• 
+ •. s 
+ 2.0 

+ I.O 

- 2.3 

- 1.9 

- 2.0 

- 1.0 

- 3·+ 

+ •·+ 
+ •.• 
+ :c.o 
+ 1.6 

+ 3·• 

+ 3.7 

+ 3.3 

+ +·• 
+ •·9 
+ 2.1 

+ 2.7 

+ 3.7 

+ 4•3 

+ 3·7 

+ 4.3 

+ 5.0 

+ 4.5 
+ 4.2 

+ o.5 
+ 3.0 

+ 3·• 

+ •·S 
+ +·5 
+ +·9 
+ 3·3 
+ 3.6 

+ 3·•· 
+ 3.7 

+ 3.0 

+ 3.5 

+ +·• 
+ •·7 
+ 1.6 

+ 1.4 

+10.3 

+ 3·-4 

+ 3·5 
+ +•9 

+ 3·<1 

+ •·7 
+ 1.6 

- "3 
- 1.7 
- 1.5 
- 0,5 

- 3.1 

+ •·9 

+ "·+ + •.• 
+ 1.9 

+ •·5 

+ 3·3 

+ •·9 

+ 3.5 

+ o.s 
-t x.8 

+ •·+ 

+ 5.6 

+ +·• 
+ 3·4 
+ +.o 
+ 4.8 

+ •.3 
+ 4,0 

+ •.• 
+ •.8 
+ 3.0 

+ a,6 

+- 5.3 
+ a.8 
+ 3.• 

+ 3.0 

+ 3.6 

+ •·7 
+ 3.3 

+ +·• 
+ •. 6 

-!- •·+ 
+ 1.3 
+10.7 

+ 3•7 

+ 3•7 

+ S·• 
+ 3.7 

+ 3·' 
+ 1.8 

- o.8 
- r.6 
- J.t 

- 0.3 

- •·7 
+ 3.2 
+ •. ~ 
+ •·5 
+ a.o 
+ •.• 

•The mulmum or westerly dlgreulon was reached in z813, amount + o,.O .9 nearly; hence, range between utr-, y,I> .8 aad llalf period, 
•33y-.ra. 
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The actual number of observations at Pro\'iLlence, R. I., and Hatborough, Pa., are uuknown, 
and probably are less than one.fourth of the values used in the discussion. The probable error;; 
given will serve to convey some idea of the relative value of each series of observations. The 
imperfections in the instrumental means and methods of the <ilder observations in many cases react 
unfavorably on the modern oUservations, which are made with more precise instruments and hy 
more refined methods. If we take, for instance, the observations of Hudson, made in 1609, in tlw 
ticiinity of New York, we find each fairly chargeable with a prollahle error of about:::!:: 4°. While 
these observations are very imperfect, those of Champlain of about the same period (1604 to J 612) 
are still cruder. These two navigators differ nearly 90 at the mouth of the Penobscot, Maine, and 
double this amount at Cape Cod. The observations made by Vancouver on our western coast, 
between 1792 and 1794, are subject to a prolJable uncertainty of :I: 10 (each). Increased precision 
was attaine(l with the improvement of the azimuth compass and b~· allowance for disturbiug 
effoct of the ship's iron, and, with respect to shore stations, greater accuracy was obtained by the 
introduction of the theodolite for determining the astronomical meridian. \Vith a portable rnag
nerometer and a collimator magnet, the instrumental means need not introduce a greater uncer· 
tainty than about one minute; but the actual probable error of any determination is dependent 
also on the accidental variations in the mean direction of the magnetic force from day t~ day, thus 
making it desirable and indispensable for precise work to continue the observations for three or mo1·e 
days and to correct the results for lliurnal variation. The amount of the probable error of the ob· 
served declination depends also on the intensity of the horizontal component of the magnetic force 
at the place, i.e., in general the smaller the horizontal fo1·ce the larger the apparent proliable error. 

To facilitate the use of the deduced annual change for bringing observations up to date, and 
for a more comprehensive general view of its distribution in sign and amount, the Yalues of the 
last column but one of Ta!Jle III were laid down on the accomp~uying chart nearing the tit.le 
"Annual change of the magnetic declination," to which a few results derived from other sources, 
and discussed by means of exponential functions, ham been added. It will be seen that tlle 
annual change has the positive sign for by far the greater part of the United States, a belt of' negati ''e 
sign lying along the western coast. Between these two areas there is a region of present little or 
no change, the outlines of which cannot now be cxactl,y defined, nor has it been found, as yet, prac
ticable to constnict a system of curves of equal annual change (such as was attempted for a limited 
area in Coast Survey Report for 1865, plate No. 28). The maximum amount of annual change, as 
charted, is in the vicinity of Lake Champlain, with an indication that it may l>e surpassed in Wis
consin. The pre8ent motion of the isogonic curves is southward along our Atlantic and Pacitie sea· 
boards, but slowly JJOrthward in the vicinity of Sitka, thus i)ointing to a region of no annual change 
between that }lla.ce and Vancouver'8 falall(l. There are also presented two agonic lines (or line8 of 
zero declination, the magnetic needle pointing due north), one for the e1loch 1790, when it and the 
system of isogonic lines in its neighborhood had reached nearly their extreme position to the north
east; the other for the epoch 1880; the space between them showing the shifting to the southwest 
of the first·named agonic line during the last 90 years. The agonic line is now in rapid motion to 
tlte south and west, carrying with it the system of otlier isogonic lines in its vicinity. 

A cursory examination of the column containing the eJlOch of the greatest easterly digression, 
a.t which time the dedecting force Jlfoducing the secular change had an easterly maximum, shows 
that in Western Europe (Paris) this phase of the secnla.r motion occurred about 1580; lint near 
the coast of the New England States the needle became stationary in direction and then reversed 
its previous angular motion at a v~ry much later epoch, viz, about or before 178(), Going westward 
or southward, this epoch was observed later, about 1800, in Indiana or Illinois, and ahont J 810 
in Fl-Orida. It oecurred as late as 1836 (about) in Mexico, and 1835 (about) in Mississippi. Tl1e 
needle baa not yet reached this state in Lower California and along the western coast south of 
Vancouver's Island. This stationary condition may be expected on our western coaHt Houth of 
the Columbia River toward the close of the present or early in the next century. 

We a.re thus directed to look to the extreme northeastern limit of the United States for pro liable 
indications of the magnetic change, which may be expected to follow and spread from the 8eaboanl 
westward and southward. Respecting this secular change the phases of the phenomenon on the 
coast of Maine and the coast of California are almost in opposition. At t.he time when the needle 

S. Ex.17-22 
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took up its westerly motion in our Northeastern States in the last quarter of the past century, it 
had but for a short time acquired its easterly motion in the States of the western coast. At pres
ent in Nova Scotia the motion appears to be approaching its westerly extreme, and in California 
it is tending toward its easterly extreme. 

If we fix now for a moment our attention to the oi1posite or western extreme of stationary con
dition, which happened at Paris· about 1813, or GS years ago, we find that at Saint John's, New
foundlaml, the needle had arrived at this phase about 1859, and at Halifax, Nova Scotia, we are led 
to expect it to occur shortly (about 1891). In the State of Maine, and further on to the west and 
south, this phase is expected to occur some time in the next centur;y. We thus see the progressive 
motion of the secular change from eastern to westem conntriPs, anll are enahled to take a more 
comprehensive view of the whole phenomenon. 

J,ooking over the numerical values of a in Table I, they would imply a secular-change cycle for
stations in the United States extending over or varying between the limits of about 2_20 and 360 
years; the numbers themseh·es are, however, yet very uncertain. 

On a third plate appended to this paper I have delineated the secular change of the agonic 
line of the North Atlantic, to illustrate the effect of the chang·e iu the declination in a man
ner quite diflerent from tabular numbers. It shows the position of this agonic line for the 
epochs 1500, 1600, 1700, 1800, also for 1880 and 1900. The earliest position is more or less conject
ural, and rests on the authority of Columbus for its place near the Middle Atlantic; we also know 
that it must have passed over a region near Paris, France, and not far from a region including tl;le 
Antilles. The position for 1600 is taken from Hansteen's work (1819) and may be considered as a 
rough approximation; it has been corrected by me near its western end. The position for 1700 is 
more reliable, since it depends on numerous observations collected by Halley; it is taken from bis 
chart. The positions for 18e() and 1880 require no further explanation. The position for l 900, 
though prospective, is quite certain. Upon the whole, the azimuthal motion of the isogonic system 
in the vicinity of the agouic line of the North Atlantic, and as represented hy this line, bas been, 
since 1600, in the direction of the hands of a watch. 

TABLE OF DECENNIAL VALUES OF THE MAGNETIC DECLINATION COMPUTED FROM PRECEDING 

EQUATIONS. 

Table IV has been constructed for the purpose of facilitating the reduction of observed decli
nations from one epoch to another, and for supplying the Coast Survey charts with the latest 
deducible declinations. These values will be found especially useful when old lines, originally 
run by compass needle, have to be retra<led at a later date, and they are also required for the con
struction of isogonic charts for a given e11och. 

Two places of decimals are given for all localities and dates for which the obset·vations wern 
considered reliable; one pla-ce of decimals indicates a less satisfactory result, and blanks indicate 
that no trustworthy results, or no results at all, could be bad. The table should not be extended 
eitlier hy interpolation or by extrapolation beyond its given limits except when supported by new 
eYidence or new observations. The declinations are given in degrees- and decimals of a degree, a 
+ sign indicating west and a - sign east declination. The epoch is the first day of the year given. 



 

No. 39 

tiO 
1 

30 

____________________ _fou~<;~!~ .f2rode'.f~!..~.~~.1:...2' __ Re.porl, llJJ~--

90° W,~,-~~----·~r-----·· __ 10 
I' ___ 6 ~~ --·- ·--··· 

•. S (~aBI ' 

'10 20 
-10° 1\ JO 

un ii r;eo I · I ' 
I arlile I' 

1
, ' <'fu· S11l'\'t'\' I · .. 
altn .,. 0 " S . • upt ·. 

j 

Clu111 of' lht• 

Secu/m•('ha11_qe lll the.1goriic 
of' tlte ,l\/rJl'th .·lllontir 

J,ine I 
I 

.!j(J 

ht'i':wcen l:iDO untl f.900 
f!v C..i.Schott, CS Coa.~i und tTeoddi.cS11rvey 

April, 1881 

I 

I 
I 

_.,#---- ,,_J 501'1 
Pttd8 I 

I 

R 

40 ~---·-----\----¥: ------+-----· -- --+---------- ---+-

I 
T 

.:;o ! •. o .30 

.. 

0 
'oO 

30 

20 

j/ ~.:. 
• ! •• ..--~-

• L..i Q_ ••• ·: 

QI S>.- ' 0/ '\~.·· I 
~ ! o"'_ .• •· 

I I : 
I ~~/ 

I i ,~.·· I' 

--G-+>P-V-o--/,- -/---- -- -

, · '°{¥ II 

I : "' t A I T LI A IN .T I I c 
I 

I :~ I 
·-.-~m~kfJ& I / '.~ I / 

4------- \ --·~, -. __'__ ..._. I i / j ~ ' Maa~~a Iu. / I 

+ e;,::\ -~~:~ t·-- ---~--1---tt·--·--t._ ·-----·----ft:amu;.1~/ 4-------:...-----
.,.~~· ~ .. .,.,1.,.{11--. :,--, 1~9~ 1 ··tf-··---·-f1 .... - ... ·- .. ··r.1 

:: •• '?o tP 
,e:;':, : ..,,_,,~J>.. t.' ~~ ,: IGomera. 

;· i t->~ ·, 7 / I 
"!.\ ' ., .: I 
~·. : I 

'~'\ I'-. ./ • 

---~-~------t:. ----- , ---~-i.L~~j:#J.~f. ,~ -+------- ___ L_ 
f· .... \,!~.l!.;< .. ~r..!!?.Q.<? ...... ,......7........... Jl

1 
/ ' I ea,,. :;m1.e us . . · I \. . // ... · ··"I- .,b. 1 ,__., , .. r I .. " .... a .. , ' . 

·<·' I I ·,., : 

I i . -·-i-- -- --·-1--~T~ 
-?...!!~&J--t---w'-1~1- -·\-- .- ...... : '\ I i \I 

[ I I \ I I \ 

-------1------------J _____________ ii______ .. ~ i t I '-, 

I 
'(' <~:-- ·.o-· ---~---------- ----- --- . 

.. ' I . \~-I . ~· . 
.__ _____ L l '. I ! '~ 

. ' ·--:"-'---''--~'--~-c-~-1-~-~_J 

' 
N 0 

--h---------110 

-10° 

. --~ 

:.io 

H1-----

0 

H0° W. Long. IHI 70 nu ~I) 1 (l 0 



 

l 
Year.I 

6.9 

8.1 

9.0 

9·7 

9.9 

9" - 9·7 

I6oo - 9.0 

7·9 
20 6.7 

3° 5.4 
40 4.0 

50 2.6 

6o t.o 

70 + o.8 

8o 2.9 

90 + 5.2 

1700 + 7.6 

10.0 

12.3 

30 14.:2 

40 15.S 

50 17.:;i: 

6o 18.5 

70 19. 7 

8o 20.8 

90 +•r.8 

18oo +22.5 

2z.9 

22.8 

30 22.3 

-40 21.3 

50 20.I 

6o 18.7 

70 17.3 

+13.0 

12.6 

12.5 

1:oi:.4 

12.5 

12.8 

13.2 

13.7 

14.3 

+15.0 

+15.8 

16.5 

17.3 

18.1 

18.7 

19·4 
19.9 

UNITED ST.A.TES COAST .AND GEODETIC SURVEY. 171 

.; .,, .. 
" .. 
u 

l 
0 

:2 

TABLE IV. 

:i: 

z 
-5 
" 0 

~ 
t: 
0 

ii.. 

" _. 
~ 

B 
" .. 
z 

-·· -------- ---·· ---- ---- ---- -------!--- ---

• I 

. . . . . . . I . 

. . . . . . ! 

9·5 

-!»2.5 8.9 

12.44 8.7 

+12.JJ + 8.4 

+1:.i.15 + 8.o 

12.o6 7·7 

12.23 7.7 

12.78 8.2 

13.70 9.3 

x4.83 to.7 

15.95 12.1 

16.82 13.r 

17.2 

14.8 

11.6 

7·9 

+ 4.0 

+ 0.1 

- 3.J 
6.1 

8.1 

9.0 

8.8 

7. 5 

5.3 

+ 8.1 

8.1 

8.2 

+ 8.5 

10.0 

10.6 

1i:.23 

u.82 

... , .. 

..... 

+ 7.1 

+ 7.4 + 6.6 

+ 7.9 

7.6 

+ 7·5 

+ 7.3 + 6.3 + 7.6 + 7.2 

7.23 6.23 7.8 7.6 

7·49 6.46 8.3 8.1 

8.14 6.93 8.88 8.7 

8.95 7.61 9·59 9·4 
9,66 8.~6 I0.37 JO, 17 

i: 

... ! 

i 
I rl::; 

8.1 

7.6 

7.I 

+ 9.8 

6.8 7.2 

6.6 I 7.0 

I 1' + 6.3 i 6.6 6.9 

+ 6.2 ·+ 6.72 + 6.9 

+ 6.3 I+ 6.98 + 7.1 
6.6 I 7.38 7.5 

7.2 7.88 8.o 

7.9 8.47 8.64 

8.8 9· u 9.33 

9.7 9.78 10.03 

... I 

+ 6.6 

6.5 

+ 6.6 

+ 6.8 

7» 

7.6g 

8.27 

8.90 

9.55 
12.35 10.26 9 .• p 11.16 10.92 10.7 10.43 10.67 10.20 

12.So. to.98 10.4I n.92 Jl,6 11.5 II.03 Il.21 I0.78 

8o +15.8 + 17·3' +13.8 +20 .5 +13.i3 +11.91 +11.38 +12.6o +12.2 +12.3 ;+n.56 +u.63 ·.+11.29 l 
_:~~-' _+_1s_._' __ +_20_. s_,__+_1_1. ~~~-· _· __ . 1 __ +_1_3 ._•_5_,___+_1_2_. •_J_-_1-_"_·_8_4-'--+-••_·_90-'------'--+_,_•_·_6-'1_+_•_1_. 1_s_,_+_1_1_._7s_I +_1_i._s_o 



 

172 

Year. 

REPORT OF THE SUPERINTENDENT OF THE 

.; 

" g 8 
8 ii 
i ~ 

I {l 
:;; ~ 

:i 
i 
0 

" 0 

TA HLE IV -Continued . 

,j 0 
"" :..: " :a ,,; " 0 .. .:! 

:i u .,, :;: 
0 2 ,; " p. "' "ii " ., ·;; 

"' ;: " ~ l:l 
::I {:; ~ " " a: w 0 

:..: ~ ~ 
0 i .d .. -"' i .. :a 
-~ " ~ 0 e 

"' 0 0 
.., 

...:i 3: .0 ~ 

til " " :a z :I: I>; I :::: z I 

l~--.0 -[-... =1~~.:-~-........ -... :::······~ .... ---....... -........ ~--~ ..... -........ -.. .. 
30 

<\O 

so 
6o 

70 

8o 

qo 

1700 

IO 

30 

70 

So 

<JO 

+ l0,4 

9.5 
8.9 

8.4 

7. 7 

6.9 

6.3 

6.12 

+ 6.24 

I 

i 
1: 

+ 6.14 

5·55 

+ 5,4 5.09 

+ 5·• + 4•79 

18oo + 6.37 + 5.16 + 4.67 

6.45 5.24 

6.731 5.46 

7.43 5.8o 

::: ! ::;; 
9.6s I 7.36 

]0,2I I 7.99 

J0.91 + 8.62 

I+ s.92 

8o ·1 + 
1885 .. 

4·74 

4.98 

5·39 

5·95 
6.6I 

7·35 
8.i:o 

+ 9.19 

+ 5.4 
5.81 

6.35 

7""' 
7,74 

8.49 
9.23 

+ 9.90 

... 11 

..... 

+ 3.01 + 0.25 

+ 2.g6 + 0.03 

3.10 

3.40 

3.87 

4.46 

5.14 

5.89 
6.b5 

+ 7.38 

-+ 7.73 

0,02 

0,22 

o.6o 

l,I6 

I .85 

2.64 

3.48 

+4·3• 

+ 4.73 

.... ······· 
i 
I 

"\""."" ., ... ······· . 

+ o.45 

- '"' 
- 0.33 - T.9 

+ o.S 

2.17 

2.66 

+ 3.62 

+ 3.88 

0.45 

o. 37 

- 0.10 

+ o.34 

0.92 

l.6o 

2.32 

+ 3.04 

+ 3.39 

1.7 

1.4 

1.o6 
o.6I 

..... 0,]2 

+ 0.38 

o.s, 
+ 1.31 

+ 1.51 

+8.8 
+8.8 

"' . ..... ······· +s.s 

::.:::]::::· 
8.o 

7.6 

7" 

3.18 

3.xt 

1.90 

2.55 

2.09 

1.56 

0.99 

- .o-41 

+ 0.13 

+ 0.37 

I.. 6.6 

:I 5.9 

5.2 

4,6 

4.4 

+•·•6 

-q.4 -4.27 

9.2 4·H 
8.9 4.88 

8.4 5,56 

7·95 6.31 

7·391 6.93 
6.83 7,40 

-6.zS i +1.81 

-6.o J +8.03 

+8.5 

+8.3 

+7·9 +B.9 
7.5 8.5 

7.0 7.7 
6.3 7,3 

5.6 6.6 

4.7 5.7 

3.8 4.6 

2.9 3,5 ... 2.6 

+t.8 +z.1 

2.03 2.tt 

2.53 2 ·5'1 
3.17 3.07 

3.86 3.63 

4.57 4.18 

5-29 4.76 

6,o 5.45 

+6.8 +6.26 

. ""' +6.70 



 

Year. 

40 

so 
6o 

70 

Bo 

go 

1700 

30 

40 . 

so I 

~1 
~1 

1
18: I 

I
I 20 

30 

40 

So 

6o 

--0.05 

+0.04 

o.35 

0.83 

1.45 

2.17 

2 ·94 

3.71 

4.43 

+5.os 

+5-JO 

UNITED STATES COAST AND GEODETIC SURVEY. 173 

TABLE IV -Continued. 

--~---.-------------------~--------------- -------· 
-~ ; :g I " 
m Z ai ~ ...J 

! Jl.J1!'1'i ---.. 1-1-. ----
::::\ .1 ...... . 

:i- r I , 

~ 
~ 

" :r: -0 ,-0 
.. 

·I 

--4.0 

~6.3 

- 6.2 

--6.5 

...... ·········· 

. . . . . . . . . . . . . 
+5-7 

5.8 

+s-7 

l +s-4 

: : :::: 1: . ·-i 5.0 ..... 
4. 5 +4·4 

3.9 3·9 .. ·:I: 3 2 I 3·4 
2.6 ... I. 

I 
2.0 .. "/. 
1.46 4.7 . . . . I . 
1.04 I· -·~o:~ 4.9 . ··· 1 

+o . .,U 4·9 ....... 

i 
I. 

J 3.3 2.0 

3.6 2.9 
I 4.1 3.9 ..... ! 

i 4-7 4.8 

I 
. 7.86 5.3 5.8 

• 8.4 7.3C) 5.9 6.7 

8 -3 I 6.81 6.5 7 ·'S 

8. I 6.13 . 7.0 -·8.2 

-6.1 

- 6.5 5.7 

+0.64 +o.o +0.3 -"4-7 ·/:··:. o.68 4.4 -4.g 

···7.8 5.33 ---5.8 - 7.52 - 8.7 

7.6 4·43 6.3 7.88 9.2 
o.8& n.-1 3.97 4 .8 -6.7 6.3 5.3 7.3 3.4t 6.73 8. u 9.4 

1.23 o.8 0.35 3.44 4.5 6.-18 6.1 4.9 7.04 i 2.30 6.99 8.18 9.4 

I.70 1.29 o.68- 2.84 4.14 6.o6 5.8 4-5 6.76 ! -- 1.o6 7·U9 8.m 9· 2 7 

2.27 i.85 T. J4 3.65 5.52 5 .• p 4 .l 6.-17 +0.28 7.01 7.88 8.95 

4.99 3.7 

4.54 3·3 

-4.09 -::;.o 

-3.9 

2.90 z.45 1.70 I .56 i 3.o8 4.88 

3.55 3.04 2.31 o.9s I 2.,.s 4.18 

+-1.17 +3.61 +2.94 -- o .. p I -1.i<J . 3·47 

+4·47 +J.87 +J.25 -0.17 i -1.6o -3.12 

ti.20 1.73 6.77 1.52 I 8.46 

5·9 3.2B 6.38 ..,.05 7.Bz 

-5.7 +•-961 
-5.86 I --0.~9 -7.05 

-I 5.83 j -5.561-{;.18 ---0.6 

' 



 

174 REPORT OF THE SUPERINTENDENT OF THE 

TABLE IV-Continued. 

