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LETTER 

THE ACTING SECRET~!\RY OF THE TREA_SURY, 

The report of tke Superintendent of the Coast and Geodetic Suneyfor the.fiscal year ended June 30, 1889 

DECEMBER 17, lBB\l.-Laid on the table aml ordered to be printed. 

TREASURY DEPARTMENT, Decembm· 16, 1889. 
Sm: In compliance with the requirements of section 4690, Redsed Statutes, I have the honor 

to transmit herewith for the information of Congress a report addressed to this Departme11t by 
T. C. Mendenhall, Superintendent. of the Coast aml Geodetic Survey, showing the progress made 
in that work during the fiscal year ended .June 30, 1889, and accompanied by maps illustrating the 
general advance in the operations of the Survey up to that elate. 

Respectfully, ~·ours, 

The SPEAKER OF THE HoesE OF RE~RESENTATIVEs. 

GEO. S. BATCHELLER, 
Acting Secretary. 
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175 176 . 
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4GI-4GG. 
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APP ALA CREE BAY, p. 52. 
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encc to, p. 48. 
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ASHLEY RIVER, SOUTH CARO LL" A, p. 47. 
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IL\ J:TLE. R F., J IL Eneravin~ llivision, pp. 134, 136, 137. 
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cambia Bay, Florida, p. 93; me~1sured ln ~tephens pas-sa.ge1 A.Jaska, 
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pJi. 5i-58; on the Atchafalasa Ri-rer, LouisiJna, p. 57; wire meas. 
u1·cm('nt of {o~tr water) in vicinity uf Pears~ Island, p. 81. 
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ti.c8 of, p l lL 

B.:.\i'rn MOSUMENT,;. Snelling Aveuue base, p. 87. 
IlA.8SETT. H. T. Mi~cel1ancous Division, p. HG. 
llA. TC!iEI,LEH, GI-:0. ,;,, ACTIS(]> SECRETAUY OF THE. 
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BA... eEI~. LO er;-; A. CornpntinJ! Division, p.126. 
l~A. Y LA LA cSCll, p. 51. 
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trose. P.1. 1 pp. 3fi---37: occupation of a ~I ation in Loui~iana for m.a_g. 
netic ohEH:rYations1 p. 50; <letermiuationsof the magnetic t-lenwute
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occupation of a !'ltation in TennesRC(\ for magnetic determination:-;, 
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Indiana, Illiuofa and ')idconsin, p. 84; determinations of the mag
netic: dementH at stations in ColorH.tlo and Xew ~fl' xi co, pp. 91, DZ: 

BA YOc GRANDE. Topog-raphical sun·e.\· of, p.54. 
I~EAR. Station in 1risrngnlati1)U of Pl'rdulo Hay, p. 53. 
BEA.I{ POINT, p. 53. 
BEAR RIVER. }{('ference to, Jl. 81 . 
BE.Ht RIVER FLATS,PCml'LASD C.AN.AL,p.81. 
BEA.LT¥ 1harg:t~l.11.17i. 
BECK, C. A., GENER.AL SUPERIXTE:XDEST ILLINOIS CEX

TRAL H:. IL Aid rcceh·e<l from, p. 86. 
:BECK .J A.Ml:<~S. I'rintin~ room, p. 135. 
BEECHER, .ALBEliT M., ENSIGN, U. S. ::\, Service on steamer 

Patterson 1 pp. 78, 79, 175, 176. 
1 BELL,J.A.,ENSIGN, U.S.N. Ser..-iceonsteam•·rolfcArlhur,p.75;· 

reference to, p. 175. 
BELLINGHAM BA.Y, W .ASHIXGTON TERRITORY. Hydro· 

gr~pl1ic aurYey of, pp. 76, 77. 

1rnsr,JI.MARKS. At Annapolis, 1!11., p. 41; at Arkansas Cits, 
Ark., p. 50: at Cairo, Ill., estaulisheu b,r Gen. C. B. Comstock, U. 8, 
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p. 91; on Cape Cod, Massachusetts, pp. 23, 24. 
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EENNING'S RO.AJ), DISTRICT OF COLUMBIA., p. 43. 
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HHUCE, SANDY. Mesaenger, p.146, 
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BULLARD, W.R. G., ENSIGN, U.S. N. Service on steamer Bache 
p. 31 i serYice on steamer Gedney, p. 72 ; reference to, pp. 175, 176. ' 
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CAPE FLA_ TTEltY. H_,·llro.:raphic fltu'Vt.'~·· in vicirnty of, pp. 7 !-7::. 
C.i_PE Il..\.TTE!1.J.S. Curr0nt ,1h::;ei·y..i.ti.nnti north of. p.4<'.'). 
CA.l'E Uln'Ol\D AXIJ ROGCE Rl\'El: REEl'. Hyctrograrohir 

8 ur•ey Oet W(>-en, p. 7'.:!. 
CAPE S.\.llLE, p. rn. 
C.\.PE SABLE A"D PAVILIO\' KEY. Topographical snn-e;-

bet·ween, p. 51. 
CAPE SAN olA.RTIN, l.'A.LIFORNIA, p. 66. 

CAPE SEBASTIA:-1. OltEGtJN, p. 7L. 
CARIIO'<COUNTY, Pl>..!'· :17. 
CARll CATALOGL"E OF JlOUXH HOOKS. In libraryofCuaotau.I 

Geodetic Snn·ey OJ.Hee., cumpietetl. pp. 93. 154. 
CARD CATALOGUE OF PA.PEits ltELATING TU WEIGIIT.S 

AXIJ }lEASURES. RefercnC•c to, p. !59. 
CARIBBEiN SE.:\.. Gauging of cul'r-ent:; entering: the, pp. 48-49. 

' CARLISLB, llllSS ALICE F. Se1Tices in Coast Pilot Division, pp. 
19, 17~. 

CA..JiMAN,J. S. Engra\·in~ DiYiSion1 p.134. 
CA.ROLIYA lIILL. Triaag11lation et"tion in Massach11setts, pp. 

25, 25. 
CA Rl'ENTER (Naval>. Attached to Coast and Geodetic S11r'<"ey. 

p.175. 
CARJnCO, T. W., p. 61. 
CARVER TOWNSHIP, MASS., p. 25. 
CASTLE PINCKX E Y, Q. Triangulation station in Son th Carolina, 

p.4i. 
CATALOGDE NUMBERS AND TITLES OF CHA.RT:'. THE 

DRAWIXGK OF WHWH. f'OR PUBLICATION BY l'HOTO
LITHOGRA.PHY WERE CO~lPLt;I:El>, lllJT NOT PCB· 
LlSHED FUR WANT O~' FUNDS. p. 129. 

C..l..TALOGUE NUMBERS .AXll TTTLES OF CUA.RT.";, TJfE 
DRAWINGS O~' WHTCII WERE REVISED AXD COY· 
l'LETED AND THE CHA.RTS PUBLISHED :nw:u: E:S· 
GfL\ YED PLATES IJTTI:l:XG THE YEAR, p. 129. 

CATALOGUE NUMBERS AND TITLER OF CHARTS, TlfF. 
llRA WINGS FOR SECOXD 'EDITIONS OF WIIIC!l \\"ERE 
RE\'ISED, AND THE CHARTS PUBLISHED BY PHOTO· 
LITHOGRA.PIIY IJURI:\G THE YEAR, p. 129. 

CATALOGUE NUllBEllS AND TITLES OF XEW CII.\RTS, 
THE DRA. WINGS ONVHICil WERE REVISED AND COll
PLETEU, A:Xll THE CH.l.Rl'S PUBLISIIED BY PITOTO~ 
LITllOGRA.PllY llDRINU TUE .FISCAL YEA.It 188,<- ~9. p 
128. 

CEHAR KEYS, FLA .• p. 53. 
CEH~\.R KEYS A.Nil LIGITT-HOUSE POINT. Hydroi(raph,r 

completed bet, ween, pp. 491 .-1:.?. ~'J. 
CEl>AR ISLA.ND LIGI!T-HOGSE. Gitrdiner's Bay, Loni( Island. 