---------------· ---- ---------------.-----; 

Year. 

I -1-
16oo , ... 

IO 

20 

30 
40 t• •••••••• 

50 

00 

70 

So 

90 

1700 

JO 

.JO 

40 

so 
6o 

70 

So 

90 

1800 

20 

30 

40 

50 

6o 

70 

8o 

1885 

-5.2 

6.o 

6.7 

-7.4 

-7.90 

s .. H 

8.64 

8.81 

8.83 

8.71 

8.44 

8.05 

-1-531 
-7.23 

0 >. 

" .. ... rr; ~ "' :::. .. u 
" ,;; "' 

... 
" ffi -;; ;;:: 
0 

" ~,..:; 

" "' ff> :::. 

! 

-3' I I 

:: ::::·::-!.: ..... 
6.3 I 

- 7.0 - 7.3 ...... .. 

- ;:: 1 ........ . 8 .. 

8.81 

8.95 

8.96 

S.81 

8.55 

..-8.2 

-7.9 

8.6 , .... " .. . 

8.87 1- 8.> 
9.o6 8.87 

9.15 9.59 

9.14 10.20 

Q.03 l 10.66 -8.81- lO.g8 

- 8.7 - II.I 

~ ~ u u 
0 >. .. 
" e 

Ci ~ = 0 

"' :::. rn 

'······ 

- II . ..f - 12.8 

- 12.0 - 13.3 

11.3 12.6 13.9 

u.6 13·3 14.42 

11.9 13·9 14.93 

12.20 14.44 15.40 

12.54 14·95 15.Bo 

1-z.SS •S·•· 1 
16,13 

13.20 15.79 16.37 

_ 13.50 _ 16.oS I ~ 16.52 

- 13.641- 16.19 i - 16.56 

I . . . . . . . . . . I 
.. , 

I 

. . . . . . . . . I . 

:::::::!:::: 

- 7.8 

- iS.o - 8.2 

- JS.1 - 8.6 

18.4 8.8 

18.7 8.9 

x9.2 9.0 

19.72 8.9 

:w.~:g 8.8 
:><>.SS 8.5 

2i.46 8.2 

- 22.00 - 7·7 

- 2:;1.26 - 7.5 

.. I··· .... 1 •......• 

:::r· 

...... .......... - 18.3 - 6.3 
- 25.2 18.7 6.26 

- 25.8 - 19.03 - 6.o6 

- 26.4 - 19.31 - 5.72 

- 10.4 27.1 19-.14 5.25 

10.4 27.73 19.70 4.69 
10.3 28.30 19 78 4.o6 
10.2 28.74 19 77 3.39 
10.0 29.02 19.68 2.7~ 

9.7 29.13 19.51- 2.oll 

9.4 29.05 19.27 1.51 

~ 9.0 - 28.79 - 18.97 -- ::r.03 

- 8.8 - 28.6 -18.8 I - 0.83 

Although the writer has made some attempts to investigate the secular change of the magnetic 
1lip,• and of the magnetio horizontal intensity,t neither of these subjects admits of such precision 
and range as could be given to the discussion of the declination, and for them in particular the use of 
a circular function in the place of an exponential function is as yet hopeless. The cause is sufficiently 
e\'ident; with us, reliable observations for dip hardly date back to the year 1700 on the western 
coast, while on the eastern coast there are but few observations earlier than the year 1833. Respect
ing recorded horizontal intensities, there are but a few determinations made in the United States 
prior to 1830, these and other early observations are, of course, only of a differential eharacter.f 

~See preliminary investigation in Coast Survey Report for 1866, Appendices Nos. 32 and 33. 
t See preliminary investigation in Coast Survey Report for 1861, Appendix No. 2'. 
t In 18331 Gauss showed how the magnetic force oonld be expressed in absolute mea.snre. In 1836, Profe88Qr Weber 

applie<l the principle to the small portable instruments, since in UBe; in 1838, he introduced the collimator magnet 
as proposed by Sir George B. Airy. For reference the English reader may oonsult vol. ii of R. Taylor's Scientific 
:Memoirs, London, lSU. 
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ArrENDJX No. 10. 

PHYSICAL HYDROGRAPHY OF THE GULF OF MAINE, HY JJENRY MITCHELL, ASSISTANT UNITED 
STATES COAST ANV GEODETW 8URVEY. 

BOSTON, Octoba 10, 1878. 
DEAR Sm: In accordance with your instructions, I have attempted a careful study of the 

data accumulated by the Uoast Survey in the approaches to the New Euglarnl coast, and tl1e 
following pages are offered as tlJe result, in 1mrt, of this study. Free to draw any inferences J'rom 
the data that seemed warrantable, I have venture<l upon some inductions, which, if they serve uo 
other purpose tJian stepping-stones to wider and firmer conclusions, will justify tllemseln's. 

GENERAL DESCIUPTTON. 

The great bend of the coast bPtween Nova Scotia and New E11gland, which includes the Bay 
of Fundy, Massachusetts Bay, &c., as subsidiary features, hftS recently recein•d the general 
designation Gulf of llfa:ine. (See Diagram A.) 

The seaward limit of this gulf is marked by a chain of shoals, forming, in effN·t, a submerged 
weir or barrier intersected by several channels which separate and distinguish shallow <listricts 
known as Nautucket Shoals, George's Bank, Brown Bank, and Seal Island Bank. The channels 
therusehes ban~ receirnd no distinctive names upon the chart and non(' arc known to be in general 
or 1111iform use. I haye therefore ado1ited the following as perhaps the most ordinary titles : 
Great South Cliannel, l;ying between Nantucket Shoals aml George's Ba.nk; Great Ea.~tern Cluomel, 
lying between tlrn aforesaid hank and Brown Bank; anll Northern Chnnnel, lying between Brown 
Bank and 8eal Island Bank. 

Of the two isolated banks, George's is distinguished from Brown as a danger to navigation, 
the former presenting several spots shallow enough to tetch up vessels of ordinary draught, while 
the latter has nowhere less than 30 fathoms by chart. 

After crossing the threshold and entering the gulf, the navigator finds himself" o:tr sound
ings,'' in the ordinary use of the phrase; for between the chain of shoals a.t the entrance aud the 
aproning of the coast within, a broad belt or basin of deep water is found. 'Vit.11 a little stretch of 
the imagination one may conceive of tlte Gulf of ,Maine as a bowl with a break in its rim. 

I shall use the word .<iill to designate specifically the line of least section along the chain of 
shoals from Nantucket to Cape Sable, because, as will presently be obvious, the words dam, weir, 
and bar, as we ordinarily use them, mean too much. I fi1ul the sill, then, lying 011 the arc ut' a 
circle of 167~ nautical miles radius, with nearly a quadrant of de\·elopment oonrnx toward the 
ocean. The length of this arc from Nantucket to Cape 8able is 259 nautical mile8, aml upon its 
site the mean depth is 43 fathoms, giving a section of 406,000,000 of square feet. Along the chor1l 
of this arc, i.e., in a straight line from Nantucket to Cape Sable, we firnl the distance 2:~5 mileR 
a.nd the average depth 76 fathoms, giving a section of 651,000,000 square feet, or ahout 50 pet· 
cent. more water way than is fouml over the sill. 

The whole area of the gulf within the sill is 36,000 square miles, in mund numberR, of whil'l1 
over 101000 square miles have depths exceeding 100 fathoms. The greatest de.pth in the westem 
portion of the gulf is 180 fathoms, about 46 mile.'l ea.'ltward from Cape Aun, and the greatest depth 
in the eastern portion of the gulf is 184 fathoms, about 67 miles sonthweRtward from Seal I:slaIHl 
light. The general average for the entire gulf, including all its navigable hays and angles, may 
be set down at 75 fathoms at lea.st. 

Were the level of the sea to fall 43 fathoms, i.e., to the present average lm'el of the sill, the 
gnlf would hardly lose one.third of its present area. It would still offer an expanse of 24,000 
square miles; but instead of 259 miles width of entrance there would be but 50 miles, divided by 
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Brown Bank int-0 two channels; in other words, the sill would emerge throughout some 200 miles 
of its whole development. There are indications of a state of things not unlike this, in ejf ect, as 
having once existed. No general subsidence need be assumed, but simply the long continuance of 
familiar agencies, to assist the imagination to the conception of the Gulf of Maine as once a nearly 
incloscd sea. The dash of the waves and the scour of currents may accomplish as much as this; 
for "nature doesn't lack time," says the proverb, and here there is uninterrupted exposure in one 
direction half way round the globe, and great tidal moyements.• 

The coast of Nova Scotia, especially in the neighborhood of Cape Sable, is ragged with the 
wrecks of islands and headlands, which the peoIJle of the province call "tlirums"-a wonl which 
is only proYincial in this happy application. Cape Cod and Nantucket are thrums, and haYe 
crumbled into the sea to a considerable extent within my own experience as an observer. Mr. H. 
L. Marimlin's comparison of the several plane-table surveys of the Chatham shore (page 106, Ooast 
Survey Report, 1873) shows that the beach at this place had fallen back 700 feet since 1847, and 
Mr: D. Koppmann, engineer of the Massachusetts Harbor Commission, is my authofity for the 
statement that "during the past year the crest of the glacial bluff on which the light-house stauds 
bas fallen back 46 feet before tile dash of the sea. In the same way the southeasteru portion of 
Nantucket Is1aml, which is a glacial deposit of considerable elevatiou, has been encroached npon 
to such au extent that the site of a row of houses existing at the time of my father's survey, in 
1838, at Siasconsett, is now beyond the breaker line, a1thougb a broad beach lies between the 
present cliff and the sea. 

On the Cape Sable shore, Chabert's surrny of 1750, compared with the receut survey of Cap
tain Shortlaud, ll. N., shows but little wear: the shores, strewn with rocks, resist the wear of the 
sea ou this side, so that the enlargement of the gulf is almost entirely to the westward, and is 
uot likely to be arrested by the uncovering of ledges till the meridian of 70° 30' is reached, which 
passes within a mile of the Plymouth shore. \Vhen this is accomplished, the entrance to the gulf 
will be increased about 26 nautical miles, or over 10 per cent. of the Jlresent width. 

St. George's Ba.uk, the sm11rnit of which is called George's Shoal, is probably a wasted island. 
It is coYered with pebbles and small stones, except in shallow portions and pot-holes, where the 
material ground down by the sea has accumulated .. This may fairly be inferred from the official 
report of Oaptain Hull and the chart of Lieutenant -Wilkes. 

Capt. Isaac HuU, U.S. N., made note, in 1815 (T), of the assertion of Cape Cod fishermen that 
"part of the shoal bas been seen quite dry, with gulls sitting upon it," and states that his own 
shoalest water was three feet after subtracting over seven feet for height of tide. There would 
1mem to be no rea8on why the Ra.ml8 should not heap up occasionally so as to emerge at Jow tide ; 
but the testimony is not direct, and I find much the same report mentioned with cfomredit iu Hol1-
ingsworth's Nova Scotia, printed in 1786. -

To what limiting depth the erosive action of waves extends bas never been determined. We 
hear of sunken vessels broken up during violent gales that had Jain previonsly in twenty fathoms; 
and Captain Tower, of the Boston Marine Society, is my authority for the statement that a diver 
of his, on the coast of Maine, having coiletl a chain about his waist for extra weight, ventured 
1lowu to the deck of a vessel twenty-three fathoms below the surfacet and there noticed that ropes 
were swaying to and fro, aud that the eud of his chain was whipped about by the passing swell. 
In the case before us the tidal currents have been introduced as working forces as soon as the waves 
have removed the dry laud; this has been noticed on the ea.stern shore of Nantucket particularly, 
where we find strong currents in localities only recently oocnpied by the sea; and in the great 
channels 011 either side of George's Bank the currents, although more feeble than those upon the 
shallow ground, have greater resultant power for the removal of material. There are strong flood 
and ebb streams over George's Bank, but these are nearly in equilibrio so that the shoal is no 
doubt maintained rather than reduced by their action. It was during the physical survey of New 
York Harbor in 1859 that it first occurred to me that I could treat the hourly current observations 
of a tidal day as simultaneous forces, where their in:fluence upon a sandy bottom was in question, 

•In a previous pa11er, entitled "Notes concerning tb6 all6ged chaugeti in the relativ6 elevatiODB of land and l!tla," 
6Vid6UC6 is produced to show that the shores of the Gulf of Maine have undergone no V6rtical change since the 
voyage of Champlain in 1606. 
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and ti.tis moue uf trt·atr11cut suun rcyealed the causes of ,-,Iioals of light sand iu the midst of strong 
tides. It will be seen, from the tables that I shall presently refer to, tLat the currents oYer George's, 
workecl up by eornpo.~itfon of forces, give but a small and doubtful resultaut. The summit of this 
shoal is a quicksand, llC\'er at rc1;t but BC\'Cr escaviug, and this condition of wixtable equilibrium 
must continue till the u11equal wear of the shores has materially altered the tidal fluxes. 

The narrowest section at the entrance to the gulf is found between Cape Cod (just hclow 
Highland Lights) a1ul :::le:il lflla11d, Norn Scotia, where the distance iR about 198 miles. Here the 
average depth is 90 fathoms (double the average depth upon the Sill), and the section is (l;J0,000,000 
square feet. 

As compared with the chord of the circular Sill, before described, the variatioll of de11th is 
found to be about iu the inverse ratio of the width, and the section, therefore, very nearly constant. 
The agreement between these two sections, as regards area, or the slight decline which is in about 
the right proportion to tidal volume, might, in the absence of other facts, seem to indicafo that the 
opening was the result of scour, in the same sense that we should speak of the section of au inlet 
through an alluvial coast; but when we come to the Sill and find the section more than 50 per 
cent. less, the semblance ceases. A bar at a river's mouth or at an inlet through the littoral cor
don, presents, in plan, somethiug very like what we have here, but not in elemtion, for the bar can
not have less section than the river or inlet itself, under ordinary circumstances. 

TIDES AND TIDAL CURRENTS. 

The soundings over this region of our coast approaches were completed a few JCan; ago, and 
made it possible to compute the area of entrance section and tl1e average rate at which the cur
rents should flow in order to fill and drain the great tides obsen-ed within. This computation did 
not enable us to determiue tlie directions of the currents, except in a general way, a11d left UR alto
gether in donut as to the distribution of velocities. It was evident that the rate could not be 
uniform for the whole width of the entrance, or the time of turning from ebb to flood everywhere 
the same, but whPther the current should flow more or less rapidly in deep than in shallow por
tions could not be foreseen. In rivers where the bed is alhwial, the thread of greatest velocity is 
coincident with the track of greatest depth, at least in straight sections; at the bars of tidal rivers 
and inlets the same is true, especial!~· if we consider both flood and ebb as joint agents; but in the 
case before us we had from popnlar report and from such obsen·ations as had heen made upon 
George's Shoal by Ilull, ·wilkes, and Howell, an intimation that the usual rules for bars would not 
apply, and this induced you to issue instructions to Master Robert Platt, of the Coast Sun·c;y 
schooner Drift, to make obserYations all along the line of least section. 

These current observations, made with faithfulness and skill, have widened our knowledge of 
the peculiar tides of this section of the country and induced this report, which is designed to bring 
into aceord and unite into one chain the various observations aml studies that have been made in 
this section since 1854. 

The tides of this region are peculiar in the respects that they present an abrupt departure 
from the general rule for tre tide on this side of the Atlantic and are accompanied by strong tidal 
currents which often sweep vessels, especially those under sail, out of their reckoning. These 
peculiarities have been long known among seafaring men in a general wa.y, but to Prof. A. D. 
Ba.che, our former Superintendent, belongis the credit of having first made them the subject of 
scientific inquiry, while it has remained for you to bring this inquiry to a practical focus by 
supplementing the coastwise observations of Professor Bache by others wide out at sea directly 
in the track of the mariner. 

There is a popular rule among our coasters and fisl1ermcn which runs thus: "To tlie ,wuthward 
of Na.ntucket southeast moon makes high ivater; to the 1wrthward of Nantucket south moon make.~ it." 

It would be nearly as correct to say, al01ig tlte oeeau frontage of the American coast, from the 
straits of Belle Isle to the strait& of Florida, southeast moon makes high water, except in the Gulf of 
Maine, where "south moon maku it:" for leaving out the stations between Cape Sahlt\ and Nan
tucket, it will be seen from the tide tables that the characteristic lunar interyaJ is seven and a half 
hours from York Point, Labrador, to Cape Canaveral, iI1 Flori(Ia.• 

•The Bermuda. all.d-Bahama. outer islands fall under this rule n~arly, whff~the Pla.centi;-cii~tM~t of N 0wfoumllan•l 
presents, albeit in less degree, the anomalies found on the western shore of Ca1m Sallie. 

S.Ex.17-23 
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The oltiections to this rule, from a critical point of view, arc oovium;. 'l'lwl'e i;,; iw ;,;ucl1 phc-
110uw11011 as southeast moon known to the almanac; aucl south moon, trnless the mng11etic meridian 
ii; used, occurs too latl·, except at the syzygies, to represent the aJlliroximate time of high water 
along the eastern shore of Massachusetts and upou the coast of l\lai11e. 

The cntra11ce to the Gulf of Maine is the scene of a transition, which ii-< practically tlie birth 
of a new and abnormal tide destined to become a monster in the lla.;v of Fundy. 

In redewing the early observations, some of whieh I had tlie honor to comlnct under the. 
snpcrintendcucy of l'rofossur Ilache, bis successor, Professor Peirce, ~mggcsted that we should try 
tlrn hypothesis of a node in discu;,;siug the observatious, aud this has proved a valuable hint as 
new data lnffe l>een procureu. 

Assuming that the existence of a node migllt be llne, in some degree at least, to tl1C configura
tion of the coast aud oeetlll lied, I haYe premised that the nodftl line is coincident with the arc 
of lPast sectiou or the Sill of the gulf. 

In the following table the times and heights of tbe tide are given at mnneroni,; pointH between 
mock Islaml, RI., and Halifax, Nova Scotia: 

TABLE I. 

Statfon. 
r-;~tabli•l·~I Ra~g~-r--

ment. · · 

I Hlock Jslan•.L..... •• • • •• . .. • • • . •• • • . .• .• . . . • . . • . . . . . VlI lJ 1·· 2. S ' ·- ----- . --- . 

I ~§:' ___ ---_ -:-_-- :--I ~{ I g :1'·""'"'·' ,. •. , , .. ,~,.,, 
I
! MGr

0
enaotmPooyin. t .... _ ............. · .· ._ ...... ·.· ...... · ..... · .· ._ ._ ·.·. ·.· .......• · .· •· •· •· ._ ... _ .1. XII J 3. 4 ! 

! Provincetown .•.•.••••.•....•.•...•..•...•••..•.•.• ; ~~ t I !: ~ I} Cape C0<l. 

I ::::~'.~'.·.t_::::::::::::::::::::::::::::::::::::::.! ~~: ::: . 
i Nortl1 Ilaven ........................................ 

1 
Xli-o 9.7 

1 

EntraucctoPenoLi;cof.Ifay. 

\ ~:!E~~'~:~~~:~:::::::::::::::::::::::::::::::_.J : ~H ~: ~ .Jlnay of :Fundy. 

I ~•sin of Mines .................................... ·I xrr I 40. 0 
11iarmouth ..•.•••.••.••............•..........•••... *X! !13.0 

' Clark'o Harbor (west side Cape Sable Jslan<l) ...... ·I vm l I 7. 6 { 
])onahl (east side of Cape Sable Island) ..•••..•..... I YIJI i I 5. 5 '5Capc Sable. 

Halifax ..•..•......•.•.•....•••.•••..•.....••..•.••. , *,~~l / ~:~I Des Earres-Atlantic Ncptu11<'. 1781. 

-!-

St.G--e-org_c_s.Shoal .•.•.............••.•..•...•.•.... _.!·,_.{_ ···:·X··~··i 7.5
1 Capt.Isaau1Iull,U.S.N.,l~2J. 

• 7. 0 I Capt. Chs. Wilkes, U.S. N., 1837. 
I _____ -----------

• Ylllgar establishment from British Tide Tables, &c. 

l'erlmps I can best introduce the details of the nodal phenomena (adopting I'rofesso1· Pcirce'l:l 
term) by refeni11g first to tlie practical inquiries connected with the pr~ject for the coustruction of 
the Cape Cod Canal, which was designed to connect Buzzards' Bay (visitetl by the ocean thlc) with 
Cape Cod Baj· (visited by the gulf tide). 

l<'ig. 3, Diab'Tam B, is a plotting of the tidal curves of August 14, 18HO, as actually observed 
at gauges separated u.y the seven miles of isthmus tha.t lie hetwee11 the two bays.t The t.irle of 
Oape Uod Bay, which is eharacforistie of the Gulf of Maine, has an average range of !).17 f(,-et, aud 
its high water follows the moon's transit at an inter\·al of llh 15111

, or precedes the 11ext transit u,y 
1 h 9m; while the tide of Buzzards' Bay, representing the tide of our southern coast, has an average 
range of 4.11 feet, aud follows the transit at an intern1.l of 711 52"', or precedes the next transit 4i. 32m. 

In tlle diagram offered here, a, large diurual inequality g"ives to the morning tide a r-.111ge 
below, and to tlle afternoon tide a range above the average. It presents very well, however, the 
variations of slope likely to occur in the canal. At 3i o'clock in the morning, for instance, Buz. 

t Report of the Aclviaory Council of the Joint Committee of tlie Massachusetts Legislature on a Ship Canal, 11rinted 
as an extra clocument by the Coast Survey. 
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zards' Bay was uearly 5 fot't ahove Uape Uod Bay, while six hours later a reverse slopP of some
thi11g o\·er G feet obtained. \\"p h:we no 1lifficnlty i11 concei\·inµ; of slopes like thesP in a canal, 
au<l as eaRily }H'P<lict the currents they would e11gemler under tlH• local action of gr:wity, bnt the 
more ditlicult c011c•.pptio11 to \Yhich we now turn is that of slopes in the open ocean, the ejfcct rather 
tlmn tlle cause of ltorizolltal 111oveme.nts. 

Upon JJiagr:uu U are plotterl tidm; olJRervf'd upou the outside of Nantucket Island Septernher 
24, 185.t. It will be obt'ervcd that the Smith's Point and Great Point tidal cmTes are small 
but near!~- symmetrical, an<l differ in time, like those at either end of the caual-onl.Y in grnat.er 
degre(', for here the~- are fonr or five hour" apart. 'l'hey represent, respectin~ly, tile ocPan awl 
gnlf tides ah110'4t u11affecteu hy each other. As we pass on to Siai'\conset a111l \Yewt'eder we ti111l 
the tides m nd1 red11ct>d and distorted, but still distinguishable as belonging to ditien•nt sy'4tt'111s. 
The cmTc.s irllich tlle plottt><l ti meil and heights reveal are still about four hours apart from centt'r 
to ceuter. 111 thh; short dii:;tauce from Siascouset to \Veweeder, less than 7 miles, we\ firnl differ
euce8 of lt>Y<·l of :1 foot autl a half or two feet. A slope of three incheR to the mile, which we lmn~ 
!Jere in the ope11 ocea11, is donblC\ as great ai:; t11at of the Mississippi River 400 mill's a hon; it" 
mouth i11 gre<lt floods. The surface of the ocean is warped, uot for a single instaut, a;< in tlm 
passage of wind waye, but for hours together. Its surface slowly tilts up aull down ou either 
side of a nodal li11e enw_y six hours. 

The i'at11e two tides make a node i11 the Vineyard Sound along a line wl1iclt rm18 nerosR from 
Falmouth to \Yest Chop. ilPre we find within lialf a mile titles of Reniral hours' variati011 of time, 
and occat'ionally (precisely on the node) we have four distinct high waters in a day, so nearly equal 
that one camiot Ray within four hom·R at what time it is high-water or low-water. The coaster 
arridng from tlrn Sonth wonld claim tlrnt the i;;well wbich occuri;; with the moou in the southeast i;; 
reall~' higll-watt>r, ,1-hile tlie "Dowueaster" would claim the swell occurring four hours later as tl1t• 
genniue tide. 

Upon Diagram B, Figs. 1 arnl 2, will be found simultaneously observed tides of N o-11mu':da1Hl, 
I<'almonth arnl M011omoy, tlie fir"t and last representing, respectin1ly, the ocean and gnlf tides, 
while Falmouth reprcse11tK th« nodal fluotnation betweeu them. Two sets are gh-eu to show how 
the two tidal s~·stcms affoct each other, aucl how the fluctuations at the node altematel~· hetray 
the Jlresencc of the g;re~r ti<le, first 011 one side then 011 the other. It is m'ident that the two 
elPmentary tides am no~uliject to the same law of i?wqualities, but this may be due largel_y to tlte 
obstructions tlte~· i.Yiclmtlly meet. The diurual and semi-diurnal tides, for i1rntauce, luwi11g 
different massPR arnl mm·ing at. different rates, would give rise to different effects due to obstruc
tion. I find in attempting to construct the tide near the node out of multiples of the other two 
superimposed that there i" always n residual, regularly recurring but not to be accounted for. The 
very fact that the cun·es of rise aud fall, as they near the node, lose their synm1etry show,; that 
each before merging- into the other has lost its primal elli11tical form, for no combination of elli11tical 
figures would destroy the symmetry of the resultant. As the point of ohservatiou recedes from 
tlie node, the tidal curve shows lei:;s and less trace of transition, although the distortion of figure 
may sometimes be traced as far as Monomoy in one direction, an<l Block Island in the other. 

Let us now turn from the phenomena exl1ibited at the western extremity of the nodal arc, and 
inquire wltat takes place at Cape Sable, to which this arc extends. In the table which follow" 
(No. 2), and its illustratirn diagram (D), the results of recent observations made by l\fr. E. H. Lin
coln and myself will be found. The ol~ject of our visit to Noya Scotia was to ascertai11 wltetl1t•r 
the point wbere the arc of least section runs upon the coast is the same at which the sltift of 
esta,blishment is initiated, and whether at this place the same warps of the ocean's snrface occur 
that we bad found at Nantucket. The inquiry involved much less difficulty tlrn11 was anticipated, 
because remarkably quiet weather had so stilled the sea that we were able to place g-auges in 
situations exposed to the ocean aud beyoml the suspicion of local inthieuces. A tisl1erma11, who 
had been cruising off tlw i'd'1pe the day previous to our occupation of the stations at Cape Sable 
Island, told us that he Jrn<l distinctly seen objects upon the bottom in 17 fatho111s of water, the 
surface of the sea was so uuruttled ! 
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TABLE 2. 

,I-· Lunar I Port I C t 1, . t Donal<l I' IlCha";k'
1
s. II Yarmouth, 

1
1 Mina• I! Nurth ' 

, bounu1fter I La Tour, ' ,a, om'' ruo Ihsin Haven, j 

I
I tr:u1sit. I N. s. 1.': N. s. Heu<l, N. S. N s ' N. s i N. s.' Me I " . . I I ! . i 

I
! i_ -E-e-.rt-. -,II Feet. Feet. 1-·F-e-et-. - Feet. --1-'ee-t.- - -;.e,-t,-· -------

0 00 -2.52 ! , , +2.79 ThelunaTbouracount 

I 

I o! i:::::::::::r:::::::::: ::·:::::::I ::~~ I ::: .. :::::r:.::·:·:::i +~:~: :;:mt~:e~t:~i~:! 
! 1 

...... (............ -3.20 4.08 ! ............ ! ........... , --0.82 ""' th<>se of North 
II 00 -2. 92 -3. 09 3. 05 3. 91 I -5. 38 I - 3. 30 ' 2. 34 Haven, Me, 

~ 2. 59 2. 73 2. 58 3. 68 I 6. 05 I 9. 41 I 3. 2lJ I The common tlatum 
III 00 2. 07 2. 20 2. 12 3. 18 i 6. 50 13. 22 I 4. 45 plane is mean levd. 

1 4-1 1. 55 1. 50 2. 56 6. 50 17. 9() ! 5. 00 
IV 00 

v 00 

~ . 
·n oo I 

t I 
VII o~ I 

VIII 00 ' 

IX ~I 
,1 

x oo I 
!f 

XI 00 i 

o o~ I 
I 

0. 79 

-0.23 

+0.56 

l.12 

1. 72 

2.12 

2.43 

2. 5() 

2.49 

2.15 

1. 74 

1. 40 

o. 82 

+0.27 

-0.45 

0.97 

I. 53 

• I 1.85 

I O~ ,. ... ~2-14 

0. 89 

-0.28 

+0.51 
1.11 

1. 78 

2. 2~ 

2. 57 

2. 71 

2. 71 

2. 36 

2. 00 

I. 55 

l.03 

+0.39 

-0.34 

I. 01 

I. 56 
1. 94 

-2.15 

0. 73 1.86 6.17 20.10 5.38 

-0.02 0.94 5.38 21.64 5.37 

+o. 11 -o. 04 

l. 33 +o. 98 

l. 80 1. 81 

2. 38 2. 53 

2. 61 3. 14 

2. 71 3. 45 

2.62 ! 3.55 
2.13 3.H 

I. 64 3. 13 

o. !19 2. 56 

+o. 40 1. 84 

-0. 15 +o. sa 
o. 84 -0. 05 
i. a2 1.10 

1. 74 1. 79 

1. 90 ~- 23 
2. 02 2. 63 

-1.97 -2. 70 

4. 33 ! 
2. 70 I 

-0. 91 

+0.96 

2. 57 

3. 91 

4. 77 

5. B6 

5. 72 

5. 76 

5. 37 

4. 80 

3. 74 

2. 30 

+o. 75 
--0. 85 
-2.3:". 

21. ;,9 
20. 51 

l'i. 90 

14. 48 

D.16 

- 3.02 

+ 3.18 

8. 92 

12. 98 

15. 84 
17. 81 

19. 01 

19. 13 

li. ~5 

15. 96 
12. 42 

+7. 64 

- 2.4!1 

5.10 

4. 45 

3. fi8 

2. 28 

--0. 75 

+ow 
2.12 

3. 23 

3. 94 

4.43 

4. 73 

4. 76 

4.44 

3. 97 

3. 09 
1.90 

+0.62 

--0. 70 
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N OTE.-TJ1c a hove obRerrntione are reduced to tho element• of the tide of :1tlt of J tmc, upon which <late the transit ooourred 

at 6h 57w a. m. North H:wen tiilnl Rtation has hc-Cn continuously occupie1l so as to furnish Himu1tanconH observations with 
each of tlIP othcrFI. Port La Tour nnd Cat Poiat wcr·•· occnpieil on tho 8th. Donald and Clark'R on tl1e 5th, Yarmouth on 
the 2d, nncl Minar; on the 17tlt • ~ . 

It will be seen at once, on inspecting the table, that the heights observeW-t Port La Tour and 
Cat Point, to tbe eastward of Cape Sable, are almost identical, or correspoud very nearly with 
Donald, 011 tlte east side of Cape Sahle Island; hut in passing the point of the cape a ''ery decided 
increase of range aucl a sharp change of lnnar interval present themselves. Simultaneous observa
tions made every 15 minutes at Donald, on the ea!'teru, and Cla1·k, on the western side of Cape 
Sable Island, show a change in the position of the tidal curve of 36 minutes from center to center. 
This shift of time, which is effected in less than 3z miles, measured coastwise, is greater than can 
lie found going eastward the whole length of Nova Scotia bordering upon the ocean. The curve 
for Donald, given npon our Diagram D, will answer pretty well for ernry salient upon the coast 
for 300 miles to the eastward-in the same way that the similar tide of Smith's Point, Nantucket, 
will answer for the southern shorns of Martha's VineyarLl and J,ong Island. 

The shift of time hetween Donald and Clark is 10 minutes to the mile, and the increase of 
range is 8 per cent. (compounding) to the mile. 'l'he new tide, rapidly evolving itself as it passes 
into the gulf, goes on shifting its time as it proceeds, but at a diminished rate. On reaching Seal 
Island it has fallen back 6 minutes to the mile, and increases its range 3 per cent. 

Beyond this, although it l>ecomes in the Bay of Fundy the higl1est tide in the world, it lOBeS 
only 1 minute to the mile, and acqnireH itH gTPat mnge gradually. It never again warps the 
ocean's surface to the extent that it does at tlle place of its hirth. · 

It will he seen from a little closer examination of the table (No. 2) that about the time of tra.nsit 
the ocean is level at Cape Sable, the heights being the same at Donald and Clark ; bat a half an 
hour later the warp amounts to 0.3, and goes on increasing tlll at the fourth hour the sea, which 
is nearly lm·el in the approach from the eastward, makes a dip of over a foot between these two 
stations. After this the slope declines till at the sixth hour level is again restored. Still later the 
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ocean tilts the other way, and the warp at the ninth hour amountfl to a foot and a half, returning 
again to a level at the next tranRit. 

The surface le-ml is restored at two periods 6 lunar hours apart at elevations of+ 1.81 feet, 
and-1. 76 feet respecth'ely as measured from the meau ocean level; but at the time of greatest 
warp the sea at Donald (where the break in the sea level first occurs) is at the ocean level or near 
it. Although the tidal curves are not distorted at the Cape Sable shifting point, they warp the 
ocean even more than at Nantucket. Three inches to the mile was stated as a fair maximum at 
Nantucket, but at Cape Sable it cannot be estimated at lesis than 5 inches, which is greater than 
the slope of the Mississippi River 1,000 miles from its mouth during floods. 

These slopes are greater than will be found at the entrance to any of our commercial harbors, 
but they do not give rise to currents of the same order as those excited by the s!Opes in our harbor 
channels. Iu the entrances to our smaller J1arbors ~md iulets, we observe that flood current begins 
as soon as the surface of the ocean rises above that of the basin within, and ebb current begins 
under the reverse relations of surfaces, these movements being due to the direct local action of 
gramity. But in the ocean the horizontal motion is independent of the slope in the surface. 
Indeed, it is the slope which is dependent upon the pushing in or withdrawal of the water; as a 
matter of fact, both flood and ebb are running up hill at opposite ends of their courses, ant! there 
exchange names. 

Lunar 
hours. 

0 

t 
I 

t 
II 

t 
III 

t 
IV 

t 
v 

t 
VI 

t 
VII 

t 
VIII 

t 
IX 

t 
x 

t 
XI 

t 

TABLE 3. 

----------·-- ----~-------·--- ------ -~---- - "-------~-----------··-----

I STATION ;,, ,Jt:LY, 1877. 
Velocity. I Azimuth. 

·1 __ 

Knots.1
1 

1. 45 288 
1. 55 316 

i. 6:1 I :120 
1. 75 340 
1. 73 353 
1. 60 361 
1. r,s 8 

1. 65 14 
1.(;3 28 
1. 28 34 

E 
1.05 44 
1. 00 77 :n 
1. 03 108 
1.10 128 
1.75 u;o 
1. 75 160 
1. 65 169 
1. 00 181 
1. 45 212 

1. 25 i 214 i 
"'..-0.98 219 

0.98 23fJ 
0.98 257 
1. 25 274 

s 
- ------- --- "' 

NoTE.-Thi~ table is made from tl1e actnal observations of July 16 and 17, grouped according ro lunar honl'!! after 
transit, each hour being one-twelfth of the period e!apRed bctm.•AJn one transit and the next. 

I confess to a very great surprise many years ago, wheu I couducte<l the tidal and current 
observations of the Vineyard Sound, to find that the horizontal motion was about as often opposed 
to the direction of the slope as in accord. Off West Cho1l, at the junction of Nantucket and Vine-
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yard Sounds, it tnrued out that t.he currents were most rapid near the time of restoration of level 
between tlw two 80llrnls, an<l slack-water occurn•d near the time of gTeatest differeuce of lcn~l. 
Over the great llO(l~tl arc, at the entrance to the Gulf of Maine, to wllicl! I have called your atteu
tion, the saml' appears to be true; the currents are most active when tlw sea is nearly level, and 
tltc water ii; runniug up hill for three hours of each tide. Slack-water ocem·s when the ocean is 
lying at or near its greatest slopt"-as when om~ swings a pendulum tl!e p;reatest velocity is attained 
when tlte path of tl!e boll is horizontal, and this bob comes to rest at the rnomeut when at its highest 
poiut. 

In Captain Platt'R instructio1l8, the geographical positions he was required to occupy were 
stated, and these were :,;o nearly attained t1rnt liis eight stations between Nantneket an<l Ca1w 
Srthle fell Yers near the <lt•:,;imble points in the arc of least section as we ha•e finally th:_awn it. 
There i" coJJsi1lerahk tlitforence of merit among hi:s ohi;ervatious, because of varying weather, an<l 
tl1e Tal>lc 5, compiled from his work at station 5, on the eastern slope of George'R Bank: is 11ot 
o1fored as an anrage s1wcimeu, but as an ill11stratio11 of the varying courses and velocities of the 
current under tlw bl'St circmn8tances. 

'l'lie cune11tR. prove to be simply tidal, there being no indication of any constant stream. 
Takiug thP whole 8el'ies together, it appe£trs proba,ble that ebb aud flood currents are exactl;y 
ec1m1l, altltongh in applyiug factors deri\'Cd from comparative ranges of the ti<le, to corTect tlw 
Yelocities of different da.rs or half da;ys, an cqualit;y of the outflows and inflows is not actuall;y 
reached. 

By plotting the rise at North IlaYcn for every half l10ur, with the Yelocity olmerved at. tlw 
station of thC' 8am<· tlate, arnl 1fotermining the tlifference iu time of the centers of the two curves, 
it has been pm;sible to make use of every oliserYation in determining the epochs of the current. 
In the following table (No. 4) these difte.renccs of time are furnished together with tlic cm1seqnent 
establishments given by appl~'i11g these differences to the means of the whole tidaJ series at North 
Ilaven. 

0 ...................... 
:L.----·--·-·······--·-·-. 
4 •••• -·. ··- •• ·----· •••••• ! 

5 ..•.•• ···-·· -----· ..•••. : 

, 7 .... -· ···-·· ··-··· ..•. -·'r 
8 •.•.•• •••••• .••••• - .•.•. ; 

i Uowf•ll '~ Statio11, 1872 . I 
1------
1 Groups. 

TADLE 4. 
---------1~--- - ----~--------

) J)ifforcnr.n I Current turns aft-Or moon'R tran~it. ! 
1 of tirne / _ _ __ I -- ---, of tidP.- and , --- - . ---- i 

Pmdtion. 

) Longitude. current. / From flood to ehb. From ehh to floo(l. / 

-----------; -------\ ---------·'1-------------- I 

Latitulle. 

41 10 68 
41 201 68 

41 31 67 

41 361 67 

Gl G6! 66 

42 24i 6G 

4'.! 50 55 

43 04 65 

41 38 67 

o>b 
23 

52! 
24 

38 

08 

56! 
40.i 

43! 

I 

+ 
+ 

+ 

--
--

+ 

m 
52 

32 
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23 

28 

10 
24 

34 

I Tlie "Difference of time I 
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i the difference of tinw i 
I of the centers of the I 
I plott<Jd curve•. I 

I
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IV 

I 
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IV 
XLIX 

I 
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VII1
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andXVIlhXVIIJ"'(or ! 
IV• LIVw) for lnw wa- i 
ter, but, t1w local time J 

of each f:ltatifln is iwe..

1

' 

served. 

-------
IV xxxv 17 an<l 8 ...... ··········-·,Northern Chnnnol ...... 

1 
. ---~~-----~--=-LV-~1-~--

Comparing this table (No. 4) with No. 1, it will be seen that the current runs into the gulf, 
over our great arc, until bigl1 water l1as occurred in every part of the basin. There are differences 
of time both among the tidal and the current stations, but these cannot be, in the main, attributed 
to 1lcla;y in tl1e transmission. The oce.an at our arc is in motion from surface to bottom, antl in the 
communication of this impulse through the deep gulf there is {and should be, I submit) no sensible 
loss of time. The wbole scheme of cotidal liues devised for this section by Professor Bache, after 
the plan of Dr. Whewcll, is open to the objection that the loss of time is too great at the shifting 
places for any possible effect of friction. It now appears that an impulse observe<l at one of our 
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current stations on our nodal arc is almost iu1111ediately followe1l hy a Yertieal d1a11ge upon the 
mm;t distant sl1ore, as if the horizontal motion were the .fi1rce aml the Ye1tical titl(· the i11111wdiate 
mechanfoal e.fj'eet producNl through an inelastic medium. The current ol1sene<l is a proximate 
cause of the lift of water beyond, but only in the sense that an iutermediate wlieel i11 a trni11 is 
the cause of motion beyond. Of course it is not denied that the horizontal motion is the dkd of 
graYity in that wider scuse that includes a wider region of unexplored ocean. 

lu Table No. 5, which follows, specimens of the tides at the wc;.;tem t•xtrcmity of our 11udal 
arc are furnished, while in Table No. u a generalization for characteristic stations iu tlie gulf is 
attemptetl. 

Lmiar 
hours after 

transit. 

0 00 

00 

11 00 

t 
ITT 00 

IV 00 

y 00 

! 
VI 00 

! 
VII 00 

Yill 00 

• IX 00 

t 
x 00 

~ 
XI 00 

! 
0 00 

l! 
I 00 

II 00 

III 00 

! 
IV 00 

\' 00 

i 
YI 00 

• 
I Vll 00 

I VIII 00 

I
i 

IX 00 

I ' x 00 

I XI o~ 

TABLE 5. 

September 24, 1854. August 2;J au<l 2G, 1854. 

Ordinates I 
for 8mitlt's \ 

Point. I 

Ordinates 
for 

Weweeder. 
_____ I ____ _ 

Ordi1w.tes Ordiuatt>1' 
for Siascon- , for Smith's 

sl't. Poiut. 

Feet. Feet. 

()rdimitcs 
for ~iURCOll· 

set. 

Feet. 

OrdmateN 
fur Grt·at 

l'oint. 

Feet. Feet. 
- 0. 92 

Feet. 
-0.85 ....................................................... 1 

1. 26 

l. 34 

1.44 

1. 40 

1. 22 

1. 00 

0. 80 

0. 50 

0. 90 

0.95 

0. 99 
o. 95 

0. 88 

o. 69 

--··········· ·············· ·--··········· ····-···-·····i 

--0. 12 

+o.4o 
1. 01 

1. 28 

1. 38 

1. 43 

l. 37 

1. 25 

1. 05 

o. 55 

+0.22 
- -0. 03 

0.25 
o. 50 

o. 75 

1. 00 

1.15 

1. 33 

1. 40 

1. 31 

!. 06 

0. 80 

0. 50 

-0.21 

-+ 0.15 

0. 40 

+o. 78 

o. 52 

0. 32 

-0.14 

+o. 05 

0. 25 

o. 57 

1. 01 

1. 12 

1.11 

1. 00 

0.72 

o. 50 

0. 27 

0.18 

+o. os 
o. 02 

0.13 
o. 35 

o. 62 

o. 80 
1. 00 

l. 06 

0. 96 

0. 75 

0. 58 

o. 28 

-0.06 

+o. 23 
0. 52 

-0.;';l 

0. 72 

0. 90 

1. OU 

1. 27 

l. 21 

1.10 

1. 00 

0. 78 

0. 69 

o. 57 

0. 32 

- 0.10 

+o.66 
o. 98 

l. 20 

1. 26 

1.15 

1. 20 

l. 00 

+0.23 

o. 00 

-0.14 

o. 30 

0. 47 

0. 6:l 

o. ao 
1. 20 

J.1:1 

I. 08 

o. 73 l. 05 

0. 90 !. 04 : 
II 0. 98 o. 94 

0. 92 o. 63 Ii 

i ·· -- ····· 0.77 I 0.29 

1 
............ 1 o.62 I o.09 

:::.: ::::::: ::1.:::~~·:~~::::\::::~~·:~~: ::: I 
I::::::::::::: :::::::::::: :r::::: :::: :::/ 
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1.11 

1. 2:! 

l. 08 

0.88 

u. 59 

+0.28 

-0.07 

u. 33 

O.Cl 

0. 87 

I. 06 

1. 24 

l. 41 

l. 46 

1. 28 

l. 07 

0. 89 

o. 69 
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o. ~7 
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+o.3o 
0. 08 

0. R9 

1. ll 

1.:.-!6 

l. 23 

J. 08 

o. 87 

0. 60 

0. 37 

+0.10 
-0.18 

-0.47 
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TABLE 5-Couiiuueu. 

----~·-~---------------------~ 

I ... unar 
boursaft.e.r 

transit. 