Jl· 35. 
CENTENXIAL '"EXPOSITION OF THE OHIO VALLEY .I.ND 

CENTRAL ST A.TES. Exhibit of the Coa>t and Geodetic Sur· 
vey at, p. 95. 

CENTRAL A VENUE, DISTRIO·r OF COLU~lnIA. I'· 43. 
CENTl~AL P A.CIFIC R.R. Reference to, p. 91. 
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CEXTEH :\U.RKET, W ASIIIXGTO::\, D. C. Coruparisonofsta.Dd
ar<lH 1mulc in, p.160. 

C!IAUOT OBSERV a TORY, OAK LA.ND, CAL. Determinationo; 
lo:igitudn of, p. GO; Tt'f1..1tt'Il('<=' ! o, p. 67. 

CHA::l!BER OF COMMERCE, s,.i.x FRANCISCO. p.100. 
CIJA.l)llAX, D. C. Electrotypist and photographer, reference to. 

l'P· 97, D5. 
CHAI:GE OF THE PACIFIC COAST WORK. Refereneet.,as

~ig:unit'IH of .A.sshi.t:rnt Geor;e Dantlsou tu, p. 68. 
CHA l~Ll:STOX, S. C Recovery of tl'ilm?!nlation AtJltions in T"idn. 

ity of. p.47. 
CliAl:T DIVISION. Annual Hport of, p.147. 
<.:llAitT l'IUNTIN(~. _F~stiniat·· for additional facilitit>sfor,r.1G. 
CILU:TS ADDED TO C.l l'ALOGC"E DU ItING THE YEAR, p. 

13c·. 
CIL\I:TS ,\XD ITllL!CATIUN,; ISSGED 1JDRING THE 

YE.:'d~. NmuhC'r ;1wl y,11n··· of, p. 14-L 
C!LU:r;-;. CO,\~T A::\D GEODETIC Sl:RVEY. Increased de

rn:nHl fo1·, pp. ii."."1. 143. 
('IL~HTS. C\JMPLETE.D AXD PcBLISIIE!J I:lY PHOTO· 

L !TlTnGJ:A PHY, p. 128. 
CII.U:TS, COMPLf;TED AXD PDBLIMIED F1WM E~· 

rtl:c1 VED PLATES IH:-l:IXG THE YEAR, p. 129. 
CHARTS COMPLETED llcT XOT rcBLISTIED, p.129. 
CHA.It TS. Corr,•ction~ arnl additiong to drawillgs of, 11. 130-132; 

rnet11od of supplyin~ to W\Yrd vc~sPls arnl branch hydrographic 
offices of the :Ya...-y, p. 98: (llC'W) receiYeO. in chart room dnrilig the 
:vear, li~t of1 pp.1:l7 -148.; receipts, iasue'1. and ~eueral dh1tribution 
of during tlw yrar. pp. 148, 149; revisetl and second edition., i1ub
h.,hcd hy photoliiho;:!Taphy, p. 129. 

CIIAH rs I'GllL!SllE!J BY l'HOTOL!TllOGRAPHY. Number 
{)f, p. 113. 

CHARTS l'FBLISIIE1l BY P!IOTOLITHOGRAP!IY WITII· 
Ill:A "'X FHOY CH!CC'LA.TION. Nnmber of. p.113. 

CIL\ l:TS SFl'PLTED TO S,1.LE AGE"NTS, p.143. 
CHASE, A. W., ASSTSTANr. R1>fprr·nc~ to, p 71. 
CUATIL\.;,f,MASS., l'J>.23,36. 
Cl!,\. THAM ti TRAIT, ALASKA, p. 80. 
CIIATTANOOG.\, TENN. ltefcr.-ncc to, p. 83. 
CfIENIERE TIGRE, LA.. Base-line site •elected at. p. 58. 
CHESAPEAKE RAY. Reference to, p. 40. 
CHESTER, C. M., COMMANDElt "C. S. N. Member of Navy.yard 

~ite Commi~sion, Pacific coast, p. 93. 
Cll ICAGO, IL[,. Magnetic ol>sen-ations in ol<l university grounds, 

p.~-t. 

CIIICAGO, KANSAS AND NEBRASKA R.R., p. 89. 
C:llIEF O!o' ENGINEERS, TT. S. A R~fY. Refe.-encf' to,p.160. 
CHIEFS OF' DlVISIONS,COAST AXI> GEO!JETIC S"GRVEY 

OFFICE, p. 96. 
Cf!ILCaT RIYER, ALA.SKA, p. 94. 
CIIIL<'OOT RIVER. ALASKA, p. 91. 
CHILTON, W. B. Clork to the Snpcrintendent, pp. 99, 123. 
CIIIWHIE, ALEX. S. In charge of Ticlal Dh-ision, Coast and Goo. 

aetic Survey Ofllot~, pp. 97, 142. Reference to1 p. 121. 
CIIFCKA:.01.'.T BAY.WASHING TON TERRITORY, p. 76. 
CINCINNATI, OHIO. Magnetic ohscrntione and azimuth de

t<•rruinet1 at, p. 81. 

CISCO, EASTLAXD COUNTY, TEX. Magnetic olJservations at, 
j>. 60. 

CITY CREEK. 'J'riaugnlation station in Utah, p. 90. 
CITY ENGINEER OF BINGIL;,.MTON, N. Y., p. SG. 
CITY OF COLUMBT:H (steamer). Wreck of, yi. 27. 
CIIIL SEH\'ICE COMMISSION. Reforencc to, p. 96. 
CL A.r:.K. Tl'iaugulation Atation in Kan~m.s, 11. SR. 
CLARK, Dl'. J. J. ServicC>. in connection with Coast and Geodetic 

~UtT<'Y exhibit at Cincinnati Exposition, p. 9,); 'Verifier and ad. 
ju8tf•r of weig-htR and measnres. pp. 98, 159. 

CLAI:K, P.. A.H. Survey of Di•trict of Columbia, p. 43. 
11 ('LAI!KE. ''· H.,UivisionSnperintendi?nt Illinoi~Central Railroad. 

~\itl !'('Ct~ive<l from, p. 8fL 

CLAf:K r,;LAXD, WASITIXGTOX TERRITORY, p. 77. 
CLAJt\0£, G. "'· Carpenl<-r shop, p. HO, 
CLEYELAND, OITTO. Magnetic obs<'rvations at, p. 84. 
CLEVELAND PASSAGE, ALASKA, p. 82, • 
CLO'iER, R. T. Pay yeoman st"amer Endeo.vor, p. 46. 
COAST AND GEODETIC SURVEY. Let1er of the Secretary of 

the Treasury, transmitting to Congr.•• the annual report of, p. 
iii; report of progress in work of, submitted to the Secretary of the 

COAST AND GEODETIC SURVEY-Continuecl. 
Treasnr.v, p. 1 ; progress in work referred to-, J>. 1; annnD.l report
of1 general form and arrangement of parts, p. 1; maps of general 
pro~TC'S!'; ::intl in<lex. maps accompanyjn).? report, reference. to, p. 1; 
general statement of progress in field work, pp. 2--i; in office work, 
PJ). 4-5; c1i.-,co~erie~ an<l dezclopments, pp. 5-6; bulletins., Jl. 6; 
special sci1·ntific work, pp. G-10; expl::mation of eRti1uari·s, pp. 
10-11; eRtimatP-R in tfotail, pp. 11-17; summary uf :fieltl nwl oftiee 
wo1k for tbcal year, pp.18-19; taUu.lar ~tau·meut8 uf uand ufficen~ 
attached to, during tlrn fis~:il year and on .T 1111n ~:O, 1 g;.;9, pp. 1 i5-176 ; 
ves.sels in the .ser"\"'ice of, their names, tonnagP, etc., p. 177; uumhcr 
of men attached t<J ves.~d:i of, p. 177. 

COAST AXD GEODETIC SURYEY OFFICE. \York of, suJ,llrnar
ized. pp. 4-5; Aesis1antin Charge, reference to, p. 5: <}('tailed notiee 
of operations (Jf, at close of Part II, referred to, p. 5; pulJlication 
ana <liRtribt1tion from. of chart,,1 notic\'i; to marj110r . ..,, tid~~ ta 1,;l'P., 

coast J)ilots. and lntllctins, p. 5; Ui~tribution of annnal rq1orts of 
thfl- ~npf'rintendent from, p. ;. : ~fa.tement of work of, during il<.:1cnl 
year, pp. !l'J-90; aunu.11 rcpoxt of A~sistant in Charf(L' awl chief~ of 
dingions of, Appern1ix No. 4. pp. 121-16\J; annaal report of Hydro. 
graphic lnHpector1 pp.101-177. • 

COAST PILOT DIVISION. Annuol report of, pp. 173-174; nntice 
of work of, p. 166. 

COAST PILOT VOL tT:\fES. Reference to, pp H:l, 1-H, U5, 173, 17i. 
COAST PILOT WORK, pp. 07, HS. 

COAST RANGE,p.66. 
COCKSCOMB HILL, NEAR ASTOTIL\. OREGON, pp. 72, 73. 
COEFFICIENT OF EXP.A -:-ISIOX OF BAS~: BARS, p. 87. 
COHUTTA MOUNTAIN. Triangulation station in Georgia, p. 83. 
COLONNA, B. A., ASSISTANT IN CHARGE OF OFFICE A.N.D 

TOPOGTIAPilY, reference to, p. 18 i location of whar..-es iu tlie 
Potomac River for additions to the charts. p. 45; reference to, p. 95; 
annual report of, Appendix No. 4:, pp. 121-124. 

COl~ORA.DO (State of), included in Seciion :XVI, p. 90. 
COLOHADO, MITCHELL COUNTY, TEX. Ma;;nctic observa. 

tions at, p. 60. 
COLU:MJHA. RIVER~ Rei'Juf\'tjYS and examination of changes in, 

pp. 72-73 
COLUMBIA RIVER ENTRANCE, p. 72. 
COLl::MBr.AN "FNIVERSITY. Ueference to, p.123. 
COMMA:'ol"DANT 0~' THE PENSACOLA NAVY·Y.ARD. Refer· 

ence to, p. 93. 
COMMISSIONERS OF THE STATE SURVEY OF MASSACII1::

SETTS. Reference to, pp. 25, 26. 
COM~IITTEE METRE A.ND LAKE SURVEY STANDARD. 

Comparisons between, p. 160. 
COMP .ARING V .A ULT. Constrnction of a, p. 99. 
COMPARISONS OF BASE BARS, p. 65. 
CO:lfPLETION OF THE HYDROGRA.PHY OF COBSCOOK 

BAY, MAINE, p. 21. 
CO:lfPLETION OF THE SIIORE LIYE RESURVEYS OF 

THREE MILE HARBOR. MO JU CHES BA.Y, AND THE OUTER 
BEACH, LOYG ISLA.NO, p. 35. 

COMPLETION OF THE TOPOGRAPHICAL SURVEY OF 
COilSCOOK BAY, pp. 21-22. 

COMPLETION OF THE TOPOGRAPHICAL SURVEY OF THE 
WEST llANK OF TIIE ST. CROIX RffEI:, BETWEEN 
PLEASANT ronn AND SHORT LANDS STATION, p. 20, 

COMPT:TA TIOXS. Number of cabiero, p.112. 
COMPUTATIONS. Number of·rnlumes, p. 112. 
COMPUTING DIVISION COAST AND GEODETCC SURVEY 

OFFICE. p. 96. Annual report of tho, pp.124, 127. 
COMSTOCK, GEN. C. B., U.S. ENGINEERS. Reference to, p. 86. 
CONE PEAK. Triangul1>tion station in California, p. 66. 
CONEY ISLAND, NEW YOitK, p. 28. New buoyed channel alon;: 

shoro of, p. 35. Positions in "°ieinity of1 occupied for current ob
servations. p. 36. Sand fiats to westwar<l of, p. 35. 

CONNECTICUT, State of, included in Section II, p. 34. 
CONNECTION BY GEODETIC LEVELING OF THE TIDAL. 

BENCH.MARKS AT ANNA.POLIS, MD.,pp.40,41. 
CONNECTION OF TRANSCONTINENTAL TRIANGULATION 

WITH STATE TRIANGULATION J.N L"VDLl.N.A. Recon· 
nal88ance for, p. 85. 

CONNECTION 1trigonometrlc) of longitude station at Port ToWD· 
send, Wash., with the triangulation, p. 73. 

CONSTANT, W. :M., ENSIGN, U.S. N. Service on steamer Baclw,. 
p. 31. Service on steamer .Bndea11or, p. 46. Reference to,p. 175. 
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CONSTRUCTION OF BUILDI:rns :t'OR A SELF-REGISTER
ING .MAG:NETIC STATION AT S.AN ANTONIO, TEX., pp. 
60, 61. 

CONTINUATION OF GEODETW OPERATIONS IN TRE 
STATE OF WISCO:-<SIX,p.86. 

CONl'ISlJATION OF THE DETAILED TOPOGRAPHICAL 
SURVEY OF THE DiiiTl:ICT OF COLU.MBIA,pp.4l-H. 

CONT1"-'1IATION OF TUE DETERUINATWYS OF TOWN 
BOUNDARY LIXES IN THE STA.TE OF MASSACHCSETT:3, 
pp. 25, 26. 

COXTINU ATION OF THE TIU.A.NGULATIOX IN NO!tTil· 
EASTERN PENNS¥LV ANU REQUIRED TO CO::.fPLETE 
TilE I'.UfPLICO-CllESAPEAKE-LA.KE ONTAlllO ARC 
OF THE MEKIDIA.N, pp, 37, &4. 

Cv'S'T!NlJA.TlON OF TUE TltU.NGULA.TION OF THE ST. 
CIWIX mVER, A:ND OF THE LAKES XEAlt ITS IIEAD 
TOW ARDS THE NORTHEASTE!tN" BO'C'NDARY, pp. 19,20. 

COXTINU.ATIOX OF TIDAL KECORTJ AT TRE AlJTO:UA.TIC 
TIDAL STATION AT SAUCELITO, BAY OF SAN FRJ..N. 
CISCO, l,_ 70. 

CONTIX'L A TION OF TIDAL RECORD BY :MEANS OF AUTO. 
MATIC TIDE GAUGE AT SANDY HOOK, NEW JEitSEY, 
p.37, 

CONTIN-C-O'CS RECORD O~' :MJ..GNETIC V .A.RIA.TION A.T 
LOS ANGELES, CAL., p. 66. 

GOOPEil, ASHLEY, AND WANDO RIVEUS, souru CA.RO· 
LfXA, SurveysoL pp.47,48. 

CORRECTION OF AIDS TO NA.VIGA.TION ON CIIARTS, 
Re-lerence to, p. 98, 

CORRECTIONS AND .ADDITIOKS TO CHA.RT PL.i TES, p. 134. 
CORRECTIO:NS AND .ADDITIONS TO DR.A. WINGS OF 

CH.iRTS DURING THE £"EAR ENDING JUNE 30, 1889, p. 
130, 132, 

CORRECTIONS IN AND ADDITIONS TOTRE TOPOJRAPRIC 
A.ND IIYDROGRAPHIC SURVEYS OF THE DELA.WA.RE 
RIVER, MADE NECESSARY Il'l CHANGES WRICH HAD 
OCCURRED SINCE FORMER SURVEYS, p. 38, 

COS::\COS (steam launch), Use of and referenco to, pp. 79, llll. 
COTTON. Station in triangulation of Perdido Bay, p. 54., 
COURTENAY, E. H. Computing Di Yision, p. 125. 
COX. Triangulation station in Washington Territory, p. 75. 
COX, J.P. Engraving Division, I'· 134, 137. 
CRAIG, N. B. Service in DelawaTe River surYey, p. 38, 
CRA.UFURD, G. B. Print-ing room, p, 135. 
CRESCENT CITY, CAL., pp. 61, 64. Hydro;;raphy in vicinity of, 

pp. 70, 71. 
CRESCENT H.A.RBOR, WASHING TON TERRI1'0RY, Survey 

of, pp. 75, 76, 
CROCKER. Triangnlatiou station in Mas•achusetta, P- 25. 
CROSBY, F, H., LIEUT. U. S. N,, ASSISTANT. Completion of 

the hytlrograpby of Cobscook Bay, Maine, p. 21. Reference to, pp. 
2u, 1e1. 