Septem_b_er_24_, _ie_M_. ____ , Aul(Ust 25 and !!ti, 1854. 
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for Smith's ' 
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for 
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Ordinates I Ordinates 
for Siascon- ' for Smith's 
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for Siascon· ' for Great · 

set. 
1 

Point. ! fK'it, I Point. 

1--~ ----- -~----·---- ____ 1 i 1------1 
i 
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00 

t 
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! 
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!: 
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0 00 

I I 
! Feet. '1 Feet. Feet. 
1 ••••••••••••.. 1 •••••••••••••• -----·--·····-

I . 1 

I::::::.:::::: :1:::::::::: :: : ::: : : : : ::::::::: 
I I 

t• ::····· •• ····I··~· ········•:1• ::•••• .. ::••: 

:::::::::::::1:::::::::::::1:::::::::::::: 

l
··············\········-·····1·······-···---.................................................... 
··········---· ............................. . 

c::::: :: : : :: :::::::: :: :: :: 11 :::::: :: : : : : ::, 

i···········-··1··········-··- ·············-1 
1·············· ·············-1·············· 
/:::::::::::::: :::::::::::::: ::::::::::::::/ 

1······· ·······1····•;• ••••••• ,.;.;;;····· ·•·1 
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1. 20 

1. 41 

1. 55 
1.42 

1. 03 

u. 68 

o. 32 

-0.05 

+0.15 
+6.33 

0.62 
0.84 

1. 08 

1.22 
1.43 

1. 62 

1.63 
1.49 

1.17 

o. 77 

+0.20 
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0.38 

0.63 

0.86 

1.10 

1.23 
1.12 

0.99 
0.82 

0.50 

-0.03 

+0.37 

0. 70 
1.03 

1.35 

1.22 
1.08 

0.87 
0.62 
1>.39 

+0.10 

-0.06 

Feet. , Feet. I 

::::::~:::::::/ +~:~ 

-0.48 

0.61' 

0.82 

0. 95 

1.0-0 
0.88 

0.68 

0.52 
0.42 
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-0.08 

+0.10 

0.33 

0.87 
1. 08 

1.13 
1. 00 

0. 55 

0.38 
0.32 

+0.20 

-0.10 
-0.31 
-0.50 

-0.68 

-0.88 

-1.04 

/ ............. . 

1-·······--···· 
1:::::::::::::: 

1.51 
1.47 

1.04 
o. 6() 

+0.02 

-0.40 
0.85 

1.11 

1. 38 

1.50 

1.46 

1. 30 

1.00 

o. 72 

0.44 
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+o.04 
0. 32 

o. 6() 

0.90 
1.15 
1.40 

1. 51 

1. 52 

l.2i 

1.05 
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0.40 

+0.10 
-0.3.'i 

0. 70 

1.02 
1.23 

1.38 

1. 27 

1.12 
0.88 

0. 60 

0. 39 

-0.02 
+0.31 

o. 61 
0. 84 
J.10 

1.38 
1. 65 

1. 77 
+1.78 

In the oompllation of this table the ootnal observation• are llrat plotted on prollle paper, aa in Diagram C. and then th.- ordinate8 for even 
lunar holll"ll and half hours taken out. The datum plane is mean sea-level, the time local. 
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TABLE 6. 
----~---------------------------------·-· 

I I Height of tide above and below ocean level. 

1 Lunar I . . I 
I lionrs ";ft.er ! Smith's 1 h i . . i Donald 
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1------1 i·- I I ,------ I 
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j ~ 0. 9o 1. 85 + 1. 2 2. 67 i sion at Nantucket. 
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4.82 
4. 48 
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1. 85 
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4.82 

+4.48 

- 3.9 

8. 8 

13. 4 

16. 6 
18. 8 

19. 9 
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18. 0 

15. 0 

11. 2 
6. 4 

- 1.2 
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8. 8 

13. 4 
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2'.39 

I. 95 

-1.37 

+o. 71 

0. 00 

o. 71 

1.37 

1. 95 

2.39 

2.67 

2. 75 

2. 67 
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1. 9; 

1.37 

0.71 

+o.oo 
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.At Vh Lw and XJL Lm the i 

~rreatest disturbance of i, 

level occurs. 

N OTE.-The aboT'c arc generalized forms of tidal curves for the stations rncnti01u~d. 
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\Vith the help of the foregoiug tables, it is now proposed to describe the phenomena hour h~· 
hour, presuming that the agTeement in the testimon~· gives tl1e results for certain hours a degree 
of certainty, while the disagreements do not indicate errors of obser\'"ation so much as the impoR
sibility of reducing oh~rvatiom; of different dates to the same terms. The ltoman 11umeml1' will 
be used to indicate lunar hours after transit, and comments upon thPm will cover the halt' honr 
before and after each hour, and point out the distinctive feature8. In mder to conshlcr first the 
direct action of the flood stream, we shall begin our descriptions with the eighth hour after the 
transit of the moon when the gulf is nearly level, and when the ocean's surface is at the same 
height as that of the gnlt: 

VJ1111• This hour of general restoration of level corresponds nearly with that of g-retttcst 
horizontal movement across the 11odal arc. At all our stations the strength of the flood current 
now prevails, and a great mass of water is being pushed into the gulf through the deep channels 
and over the shoals. 

lXh, The effect of the great influx, which has scarcely abated, is observable in the rapid rise 
along the coast of Maine and in the Bay of Fundy, while at and beyoud tlic nodal arc thP ticlfl of 
the ocean is falling. 'l'he dip of tlrn entire Gulf iR seaward exce11t in the immediate neighborhood 
of Nantucket. Tile greatest slope is at Cape Sable, where it is 5 inches to the mile, althoug·h 
the general slope from the shore of Maine to the nodal arc is only 0.15 of an inch to the mile· 
This slope is very remarkably sustained, as we shall see, and it is difficult to conceirn of a curre11t 
steallily moving up hill, except we give it priority and make it the cause of the slope. 

Xh, The conditions continue much the same as at IX11• The Minas Basin is the highest place, 
and Nantucket the lowest, while North Haven, the intermediate station, ha8 an iuterrnediate 
height; but still the current runs up the great eastern and northern channels, althuug-h His falling 
off in strength and a reaction is foreshadowed.. The slope at Cape Sable is ~ inches t-0 the mile, 
as we approach Yarmouth 11:, while in the Bay of Fundy it is leRB than 1 ineh to the mile. At 
the other end of the nodal arc the slope at Nantucket is Ii inches to the mile. From these slopes 

S. Ex. 17--24 
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• 
it would appear that the birth of the new tide is attended by a remarkable warp of the ocean at 
the node. There is probably no parallel instance in the rest of the ocean world. 

Xlh, The Gulf of .Maine lies at its greatest elevation. It is high tide along the entire shore of 
Maine and in the Bay of Fundy. The reaction takes place and the current along the nodal arc 
reverses. The slope from the Minas Basin to the ocean reaches 20 feet, which, following the line 
of greatest depth, represents 1 inch to the mile; but at Cape Sable we have still l~ inches, and 
at Nantucket over 2 inches to the mile. 

It may ~e concluded, then, that slack current occurs at the time when the final lift of the gulf 
has been accomplished. 

Oh, As the moo11 crosses the meridian of North Haven the entire Gulf is falling, from the head 
of the Bay of Fundy, where the water stands at an elevation of 1G to 20 feet above the mean level 
of the ocean, to the nodal arc, where the surface is 1 foot below the mean level (at Nantucket), or 2 
feet below at Cape Sable. The dip of the surface of the gulf is great and everywhere seaward, 
lmt not at a uniform slope. The current is ebb, however, along the entire length of the nodal are. 

P. It is low-water, or nearly so, in the ocean outside of the Gulf of Maine, an<l the surface of 
the sea at the nodal arc lz to 3 feet below mean sea level, while the Bay of Fundy is still much 
elevated, and the surface along the shore of Maine slightly above mean sea-level. The slope is still 
iu the same direction (seaward), but is rapidly lessening, while the ebb current is fairly in train 
and everywhere augmenting. 

Ilh, The general level of the gulf· is being restored, and the ebb current is at its greatest rate 
of flow nearly all along the nodal arc. The current is opposed to the slope of the ocean outside of 
the gulf, and we have a repetition, in the opposite sense, of the phenomena observed at VIII1'. 

Illh, Tl1e tiue i8 falling over the whole gulf, while the dip of the snrfaee is toward the Bay of 
I?undy, at the head of which the greatest depressiou appears. The ebb current is losing strength 
in the eastern half of the gulf, where the slope having a reverse direction is greatest, but is still 
strong in the easternmost portion, which is approaching a level. 

IVIt. The slope is northward over tlle entire gulf, and ebb everywhere prevails, although the 
general Im-el of the open portion of the gulf is about 6 feet below that of the sea, and the Minas 
Basin at least 14 feet below. The maximum slope at Cape Sable is approaching, and the current 
of the northern channel is slacking up. 

Vb, The gulf has sunk to its lowest average. It is low-water along the coast of Maine, and 
it is nearly low-water in the Bay of Fundy. The nortliward slope is a1111roaching its maximum, 
and tlie current of tlie eastern section of the gulf turus from ehb to flood. At this rnomeut the 
northward slope on the eastern shore of Nantucket is 2.3 inches to the mile, with a slight ebb cur
rent in the Great South Channel in a direction opposed to this slope-i. e., up-hill. At Cape Sable 
we have also a northward slope of 2.8 inches to the mile, but rapidly declining. But the general 
slope from the ocean to the coast of Maine is less than 0.5 inch to the mile, and in tlie open 
portion of the ]fay of Fundy not above 1 inch. Ilere again we have a repetition of the comli
tions observed at Xlh, The outward movement due to the reaction of the tide is unable longer to 
sustain the slope, and a reversion takes place. . 

VP'. The current is running flood all over our field of observation, in the direction of the slope 
generally, although the level is restored at Cape Sable and along the coa8t of Nova Scotia for 
some distance northward. In the Northern Channel the flood current has reached its first quarter, 
and is running nearly as fast along its level course as it is destined to do at its strength. The tide 
is everywhere rising, from t~e ocean to the head of the Bay of Fundy. On the eastern shore of 
Nantucket the slope northward has reached a maximum of nearly 3 inches to the mile, and the 
current in the Great South Channel has reversed its course from ebb to flood. It would appear 
that tlie epoch of greatest difference of level and that of slack-water correspond on either side of 
the entrance to the gulf. So that by careful tidal obRervations on shore the tables for mariners 
could be reduced to great accuracy. 

VIIh. The ocean is rising very slowly and the Bay of Fundy rapidly. The slope is northward 
and toward the Bay of Fundy, except that Cape Sable is slightly above the stations on either side. 
The flood current is at its first quarter in the Southern Channel, and near its maximum in the 
Northern Channel. 
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To avojd confusion uo comments have been made upon the tilt in an east a,lHl west direction, 
but such tilting goes on, as may be seen from com1)aring Nantucket and Cap<; Sable heights. The 
heights at these two extremities of the nodal arc are equal at about V and at X hours, and corre
spond with the mean ocean level very nearl:f. Tliese times correspond witli slack-water on George's 
Shoal, and with the greatei,;t difference of level on a line transverse to the chord of the nodal arc. 
The hours of greatest difference of height between Cape Sable and Nantucket, YIII1 and II~, 
correspond nearly with a restoration of level in the transrnrse direction. From Y to XJ 1 during 
which the slope is westerly, the currents incline to draw round more easterly in direction, or to 
run more up-hill. From XI round to V, during which the slope is easterly, the ehb current inclines 
to :tlow more and more westerly. Here again we find the current disposed to take a course most 
opposed to the slope, as if the latter was the product of its push toward the shore. · 

I have referred to the pendulum as an illustration of the phenomena presented in the Gulf of 
:Maine, because the horizontal motion at our sm, like that of the p0ndulum at the lowest point of 
its course, is the proximate cause of the rise of the tide, first upon oue side, then UJJOn the otller· 
Perhaps a happier illustration would be that of a bent tube or hrverted siphon, whose arms are of 
Yery unequal size aud of unequal inclination to the vertical. In such an instrument the oscilla
tions of a fiuitl wouhl be of very unequal range if we compared the rt>snlt;; in Hie two arms. The 
great tide of the Ba,y of I<'undy is the result of a movement of the ocean in this direction whid1 
forces a vast body of water into a coatrncting flume. Without going behind actual observations, 
howeve1·, for antecedent causes, I ai;sume that our current ohsern1tions represent the mo,·ement of 
the ocean just mentioned, which movement is probably a rocking motion inimarily, as I>rofessor 
Ferrel has ably represented.* Following up this idea, I have grouped together the obserrntions 
at the three central stations on our great nodal arc, and then compared them, hour by 110ur, with 
the rates of rise or fall of tide on the coast of Maine. The first attempt was made with the veloci
ties just as obserrnd, ignoring the variations of direction, but this was evident!;;· wrotJg. Next, 
the forces were decomposed, and those normal to the arc selected. These components should rep
resent filling or draining over a sill, but the residual from the comparison with the tide was still 
too large. Lastly, a comparison was made between the squares of the velocities and the vertical 
changes on the shore, whieh seemed to answer very well, as will be seen from the table helow 
(No. 7) in which the three trials are numerically stated. It would seem that the rise on the shore 
is the result of impact, in the most general sense, and the fall the reaction, if we can regard the 
observed velocities as increments of force; but if it were possible to determine the flgure of the 
tidal prism from hour to liom in the gulf, the sum of the components of aJl the stations, according 
to the second trial mentioned above, would of course give the true measure for com1)arison, since 
it would represent actual filling or draining. 

If it be granted that the horizontal movements of the deep sea are nearly synchronous, as our 
observations indicate, for many hundred miles, what explanation 1vithin the limits of obseri1t1tion can 
be offered for the sudden change of time in the vertical tide at the thresl1hold of the Gulf of Maine f 
@bservations made by the British .Admiralty eastward of Cape Sable, and those made by myself 
southward of Long Island, show that the flood movement for the tide of the outside coast is from 
northeast to southwest, and the ebb movement nearly the reverse of this. To this fiood movement 
the Gulf of Maine is a dead angle, lmt for the return movement this gulf it> a pocket into which the 
waters are cr~ed, and by virtue of their vis viva piled up in the Bay of Fundy. If we draw a 
chord line from a point near Cape Cana\"eral, in .l!'lorida, to Cape Hatteras, this line produced will 
be the chord of the great bend between Cape Hatteras and Nantucket, but be,roud this tlw same 
.straight line p1·oduced faJls in with the major axis of the Gulf of Maiue, exclndJug :Xorn Scotia 
as salient to the general bend of the coast, and making it an abrupt obstrnction to any coastwisc 
mo\"ement from the southward. This, I submit, as a possible solution of the problem of the 
peculiar tides of this section. The tide of the Bay of Fundy and the Gulf of l\Iaiue geuerally is 
a product of the rt',fiex of obstruction in the path of the oceanic ehb tide. If the tlux and reflux of 
the ooean causing the tide is a compound rocking motion, the heights would in it meas1m> depend 
n1>0n tbe angle of impact, so that the range would be small when the directfon of the motion is 
diagonal to the trend of the coast, and greatest when most direct. 

"Tidal Researches, by Willia-m Ferrel,.Ui:dted States Coast Survey. 
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T.ABLE 7. 

! Vertical ! Velodty of I 1

1

' 
1

[ ·1 (component~i . --)-·~---
: t•lian~e :fo1· l'UlTt'lltat, -cX.565. I Rf'Hiduals, c2. -c2 X.36. ltc.sh1uah, I ur(~; -·'lX.68. I b-j. 
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1
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+0.67 

+0.44 

+.18 
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-.14 
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! -0. 49 -1.17 -0. 66 ~ 17 -1. 36 -0. 49 . 00 -0. 51 -0. 35 -. H 

XII -0. 76 -1. 45 I -0. 81! -. 06 I -2. 10 -0. 76 • 00 -0. 83 -0. 56 -. 20 

'i -1.00 I -1.65 -0.93 1 __ -i:_·~I -2.72 -0.98 , __ +~ -1.23 I -0.84 1-=~ 

Sumeofresiduale .•••••.••••• ··········~L __ 3.49_L~-~~-.:.:-_-~·:~...-::...-.~·:! _ 2.07 /·············1·············1 3.14 

NoTE.-ln this tabl~ the signs + and - are used to distinguish flood from ebb, and tho rising from the falling tid6. The changM in the 
direction from hour to hour on ehb or flood hsve been ignored, except in computing the elements of column "i," where the components in the 
dirooHou of' the resultants offtood and ebb are g1ven. 

In the tides at the Placentia district of Newfoundland which jnts out into the sea, traces are 
found of the same peculiarities that we have observed on the western coast of Cape Sable. I am 
not at all tenacious of this theory of the case, but I present it as the stepping-stone reached induct. 
ively from the data thus far collected, which, as before stated, I must regard as covering effects 
with their proximate eauses only. 

There is one important test which the above theory does not answer to, and this I can best 
represent in connection, if not in contrast, with the nodal hypothesis of Professor Peirce upon 
which my description of the ti des has been based as stated at the outset. • 

It is premised in the nodal hypothesis that the depth and section in the North Atlantic is 
sufficient for the transmission of a body of water adequate to the creation of oscillations of very 
great extent, so that the tide of the oceanic basin is not broken up into numerous ~parate undu
lations; but where great bays or avenues extend into the continent nudes should ol!Cur; or if the 
pathway is shallow the tide becomes a progressive wave. In the case of the Gulf of Maine, its 
form, extent, and depth make a node necessary, and within it ap}Jears the reciprocal or complement 
of the ocean tide, speaking in the most general sense. 

In tbe physical scheme proposed by myself, if the tide of the Gulf of Maine were due to the 
saliency of the Nova Scotian peninsula which arrests the recoil of the ocean tide, the duration of 
the ri8e in this gulf should correspond with the durations of the fall elsewhere, which 1 am satisfied 
is not the case in a majority of instances offered in the comparison I have instituted between our 
permanent stations at Old Point Comfort and North Haven. Of course it was not expected that 
the diurnal inequality of one tide would reverse that of the other, except iu the most gene.ral way, 
because in my hypothesis the tide of tbe gulf was in a measure a mixture of the direct and the return, 
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movement, all(l also because this inequality is prone to change iu magnitude with obstructions 
which produce unlike effects upon waves of different duration and magnitude; but at periods when 
the diurnal inequalities of interval were large for both the ocean and the gulf tides, I found them 
of tbe same sign usually, insteatl of being reven;ed as my theory would demand. Presenting this 
objection also to ProfP8s,1r Peirce's explanation of the case, it was met by the statement that tlie 
diurnal aml semi-diurnal tides heing oRcillations of different length could not make their nodes at 
the same point, so that the diurnal inequalities would not be reversed, but only greatly com11licated, 
as they certainly are. 

GEORG!';'S BANK. 

In a preceding portion of t,his report the con!lition of equilibrium nuder wliich George's Bank, 
or the shoal of sand which crowns it, is maintame~l has hecn briefly stated, and it n'maius to show 
from numerical data how this equililJrium obtains among the forces gauged at onr several current 
stations in thiR vicinit~·.* 

In the following tableR (8 and 9) the reRnltants are given from a compositiou of the movements 
observed at each station precisely aR if these represented simultaneous forces, the presmnptiou 
being that the shoals of saud traverse the bottom of the sea like dunes upon the desert, at a rate 
bearing but a very small ratio to the forces, and therefore representing only the resultant of these 
forces for long periolls. 

TABLE 8. 

i Whole clis- Resultant. 

Sountl- 1: 

ings. I 
I.ocality. . t.r!~~~~e<l ''---------1---~--

--1 
: b~a1!.ticl~~r Distance. ! ~t~1~1~~h I Conrse (true). 

2 

3 

4 

5 

61 
fu 

7 

8 

~Fathoms.\ 
60 \ Great South Channel ........... -- ... _ ....... . 
35 [ WPstern flank of George's Bank .. . 

15 ! n-eorg0's Shoal. ........ __ ............... . 
: 42 : Geo1·ge's Shoal. •... __ ..• .,. .... ---· •..••.••. __ . 

40 i East.ern flank of Georgeta Bank .............. . 

~~ j ~Great Ea•tern Channel .. _ .......... _ .... _. ~ 
52 : N orthcru Channel, near Brown Bank .. _ ..... _. 

65 [Northern Cllannel, near Seal Island Bank ..... 1 

Miles. 
16. 32 

23. 51 

33. 60 

25. 29 

33. 57 
13. 53 

18. 77 ! 
26. l~ 
19, 62 

1 ____ -----

1 

]Liles. I 
4. 70 211 i N E. by K. t N. 
5. 93 257 i E. by N. 
2. F8 108 ' W. hy N. i N, 

3. 56 346 : S. hy E.~ E. 

3. 84 318 ; S. :K i S. 

6. 20 75 ' w. s. w.1 w.; douhtfnl. . 
11. 03 129 N.w.iw. 
i. 53 309 : S. E. t E. 
4. 81 58 ' S. W. hy W. l W. 

*The characteristic fiOUnding, upon the Coast-Survey Chart, for a circle of 2§- miles radius about Station 4- is 26 fathoms. 

The above table is not corrected to mean rise and fall of tide, but the data is given as observed. 
In the following table (!'), however, a tidal correction is attempted. 

TABLE 9. 

~ ) i Distanc<· I l!Rsultant. 

i:l Location. , ~ Souml- 'I tra-.b~r,.sed 1---·-1 ·-·------------
:3 ings. ' wat~r par- Distance. ,\ zimuth Cours<' (tru<>). 

~ ___ I ticle. i (tr~~'---------- __ 

Fathoms. 
1 

\ Mile•. Mile•. 

60 I Great South Channel···-· .. ·-········-···--··! 18.93 5.25 
35 Wcsternslo1ieofGoorg0'sllank ..• ____ , .••••. 1 24.70 6.42 

"29 /George's Shoal ....•• -····-···-······-·-··-···· I 33.00 12.28 

125 l Groat Eastern Channel •••.•.. _ -...... _ - . . . . . \ 18. 77 11. 03 

52 I NorthornChannolIJoarBrownBank.--··-·- .. 1 21.00 5.21 
65 Northern Channel near Seal Island Bank - _.. 20. 40 5. 00 

I _____ i ___ ~ 

1 
2 

: } 
62 
7 
8 

211 

263 

12fl 

310 

*Average depth on a curved line paseing through stations 3. 4, and 5 on Coast Snrve~- chart,. 
t Mean of several groupings with ditt"erent times for origins. 
----------------------·-.. ·-----·-----·-

N. E.by N.{ N. 

E.1 N. 

N.W.\W. 
RE.a E. 