CROSS SECTIONS OF THE SHORE OF C.APE COD BETWEEN 
CIIA.THA.M AND THE HIGHLAND LIGHT-HOUSE. Ap. 
pendix: No.13, pp. 409-457. 

C"C'LllERTSON (Switzerland County). Triangulation statfon in 
In<liana, p. 85. 

CULVRiiWELL, J.G. Watchman, p.148. 
CURRENTS. Between Ta.toosh Isl.and :;.nd Cape Flattery, p. 7&; 

in 1Juskeget Channel, pp. 29-31; in Rosario Strait, p. 77 i in Woofl"s 
Iloll, Mass., pp. 28, 33; ObserYations of 1888 and 1889, Gulf Stream 
explorations, Appendix No.16, pp. 4.67-477; on coast of ·.ua.ine, pJ>. 
22, 23. 

CURRENT FLOATS. New form of, pp.162, 163. 
CURRENT OBSERVATIONS. In Northwest Channel, KeyWeat, 

)>Y United States Engineers, p. 52; in Monn, .Anega-da, and Wind. 
wad Ioland passages, and in the Equatorial Stream between Bar· 
bados and Tobago, pp. 48-49; in the Gulf Stream and Caribbean 
Sea, pp. 48, 49; north of Cape Ha.tteras, p. 4.8. 

CU.IUtENT ST..\.TIONS. Number of,oecupied by hydrographio 
parties, p. 112. 

CYPliESS--BIG WAX. r.ine in tTiangulation of Louisiana, p. 57. 

D, 

D..USY (Steamer!. Use ot and reference to, pp. 29, 36, 161, 177. 
DA.KOT.A, State of. Included in Section XV, p. P!T. 
D.Al!.N .A.LL, C. N. Carpenter shop, p. HO, 

DA Y EN"l'ORT, IOWA, :Magnetic observations at, p, 88. 
DA. VI DSOX, GEOHGE, A.S:>ISTA.XT, lieferenco to, p. 63; meas

urement of the L()s Angeles primary base lint:· 1 PI'- 64, G;J; ~Rsistance 
rendered to Alaska bottndary 5'urves partie~. pp. t>i', 95; a::.sistauce 
rendered in telegraphic longitude work. p. ti7; geueral ch~tr,:!e of the 
Ltnd wo1k npon the Pacific ~oast; establh1hment of a meri.lian line 
and a standard of length iu Guldeu Gate Path, ~!\11 Fra.nci.tSeo; wag
neticantl tidal work, etc,, pp. 66-68; Co"st Pilot work.11p, 67, 68; a~
pointcd a delegate to the International Geodetic Asaociatiou, }). 08; 
determination of longitude of Chal.Jot o: serratory, p. 69; tide obser
vatioll.3 at Saucelito, 8an :Francisco Bay, Cal., p. 70; reference to, 
pp. 72, 77. 78; report8 b_r, .Appendix No. 10, pp. 21i-231; Appen<lix 
No. 18, pp.193-.SOa; tide observations iu A.-1a!'lka1 pp. S:!. g;;: ln c har~i' 
of suO-otfico at 8au Francisco, p. 99; e1ect€d memberurCLaml.n.:r of 
Commerc(•, San Fl'ancisco1 p. 100. 

DA \IES, l'ROI<', .r. E., .oiCTING ASSISTANT. Continuativn of 
geod€-tic oper.-1.tions in the State of Wi~cout<rn, 11. Sti. 

DA V-1:5, W. II. Eugradug Ui\i~ion, pp. 131-136. 
DEADM A.X'S BAY, FLORIDA., p. 52. 
DE.AXE, c. W., p ASSED ASSISTAXT S(THcmo:s-. c s. x. 

Servin• on steamer J[c.Arthur. p. 75; rl·ferenec to, V· 1'75. 
DECEI'TIOK PASS, W ASHIXGTO:S- TEl:IUI'ORI". p. 75. 
DEEP ~EA CURRE:S-T 8TA TIO:XS. ::-lmn!Jer of, p, 11~
DEEI' SEA SOU!'\llINGS. :Number of, p.112. 
DEEP SEA SC.B-CURP.ENT OBSERVATIO:N"S. Number of. p. 

112. 
DEEP SEA SURF.A.CE CrRRENT OBSER-V ATIOX~. Xumuer 

of, p, 112, 

DEEP SEA TEMPERATURE OBSERVATIONS. Xurnl.wr of. 
p.112. 

DEETZ, CHAR'LES IL Service on coast of Florida, p. 55. 
DELA 'WARE. Sta.te of, included in S~ctiou II, l•· 31, 
DELEHANTY, D., LIEUTENANT. 'C. S. 2<., ASSISTANT. 

SerYice in commantl of steamer Hassle-r. Jl. (i2: hsdro;:raphic surTt\r 
on the coast Qf California from off the enatern end nf San Onofre
Mountain to ~ewport Landin~, and hsdrographic cxaminatilm for 
a shoal reported off Poiut Firmin, pp. '6.J, 61; h,rdrograpLlc snn·eys
in the vicinity of Crescent City, Gal,, pp. 70, 71; reforencc to, pp. 
163, 175, 176. 

DEL MAR, CAL., Pl'· 62, 63. 
DELTA ROCK. Triangulation station in Washington Territory. 

p. 75. 
DE LUCE, W'.H. Service on steamer Blake, pp.•6, 49. 
DEMING, N. MEX. Latitude an<l magnetic obser\ationa at, p. 9~. 
DENIS, VICEXTE. San Francisco sub-office, p.100. 
DENNIS, W, H., ASSIST AXT. Reference to, pp, 22, 121; in char:::e 

of Drawing Division, Coast an<l Geodetic i5urvey Office, pp. 96, 1~8, 
in charge of Chart Division, pp. OS, U7, · 

DENNY'S RIVE it, MA.I:NE. Reference to, p. 20. 
DENVER, COLO. Magnetic obser\"'ationa at new stntion, p. 9~. 
DEP A.RTMENT OF STA TE. Reference to suneys rcqtHlOted by, 

p. 80; preliminary survey of the frontier lin~ hetween .Alaska a.nil 
British Colnmbla undertaken at the instance of, p, S3, 

DEP.ARTMENTS OF THE GOVERNMENT. Information fur
nished to, in reply to special requests, Appendix No. 3, pp.115-119. 

DEPARTURE BAY, p. 78. 
DESCRIPTION OF TWO NEW POitT.A.BLE TRA.:NSIT I~

STRD'.M:ENTS FOR LOXGITUDE WORK. .Appendix: No. G, 
pp. 213-2 l6. 

DESCRfPTIVE REPORTS. Of hydrographic work at Annapolis 
Harbor, Maryland. p. 4:1 ; of hy<lrographic wot k on coast of Florich 
by steamer Bache, reference to, p. 49; ofhydrograpbJ coast of Wash
ington Territory, p .. 77; of bydrography in viciuit.y ofCnpi>-Charlt·~. 
Va., p 45; ofhydrograpby, Nantncke t and Vineyanl Sountl.,pp.~9. 
31; ofhydrogra-pby of Cobscol\k Eay1 Haine1 reference to, p. 21; ot 
topographicalworl<on coastofOre,:on.pp. 71, 72; oftopograpbyncar 
Wood1s Holl, Maas., p. 33; of tcpogra11hy of co.a.st of Maine,],. 2.1; 
of topo~phy of Cobscook Bay, Mainl", referrecl to 1 pp. 20, 22; ol 
trfangnlation a.nd wpograpllly on coast of W nshington Territor;·, 
pp. 77, 78. 

DESERET 1J 1H~ERSI'rY, S.ALT LAKE CITY, p. 91. 
DES MOINES, IOWA.. Magnetic observatiom at, p. 88, 
DETERMINATIO:-< OF THE GEOGI~A.I'IIICAL POSI'IIONS 

OF LIGHT-HOUSES rn N.ARR~GA.NSE rT BAY AND AP 
PlWACHES. IDENTIFICATION OF A STATION OF THE 
OLD TRI.A.NGULATION AT AMESBURY, MAS.;:., p.3-l. 

DETERMINATIONS OF THE MAGNETIC ELEMENTS .AT 
STATIONS JN COLORADO .AND NEW MEXICO. pp. 91, 92-
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DETEIUIIXATIOXS OF THE MAGNETIC ELEMENTS AT 
STATro;-.;s I:N lOW A, 1\EIWASKA, AND KAN:SA". I'· b. 

DETER~IINA TJONS OF THE 1i.L1GNETIC ELEMESTS AT 
ST<l.TION:> IN OHIO, INDIANA, ILLINOIS, A.ND WISCOX
SIN, p. 84. 

DE'l'EllMINA TIO'NS OF TEIE MAGNF.T1C ELEMENTS AT 
STATIO]'iS IN TEXM'i AND AT A STATION' IN TIIE 
lNDU.N TE!lltITOHY, p. llO. 

DE \!L'S JlRilJG .E, pp. ~7, 31. 
DEVIL'S .FOOT ISJ,AND, -:.r .\$S., p. 31. 
JlFTJI,'S POINT, ~;SCAJIIBI<l. llAY, FLA., p. 93. 
DICKINS, E. F., ASSISTANT, :\teasurement of the Los Angeles 

primary b:1.se liDB, pp. 6!, 65; topograpliical reconnaissa11cc of the 
coast of Oreg-on between Rogne RiT"(·r and Cape Se bastim1 com
plt•t<•d; topo_gra.plJical :-i.ur"Ve.Y (•f the Ore,:.:on coast hetween Coos 
Ba;t· nud the Ln1pquah niv{·r tlui~hod, pp. 71, 7~; enp,;age<l iu office 
wnrk, p. 72. 

DICKSON, J,\:1.JES F. Printin!! room, p. 13S. 
DISBl'ltSI:NG AGENT. Needed for Coa•t and Geodetic S"rvey, 

pp 9G, l?~. 
DlliJH:ltSEMENT OF FT;"NDS. For the Coaot an<l Geodetic Sur- i 

,~t~y. p. 15~. 
nrnnnnrTION OF ANNT AL RE POI: TS, Bl~LLETI'NS, A.ND i 

NOTICES TO .MARINERS. Heference to, p. 98. 
DTSl'RlBUTIO'S OF THE PARTIE,; OF THE COAST .AND 

GEODWl'IC i'\UffEY UPON THE ATLANTIC, GULF OF 
MEX:rco. A.Sn p .ICIFIC COASTS, .A.SD IN THE INTERIOJ: 
Or" TJIE DNITlrn STA TEI', DURING THE :nscaL YEal: 
};>; lll NG Jl'NE :w. 11'~9. AJ>PMHlix No. I. pp.1D3-109. 

D1liTIUCT 0}" COL1J~lBIA. Included in Section III, p. lO; refer
('JH''-~ to. p. ft;t~. 

DIYISIONS OF COAST AND GEODETIC S'l:'RIEY OFfiCE. 
Rt·ft•ret:ce to am1na1 roportg of W"Ol'k nr, p. 9j. 

E. 

EMrLE HA.RBOR, W .d.SHINGTON TERI:!TUE Y. pp. 75, 77. 
E.A..G RE (~chooner). Use of and reft>rence to 1 l>P· ~g, 36, 161, 1";'6, 177. 
EARNEST (ochooner). Use of and reference to, pp. 76, 77, 164, l7ti, 

177. 

}c<l.Sl" BAHIA HONDA KEY, p. ~9. 
EAST DAY, p. 54. 
EASTERN IlHANClJ OF THE POTOMAC (OR ANACOSTIA 

RIVER),p.e 
EDGARTOWN, MASS., p. 30. 
EDGARTOWN HARBOR, MARTHA'S VINEY.ARD. R6cent 

changes in the south inlet into. A.ppezulix No. H, pp. 459-460. 
ED.MONDS, FRAXK W. Clerk. Serv:ce in Lo.:l .A.11geilee bnse 

mea.:mrnment, pp. 6i, 65 1 GI. Sau :F'rauci~co subofike, p.100. 
EI\IBECK, WILLIAM, ASSISTAXT, I'· 3l; occupation of stJtiono 

for the cxtt->nsicn to the l·a..Qtwanlin t:'"tah of the Iffimary triangula
tion nearthe thirty.nlnth parallel, llp. 90-01; engaged in office work. 
l'· 91. 

EICHIIOLTZ, HUGO G. Ch<>rt L>ivi,ion, pp.123, 147. Death of re· 
!erred to, pp, t23, 124, 147. 

ELE Cl'HOTYl'E PL,l TES ll..lDE. NumiJcr Of, p.113. 
ELEGTl:OTYPlNG. Statistics of, p. J3J. 
ELEVATIONS DETERMINED THIGOXOllETRICALLY. 

Numl.Jtr of, p. lll. 
ELLICOTT, EtTGENE, ASSISTANT. Completion of the topo

graphical survey of Cobscook l>ay, pp. 21-22; engageli in oftice 
work. p. 1~: triangnlntion in the ,~icinlty of Charleston, S. C., and 
up tlJe Cooper. Ashicy, anu 1Vando ltinr•, South Carolina, pp. 47-
48. 

ELLIOTT. W. P., LIEUTENANT, U.S. N' .. ASSI:)TA.NT. H;-
drof?;t1\i>1ik l'estwveys and examination in 'Xan1ncket SounU, p. S:l. 
observ1'_tions pf currents in N tnv Y or·k Lowt>r llay1 p, 36; refert:nce 
to, pp.175, 176. 

D!YISION Sl'l'l:mxTEXDEXT, :MISS01'l:I P.\CIFIC RAIL
ROAD. I:ef<·rence to, p. 56. 

J>I:XO~. Triangulation station in 'la..'3hington Tt>rritory, p. 75. 
J>lXON ENTIU.NCE. llangerous winL1' in Ticinity of, p. 81. 
DODD, W. L., ENSIGN'" L. S. N. St>-rdce on steamer Hat,;1ler, pp.6~ 1 

1 EL PASO, TEX. Magnetic observations at, p. 60. 
' EMP[Rl·: CITY, OREGON, p. 71. 

71; rlffercncr to, pp. 1751 176. 
DODGE CITY, RANS. Magnetic observations at, p. 88. 
DOLl'H, SEX A TOK Reforenee t-0, p. 72. 
DONN, F. C., hydrographic uraughtsman, 1•p. l9, 123, 167, 169-173. 
DO:'iN, JOHN W .. ASSISTANT. ReforeIJce to, p. 27; topographic ' 

ruSUf'\·-es of parts of the nortlt and &out.h shorPs of Ma.rtha'~ Yine
ynrd; also of the slJ.vre-H1w of No Man's Land, Pf'· 32, 33; topo
gra13hical resnr'•<'Y of Annapolis Harbor and Roa(ls, p.4{l; con. 
tiuuatiun of the (letailed t.opog:raphical survey of the Dii:itrict of ! 

{~olumhia. pp. 41,42; -rmpervi-sif'-n of topographical work in the 
District of Columbia, p. 42; establishment of prrruanent ben<'h
mnrk• for th" tovoi::rnphical snrve:r of the Distrkt of t;olnrubia, 
p.H. 

DOOLITTLE, M. H. Computing Diviaion, p.125. 
no1:N. }:, J., LI EFT EN A.NT, tT. s. N., PP- 175, 176. 
llKAKJ;, .J. c., ENSIG::\', u. s. N., .ASSISTANT. Oystcr-bea SUT· 

"·ey, Xorth CaT·olina, pp. !16, 47; referene.e to, pp. 16:?, 175, li6. 
Dlt.-l.KE, N.II.. l'ASSEDA.SSISTAJSTSURGEON, U.S. N. Ser..-ice 

on stearnP.r Haulf:r, l-'· 62: refert>nCf' to,pp.175, 171t 
DR,\ UGIITS.:IIAN 1;uluitionall required in li}drogrnphic Division, 

j), 168. 
DH.\ WING D!VlSIOX. Annu"J report of, pp, 127-133; reference 

to, p. rn6. 
DlL\ \YINGS C01lPLETED FOR CHARTS, THE ENGRAVED 

PLATES OF WHICH WERE IN HAND DURING THE YEAR. 
p. !:!II. 