•Nantucket Shoals have formed the subject of a paper by Charles A. Sclrntt, Unite<l St.ates CoaRt Sun·tJy, which 
will be found in Ap11endix 4ti, Coast Survey Re11ort of ltl54. The shoal ground of Nantucket is connected by an 
sthmU!! (on which there is about 40 fathoms) with George's Bank. 
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From the foregoing tables (8 and 9), it will be seen that the velocities increase from station to 
station as the deptlts diminish, but not in full ratio, while the resultants for a tidal day are less 
clependent upon velocity and 1lepth than upon the relative directions of ebb and flood. Tile high 
velocity over (}eorge's Bank is the result of a diminution of section, but the presence of this bank 
as an antecedent obstruction is seen to be the cause of a retardation if we compare volumes. It 
is evident that tlte resultaut at some point between the meridians passing through Stations 3 and 
4 must be nearly zero. This point probably lies on the summit of George's Shoal, and would be a 
zero point if no bank or shoal existed, being simply that point in the common path of ebb and 
flood when these streams are equal and opposite. This shoal is probably prevented from rising to 
the surface by the variatiou of section induced by tile ri:se and fall of the tides, which throw cor
rcspundiug stagei> of eub aml flood ont of balance above a certain plane, as we uotice at the mouths 
of sandy harbors which would Jut\"!' 110 outlets if it were not Uiat the ,-olumes passiug in and out 
with the title follow a law at variance with that of the rise aucl fall, so that the maximum volume 
of outflow on the ebb (for instance) occurs at a lower stage (when there is less section) than that 
of the correspomliug influx, mid tlierefore has greater scouring powers. 

The t('!Hleney of a l'hoal Rituated at the equilibrium point of cmn-erging currents to become 
steeper, may be likened to the disposition of a hill upon the laud to become steeper under the 
reverse action of the rain, which abrades the side:s more than the top. 111 the first ca:se the shoal 
increases its slope twofold by adding to the top what is robbed from the flank; while in the other 
case the hill, although growing st-0eper, is decliuing in height, principally by tlle tilling up of the 
valley. In the first case the ocean bed is being thrown out of level; in the other the surface of the 
contiurnt is being planed down to uniformity. 

Very respectfully submitted. 

Dr. C. P. PA'l"l'RRSON, 

HENHY ~ITCIIBLL, 
As.~istant U. S. Coast and Geodetic Suri•ey. 

S1q1erintendent U. S. Coast and Geodetic S1tr-vey. 

• 
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APPENDIX No. 11. 

REPORT ON THE PREPARATION OF STANDAJW TOPOGRAPHICAL DHA\YlKUS, BY EDWIN HERGE
SHElMEH, ASSISTANT COAST AND GEODETIC sntYEY. 

(Refer to pp. 71 aml 72 of this Yolurne.) 

OFFICE OF THE U:KITED STATES Co.A.ST AND GEODETHJ SURVEY, 

Washington, July 1, 1879. 
Sm: In the preparation of to11ographical drawings to be used as guides for inking the original 

plane-table sheets of the Coast and Geodetic Suney, selection was first matle of snch features, 
natural and artificial, as are most prevalent on our cuasts. 

The first snl!icct was the representation of closely-built cities, comprising large public build
ings, warehouses, &c., aml suburban villas and grounds of the first class. :Xewport, RI., was 
selected for this purpose, wheni it was found desirable to disconti11ue the inking of large buildings 
in full black, and to confine the black to the exterior, representing the outer walls, and to tint the 
interior by fine lines closel,y rnled. Carriage-ways and walks of Yilla or public g-romtds are here 
represented in full light line, instead of the broken line formerly used. Fresh marsl1 is also reJlre
sented in a styJe different from that heretofore in use. Its representation had preYionsly been by 
irregularlJ· distrilmtetl tufts of grass, underliued h.r free hand with water lines, which, drawn with 
taRte, is perhaps the most artistic representation of the feature; btit wllich is seldom represented 
the same by any two persons. It was therefore thought best to introduce a style that could be 
definitely describml and re(1uired. J<'or this purpose, lines of the same strength and the same dis
tance apart as those of the salt marsl1 are ruled and irregularly broken, then interlined antl tufted 
by free hand with light sllort lines grouped irregularly, as shown iu the first of the series of 
sketd1es accompan;ying this paper. 

For the representation of a town sparsely settled, Brunswick, Ga., is gh·cn, on which saJt 
marsh, pine woods, ditches, fences, undefined roads, and wagon tracks are shown. 

For the represention of railroalls, canals, iron bridges, bold faces of rock, mid-river drift, water
worn rocks, and distribution of mixed woods over close hill curyes, the vicinity of Harper's l•'erry 
is given. Here is illustrated the strengthening of the 100-feet hill cnrn~s for tl1e more ready read
iug of the heights of hills. 

For the representation of heavy oak timber, reclaimed marsh and orchards, a part of the Nmr 
,Jersey shom of the Delaware Hiver is given. 

For the representation of rice, and the dikes and ditches incident to its cultivation, a selection 
from Santee Hiver is gi,·en. 

I<'or the representation of eroded drift banks with bowlders set free, and scrub deciduous wooilR, 
the western part of Martha's Vineyard, including Gay Head, is given. 

For the representation of the rocky shores and intermediate sand and shingle beaches, beaches 
above high water and eroded earth banks, characteristic of the coast of New England, roads, fences, 
residences, outhouses, shade trees on the lines of roads, and the shading of low hills by normals, the 
extreme entl of Nahant is given. 

For the representation of a sandy beach, with low dunes, fresh-water ponds, meadow grass, 
sage-brush, fresh marsh, and eroded gulleys (arroyas), a selection from the >icinity of San Luis 
Obispo was made. 

Samples not yet engra,·ed ha-.e also been drawn for various characters of eroded awl fractured 
granite rocks, as shown at Mount Desert Island; hard ernptiYe rocks, as 11howu :it Cape Dir-mp
PQintment, Oregon, and eroded sedimentary forms at Arlington, Va. 

Respectfully, &c., 

CARLILE P. PATTERSON, 

Superintendent. 

E. IIEIWESIIEil\fER, 
.A s.~istant. 
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APPENDIX No. 12. 
(Report for 1879.) 

UNITED STATES COAST AND GEODETIC SURVEY OFFICE, 

November 1, 1880. 
SIR: Herewith I transmit to you a report by the' mechanician, on his reconstructit;m, under my 

direction, of Hie circle dividing engioo, together with a tabular statement of the results of exam
inations of certain theodolites graduated hy Mr. Saegmuller upon it, with the aid of his table of 
errors. 

Youn;, rm1pectfully, 

CARLILE P. PATTERSON, LL.D., 

J. E. lIILGARD, 
As8isfont in charge Coast and Geodetic Survey Office. 

Superintendmit united States Coast aiid Geodetic Swr1'ey. 

ON THE RECONSTR1'CTION OF THE DIVIDINf; EKGIKE OF THE COAST AND GEODETIC SERVl:Y. A 
REPORT TO THE ASSISTANT 1N CHARGE OF THE OFFICE, BY G. N. SAEGMULLEH, CHIEF 
MECHANICIAN. 

(Ap11endix No. 12. Coast awl (foo1letic i'lnn-cy l{cport for 1879.) 

OCTOBER 20, 1880. 

Srn: I have the honor to submit the following re1)ort on the present con<litiou of the Coast 
imrvey diYiding engine. 

The character of tlw graduations produced by the engine before its reconstruction proved to 
bli unsatisfactory, owing to several causes which I pointed out to yon in a former report,, which 
resulted in the old apparatus for tracing the lines being replaced hy a new one of improved design 
and more substantial construction. 

It was necessar;r, before attempting to correct the errors of the circle itself, to remove any 
possible errors arising from an instability of the tracing apparatus. 

Although the performance of the engine was greatly improved after the new apparatus had 
been attached, yet large errors still existed, and, what was worse, they did not remain constant on 
the same parts of the circle, showing that the machine was not true t-0 itself. 

Unless the machine could be brought to do the same work over and over again, tlms making 
the same corrections necessary, it was of no use to attempt to correct these errors. 

A careful examination led to the belief that the unsteadiness of the machine was caused by 
the imperfection of the axis. 

This axis, being a hollow truncated cone of soft brass, on the upper and lower ends of which 
two steel rings, forming the bearings, are shrunk, fits into a socket of red metal. The expansion of 
these metals being different, the axis could not be made to work in the same way at different 
temperatures. It was found that by an increase of temperature the axis would turn· too easily. 
This had to be corrected by lowering the axis in its socket by means of a set-screw at the lower 
end. A decrease in temperature, again, would make it turn so hard that it could only be movetl 
by exerting great pressure, therefore the axis bad to be screwed up again to make it turn easier. 

It is of the greatest importance tbat the axil'! should never be disturbed by means of the set
scrmY at tl1e bottom, for when the circle is thus raised or lowered tlie screw will have a different 
bearing in the threads of the limb, thus requiring a re-examination of the table of errors. 

The only remedy for this defect was to have the dividing room kept at an equal temperature. 
I had also found that my presence for a oonsiderable time at one side of the circle (the t.emper

ature of the room then being about 62° F.) caused it to expand, and by placing two micwmeter 
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microscoi)es at opposite parts of the circle, 1 actually measured that one 8emicircle exc\·(·dt•d tl11· 
other by nearly four seconds, having become warmer by 20 F. 

It was therefore decided to haYe the temperature kept steady at 98° F. ~e\.8 the room wa"' 
small this was easily effected by two gas-burners. After this I found that the steadiness of th1· 
circle-or its axis-in relation to fixed microscopes left nothing to he desired. The examination of 
the circle could uow be proceeded with, and it was decided first to examine the origfoal graduation. 
If this had been found satisfactory, it would have been very easy to find tlie errors iu tllc· threads 
of tlie circle. 

It was, however, soon apparent that tlie circle must ha Ye suffered a change, as the micro1;copes 
did not remain in focus when used on different Jrnrts of the circle. This defect could 11ot be reme
died, and an exami11ation of the graduation under such conditions could have but little weight. 
I decided then to make an entire!~· new "original" graduation. Before doing this that part of the 
limb which was to receive the dfrision was turned off by revolving the circle in its socket, which 
assured me that the plane of the graduation was at right angles to the axis. The definition of the 
microscopes now set to an~· part of the circle was equally good all around. 

I long ago came to the conclusion that the surest and most expedititJ!lls way of producing; au 
original graduation would be to make use of the method of continual bisection. It insures a 
unifo1mity in the system, whicl.i in diyiding is of paramount importance, and, moreover, has tlw 
iuh·antage of being ver;y simple in principle. 

If we haYe to bisect any arc, the correct place for the midway line is ea,sily fouml by traciug 
a trial line as near as can be done in the middle. lf it is in the right place, ont>-half of the arc as 
thus bisected must necessarily equal the other. Sbould one 1w0Ye to be larger than the other, it 
is clear that one-half of this excess is to be taken from this arc to make it equal the other. 

Unfortunately the diyb.ion into ~mo degrees does not allow a continual bisection. \Y c can onl~
go as far a..;; to bisect the four quadrants again in two halves, Yiz, 450. A fnrtber biseetion would uot 
bring ws to au even degree. Hut rather thau gfre up the method of bisection, and make use of tri
section, and eventually of quiui section, I concluded to ignore the degrees altogether, and merely 1n·o
duce a division of equal parts, which ultimately could be conrnrted into the proper degreP 1li\·isiou. 

Two hundred and fifty-six is the higlrnRt lJisectional number which it was thought convenient 
to use, alld which would divide the circle into spaces, each of which would equal le '.!-1' 2'.!".;). It 
is perfectly easy and safe to deduce the proper 3600 division from the 256 E>qnal parts. 

Tl.Jc first step in the process is to lay oft' by means of the screw 256 lines 011 the circle as nearly 
equidistant. as the screw can do it. Great exactness ii; not essential, although it is desirable to 
Lave the errors of these 256 lim•s small. 

1t is evident that if the threads in the circle are all in their true places, these '.!56 parts would 
necessarily be equal; aud, agaiu, should it be found that they differed from each other, the amonut 
of such difference would be tlie correctio11 for the scre\v for that part. 

Having laid off these 256 parts, the next step iu the process is to examine them and compnk 
their individual errors. 

]!'or this purpose two micrometer-microscopes, A and H, are placed diametricall_y opposite. 
Line 0 is under A; line 180 under B, with which latter coincidence is made. \Yithont disturbiug 
the microscopes the circle is turned until line 180 is under A, and coincidence is made by tmniug 
the circle by means of its own screw. Should microscope B now bisect line o, it is twideut that 
these lines have divided the cirde into two equal parts. Should such not he the case, oue-half 
of the difference found would be the <>rror of the line. 

Two methods can now be pursued: Either we can regard each line as being in H,- tnH' place, 
and continue the examination, forming a table of apparent errors, from which the absolute errors 
can be afterwards com1mted, or else we can at once find the absolute error of the line under exam
ination as we proceed, and correct it by tracing a new line. The field of the microscope1< was lar!Ie 
enough to include these uew corrected lines. 

The latter method seemed to me to be the best as being less liable to the i11trodudio11 of error, 
and as it also saved the trouble of shifting the microscopes twice to the same place. 

The method employed to correct erroneous lines is (}Uite sim11le. Knowing the screw-reading 
when this line was cut~a table having of course been formed to lay off the 256 parts-it was only 

S.Ex.17-25 
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necessary to turn this screw to the amount of the errors aml trace a uew line. The errors as 
found by the obserYing microFcope D were expressed in tenths of secouds; one division on the 
head being equal to that amount. The engine screw had a larg·e head diYided into single seconds; 
the tenths were here estimated, which could readily be done, as one second was represented by 
nearly one-tenth of an inch. 

By observing the new line again unde1· the microscope, we liud whetber the two arcs are now 
equal. No trouble was experienced in tracing a corrected line. Haying thus divided the circle , 
into two equal parts, one microscope. is now remoYed and placed D0° from the otber. Line O is 
again brought under A; line 90 is under B, with wbich eoiuciLlence is made. The circle is now 
turned 900 until line 90 comes under A. when line 180 will be nmler n. If it has been found that 
}{ bisects again, line DO is in its true place. If not, one-half of the differenee is applied and a new 
line traced. The same is done witb line 270° on the other isemicirclc, after which microscope B is 
sbift€d one-half of the former amount, viz, 45°, and the examination of the eig·ht 450 arcs is pro
ceeded with, when we will get the corrected lines O, 45, 90, mu, 180, 22.1, 270, and 315. This being 
done Bis moved again a. distance of 22° 3W, and 16 arcs are measured. Thus step by step we 
come down by repeated bisection to arcs corresponding to 11° l;Y, r;o Ti' 30", and 2° 48' 45". This 
latter quantity will now be too small to allow the microscope;; to come any nearer; but the diffi
culty is overcome by skipping one line, and instead of taking one-half take one part and one-half, 
viz, 40 13' 7".5. 

We have thus obtained 236 equal parts. To deduce from these .'300 equal parts is simple, as 
it is merely a matter of proportion. I procee(led in this mani1er: 

Line 0 was brought under the microscope and the screw-by means of which tl1e coincidence 
was made-read off; the circle was then turned by meanR of the screw until the next 256th line 
came under the same microscope when it had been movPtl 1° 24' 2211 J1, the screw index was again 
read, aud from the number of whole turns and parts of turns which the screw had been tnrned in 
order to make the circle 1° 24' 2211 .5, the proportional part wa>; taken and a degree line cut. 

The readings of the engine screw, as thus found, give of course the corrections for each 
corresponding degree. 

This final result is shown in the following table. By inspecting it., it will be found that the 
largest error to be corrected is 11" .5. To obYiatc the use of pins and minus signs, the screw index 
was placed at division Hi.O instead of 0. 

Table of corrected screir reodfogs for cu~-y degree. 

I Number / Screw Number _1_S_c-re_w ___ N-um_b_e-:·-S-cr_c_w--1i--t-u~~--8-cr_e_w_i __ N_umhta~-i-~-cr-e"-. -I 
! of degree. i reading. 

1 

of degree. reading. of degree. i readin~. 1 of dcgre€. rcadiu!!. of degree. ! readiD!!:. 

I I ~~:~ --i,---~~ - ~!:~ --~~----~-::-~---- ·--:~-~-~:-~-'---::-'---~:-::-
Hi.2 i~ 24 15.2 46 16.4 GR 16.f: 90 18.8 

10 

11 

12 

13 

14 

15 
16 

17 
l~ 

19 

20 
21 

15. a 
lG. 4 

15. 5 

lfi. 6 

15. j 

15. 8 

15. 9 

16. 0 

15. 8 

lfi. 6 

15. 5 

15.4 

15. 2 

15. 3 

15. 5 

15. 6 

15.7 

15.8 

15.7 

25 

26 

27 

28 
29 

30 

31 
32 

33 

34 

35 

36 

37 

38 

:J9 

40 

41 

42 

4B 

15.1 

15. 2 

15. 4 

15. 7 

15. 8 

16. l 

16- 5 

li. 1 

17. 6 
18. 0 

17. 9 

17. 8 

17. 7 

17. 6 

17. 5 

17. 2 

16. 9 

16. 6 

47 16. 6 69 16. 7 91 19. 0 

48 16. 9 70 16. 6 92 19. 3 

49 17. 1 71 16. 7 93 19. 7 

50 

51 

52 

53 

54 

55 

56 
57 

58 

59 
60 

61 

62 

63 

64 

ll5 

1~5 72 16.0 ~ 2Ql 
17. B 

18. l 

18. 3 
18. 5 

18. 8 

18. 9 
19. 0 

19. I 

19. 2 
19. 3 

18. 9 

18. 4 
18. 0 

17. 5 

17.0 

73 

74 

75 

76 

7i 

78 

79 

80 

fil 

82 

83 

84 

8.5 

86 

87 

17. 0 95 20. 4 
17. 1 96 

17. a 97 

~~: ! :.,J' :: 

16. 8 100 

16. 1 'I 101 

16. 6 ,( 102 
16. 9 103 

17. 2 '·11'ji 104 
17. 4 105 

17. 6 106 
11 

17. 8 II 107 

1

1 •. 18. 0 108 

18.2 I· 109 i: 

20. 5 

20. 7 

20. s 
20. 9 

21. 0 

20. 7 
20. 2 
19. 6 

19. 0 

18. 5 

18.1 

17. 8 
17. 4 

17. 1 

'~--------------'------' 
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Table of corrected .~cre1c reading~ for every degree-Continued. 

Numlwr Sj·n~w Xurnht_•r 
of degrt>t•. leadiug. of <le;.!.TPt'. 

110 

111 

llt 
11;1 

114 

115 
ll(j 

117 

118 

119 

l~O 

l~l 

l"" 

123 

e4 
125 

126 

1:!7 

l:!H 

129 

1:10 

131 

132 

133 

]34 

135 

l:JG 

138 

l:l9 

140 

141 

14~ 

143 

144 

14f> 

l4fi 

147 

148 

149 

150 

151 

152 

153 
154 

155 

156 

157 

158 

15!) 

lti. ;< 

17.1 

li. 4 

17. ti 

17. 7 

17. ti 

17. 4 

lH. 0 

lli. G 

10.1 

15. 8 

10.8 

15.H 

lfJ.H 

1[).U 

].}. 9 

16.1 
16.:; 

lti. 4 

16. 5 

10. j' 

Ht7 

16. i 

HL i 

16. 7 

lG. 7 

]ti. 9 

17. 0 

l'i. 2 

17. 4 

17. 5 

li'.:: 

1- ., 
'"· 

17. 0 

lti. B 

lG. 7 

16. :1 
H.O 

15. 7 

15. ,I) 

15. 2 

15. 1 

15. 0 
i4. !J 

14. 8 

14.7 

H. 3 

13. 8 

13. 3 

12. 8 

11;~ 

HW 
170 

171 

17:: 

114 

17.~ 

17li 

177 

171:'> 

l'ill 

lf:.U 

181 

l<-i'.1 

1,-;a 

18! 

lh;) 

l~ii 

l~'i 

]i-1<'1 

lRii 

19() 

Hll 

Ht".~ 

19:; 

194 
I Br, 

190 

1H7 

191< 

199 

200 

201 

20:! 

20:) 

204 

206 

207 

208 

209 

Sct'P\\" 

reading. 

J,i. 3 

17. '.2 

17.1 

17. t) 

Hi. 9 

rn:; 
10. tj 

16. :i 
IG. l 

J,/. H 

13. [) 

LI. 3 

15.1 

14.\l 

H.1' 

1J. G 

H.:; 

H.3 

H. I 

1:1. G 
];I. 8 

u. 9 

14. 1 

14. :1 
14. ,j 

14. 6 

14. 7 

14.l< 

14. 9 
15. 1 
};j_ 2 

l[l, 4-

15. 5 

15. 6 

15. 6 

].), 5 

Ji), 5 

lD. 4 

Xumlier 
of 111·;.rree. : 

210 

:?11 

:!13 

:.!14 

:!15 

:?Hi 

:!17 

~18 

2HJ 

2:w 
2~1 

223 

2:24 

230 

231 

24" 

249 

250 
251 

25~ 

Scre·w 
rP:Hl;up;. 

15.4 

15.4 

15.4 

15. 4 

15.4 

l;J.4 

JJ. 4 

10. a 
15. ~ 

15. J. 

15. 0 

13. 0 
15. a 
15. {) 

15. 0 

lJ. 0 

H.-1 

n~ 

13. 2 

12. G 

12. 0 

11. 7 

lJ..I 

11. l 

lll. ~ 

Ill.;, 

10. 8 

11. 1 

11. 4 

11. 7 

11. 9 

11. 7 

11. 4 

11. 3 

11. 0 
10. b 

10. 7 

10. G 

IO. 4 

10. 3 

10. 2 

10. :.! 

10. ~ 

10. :l 

10. 3 

10. 3 

10. 6 

257 11. 0 

2:;s ll. 3 

259 11. 6 

Number 
of tkgroe. 

1 

260 

~61 

262 

26iJ 

204 

~66 

267 

26~ 

26U 

270 

271 

276 

'..!79 

280 

281 

282 

284 

2~5 

28G 

287 

28P. 

:!&.I 

290 

2!)1 

295 

:WH 

297 
29t"i 

29[1 

300 

301 

302 

:10:1 

304 

:io5 
:JOG 

307 

:108 

309 

' ! 

Screw i; Number · 8cn·w 
reading. of <lcgrcu. , reading. , 

IL!J :au ;-- 1~1 
12. 1 an ' 1i. :! I 
12. ·I 312 11. 7 , I 
12. (l 313 l'..!. ~ 
12. 9 

13.1 

I:!. G 

1~.1 

11. fl 

11.1 

10. 6 

]U.H 

11.:! 