1)J{A WINGS. }"ot· new editions of d1Rrts, p.129. 
l>H.-\ YTOX IIAIWOH, W .ASIIINGTON TERRITORY, p. 78. 
ll!UYT (Rthol\l>er), p. li7. 
llCE:SBERHY, J. lL Librnry and nrehins, pp. OB, 151. 
l1l""~:X. ,J. L. SerYice on st~amer Bache, p. 31; ~ervic-e on steamer 

R<.ulte ,rnd sdJooner Spy, pp. 50, 5-3. 
Dt:NYIKG, W. ll., PASSED ASSIST.ANT ENGINEER, U.S. N. 

~~~rncti- oust.earner Jlt~ .. :l·rthur, p. 75. Rt:•ference to, p.175. 
DlTXTZE HOCKS, STRAITS o~· FUC.A, p. 75. 
Dl'PLICA TE RECUIU.>S. Number of cahier, p. 112; number of 

YoltlllH'~. Jl. 112. 
DCXBFRY TOWXSHIP, M.ASS.,p. 25. 
JJWW !IT, I\.\NS., p. 89. 
lJYER, HUH.ACE. Firewan, p. 146. 

Elll'ORIA, K.d.:NS. ):Jagm~tic observations. at, p. 88. 
ENCROACllMEXT OF THE SEA UPO:N THE CO.ART OF 

CAPE COD, JIIASS.,AS SHOWN EY CO:U:PAIU.TIVE srK 
YEYS. .Appendix No.12, pp. 403-40i. 

ENDE.A. VOR (•teamer/. Use of and reference to, pp. 35, 41, 45, 59. 
162, 165, 167, 176, li7. 

ENGINEER COMMISSIONER 0.11' THE DISTRICT OF COLUM
BIA, p.44. 

E NGI'S}:ER:-<, U. S.' A. Information furnished liy, p. ~l; tidal an<l 
current observations in :Korthwm~t Channel, Kf',y \Ve-st, p. 52. 

EXGR<l. '\'ED CHARTS WITHDRAWN FltOM ClHCDLA.TI0::5. 
Statistics of, p. 113. 

EXGltA. YED PL.A.TE:>. Number of, p.133. 
ENGltA YED PLATES 01" COAST PILOT CIIARTS . .Number 

of, p. 113. 

EXGRA TED PL.A.TES OF llIAPS AND CHARTS COYPLETED, 
COllMENCEJJ, AND IN PROGRESS DU1UNG THE FISCAL 
YEAR ENDING JrNE SO, 1890. Tabular statement of, pp. 
136-137. 

ENGRAVED PT,ATES ()}' PRELIMlN.ARY CH.ARTS AND 
DIAGRAMS FOR THE COAST A.ND GEODETIC SURVEY 
REPORTS. Numoor of, p. !13. 

ENG· RAVING. Statistics of, p.133. 
li'KGRA YING AND PRINTll\G. Stati>tics of, p.113. 
E NGRA VINO IHVISION. Annual report of, pp. 133-137; refer 
~nee to, p. 116: statistics of w~rk of, p. 133. 

ENSlGNS. Number of, attached to Coast and Geodotic Survey 
p.175. 

ENTHOFFER. E. J, Engraving Divieion, pp.134, 137. 
ENTllOl"l<'ER,JOSEPH. Engraving Division, pp.131, 136, 137. 
ENTWISTLE, J.C. Engraving dh-ision, pp. 134, 136, 137. 
EQUATORIAL STRE<l.:M BETWEEN BA:RBADOS AND TO-

UAGO. Current obsen·ations in the, pp. 48 .. 49, 
ERICHSEX, P. Drawing Dinsion, pp.127, 130, J;;J. 
ESCAMBIA BAY. Survey of, for Nav.v Ynrd Sit<> Commission, 

pp.5~,93. 

ESITLEUAN, E. Instrument JJivision, p. 139. 
EilKinllGE, WA.BAUNSEf> COtTNTY, KA.NS., p.88. 
ESTABLISHMENT OF MERIDIAN LINES .A.ND ST.A.ND.A.RDS 

OF LE:XGTH AT BINGHA.~TON, N. Y., AND A.T JIIO:XT· 
ROSE, PA. .. J;rp 36-37. 
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!ESTd.BLTSHMEYT OF PERMANENT BENCH-MARKS FOR 
THE TOPOGRAPHICAL SURVEY OF THE DISTRICT OF 
COLU.MBIA,pp.44-45. 

<ESTUIATES, COAST AND GEODETIC SURVEY. For 1iseal 
yearemlingJune S0, 1891, I p.11-17; explanation of estimates, pp. 
6--10: estimate for party expense•, pp. 11-13; for contribution ro 
International Gi>odetic Aa•oci ation, p. 13; for Alaska boundary 
aul"7ey, p. 13; fur rep .. iTs and ma.inten .. nce 11f -vessels, p. 13; for 
pay of ftel<l officers, pp. 13--14; for pay of ofllee force, pp. 14-15; 
for office expPnses, p.15; for additional facilities for chart JlTint
ing, p. 16; for rent of otlice buildings, p.16; tor new furniture a.nd 
outfitling, p. rn; for publishing obserrations, p. 16; proviso In 
. reference to subsistence allowances, p. 16 ; estimate for printing 
&nd binding, p.17; for office of Construction of Standard Weights 
&nd llea.suree, p.17. 

IEV' ANS, H. C. Engraving Division, pp.13!, 136, 137. 
iEV ANS, G. R., ENSIGN, U. S. N. Service oa schooner Ea!J'f'e, p. 

SO; serdc& on at.ea mer Endeavor, p. 59i reference to, pp.175, 176. 
.1£XAllUNATION AND REPORT OF CHANGES IN THE 

WATER-FRONT AT SEATTLE AND VICINITY, p. 74. 
:!EX.A.MIN ATION OF ACCOUNTS of A•siatant in charge of office 

a.nd topc>graphy, p. IS..>. 
lEK A MIN ATION OF ACCO UNTS of Cout and Geodetic Suney, 

p.156. 
EXAMINATION OF NORTHWEST BAR, KEY WEST HAR

BOR. Hydrographic •heet, p. 51. 
IEXCHANGESOFTELEGRA.PHIC SIGNALS FOR LONGITUDE 

BETWEEN SAN FRANCISCO AND MOUNT HAMILTON, 
SAN FRANCISCO AND SACRAMENTO, SAN FRANCISCO 
AND POINT A.RENA, POINT ARENA. AND SACRAMENTO, 
SACRAMENTO A.ND MARYSVILLE, SACRA.MENTO AND 
LOS ANGELES, LOS ANGELES A.ND SAN FRANCISCO, 

.CHABOT OBSERVATORY AT OAKLAND AND SAN FRAN
·CISCO, LOS ANGELES A'SD NEEDLES, AND SACRA
.MENTO, CALIFORNIA, AND VERDI, NEV ADA; .ALSO DE
'J;ERMIN ATIONS OF LATITUDE AND THE MAGNETIC 
ELEMENTS AT SACRAMENTO, POINT A'.REN.A, MARYS
VILLE, A.ND LOS ANGELES, pp. 68--09. 

.EXCHANGES OF TELEGRAPIDC SIGNALS FOR LOYGI
TUDE BETWEEN PORT TOWNSEND AND SEATTLE; BE
TWEEN SEATTLE AND WALLA WALLA; BETWEEN 
WALLA WALLA, WASHING TON TERRITORY, ANO HE
LEN.A, :MONTANA; AND BETWEEN HELENA AND SPO
KANE FALLS, W A.SHINGTON TERRITORY, pp. 73-74. 

:EXCHANGES OF TELEGRAPHIC SIGNALS FOR THE DE· 
TEIWINA'UON OF 'l:RE LONGITUDE OF HELENA.., MON-
TAN A, pp. 92-911. . 

.EXCHANGES OF TELEGR.APllIC SIGNALS FOR THE DE
TERMINATION OF THE LONGITUDE OF VERDI, NE
V ADA, p. 92. 

..BXHIBIT OF COAS'.l· AND GEODETIC SURVEY AT CIN
CINNATI EXPOSITION. Preparation of pamphlet desoriptlve 
of, p.115. 

EXPLANATION OF ESTilLA.TES, pp.10-11. 
EXTENSION OF TBE LINE OF LEVELS OF l'RECISION 

FROM I.ITTLE ROCK, ARK., TOW ARDS THE WESTERN 
BOUNDA.RY,)F THE STA.TE, p.16. 

.EXTE:SSION OF THE TOPOGRAPHICA.L SURVEY OF THE 
SOUTH COAST OF CALIFORNIA, FBOM DEL M:AR TO BE
YOND OCEANSIDE, pp.62-la. 

.EXTRA ENGRA.VllfG, p.13'. 

..... 
:J!'AIBC1ICLD, C. S.,SECRETA.RY QF TJIE TREASU.RY,p.122. 
FA.tl.'tl'l.ELD, 'W.R., EXTRA. OBSERVll:ll.. &nice in triangula.

tion in A..lallama, p. 55 ; terviee in Lou.ieiaD&, p. 58 ; service tn Ohio 
"1ld IJ>dlaaa, p. 85. 

:FAIRFIELD, G. A., ASSIST.ANT. :B.ecoana.laaance and buildinl( 
6f tdgna1a in eonneotlon with i;he tranacont!nental triangulation 
in Ohio and Jndlua, pp,81,85; service fn AooountlD& DiTieion, p. 
115. 

~AntMOUN''r DU A.ND GUY'S FERRY. Topop-aphical 
a.ur-vey Qf tlie Sehuylklll River oompleted betw-. p.119. 

ll'A.LLS OF CQ11SCOOK: A.ND DENNYSVILLE, ME. Topogra-
phy oomplet~ lietw-. p. 20. . 

l'ALllOU'l'B, V.A.SS .• tt.•: ~atatlonia,p.._ 
J!'AL¥QUTfl TOWNSlttP, x,&SS.,p.1$. 
2'ALSE BAY, C.A.L., p. 81. 

H. Ex.55-ii 

FALSE CHANNEL, nea.r Cape Charles, Va., pp.~5,46. 
FARQUHAR, HENRY. Compntiniz Dh·ision,p.126. 
FIDALGO BAY, WASHINGTON TERRITORY,p.77. 
FIELD A.ND OFFICE WORK OF THE COAST Ab"D GEO. 

DETIC SURVEY. Statiatics of, pp. 111-113. 
FIELD OFFICERS. Estimate fer pa)' of, p. 13. 
FIELD, W. R.M., ENSIGN, U.S. N. Service on schooner E11gre, p. 

30 ; reference to, p. 17!>. 
FIGURE OF THE EARTH. Oper .. tionsfordetermining,p.100. 
FILLMORE, WILLA.RD, AND HIDDEN INLETS, AND TOY· 

GASS PA.SS. Surveys of, p. 81. 
FINISHED CHARTS PUBLISHED FROM ENGRAVED 

PLATES. Tota.lnumherof, p.113 . 
FISCHER, E.G. Chief mechanleian; reference to, pp. 97, 138, 163. 
FISCHER, L.A. Inatrument Division, p. 139. 
FISHERMAN'S r::n.ET. Tide gauge at, p.45. 
FISHER'S POINT AND HEAD OF SMITH'S ISLAND, DELA· 

W .l.RE RIVER. Correctiona of ouney between, completed, p. 38. 
FITCH, MRS. JENNIE. Chart Division, p. 147 . 
FLEMER, .I' • .A., A.ID, p. 42; continuation of the detailed topo· 

graphical survey C>f the District of Columbia, pp. 43-44; establish
ment of permanent bench-marks for the topoj[t'aphical survey of 
the District of Columbia, pp. 44., 4o!>; cffice work, p. «. 

FLOOR SPACE. Assigned to Coast and Geodetic Survey at Cin-
cinnati Exposition, p.115. 

FLORIDA BAY. Ilydrographic sheet. Jl. 51. 
FLORIDA. REEFS. liydrographic suxveys of approaches to the, 
. p.4.!1-51. 
FI.YNN, MRS.S.E. Laborer, p.146. 
FORD, HARRY L. Service on steamer Patter•on, p. 78. 
FOREIGY STATIONS OCCUPIED FOR GRAVITY MEAS-

URES. Numberof,p.111 . 
FORGE RIVER, LONG ISLAND, p.llli. 
FORGE RIVER LlFE-SAYING STATION, p.35 . 
FOR2'."EY, STERMAN, .ASSISTAYT. Tertiary triang11ladon !lnd 

topography on the coast of Ca.liforuia, from Cape San Martin west
ward, p. GS; o-ffice work, p. 66. 

FORT BLISS, EL PASO, TEX. Magnetic station at, p. 00 • 
FORT CANBY LIFE-SA.YING STATION, OREGON, p. 73. 
FORT CRA.IG, N. MEX. Mairnetlo observations at, p. 92. 
FORT PICKEYS-NAVY·YARD WHARF. Line in trianguJa. 

tinn of Pensa.en!& Ba.y, p. Ci4, 
FORT PICKENS. Triangulation station, P<lnsacola Bay, p. 53. 
FORT STANTON, D. C., pp. 42, 44. 
FOR'l' SUMTER 2. Triangulation station, S. C., p. 47. 
FORT UNION, N. :Jlt::EX. Magn<ltio obser-v~tions at, p. 92. 
FORT WORTH, TEX. :Magnetic observations at, p.00 . 
FOUST, W. Il., ENSIGN, U. s;N. Service on ate&meT Hauler, P• 

112; reference to, pp. 175, l '16. 
FOWLER, E. H. Drawing Division, pp.127, 130, 131, 132. 
FRANCISCAN MONKS. M:i88ion founded by, in sou.them Cali· 

fornia, p. 412. 
FRANKLIN (steamship>. Wreck of, p. 35. 
FRENCH, H. O. Chief carpenter. Reference to, pp. 97, 138, HO. 
FRENCH, DR. WILLIAM: B. Exeont!..-e and aooounting clerk, 

o81ee of .Assiscant in Cha.rge, pp. 99, 122, 123, U5. 
FROST.AD. Trlaugulatlon station in Wllo8b.ingtun Territory, p. T.5 . 
FUCA (st<>am launch>. U•e of, and reference to, p. 78. 
FURNITURE A.ND OUTFITTING. Estimate for D8w, p.16, 

G • 
GA.LLAGIIBR. CAPT. W', B., SUPERINTENDENT PHILA

DELPHIA AND REA.D[NG STEAM COLLIERS. Acknowl
edgment of aid reoofved trom, p. 39. 

GARDINER'S RAY, LONG ISLAND, p. 35. 
GARRETT, L. M., EYSIGl:f, U.S.N. Servioo on tl(lhooner Ea'}re, 

p. 30; hydrogra.phlo anrver• in A tchafalaye. Bay and vicinity, 
ooast of Loul,.iaaa, p.59; reference to, pp. Hl2, 175, 178. 

GASTINEAU CHA.NN'EL, ALA.SKA. p. 80. 
GA.Y HEA..D, llA.SS., pp. 27, 31; topography In vicinity of, pp. 

32-33. • • 
GEDNEY {ateamer>. Use of, and rofer1mee to, pp. 21, 29, 72, 161, 162, 

Ula, 185, 1711, 177. 
GENlll!tA.L CHARGE 011' THE LA.ND WORK UPON THE 

PACIFIC COAST -ESTA.IlLISHENT OF A MERIDIA.N 
LINE AND A STANDARD OF LENGTH IN GOLDEN 
GATE PARK, SAN FRA.NCISCO-lld:AGN'ETIC A.ND TIDA.L 
WORE, ETC., pp. 66-68. 
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GENERAL STATEMENT OF PROGRESS, in field work, pp. 2-4; 
o:!ir<' work, pp. 4, 5, discoverie• and development•, pp. 5, 6; bill· 
letin.-t, p. 6: special scientific work, pp. 6-10. 

GEODETIC LEVELING FROY NEAR CAIRO, lLL.,ACROSS 
WESTERN KENTUCKY AND TENNESSEE, p. 83. 

GEODETIC LEVELS NOS.2 AND 3. Referenceto,pp.56,86. 
GEODETIC SCIENCE. Recognition ginn to demands of, in work 

of survey, p. 100. 
GEODETIC WORK. Records and computations of, received, p. 