11. 4 

11. 7 

12. 0 

12. 1 

1:!. 2 

I::?. 4 

1~. 6 

1::!. 7 

12. a 
12. :) 

1'2. -t 

1:?. 4 

1:.!. 3 

11. 7 
ll. J 

10. ~) 

10. 0 

9. 3 

9. t\ 

9. 8 

10. ll 

10. l 
10. 3 

10. 4 

IQ. 5 

10. 6 

10. 7 

10. 8 

10.' 
10. 6 

10. 5 

l(J. 4 

10. 3 

10. 4 

JO.;; 
10. 6 

10. 7 

314 

316 

320 

~~45 

34tl 

:147 

34t' 

340 

:150 
3J1 

'.J,~{! 

:l53 

354 

l:!. 8 

ia.;, 

13. 9 

14. 4 

14. 8 

15.:; 

15. 7 

lG. 7 

1[;. 6 
];j, 5 

Jj_ 4 

l:i. :1 

l.i. 2 
lj_ J 

1,-,. () 

] 4. ~) 

H.8 

H.6 
14. 4 

14. 2 
H.O 

13.' 
14. 0 
lJ. 3 

14. 7 

lf>. I 
15. 4 

15. 4 

15. 4 

15. ~~ 

15. '.~ 

15. '.J 

15. 4 
1.l. 5 

15. 6 

15. 8 

16. 0 

16. 0 

Jr.. 9 

15.1' 

1;;. i' 
15. Q 

15. 4 
3,)7 15. :! 

35R 15. 1 

359 15.1 

--------- ------

195 

The use of the foregoing table in graduating other circles is apparent. Although we have 
onl,r 360 equal parts, yet the screw of the engine is of such excellence that we are fully justified in 
using it for the suhdivision of each degree, especially as the errors differ so gradually. It may be 
mentioned here that the engine screw has by long usage so ground itself into the circle that it now 
takes hold of nearly 60; that is, 71 threads. It would be almost impossible to make a screw like 
it, as the threads have now so ada11ted themselves to the circle that they are no longer parallel, 
but converge towards the center of the circle. The steel of which tlti8 screw is made is of such 
uniform texture that after all the wear it now runs perfectly true. 
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If we want to make use of tbe foregoing table to obtain a .i' or 10' diYisio11 we must only 
apply the correction from degree to degree proportionally to each 1mbdivision. As the correction 
for two successJYe degrees in no case exceeds 011 .6, it is C\'ident that a subdivision into 51 spaces 
will not have an;-, appreciable error. 

Several large circles, from H to 20 inches in diameter, haYe heeu graduated by means of this 
table. It ha<l, of course, to be llonc by hand, as before drawing a line the screw bad to be set to 
the required reading. This operation being tedionR in the extreme, ef'pecially, it 8hould he remern· 
be red, aH tl1e temperature had to be maintained at 98° F ., and as at most 30° coul1l be so <lh'ided 
in one day, tlms requiring two weeks for each circle, it was desirable to make the machine auto
matic in correcting its own errors. 

As tlli8 wonld hfffc taken considerable time, and as a great many circles required gradlmtion, 
I hit npou the following plau, which ma;r be called half automatic, and wbich enabled me to 
graduate a circle iu about eight hours. It was done in the followi11g manner: 

The 8crew gi\'ing the 1uo11er angular motion to the circle is propelled by means of a cliain 
fastened to a crank-pin of a driving-wheel and wound around a cylinder, which in going forward 
turns the screw by meam; of clicks taking hold of the ratchet-wheel attached to one end of the 
screw. Thi" operation takes place when the cmnk-pin of the dri>ing-wheel is going down. Having 
reache<l tl1c rlead center, thl' chain with the cylinder is moved back by a weight attached to the 
other end of the chain, the clicks gliding now iu au opposite direction oyer the ratchet-wheel of 
tbe screw. The amount of motion given to the circle depend8, of course, on the motion of the 
1-;crew, which is controlled by mean8 of two Rtops on the cylinder acting between t·wo blocks or 
airYils. 'J'hese being set properly, the circle will, of c01tr8e, be ahYa,vs moved forward the same 
angular distance. To move it more or less could be effected by mm'ing the anvils confining the 
movement. l\f.r idea of thus correcting the errors was to hare these anvils adjustable instead of 
having tliem fixed. I arranged them so that b~- turning a screw the anYil defining the forward 
rno,'ement could be raised or lowered. Being lowered, it had the effect of making the screw go 
more forward; beiug raised, it could not go so far. Both anvils were on the same piece; thus one 
was raisell ju8t as much as the other was lowered. This is very important, in order that the total 
amount the screw should turn would not differ. To allow the chain to go down when the anvils 
were at the lowt'!St extremity a strong spring was inserted in the chain, which bad enough action 
to insure a firm bearing of the stops whether the anvils were up or down. The screw by which 
this mo,-ing of the anvils was effected was so made that one-quarter turn made a correction of 
0".1. Didding a circle into 51 spaces this amou11t of correction from one line to another is never 
exceeded, and as it could be done without interfering with the automatic action of the engine, the 
drcles were really all divided automatically by the machine, the correction merely, as the cylinder 
was turning back, being given hy hand in moving the anvils the quantity the screw should read 
at each particular line. 

Fntil the new arrangement for the automatic correction of errors, a plan of which I herewith 
snhmit, is attached, all circles will be divided by this method. Those already so divided show that 
the former existing errors in thl' machine have been successfully corrected. 

In regar1l to an automatic correction of the errors, the idea which suggests itself first to the 
mind to gain this end. is to make the" anvils," which define the motion of the screw, either movable, 
or to makfl the periphery of a wheel answer as the ai1Yil. This wheel for every line to be cut could 
he made to move forward a sullicicnt quantity to present enough new surface upon which the stop 
would work; and it is e'rident that if thii; periphery is shape<l to correspond to the errors of the 
machine, and if we had enough surface on the wheel, the desired end would be gained. 

Practically, however, several difficulties are encountered. Unless the wheel were of snch 
unwieldy proportion that each 5' line could have its correct,ed anvil, two wheels would have to be 
n8ed, one corresponding to the forward, the other to the backward anvil; for if we use a wheel of, 
sa;L 15 inches in (liameter, which gives us for each <legree an anvil of about 1\ 1 inch, it is only the 
deg-ree lines that would be corrected, and if; say, we bad a correction for one degree, amounting t,o 
+ l ".O, tl1i8 correction would be repeated with every line until the next "degree anvil" bad come 
under the stop, unless the back ward stop bad moved up just as much as the forward one bad been 
lowered; for it must not he forgotten that the screw must not make more than one full turn, 
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excepting at the place where a correction is 1leRircd. 
order to have enough periphery for eYery 5' liHe, thiR 
would have to han:i a diameter of at least;~ feet. 

Dy making the wheel of ,-ery large size, in 
difticult,v could lie oYercome, hut the wheel 

Nor is this the onl,\' difl1cnlty. Another ,-ery serious one ari8es from the fact that thP chain of 
the "Uriving-Wheel '' turning the Rtop-Ul'lllll would be altemately tig·htened 01' R]ackelle!l as t]w 
eorrecterl places 011 the periphery were plus or miuns. 

'l'his is a ver,v serious objection, a8 tlrn motion of the sere''" and the pressure of tlw stop against 
the anYil should be as uniform as possibll'. 

· These difficulties led me to c01rnidcr another 11la11, in which the motion of the 8Crt'w is left 
entirely undisturbed, and the corrcctio11 of the errors is obtained by monng the whole screw "lat
erally" and in sucL a war as to correct the error while the screw is gearing into the circle. 

In the annexed sketch a a. a reprcsent8 a portion of the euginc circle; g g iR a rib projecting 
below the circle, and into whicli I propoRC to im;ert :360 adjnRting screws, eacl1 one to correspond 
to a degree of the gra<lnation; ff represents a Jong leYer, wltich has its fulcrum at d. The long 
arm of this }eyer pres8es against tlte adjusting- screws; the short arm presses agaim;t the frame or 
plate carrying the screw; this plate slides iu a (lO\'etail slide laterally, and i;.; pressed against the 
lever by means of a weight or spring. 

Now it is evideut if a11y of the screws 1m~jeet more than the others that the Je,·er would be 
turned more, and consequently the circle shift.ed more to the left. 

The loug and short arms of the 'lp,·er arP as 50 x 1; arnl a8 1" corre8powls to about 9-"1
0,, of 

an incli, to obtain such a, correction tl1e long arm would han• to be moYed about rh of an inch. 
~~s the whole range of errors is about 13 seconds, the entire range of moYing the frame of the 

screw required is about 7-f, 0 of an inch. 
It is of the greate8t moment tliat the 8C'rew shall not change it8 tangential relation to the 

circle. This is easily secured by making the bed-plate carrying the screw moYe in a circular slide 
concfmtric with the diYiding engine circle. This if> shown 011 the sketch by b b, the bed-plate 
moving between the slide-gnides cc, C('. 

It is a very simple matter to adjust thel'e screws hy taking one degree line as zpro aml bisect
ing it with a microscope; it is oul~· necessary to turn the screw one d<•gree ( = 12 turns) to see 
whether the next line is bisected. If so, there is no error; if not~ turn the screw in opposition to 
the lever until the circle has been moYcd the necessary quantit;y. 

The long end of the le,·er is polished, hardened, and tapered off~ in order to make the correc· 
tions from degree to degree gradual. 

I think that this methml will work very well; so far as my experiments haYe shown, it lea.Yes 
nothing to be desireil. 

Nor will it require much alteration on the engine. Irn;t(•ad of having the screw-frame fixed 
we have it moyable in a slide; we add a long leYer and the necessar;r ad,iusting screws. 

But I hope that before we undertake the automatical correction of the circfo you will remember 
the plea for a good axis, without which all correetions and work llone ou the engine will only be 
partially successful. It is my firm opinion that the errors which we find in the graduated circles 
can be greatly reduced by having the present axis replaced h,Y a bett,er one. As it is, to arrive at 
such results in graduation as I have achieved, it is indis1iensable to have the temperature constant 
at 98°. 

Respectfully submitted. 

J. E. liILGARD, 

Assistant in charr1e of O.ffece. 

H. N. SAHG-.'.\TULLER, 
Chief J1[echanician. 

A number of theodolites graduated by J\fr. Saegmuller upcm the diYiding engine with the aid 
of his table of errors were examined at thiR office by the method explained in Appendix n, Coast 
Survey Report of 1877. 

It is there stated that ''It should he borne in mind that it is not claimed for the method of 
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lJi- or tri-section that it is an absolute test of the accuracy of graduation. In every tri-section the 
three individual rnadingt> arc referred each to the mean of the three, and the smallness of the 
resulting residuals is the criterion of the general accuracy." Yet as each tri-section is entirel~
independent of every other one, it is evident that we have no check upon the accuracy of the 
angular space between auy two diYisious not exactly 120° apart; an(l thns errors having a period 
of 1200 will uot a,ppear h,Y this method, the principal value of which consists in showing the prob
able value of accidental errors, or of errors having a period not commensurate with 1200. 

If we deti~rmi1rn the effect of the eccentricity upon an.y giYeu reading aud correct this reading 
for it, we will liaYe left the residual error of graduation and pointing. 

These residual errors are given below on Table I for every 5° for theodolites Nos. 5 and 118, 
and for every 10" for theodolite Xo. 133, to illustrate the manner in which the probable errors of 
graduation giYc11 in Table II have been deduced for these and other theodolites .. 

As the theodolitcH examined have difterent diameters, it is necessary for purposes of com
parison to reduce the probable errors which are expressed in angular ralues to linear ones, as 
shown in columns ;; and 0. 

10 

]j 

20 

30 

35 
41) 

4;j 

;:;o 

GO 

6:J 

70 

75 

80 

83 

90 

05 

IOU 

105 

110 

uc. 

r\O 

i--0. l 

-0.3 

-0.8 

-0.5 

+0.1 

+ll.7 

+0.5 

'1. 0 
+L4 
+i.:: 
-1-'..!. 6 

+LG 
+V.5 

+o. 2 

0. 0 

-+ 0. 2 

+0.1 

+0.1 
-0.8 

-~0.1 

o. 0 

+o. 6 

+0.2 
+o. 2 

'l'ABLE I.-Resirl·ual error8 of graduation. 

r-; 120 

-0.l 

-0.5 

-O.;~ 

-1),4 

-0.3 

-0.~ 

-1.1 

-1.E' 

-1.3 

-0.G 

-1.3 

-1.7 

-0.8 

+o. 2 

-0.5 

-0.2 

+0.4 
"J. 0 

1.1 

+l. 6 

-i-1. 7 

+1. 5 

+1.1 

+0.1 

+u. i-: 

-t 1. I 

+o.3 
+o.3 
-0.4 

-0. 3 
+0.1 

+o. 3 
o. 0 

-~.1 

-0.3 

+l.~ 

+o. 6 

-0.l 

+o. 2 

+0.1 

--0.6 

-0.3 

-1.0 

-1.6 i 
-2.3 

-1.8 

-1.3 

Theod. No. 118, 12-inch, 3 micr. 

+o. 9 

+l. 0 

+o.5 
+0.6 

+0.4 I 

---0. 2 

--0.1 

-0.4 

-0.3 

--0. 8 

-0.7 

+o. 3 

0. 0 

--0.2 

-1.3 

-1.2 

-0.7 

-1.5 

-1.0 

-1.7 

-1.7 

-1.3 

-2.1 

-1.3 

+u. 3 

+u.u 
+1.4 

+o. 9 
+o.3 
+o.4 
+1. 2 

-i-1.0 

+1.0 

+1.6 

+1.8 

+l. 0 

+1. 9 

+l. 0 

--0.1 

-1.4 

-1.l 

+o. 9 

+o.s 
+0.6 

+I.6 
--0.6 

-0.2 

--0.2 

TABLE II. 

-1.3 I 

-1.0 

-1.9 

-1. 5 

-0.7 

-0.2 

-1. ~ 

-0.5 

-0.5 

-0.8 I 

-1.0 

-1.3 

-1.9 
-1.4 

+1.3 I 

+2.6 

+1.8 

+0.7 

+0.2 

+1.1 

-0.1 

+1.8 

+2.2 

+1.5 

Theod. No.133, 8-iuch, 2 rnicr. 

10 

20 
30 

40 

.)O , 

60 ! 

70 

80 

OU 

100 

110 

120 

130 

140 
150 
160 

170 

-•·•••••····I••• 

' 

+o. 5 

0. 0 

-1.5 

-2.5 
-2.0 

tl- 0 

-0,5 

-2.0 

-0.j 

-1.0 
-1.0 
-0.5 

-2.0 i 
-0.5 

0. 0 

+3.5 

+2.5 

+l. 0 I 
-1.5 

-0.5 

-2.5 

-2.0 

-3.5 

-0.5 

+3.0 
+3.5 

+2.5 

+1.0 

+1.0 
+1.0 

~~:~ II 

-2.5 
-2.0 

··--·-··[ 
·-··········!··· ···-···· ······-·····] 
············j··-········· ············! 
·······-····[··-·······.··-··-··-··I 
:::::::::::::::::::::::::::::::::::::1 

NumbeI' , Diameter N h f ! Number , Pr b . 
um er o 

1 
of examined o able error of one lino of of 

Th cod. circles. 

5 
118 

131 

108 

Inches. 
20 
20 

12 
12 

12 

microscopes. , divisions. of the gra.dnation. 

2 

3 

2 

3 

2 

Inch. 
±0. 000019 

1~ 3 

±0.3~ 

0.60 
0.83 

0.83 
1.02 

1.6'! 

1. 30 

. 000029 

. 000024 

. 000024 

. 000030 

. 000032 

. 000025 
. --l~--~----------1- 3 -------~-
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UNITED STATES COAST AND GEODETIC SURVEY. 

ArrENDIX No. 13. 

ADDE~-m~I TU A REPORT ON A PHYSICAL SURYEY OF THE DELA\Y,\Irn RIYEH, BY IIEXRY 

MITCHELL, ASSISTANT CNITEJl STATES COAST AKD GEODETIC fWiffEY. 

BOSTON, Jfarclt, 1881. 

DEAR Sm : In my report upon Delaware RiYer, printed as A ppemlix .X o. n to tlw lfoport of 
the Coast and Geodetic Survey for 1878. I made the following statement: 

"Other things equal, the size of a channel through allu.-iums may be ~mid to Yar~· directly as 
the amount of sei..-ice whicl1 it is e11lled upon to perform as a conduit.'' 

In the extra copies of this Report, distributed among profe,..sional and interested parties, the 
word "tidal" was inserted before the word channel. 

This statement, so widely at variance with all writers upon h:nlrodyuami.es, was a theoretical 
deduction from the laws of tides, and I confosil that 1 did not expect that I could offer from the 
.-ery scene of my labors the practical illustration which follows. Indeed, 1 was >;omewhat shaken 
in my own belief when I found, upon further reasoning from the theoretical staBdpoint, that two 
other conclusions were made necessary, still more at variance with preconceiYe<l ideas. I will 
state these three conclusions in their order, premising that <illuriul tidal l"hannels art• in question. 

1st. The transverse section is directly proportional to the di,.;charg1» 
2d. The wiclth is proportional to discharge. 
3d. 'l'he mean deptl1 is the same in all .-;ectious. Ju otl.ier words, a natural cono;taut is found. 
The table which follows was compile1l hy Henry I,. Marindin from the Coa8t Snrwy Chart of 

Delaware Bay, and the diagram which he has made of the results I haYe place<l after Uw table in 
order to displa;v to the eye without effort the success of the experiment. :\Ir. :\larindin used the 
planimeter for determining areas and mean widths, so that more thau usual rigor was exercisPd in 
his computations. 

You will obserYe that for the portion of' the ba,v below artificial obstructions and abon tlw 
counteraction of the ·waves of the ocean my three rules hold good in a remarkable manner. The 
width is affocteil by the wear of the wayes upon the shore to a ~reater degree than the other 
elements, as might haye been expectml; but tlle mean depth for a distance of sixty-eight miks 
below League Island differs from the a•emge (sixteen feet) only in oue instance as mm.:h as three 
feet, and in eight ont of the fourteen sections in this distance the variation 1loes not exceed one 
foot. In this distance the width varies from a half mile to o-ver t\Yenty miles, arnl eYer~- c011ceiY
able form of shoal vexes the navigation. At a first glance at the chart one would think that mere 
chance disposed of channels, islands, and shoals, but our table brings order out of this chaos. 

Yours, respectfully, 

CARLILE I'. PATTERSON, LL. D., 
Superintendent Coast and Geodetfo Sur1•ey. 

IHJNiff )fITCHEI.,L, 
Assistant Coast and Ocodetic 8urtcy. 
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i DistaneA 
from 

League 
Island. 

, Nautical 
mile~. 

10 

15 

20 

25 

ao 

35 

411 

45 

50 

60 

65 

70 

7.5 

80 
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TIDAL :MOYEMENT IN DELAWARE HAY AND RIVER. 

'Mean width 
of stream 

for 5 miles. 

i Area of 
cross 

section. 

Contents 
of tidal 

Discharge. 

Total at ! ~~~~::~ 
cross ac<·- cross 

Locality. 

--------- --------

Feet. Feet. ! 8quarefeet 
'(thousands)' 

ti on. 

-- Cubi:feet 1 ~::::o::~t II 

Cubit· feet per second per second 
(millwns) d I , (thousitn s>,<thousands) 

j __ ---- :~-- -- ------------ _____ I 

Section No. 47 of 18i8......... . -_). ·-- -- ·--- -· ! 93 245 

5190 i 16 
Iazaretto ............. 1_'....... 1· 75 

' ··-·····-···------·-· 5560 ! 15 -··: ........... . 

947 
283 

169 1 013 

Marcus Hook ............. . ......... ! ............ : 92 323 

5850 : 17 ........... . liH 1 067 

Old Mau's roint ...... _ ....... ., ........... _I 105 

1440 I 17 1355 ! ---- •• ---- •• 

Det>p-WakI' Point. - ... -- ..... · 1· ••• -· ·----· i··- -- . -.. . .. . lGl I.-· 
I, 8810 I 19 i ............ '1 268 1605 

420 

Enl.kheatl Sl1oaJ. . 
14450 11 14 

I.. ... '.~~--- I ..... ~;~·.. 
2635 

Elsrnglioroug-h Pomt .......... , ... ----····-:············: ~14 ········•------······ 

484 

588 

r------
688 

I 13 800 i 17 419 2 515 
Baker's Shoal. ............................. ': ... __ _ 25~ 

17 190 lG!r 522 3 133 

Thoroughfare NPck ......... .. 313 812 

221811 674 4 043 
RomhnyHook ............................. : 

21' 470 JG 

GooHe roint ------ -- ... ---- -- -· ........ -

·-······;------------
8(i5 I r.1so i····---

_,_ 1179 

40 521) 1504 i 9 026 

Mahou's Riwr Li!( ht .......... ___ ....... .. 1537 

2 261 I 13 568 ... __ ....... 74430 13~ 

3492 --+--~·o-~~ ... ----~o~~---Egg Island Point . ............. . 1115 

114 930 14 

17j 

i ' 2906 ............ ! ............ , i 
............ 3947 l 23682 ! ............ ! 

2485 ........... 1.... - 3 846 I 

3116 ! 18 695 , ............ I 

Month of West Cre<"k ... _ ...•. 2070 

12\J 920 

Brandywine Sboal ............ . 

........ i............ 4588 I 
-----· ...... 2207 i 13240 ! ........... . 

................... ___ .. ! 5113 I 2495 

Mummy Shoal ....... . 2 840 

Ca11e Jlenlo11en to Cap<~ Ma;\·. _., ... - .. -

38 I 
40 

43 

54 

64 

104 

100 

124 

161 

206 

358 

538 

831 

940 

742 

525 
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APPENDIX No. 14. 

ON THE INTERNAL CONSTITUTION OF THE EARTH. 

(Coast and Geodetic Survey Report for 1879.) 

1. The law of the increase of deusity of the earth from the surface to the center Las been well 
investigated by R. Lipschitz. His memoir is published in the 62d volume of Orelle's :MatLematical 
Journal, and his formula is gfren ou t.11e 35th page. If x denotes the mean radius of any homo
geneous stratum, referred to the mean radius of the earth as unitJ, the density k is 

k = 9.453-6.953 af·-:lli 

From this formula the density of the earth for different strata is given in the second column 
of the subjoined table. The first column contaius the corresponding mean radius of the stratum. 

2. From the above formula, the gravity (g) at the surface of a stratum, referred to the gr.:wity 
of the whole earth at its surface as unity, neglecting the centrifugal force, is 

g = (9-·~5__3_ ~~::)-
1 (9·4;§ x-i:~!3 x3

·

39

) = 1.6936165a: - 0.693Ul65x'm 

Its value is given in the third column of the table. 
;.t, If the earth were liquid, the pressure p upon each square inch of eYer~· st.ratum, estimatRil 

in thousands of pounds, neglecting the centrifugal force of rotation and ellipticity, is giYen by the 
formula, 

1> = r uk = 82422.80-145310.40ar + 75794.95x4·39 -12901.3W 78 

Jx 
Its valt1e is given in the fourth column of the table. 
4. Were the earth's interior in convective equilibrium in conformity to the theory of Sir Will

iam Thomson, the increase of density should correspond to the increase of pressure. The immense 
incompressibility I' which would thence result is exhibited in the fifth column of the table, which 
represents the incompressibility in terms of water as unity, in passing from the surface of oue 
stratum to the next interior stratum of the table. This result does uot affect the question of rigidity 
so ably discussed by Sir William Thomson. 

x k g 1> p 

1.0 2.50 1. 0 42.40 
.9 4.0478 1.0389 6130 104. 79 
.s 5.3740 1_0295 15039 192.21 
. 7 6.4885 .9783 25906 299.83 
.6 7.4021 .8932 37755 422.60 
.5 8.1265 .7805 49593 557.07 
.4 8.6748 .6462 60505 704. 3(i 
.::! 9.0617 .4962 69725 876.08 

.2 9.3045 .3357 76675 1116. 07 

.1 9.4247 .1690 80973 HilO. 50 
0 9.453 0 82423 

CAMBRIDGE, 1lfarck 27, 1878. BENJAMIN PEIRCE. 
S. Ex. 17--26 
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APPENDIX No. 15. 

ON HitlTHl,'MENTS AND METHODS USED FOR PRECISE LEVELING IN 'fHE COAS'l' AND GEODETIC 
seRVEY. REPORT BY 0. H. TITTMANN, ASSISTANT. 

The leveling instruments adopted by the Superintendent for the precise work of the survey, 
are in principle the same as those known as the "Vienna" or "Stampfer" levels. Their introduc
tion in 1877, with important additions in the accessory parts, and tbe manner of using them, is 
due to AsRistant J. E. Hilgard. 

The principle underlying the construction of these instruments is~ that the telescope can be 
mornd in a vertical plane about a horizontal axis by means of a micrometer screw.' This con
struction is especially adapted to the object bad in view, namely, of multiplying the pointings on 
a mark eith1•r in the horizon of the instrument or at an angle above or below it, even beyond the 
measuring range of the striding level. It was supposed that the accuracy of the striding level, 
where a large number of its .divisionR was involved, would be impaired by its expmmre to the 
influences of the wind and of changing temperatures in the open air. It was therefore decided 
to use it only to define the horizontality of the telescope, but to measure any inclination of the 
latter by means of the micromet<ir screw. In using a target rod, therefore, it would only be 
necessa1·y to bring the target approximately into the horizon, which efl'ects a saving in time and 
an increase in accuracy over the usual attempt to bring the target exactly into the line of sight. 
The meth0<l is equally adapted to observing on rods without targets, and presents the obvious 
advantage of enabling the observer to attempt a bisection of any graduared space on the rod near 
the horizon. 

These instruments are known in the survey as geodesic levels." In their present form they are 
constructed as follows (see accompanying illustration)~ A liorizontal plate is fastened in the 
middle to the vert.ieal axis of the instrument. One end of this plate carries the nut of a vertical 
micrometer-screw passing through it. This screw serves to raise or lower one end of the super
structure: which is pivoted to the other end of the fixed plate. 

The superstructure consists of two uprights, joined somewhat below tlieir middle by another 
horizontal plate. The upper portions of the uprights are fashioned into wyes, and carry the 
telescope and the sliding level; the lower portions are cut out so as to leave guide pieces passing 
outside the lower phite. A capstan-headed pivot-screw passes through each guide piece at one 
end int-0 small sockets iu the fixed pfate. Passing through the fixed plate the micrometer screw 
moves between the guide pieces at the other end and abuts against a small steel surface. The 
fixed plate carries an index, and one of the guide pieces a corresponding scale to register the 
whole turns of the micrometer, and also a pointer for reading the subdivisions on tbe micrometer 
head, of which there a.re 100. Near the micrometer end the fixed plate carries a cam-hook, which, 
on being turned, passes into a staple below the upper plate, raising it and everything above it off 
the micrometer screw during transportation. For the purpose of raising the telescope out of its 
wyes during transportation the upper plate carries two false wyes at the end of two arms, which 
are so pivoted and connected with a milled-head screw, passing through the middle of the plat{), 
that by turning it the telescope may be raised on the false wyes and pressed securely against 
semicircular guards fastened across the true wres; by the same means it may be lowered into its 
proper bearings for observation. The telescope rests in its wyes between two shoulders, on collars 
of bell· metal. Each shoulder carries a projecting pin, which, when it abuts against corresponding 
pins in the upright, defines two positions 180° apart, in which the observing tliread is horizontal 

*The nun11 r1wde;ig is common to the English, German, and French languages: the use of its derivatives, geodeUc 
-ical, geodeaic-ical, remains unsettled. \Ve propose to use the harrl form "geodetic" for the immediate adjective 
signifying things of the same kind and quality as the noun, and the softer form, geoieWJ (instead of gwdetical), for the 
deriYed adjective, applicable to matters relating to or incidental to geodesy. Hence, geodetic survey, goodesic level. 
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when the te1escope is turned about its optical axis. The diaphragm in the telescope is of glass, 
and has two horizontal and one vertical line ruled upon it. 

A clamp and tangent movement for accurate lateral pointing connects the vertical axis 
through the fixed pJate wit.h the external part of its socket. The vertical axis aml socket pass 
downwards below the le\'eling screws, through the tripo1l head, to which the instrument is secured 
by means of a milled-head nnt, threads for which are cut on the external part of the socket. A 
hemispherical washer of wood, fitting into a corresponding cavity in the tripod head between it 
and the nut, gives all the play required by the leveling screws. 

The instmmE-nt. is further secured by means of a brass plate, which may be clamped to the 
ti-ipod head in such a manner as to fit over shoulders on the leveling screws, which arc sunk into 
the tripod head to the necessary depth. 

The level proper is a striding level, not fastened to the telescope. 
The above description applies equally to the two forms of the instrument in use in the survey, 

with this exception, that geodesic level No. 1 has its vertical axis entirely above the tripod, awl that 
it is much lighter than Nos. 2 and 3. Most of the precise leveling has been done so far with No. 1. 

The smaller instrument, inclusive of tripod, weighs 23 pounds, while the weight of the larger 
is 45 pounds. The telescope of No. 1 has an aperture of about 35mm, a focal length of .1()7mm, and a 
magnifying power of 26. One millimeter of the level scale equals 3".5. 

The telescopes of Nos. 2 and 3 have apertures of 43mm, focal lengths of 410m111, and magnif.ying 
powers of about 37. The value of one millimeter of the level scale equals 1".5. 

Rod a.nd target (see illustmtion).-The rods are made of well-seasoned white-pine wood, oiled 
and varniRhed, and are a little more than 3 meters long. Each rod consists of a main strip of 
wood 7.5cm wide and 2.5c111 thick, along the center of each broad face of which is screwed and glued 
another strip of the same length, and 2.5•m wide and 2.5•m thick. A target, provided with guide 
pieces, and a friction spring, can be moved up and down one of the faces of the rod by means of 
an endless ehain running over a fixed pulley at the bottom, and an adjustable one near the top of 
the rod. The chain passes through a clamp convenient to the rodman's hand. The target carries 
with it, at right angles to its face, a small ivory scale, graduated to millimeters, moving over a 
strip of brass let into the rod and extending its whole length. The brass is gmduatetl to centi
meters, and can be read to fractional parts <1f a millimeter by means of the ivory scale. The brass 
scale is fastened in the middle immovably to the rod, and is held in its groO\'e by means of screws 
at the back passing through slots, so that the brass may freely expand towards the top and 
bottom, and it forms the scale proper on which all differences of heights are measured. The tem
perature is registered by means of a thermomet.er let into the rod. A handle screwed on that face 
of the rod opposite to the target, a.nd a small circular level, enable the rodman to hold the rod 
vertical. That faeeof the rod which carries the target is graduated to centimeters, and ser"es the 
double purpose of a telemeter and of checking the reading of the brass scale, as will be explained 
further on. The foot of the rod is a rounded piece of brass, which is intended to rest in a corre
sponding depression in the foot plates. 

The foot plates are circular disks of cast iron, about 15cm in diameter, with depressions in the 
center for receiving the feet of the rods, and with prongs on the under side to secure immobility 
when properly pressed in.to the ground. Another support which has been used in thawing ground 
is a pin of wrought iron about 15cm Jong, increasing from a point to a diameter of about 5cm on top, 
which also contains a cavity for the reception of the foot of the rod. These pins must be driven 
i.uto the ground with a maul. 

The following adjustments of the instruments should be made and prestrved: 
1. Ta adj'Ullt the slidi~ level far "wind," or t.o make it parallel with the axis of the collars.

Turn the lateral counter-screws ou the level until the bubble remains between the same di\-isions 
of the scale when the level, while resting on the collars of the telescope, i'3 revolved to one side or 
the other of the vertical plane passing through the axis of the collars. 

2. To mm the Mis of the l,etiel parallel to the plane of its Bttpparts.-This is accomplished by 
noting the reading of thil level in a direct and reversed position on the telescope and by correcting 
one half of the deviation of the bubble by means of the vertical ac.ljusting screw of the level, and 
the other half by means of the micrometer screw under the tel~ope. 
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3. To rna."Jre the a.ris of the instrument vertical and perpendicular to that of the level.-The previous 
adjustments ha,·iug been made, the bubble is made to play and the vertical axis is turned 180°. 
One half of the deviation of the bubble is corrected by means of the foot screws and the other 
half by means of the micrometer screw. This adjustment having been perfected, the reading of 
the micrometer, which then corresponds to a horizoutal pointing of the telescope, should be noted. 

4. To adj1tSt the horizontctlit.1/ of the middle thread.-When the instrument is leveled and the 
abutting pins intended to define the horizontality of the thread are in contact, and the telescope 
is pointed on a distant mark, the latter should remain bisected by the thread as long as it remains 
in the field of view, when the telescope is moved in azimuth. The adjustment is made by turning ·, 
the diap.b.ragm the requisite amount. · 

5. To adjust the collimation.-Point the telescope on a mark at a conv-enient dii;tance, and 
then turn it 1800 about its optical axis. If the intersection of the vertical and horizontal thread 
deviates from the pointing in the first poi:iition, correct one-half of the Yertical deviation by means 
of the micrometer and one-half of the lateral deviation by means of the tangent screw, and the 
rest by means of the adjusting screws of the diaphragm. It is only necessary, however, that the 
horizontal thread should be put inw the line of collimation as nearly as may be. -when this 
adjustment ltas been made by pointing 011 a mark at a consider:tble distance, it should be tested on 
one so much nearer that the focus of the telescope requires changing. If the adjustment remains, 
the motion of the ocular is paraJlel to the geometrical and optical axis of the t"1escope, but,, if not, 
a mechanician alone can make the required adjustment. 

G. To d,etennine 1vhetlier the telescope moves in a vertical plane.-This is an adjustment depending 
on the construction of the instrument, and may be tested by pointing the telescope on a plumb
line and seeing whether the line of sight travels along it when it iis raised 01· depressed. by means 
of the micrometer screw. If it does not, a remedy may be sought for iu a readjustment of the 
pivot screws of the superstructure. 

7. To determine the angular value of a revolution of the 1nicrom-eter.-Tbis depends on the dis
tance between the threa<ls of the screw and the distance between the center of the screw and the 
pivots. Even though we assume the revolutions of the micrometer screw to be proportional to 
the arc through which the telescope moves, their angular value will vary on account of the eccen
tricity of the line of sight in reference to the pivots of the superstructure. As the reduction of 
the target to the horizon is generally less than 5mru, which, at 100"', corresponds to an angular 
value of only 10", it is apparent that even in extreme cases the average value of a revolution 
clerived by the following method will be amply sufficient for our purposes: Level the iILStrument, 
with the micrometer set at the horizontal reading of the telescope. At as great a distance, accu
rately measured, at which the scale-marks remain perfectly defined, set up a vertical scale or one 
of the rods. MeMure the angular value between the divisions of the scale iu terms of the micro
meter to the amount of about two tu·rns above, and as many below the horiwntal reading of the 
micrometer. 
Let D = the distance between the pi Yo ts of the superstructure and the rod; 
Let d =the distance between the scale divisions of the rod, expressed in the same uuit of measure 

as D; 
Let m= the difference in reading of the micrometer, when the telescope points on the upper aml 

lower scale divisions expressed in terms of the micrometer; 

Then one turn, t, of the micrometer expressecl iu seconds of arc= .. -. _d
1
.. - . , and theref~re 

D sm /1 xm 
the linear value, d, of t for any distance Dis, d = t D sin 1", and this is tabulated for convenience 
of reduction. 

It may here be remarked that it is not absolutely necessary to determine either the micrometer 
or level value or the inequalities of the collars in angular measure. The two latter may be expressed 
in micrometer divisious, and the linear value of these for any particular <listance may be obtained 
as above described, and for intermediate distances it may be obtained by interpolation and tabulated. 

8. To determine the angular 110.lue of one division of the level soale.-Mount the level on the t.ele· 
soo~ and observe the number of level-sea.le divisions through which the bubble moves when the 
teles(I011e is raised or depressed through a given angle by means of the micrometer screw. 
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9. To determine the inequality of the collars of the telescope.-Mount the instrument firml~' and 
level it carefully. Measure the inclination of the telescope in its wyes by rev-ersals of the level. 
Carefully lift the telescope and, turning it end for end, replace it so tllat the object-end collar shall 
be in the wye in which the e.re-end collar was before, and again measure the inclination of the 
telescope. This should be repeated with the telescope im'erted or turned ll-10° about its optical 
axis nntil a satisfactory value has been obtained in both positions of the telescope. 
Let I= the inclination of the telescope when <lirect. l 

11 =the inclination of the telescope when reYersed. j Erect. 
Let i = the inclination of the telescope when direct. } 

i1 =the inclination of the telescope when reversed· lnYerted. 
Then the inequality of collars, 

[ 
'I I') (: "')] It=~ (-~- + '-~-=j:-i 

and the correction to be applied t:o an observed sight at tl1e distance D, will equal D h sin 1", and 
should be computed and tabulated. 

If the objoot-end collar is too large the line of sight will be inclined downwards when the 
targent plane to the upper surface of the collars is horizontal. This constant should be deter
mined at the beginning and end of each season's work. 

10. To determine the distance between the rod and instrument by means of the distmwe threads in 
the diaphragm.-For the purpose of reducing the target reading to the horizon it is necessary t:o 
know the distance of the rod from the instrument. Although the ang'le between tlie distance 
threads changes with a change in the focus of the telesco11e, a table gi\-ing the distances corre
sponding to the difference of the readings of the threads on the rod, with sufficient precision, mar 
be constructed as follows: Set up the rod at the measured distances of, say, 20 and 150 meters, 
and observe the space (which will form the "argument" of the table) intercepted b;\' the distance 
threads on the painted graduation of the rod. Interpolate the table for intermediate distances 
and exteud it proportionally. The extreme threads should be equidistant from the middle one for 
convenience of observing. If they are not, the distance should always be measured between the 
same two threads to avoid confusion in the record. 

Verijicati-On and adjustment of the rod$.-The brass scale should be compared with a standard 
for total length and uniformity of graduation. 

Its coefficient of expansion must be known or be determined. 
Its immobility, when attache.d to the rod, should be tested. 
The graduation of the millimder scale should be examined. 
The thermometer should be compared with the standard. 
The zero of the millimeter scale should correspond to the center of the target; if it does not, 

a correction must be applied whenever the rod reading is t:o be referred to a bench-mark on which 
the foot of the rod cannot be placed. 

The target should be horizontal when the rod is vertical. 
The level on the rod should be adjusted to indicate the verticality of the rod. This may be 

tested by suspending a plummet from the rod. 
The chain, which is apt to streooh by usage, shonld not be allowed t:o become too slack; links 

may be taken out of it if the range of the movable pulley has been exbansted. 
The distance of zero point of the graduation above the foot of the rod should be determined 

and the temperature noted. This distance is called the index error of the rod. Each rod should 
be designated by a letter or number. 

METHOD. 

The method of leveling adopted is that known as "leveling from the middle," or, more properly 
defined, that of equidistant back and fore sights. The manner of taking the sights is t-0 bring the 
target of the rod nearly into the horizon of the telescope, and to measure with the micrometer the 
:vertieal angle between the horizon and the target by repeated point.fogs, so arrauged as to elim
inate errors of level and collimation. The target reading on the rod is then reduced to the horizon 
by computation. With this method, two sysooms have been in use hitherto: 
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I. Simultaneou.~ double levening in one direction.-By this the difference in height between two 
benches is determined h.v observing from the same station and with the same instrument, back
sights on two different rods, set up at unequal distances from the instrument, and foresights on 
the same two rods, carried forward and pla.ced at the same relativ-e distances previously occupied. 
This method ma,y he symholically represented by two arrows, joined in the middle, pointing in the 

same direction, thus: ~ . 

The successfre positions of the instrument and rods are shown on the_ diagram: 

A B 

2. Levelling in opposite directions.-This consists in running a line between two benches in one 
direction, and relevelling it according t-0 the same method in the opposite one, and may be symbol
ized hy two arrnws pointiug iu opposite directions: ~. 

S,ystcm 1 offers the advantage of a considerable saving in time over system 21 and affor1ls a 
perfect check against errors of observation from station to station, since the difference in height 
between two rods, obtained in a foresight, should be equa.l to the difference obtained in the following 
backsigllt. If the rods are set up at unequal distances from the instrument, say the nearest at 25 
meters and the farthest at mo, the foresights on the two rods will define the inclination of a plane 
to which, that defined by the backsights on the rods in the same position should be parallel 
This parallelism will be a test of the existence of any consti111t instrumental error. Such an error 
would produce a want of para.llclism in the two planes equal to twice its effect in one direction. 

System 2, on tlie other hand, oilers the advantage of making the determinations in opposite 
directions under <lifferent couditions, and of exhibiting with greater certainty the existence of any 
cumulative errors. (See page 207.) 

In Iudia the direction of operation was alternated in consecutive sections for the purpose of 
compemmtiug cumulative errors; aud w bile the final result between two extremely distant stations 
ma,y by such a process be freed from error, yet intermediate heights might he aftooted by cousidcr
!l>ble ones. 

METHOD OF OBSERVING. 

Plant the tripod firmly, either directly on the ground, or, if necessary, on iron pins driven into 
it, with the top of the tripod nearly horizontal, and with the legs so spread as to be least liable to 
disturbance by a movement of the observer. Loosen the clamp nut under the tripod head. Let 
the telescope down into its wyes by lowering the false ones in which it rests during transportation. 
Tnrn the cam-hook until the plate carrying the telescope rests on the micrometer screw, which is 
supposed to be set to its. horizontal reading. Mount the striding level, and level the instrument 
a11proximatcly-that is, until the bubble remains in view, when the instrument is revolved in azi
muth. Sight on the rod, and adjust the focus of the telescope and eye-piece. 

A motion to the rodman to mo\·e the target until it is neal'ly bisected by the middle thread is 
followed by another to clamp it there, after which the rodman must give his sole atrention to 
holding the rod vertical by watching the hubble of the attached level. 

a. Next the observer, watching the striding level, turns the micrometer screw until the bubble 
is in some determinate position, for instance, until an equal length of it is on each side of the center 
of the level scale. It may be found advisable to select divisions at unequal distances from the 
center, which, being systematically adhered to, will always show whether the position of the level 
is direct or reversed. Oare should be taken to avoid parallax in reading the level, particularly 
when an attached mirror is used. 

· Then the designating number or letter of the rod pointed on, the position of the telescope and 
level, and the reading of the micrometer corresponding to the a.dopt.ed level reading, are recorded. 

A pointing is next ma.de on the target by turning the micrometer sere:w, the reading of which 
is again recorded when the horizontal thread bisects the target. 
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b. The level is reversed, and the micrometer is turned until the bubble of the level is between 
the same divisions as in the first rea<ling, then the target is bisected, and the micrometer readings 
for level and target are recorded. 

c. The t~lescope is inverted or turned 1800 about its optical axis, the level remaining reversed 
as before. Again the micrometer is turned until the bubble is between the selected didsions, and 
then until the target is bisected, and the corresponding readings are recorded. 

d. The level is shifted into its direct position, its bubble is brought between the selected divis
ions, and the micrometer is read. Lastly, another pointing is made on the target, and the microm
efor readings are recorded. 

Then the observer notes the readings of the upper and lower edges of the target and of the 
distance threads on the painted graduation of the rod. The rodman reads the scale and thermom· 
eter, and records them in a book which he carries for the purpose. His reading of the scale is ver
ified by the recorder, and should correspond within a few millimeters to the mean obtained from 
the observer's reading of the upper and lower edge of the target. 

If the system of simultaneous double levelling is followed, the obserYer will generall~· finish all 
the observations (a, b, c, d) on one rod before beginning on the next one~ in ordel' to give one of 
the rodmen time to advance while the obsen-ations on the other arc being· made. If system~ is 
followed, the observations ma,y be so arranged as to make the mean of the times of making the four 
observations on each rod the same, provided always that the rods are so nearly equidistant that 
the focus of the telescope does not require changing, as that might affect the collimation. 

Such a sequence of obsen·ing is shown by the numerals in the following scheme: 

Hacksight. 
Rod Y, 2, b a 

3, de 

Foresi!!:ht. 
Rod Z, 1, ab 

4, c d 

During the observations the instrument should be screened from the sun b,y an llmbrella. 
Before carrying the instrument forward it should be clamped to the tripod head by means of the 
nut. 'l'he false wyes should be screwed up to support the telescope, and the cam-hook should be 
urned to raise the superstructure oft' the micrometer screw. 

The true distances of the rods from the instrument are obtained, as already stated, by means 
of the distance threads in the telescope, for purposes of reduction, but their position is selected at 
as nearly equal distances from the iustrument as possible, b_y careful pacing of the rodmen. Where 
the slope of the ground is steep the distances may be taken as great as possible, and on compara
tively level ground they may range from 50 to 150 meters, according to tlie co11dition of the weather 
and atmosphere. The rodmen should exercise great care to plant the foot supports firmly in the 
ground, and to keep clean the cavities in which the feet of the rods rest. 

River crossing.-When a line of levels has to be carried across a wide river, and where, from the 
lowness of the banks, the line of sight would pass very near to the water, the instrument should 
be elevated so as t-0 be above the vitiating influence of irr~gular refraction. If possible, two instru
ments should be mounted on opposite sides of the river, and simultaneous obsen·ations should be 
made on targets mounted near the respective instruments. 

The elevation of ~ach target above a bench-mark on its side of therirnr must be carefully deter
mined, and each target and instrument should be as nearly as possible in the horizon of the other. 
The observations are made in the usual manner; if the distance across is not otherwise known 
with sufficient accuracy, the known value of the micrometer will serve to determine it snfficientl~' 
for purposes of reduction, by measuring across the river the length of a rod or other known length 
in terms of the micrometer. The inequality of collars being known in terms of the micrometer, the 
correction may be applied directly in that form. 

If only one instrument is available, observations made in one direction sboultl be repeated ais 
soon as possible in the other, and several times alternately in opposite directions. By the observa
tions in opposite directions the effect of refraction may be supposed to be eliminated, as is that of 
curvature. 

It is shown, however, by observations made expressly for the pur})OS~ over a distance across 
the Potomac River of 6SO meters, at different elevations, that it is necessary to elevate the instru. 
ment at least 10 feet above the water, in order to obtain results free from the effects of irregular 
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refraction. Although more than twice as great as that usually admitted (being found about 0.27 
against 0.12), the results obtained at elevations of 11 and 17 feet from observations in opposite 
directions show a satisfactorv agreement, while observations made at a height of 4 feet above the 
water gi\·e a wide range in the results. The details of this experimental work are given in the 
paper immediately following the present one. 

IlENCH·MARKS. 

The nature and location of the bench-marks will depend on the purposes they are intended to 
subserve, and are permanent or temporary. To the latter class belong those which are only intemled 
to afford a check on the leveling operations and a test of their accura.cy. They may consist of nails 
or spikes driven into trees, telegraph poles, or into pegs driven into the ground, while permanent 
ones are intended to secure the results of the work for all time. Public or private buildings, the 
piers of bridges, or outcropping ledges of rock will generally afford good points of reference, but 
where these do not exist, and yet permanent benches are required, cut stones, suitably marked, 
may be set into the ground for the purpose. \Vhen a mark is to be established on brick buildings 
a copper or brass bolt, about 10 centimet11rs long and ~ centimeters in diameter, should be set 
horizontally into a hole drilled into the center of a brick, and adjacent bricks should be ma.rked 
with the letters U.S. B. M. 

Bench-marks of cities and such as relate to water courses near which the line of levels passes 
should be connected with the latter, and when a railroad is crossed the elevation of the foot of the 
rail should be observed. 

The frequency of permanent benches must depend in a measure upon the opportunities offered 
b:y the country through which the line p~sses, but cannot be too great. Permanent benches may 
again be subdivided into primary and secondary. The distance apart of temporary benches should 
be about 1 kilometer, both as a safeguard against errors ancl for the comparison of the relative accu
racy of the work on different lines. 

It should be remembered that whenever a bench-mark is to be connected, on which the foot of 
the rod cannot be placed, the distance between the foot of the rod and the zero of its graduation 
must be taken into account, and that of the other rod also, if the line does not end with same rod 
with which it was begun. 

DEGREE OF PRECISION. 

The rule, based on experience, adopted for the "Europaische Gradmessung" in 1867, is that 
the probable error of a difforence in height of two points 1 kilometer apart should not, in general, 
exceed 3mm, and never r,mm, 

The Jlrobable error deduced from the closure of polygons is, in general, however, smaller than 
the amounts abo\'e given, a circumstance which may be 1mrtly ascribed to the fact that greater 
accuracy is attainable, and partly to the compensation, in long lines, of cumulative errors, which 
experience has shown to exist at times, and the nnture of which has not. been satisfactorily explained. 

As a guide, the observer may therefore accept for short distances a difference, d, between two 
levelings of the distance K, in kilometers, expressed by the formula d = 5mm ../ ~K. 

RECORDS ilD COMPUTATIONS. 

A detailed description of every bench-mark and of it.s exact and general locality should be 
•ntered in a book kept for the purpose, and a general map, showing the line leveled and the loca
tion of the benches, must accompany the record of each season's work. 

Explicit information in regard to everything having a bearing on the accuracy of the work, 
such as the times and manner of adjusting the instrument and rods, the strength of the wind, the 
condition of the ground, and the location of the instrument and rods while observing, whether on 
river or ranal embankments, or on roads or fields, should be entered in the field book of observa
tions either between stations or at the end of each day's work. 

A specimen of the record of observations is appended. It shows also as much of theoompnt.a
tion as is performed in the observing book. The means of the micrometer pointings on horizon and 
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target and their difference, H - T, are computed and written down, as well as the difference 
between the distance wire and the mean of readings on the upper and lower edge of the target. A 
specimen of the computation and abstract is also appended. 

In the form for computations the left-hand page refers to backsights, and the first column con
tains the number of the stations. The second column contains the argument, or space in centimeters, 
read off on the rod by the di:stance threads, and the next column the corresponding distance in 
meters. The fourth column contains the differences between the means of the micrometer readings 
on horizon and target. The three following columns, under the bead of "corrections," contain the 
corrections there indicated, expressed in millimeters, which are summed up in the eighth column, 
and applied to the sum of the rod readings, the :result forming the corrected rod readings. The 
same remarks apply to the right-hand page, which is devoted to foresights, and which, in addition, 
contains a column giving the difference between the sums of the back and the fore sights, or the 
difference in height of the benches. To this difference the temperature correction, derived from 
the mean of the recorded temperatures, is yet to be applied. 

In order t.o facilitate the computations, tables are prepared for each instrument, giving for the 
argument derived from the distance threads, the interred distances, the corresponding linear values 
of micromeoor divisions, and the correction for inequality of pi\Tots. 

Curvature and refraction.-A table of corrections for cunTature and refraction for different 

di$tances is appended. The curvature is computed by the formula ~~' where d is the distance 

and r the radius of curvature of the earth for a line making an angle of 45° with the meridian in 
latitude 330, equal to 6373 kilometers. The quantities are so small, however, that a mean radius 
of 6370 kilometers may equally well be used. The effect of refraction is at best a very variable 
quantity; it is taken here as the eighth part of the correction for curvature, corresponding very 
nearly t.o Gauss's coefficient. 

The values in the table correspond, therefore, to the formula 

d'!- 7 d2 d2 

2r (l - 0·125) or 8 2r = 14568000· 

As a convenient approximate rule we may take: correction = ~! . 10~00, when the correction 

will be in millimeters, the distance being taken in meters. Thus, for d = 300 meoors, we have 

!! . ~= = 6.lsmm as in the table. 

Temperature oorrection.-The form of computation neglects the correction for temperature of 
the rod, which is usually insignificant, and always more conveniently applied to aggregat,e results. 

Table of curvature and r~fraction. 

I' ' 
Distance. Curvatw;e and ; I Distance I Curvatm:e and 

reft1Wt1on. 11 · refraction. 
I: . 
I .... mm-. I m. mm. 

10 0.0 

I 
160 1. 8 

20 o.o 170 2.1 
30 0.1 .I 180 2. 3 

'° 0.1 Ii 100 2. 6 
50 0.2 

ii 
200 2. 8 

60 0.3 210 3. 0 
70 0.3 

I/ 
220 a. a 

80 0.4 23-0 3. 7 
90 0.5 [, 24-0 4. 0 

100 o. 7 
Ji 

250 4, 3 

110 0.8 260 4. 7 
120 1. 0 

1! 
270 5.0 

130 1.2 280 5.4 
140 1.4 

11 
290 5. 8 

150 1.5 :I 300 
I 

6.2 I 
---

S. Ex. 17--27 
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FORM OF RECORD. 

----1 I I .. :::~:., I I ,;;:;! Rod II ·····1-·~1--- I- M~:r::~:::~r.1 ____ 1 ··Upper~ 
No.of Tele- Level 

1 

I Dist. landlower:reading': No.of Tele-·! L 1 ! Dist. andlower reading 
station. scope · I : wire. t'dge of l and i station. scope. twe · ! I : wire. I edge of and 

___ l __ I ___ [ Horizon. :Target.: ___ [ target. I temp. li--·-l ___ J~ ___ \ Horizon. Target.\ ___ :~~~~··- ~mp. 
Ronning on road. Muddy. Foot of rod ]' on Bench No. 61. I 

1 
• Weather cloudy. Briik wind. Rod E. 

10 

I R 17.102 I 17.113 !········!···· .............. 11 I D I 17.107117.102 ........ ........... 3go 

E ~ ~~~I ~~~ !::::::::1 .. ---~~~- ::::::J 9 
E ~ I :~I ~~! :::::::: ..... ~.-~~· :::::::: 

E 

l 

R 1171 111 I 2. 240 i 0. 810 0. 8330 I D I 107 i 092 2. 710 1. 282 1. 3072 

117.1~ 0.~7.112 ilio.s°l.......... ........ I 17.I~~.~1.09s i14o:3 1.307 

R 
D 
D 
R 

E. 

17.003116.993 ........ l ........... j ....... . 
03<1 992 ................... 1-··"··· 

16.963

1

. 918 ........ 1.U8 390 

~~ 1.530
1
_ 1.200: 1.22ao I 

16. 982 16. 956 I 306 I 1. 224

1 

........ 
1 

-2.6 I 

10 

Observed on a mark om.7685 above B. :M. No. 62. 

E 

I 

D 
R 
R 
D 

I 11. 2s2 I 11. 2321···· .. ··1··· .. · .... ·j ...... .. I 262 240 .................. ., ..... . 

I 268

1 

231 1. 600 ~ Rod .... 1 ....... . 

i_I 17.:: 17.: l~~f ......... I ....... . 
1 

-4.2 I 
NoTll:.-The general locality is stated in full at the beginning of each record book; the date, circumstances, weather, &c., on a separate 

pagt> preooding the record of cooh day's _work. 



 

I FORM 23.-Computation of Geodeoio leveling.] 

FORM OF COMPUTATION. 

U. S. Coast and Geodetic Survey. General looallty: ---- (Mississippi Rivet). 

-~-------· --- ·---------· 

DACK-BIGllTB. li FORE - BIGll'l'S. 

Section, V' III; year, 1880; instrument, Geodesic level No. S ; rods, E and F. 
/I -· ·I --

Observer, J.B. W.; Cotnputer, T. P. :B. 

No.of 
station. 

Distance. 

·.r-n.1~-

Correct.ions. 

of collars and 

Sum ofjRodread·1 Correcte<l 
corrs. in gs. rod readings. 

Arttn·/Meters. · ment. 
-- ,_ -~--

T-H.1 Inequality I Curvature 

_ _ _____ · _r~fraction. 

Forwar{l measurement began wit11 ro<l F anrl emle<1 on a mark. 
m. 

Index corr. ro<l .P = J 0. 06221 .. _ ...••••.• 

ll I ml 144

1

-0.6
1

-1.ll +l.3

1 
-1.4

1

-i.2! 0.8330 ........... . 
lo 32 .. --32_-2.6 •

1
-1.0 __ +~---__<:2_:-=:...~'_:_:2ao I=:.:.:.:.= 

---~---' 176 ;-~1 -·-··+L~_I -1.51-2.0 2.11821 Z.1162 

-1: -· -- Distance._ 

I• . ---- I T-H. I• No.of -- I 
B. M.

1 

I, station. Ar~· Meters. 
I [UPUt, 

--1:- ---- -- -
I' 
11 

r----·· 
Sum of 

1

. Rod read· I Corrected 
corrs. inge rod · readings. 

Correct.lone. 

BS-FS. 

Mnreh 16th. 

m. No.61 Ii 
to ,

1 
No.62 [' 

(! 

140 i 143 ;-o. 31-0. 51 + i. 31 ·- u 1-- o. o '.. 1. 3072

1 

............ 

1 

......... . 
80 I 31 -4. 2 -1. 6 + 0. 3 I - 0. 1 - 1. 4 I o. 7685 ........ - ............ . 

J-1761 -2.l /-+Lil/--=-1.5 -=-zo12.075J---;;:om +om.0425 
I . , 

10 

[FORM 25.-Abstract of Computation of Gcotl('Sic Lcwcling. J 

}'ORM OF ABSTRACT OF Rl~SULTS. 

U.S. Coast and Geodetic Survoy. General locality: ---- (Mississippi River). 

Section, VIII; year1 1880; instrumnnt, Geodesic level No. 3; rods1 E and F. Ohsener, J. Il. W.; Computer, T. P. B. 

Ditference of height, in meters. 
Diff.from 2vv I No of I Diatam'e from I Heiµ;ht above 
mean v. K- I ll. M ih1~~~~~:.- B. :~:.~: 1. mm. 

---- - ~ - - ----- ----- - --- --------· -----

FTI>m B. M. to B. M. I Dl::~.~~.in ~'.lo- I 
Line-?- Lino---1 Menn. 

Locnlity. 

56-57 -- -- -- --- - - - - - --- . - 1. 094 + 0. 8616 - 0. ~647 + o. 8632 - 1.6 4. 7 57 56.34 - 3.1173 

57-58 ................... 1.185 - o. 3066 + o. 3029 - o. 3047 - 1. 9 6.1 58 57. 53 - 3. 4220 

58-59 ................... 1. 292 - o. 3137 + 0. 3135 - 0.3136 - 0.1 .o 59 58. 82 -- 3. 7356 

59--00 ................... I. 042 - 0. 2160 + 0. 2166 - o. 2163 + 0.3 .2 60 59. 86 - a. 9519 

+ 2.1 8. 5 61 60. 90 - 3. 3656 

+ 0. 2 0. 2 62 61. 25 - 3. 3233 
60-61. .................. l. 039 + o. 5884 - 0. :;841 + o. 5R63 

61-62 ................... 350 I + 0. 0425 - o. 0421 + 0. 0423 
[!ion." 

Worthington's Ho. "Ma.rylnml plautJt. 

i 
l;:1 

~ 
t;:1 
U1 

0 
0 
p:.. 
U1 
1-3 

~ 
g 
0 
l;:1 
t;:1 
1-3 
cs 
U1 

~ 
:"1 

t-:l 
I-' 
I-' 
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APPENDIX No. 16. 

OBSERVATIONS TO DETERMINE THE REFRACTION ON LINES PASSING NEAR A SURFACE OF WATER, , 
MADE AT DIFFERENT ELEVATIONS ACROSS THE POTOMAC RIVER. REPORT BY ANDREW BRAID, 
ASSISTANT. 

U. S. COAST AND GEODETIC SURVEY, 
Washingtoti, D. C., June 6, 1881. 

Sm: In accordance with verbal instructions from yourself and the Assistant in Charge of tbe 
Office, a series of observations have been made by Mr. J. B. Weir and myself for the determination 
of the coefficient of refraction over water at different elevations. 

The place selected for the observations was at Georgetown, D. C., the station on tbe north 
bank of the river being about 150 meters, and that on tl1e south bank about 700 meters above the 
"Aqueduct Bridge." The length of the sights varies from 658 to 670 meters (distance determined 
by triangulation), and the elevations above the water from 4 to li feet. 

The instruments used were geodesic micrometer levels Nos. 3 and 2, the former being used 
by Mr. Weir and the latter by me. Care was taken in every instance to have the two instruments 
at very nearly the same elevation above the surface of the water, and the sights in opposite direc· 
tions observed simultaneously. After observing a series for each elevation the observers exchanged 
stations, but each retained his own instrument. Then a double series for each elevation wss 
observed and stations again exchanged, &c. 

In the reduction of the observations, corrections are applied for inclination, inequality of 
pivots, and earth's curvature, and half the remaining difference between any two simultaneous 
sights is assumed to be the error <lue to refraction. The errors due to inaccuracy of pointing are 
probably quite small, as the seeing was excellent, and the mean of a number of pointings (12to16) 
was taken in ea-0h case. 

In the accompanying tabulation the results are arranged in three groups: for lower, middle, 
and upper elevation. It will be seen that the values for the coefficient derived are, as in our 
previous experience on the Mississippi River, large, and especially for the lower elevation; but, 
curiously enough, the upper-elevation observations girn a larger value than that derived from the 
middle elevation. 

Contrary to expectation also, the refraction seems to increase rapidly with the time, being less 
between 9 and 10.30 a. m. than at any subsequent 1ieriod of the observations. 

This peculiar circumstance, which may, perhaps, be dui:i chiefly to increase of temperature, is 
more noticeable on the lower elevation, but is common to the others also, the only exceptions being 
found in stations 13, 21, 3, and 28. The mean value of the coefficient of refraction for the lower 
elevation is 0.378, for the middle elevation, 0.264, and for the upper ele\•ation, 0,293. That but 
little error can be due to personal equation, or any difference in instruments, is shown by an exam
ination of determined relative heights of the bench-marks on opposite sides of the river. Bench
marks "a" and "b" are on north side, and 1 and 2 on south side of river. 

Middle and upper elevation observations give mean difforences of height of bench-marks, 
2 and b (2 being the higher), as om.8029 and 001.8034, respectively, values which are almost iden· 
tical. Now, if we select the observations of either observer (or, what is the same thing in this 
case, of either instrument), and compute them, independently of the simultaneous observations of 
the other observer, we get results differing only Omm.8 from those above given. 

Also th• mean of all the lower elevations gives bench.mark 1 higher than bench-mark 
a =0111.5276, and either observer's observations computed independently gives result differing only 
2mm,3 from this mean. 

The lower-elevation results, however, give a difference of height of bench-marks 2 and b of 
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om.7800, or om.0231 less than derived from middle and upper elevations. This difference I cannot 
account for. 

The inequality of pivots, being an important factor in these observations, has been redeter
mined for both instruments, and the present values used in this computation. 

Yours, respectfully, 
ANDREW BRAID, 

Assistant. 
CARLILE P. PATTERSON, 

Superintendent. 

Swnitnary of results. 

i I ' i Eleva- I "j Just ~n I I Jnst ~n I Mean of ! 
: : Date. Time. ' N of nver N• 1 of nver th ' 1 f 

Coefficient of re
fraction. 

I No of I t1'011 Level nort~ side I Le-el south. side north and 1 d1'ff. = 
'Station. 1 over 1 o. sighting o. I aighting ~on : re rac. 

________ j I I water. ; __ ; south. __ I north. eights. i ____ 1------

1

1 :- Feet. ! m. I I m. m. mm. 

Lower elevation .. __ . 

Middle elevation ..... 

f 
May 7 I 10.30 a. m. 6 2 i o. 5606 I o. 5348 1 o. 5477 12. 9 

I ... do .••. j 1.55 p. m. I ·~ 3 1 0. 5468 0. 4987 0. 5227 24. 1 
I ... do .... I 4.45p.m.' 4 3 0.5691 0.4746 0.5219 47.2 

0.186 

0. 351 

o. 689 

0.100 

0.340 

0.426 

0.562 
0.198 

0.248 

o. 367 

0.597 l' 

:May 9 ! 9.40 a. m. i 6 i 2 o. 5325 3 1 o. 5185 o. 5255 7. o 
12 ••. do .... l 12.00 m. , 

16 ... do .... j 1.40 p. m. l 
17 i--- do .... i 2.15p.m. 

20 I May 10 i 9.30 a m. i 
23 I". do .... i 11.35 a. m. i 
27 ••. do .... ! LOO p. m. I 
30 •.. do ... -J 3.40 p. m. I 

Mean time ..... j 12.46 p. m. i 

I I 
May 7 ! 11.15 a. m. I 

... do .... l 3.15p.m. r. 

... do.... 4.15 p. m. i 
10 May 9 , 10.15 a. m. l 
13 ... do .... 

1

112.30 p. m. I 
15 ... do.... 1.15 p. m. j 

18 . . do.... 3.15 p. m. I 
21 May 10 

1

10.05 &. m. 

24 ... do.... 12.00 m. 

26 .. do .... 12.50 p. m. 
1 

29 ... do.... 2.50 p. m. i 
Mean time . .. .. 1.04 p. m. I 

3 I May 7112.15 p.m.1 

6 

11

• ~'adyo .. 
9
. 3. 50 p. m. 

11 .m 10.45 a. m. 

5 3 0. Sf,(13 2 I 0. 5028 0, 5265 23. 7 

4! 3 0. 5578 0. 4995 o. 5287 29. 2 

6 

5! 
5t ! 

5 : 

13 

11 

11 

13 

11! 

llt 
11 
13 

l:ij 

12! 

12 

2 0. 5646 o. 4883 0. 5264 38. 2 

0. 5355 

0. 5492 

o. 5518 

o. 5717 

o. 5080 

o. 5015 

0. 5013 

0.4901 i 

Mean B. M. 1 above B. :M. a = i 
Which gives 1l. M. 2 above B. :M. b = 

0. 8195 
0. 8172 

0. 8189 

o. 8147 

0. 8296 

0. 8189 

3 

2 

2 
3 

2 

2 

o. 7896 

0. 7825 

o. 7800 

o. 7890 

0. 7847 

0. 7874 

0. 5218 

0. 5253 

o. 5266 

0. 5309 

o. 5276 

0. 7800 

o. 8046 

o. 79119 

0. 7995 

o. 8-018 

0. 8027 

0. 8032 

13. 7 

23. 9 

25. 2 

40. 8 

14. 9 

17. 4 

19. 4 

12. g 

17. 9 

15. 8 

0. 378- Mean. 

0. 213 

0. 249 

0.277 

0.184 

0.256 

0. 226 
0. 8305 3 0. 78-07 o. 8-056 24. 9 o. 356 

o. 8304 a o. 7860 o. 8082 22. 2 I o. 317 

o. s183 2 o. 7849 o. 8016 16. 7 I o. 239 

o. s119 2 o. 1s21 o. 8000 11. 9 .l1 o. 256 
0. 8284 3 0. 7823 0. 8053 23. 1 0. 330 

Mean B. ll. 2 above B. M. b = 0. 8029 I 0. 264 =Mean. 

0. 8351 3 o. 7866 o. 8108 24. 2 0. 344 

o. 8145 2 0. 7828 0. 7987 1' 15. 9 : o. 226 

0. 8204 2 I 0. 7780 0. 7992 21. 2 0, 301 

(I 

I H .... do .... 12.50 p.m. 

19 ... do... 3.45 p. m. 
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