150. 
GEOGRAPHIC POSITIONS DETERYI~ED. Nu:nberof, p.111. 
GEOHGIA. State of,included in Section V, p. 4i. 
GERHA.UDS, T. Instrument Division, p.139. 
GIBSOX, J. T. Sun·ey of District of Columbia, p. 43. 
GILBERT, ,J.J.,:ASSlSTA.NT. Triangulation and topography of 

the Gulf of Georgia, inclt1ding Lum mi, Birch, and Semi-ah-moo 
Bays, pp. 77, 78. 

GLASCOCK, R. C., property clerk. Ueference to, pp. 97, 140. 
GOLDEN GA.TE PARK. SAN FRA.NClSCO. lMablisbment of 

meridian Ii.De and at.au dard of lengt.h in, pp. 66, 67. 
GOODFELLOW, EDWARD, ASSISTANT. Preparation for pub

lication of annual ,.epons o.nd appendices thereto a.nd editing of 
bulletins, p. !00; ref<irence to, p. SI. 

GOVE, C. A., LIEUTENANT, U.S. N. Service on steamer Hauler, 
p. 71; service on steamer McArthur, p. 75: refcronce tlJ,pp.175, 
176. 

GOVERNMENT INSA&E ASYLUM, p.4..2. 
GOVERNNENT PRINTING OFFICE. Bench·mark at the, p. 44; 

reference to, p. 168. 
GOVERNOR OF CALIFORNIA. Reference to, p. 68. 
GRAND ISL.A.ND, A.LASKA, p. 79. 
GRAND ISLE, LA. llase line at, reference to, p. 57. 
GRAND SCIIOODIC LAKE, ME. Reference to, p.19. 
GRANGER, F. D., ASSIST.A.NT. Occupation of stations for ex-
tt~nding the transcontinental triangulation near the thirty.ninth 
parallel to the "Westward, in Ka.nsas, pp. SS, 89.; service in office of 
weights and measures, pp. 99, 1511. 

GRANTSVILLE, UTAH. Bench-mark at, p 91. 
GRAVITY MEASURES. Statistics of, p. 111. 
GRAY, E:.IMET. Tlde observer at Sau...,Uto, Cal., p. 70. 
GRAY, J. H., SUBA.SSISTANT. Topo~phica.l. survey af the 

nort.h branch of Cobscook Bay, Ma.ine, pp. 20-21 ; oervlce on coaot 
of Florida, p. 51. 

GRAY'S FERRY AND THE DELAWARE RIVER. Hydro
gra.phic resurvey campleted between, p. 39; tapograpbieal resur
vey of shore line of Sqbuylkill River completed between, p. 39. 

GREAT BAHAMA BANK AND CUBA. Current observations 
between, pp. 48, 49. 

GREAT HARBOR, MASS., p. 33. 
GREAT SALT LA.KE, UTAH. Refet'<!nce to, pp.116,91. 
GREAT l'OUTll BAY, LONG ISLAND, p.35. 
GREEN (Jennings Co.) Station in triangulation of Indiana., p. SS. 
GREEN. F. R., MISCELLANEOUS DIVISIO::i, pp. 98, 146. 
GREENBt::RY'S POINT, MD. Site. ofhase line selected at, p.40; 

reference to p. 4:1. 
GREENFIELD. TENN. Leveling operations suspended a.t, p. 86. 
G"UL F OF GEORGIA. Triangulation and topography of, pp. 77, 1e. 
GULF OF MAINE. Reference to h.rdrographic examinations in, 

p. ltl. 
GULF OF MEXICO. Triani:ulation in Alabama carried towards 

the, p. 55. 
GVLF STREAM. Temperatnre of water in the, pp. 22-%3; explora

tions In the, pp. 4!!-49. 
GULF STRIM.M EXPLORA TIOYS, OBSERVATIONS OF CU:&· 

RENTS, 1888 and 1889. Appendix No. 16. pp. 467-477. 

B. 

HAC:KEl'T'S POINT, p. 40. 
HA LE'S l' A.SSA GE, WASHING TON TERRITORY, p. 77. 
IlA.LIF AX TOWN:!IllP, MA.SS., p. 25. 
IIALPIKE,N.J. L. T., EXSIGY, U.S. N., p.115. 
HALSEY, D. P.' Ser-..ice in Pennsyl"<"ania, JI· 37. 
IlA.LTER, R. E., AS!;lSTANT, p. 60; magnetic record continued 

and absolut•• v:>lmis of the m&gnetic element. determined monthly 
at. th<> self.re11;i•teriug magnetic et11tion at Los Angelos, CaL, pp. 
6.'i, flll. 

RAMJ:l,TON ROAD, D. C., p.42. 

HANDBURG, MAJOR T. H. Reference to assistallce receh-edc 
fro111, p. 73. 

HANOVER TOWNSHIP, MASS., p. 25. 
HA.RBOI~ COMMISSION OF PHILADELPHIA.. Reference to, p. 

99. 

HARDING'S BEACH, MASS., 'P· 23. 
HANSON TOWNSHIP, MASS., p. 25. 
HARMO.NIC REDUCTION OF TIDAL OBSERVATIONS. Ref· 

e-rence to, p. 141. 
HARRISON, MRS. VIRGINIA.. Tidal Division, p. HZ. 
HARVEY. Triangulation station in Tennes~ee, p. 83. 
HA.RVE1'.', R. M. Office of Assistant in Charge, pp. 99, 123. 
HASKELL, E. E. Ser-rices in physi<"l hydrography, pp. 23 25. 
HASSLER (steamet). Use of, and reference w, pp. 61, 63, 64, 70, 71, 

163, 176, 177. 
HASSON, A. R. Services on schooner Eagre p. 30. 
HA " .. LEY, W. C. Ser"r"ices in M.assachuset ts~ p. 26. 
HAYFORD, JOHN F. Tidal Division, p. U2. 
HEIGHTS OF PERMANENT BENCH-MARKS DETERMINED 

BY SPIRIT LEVELING. Number of, p.111. 
HELM, J.M., LIEUTENANT, U. S. N., .ASSISTANT. CompJe •. 

tion of the hy<lrography .,f Cobscook llay, Maine, p. 21; hydro· 
graphic Tesurnya in Nantucket Sound, p, 29; hydrol!l'llphic sur
v•) from Cape Orford and vicinity to the sontbw"rd, p. 72 ; u~er
enoo to, pp. 161, 16:!.175, 176. 

HELENA., MONT., A.ND SPOKANE FALLS, WASH. lJUl'torence 
of longitude determined, p. 74. 

HELENA, MONT., AND WALLA WALLA, WASH. Difference 
of longitude determined, p. 92, 

HENRY, N. G. Pay yeoman on steamer Blake, pp. 46, (9, 
HERGESHEIMER. E., ASSISTANT. In charge of Drawing Divi

sion, pp. 96, 1231 127; reference to death of, pp. 96, 123. 
HERGESHEIMER, JOSEPH, A8SlSTANT. Hydrographic ex· 

amination of the entrance into Jamaica Bay, south side of Long 
Island, pp. 35, 36; topograpbic and h,l'drographlc reBnrvey of tbe 
Schuylkill River, from Faitmo;nit Dam to the Delaware River, pp. 
38, 39; topographical survey of tbe west coast of Florid& between 
Cape Sable and Pavilion Key, p. 51. 

HIGHEST SIGN AL. Built b; survey (Green trian~ulation at&tion, _ 
ltidiana), p. 85. 

HIGH HEAD, YA.SS., p. 24. 
HIGH POINT. Triangulation station in Georgia, p. 83. 
lULD:&ETB, D. M. Drawing Dh-illion, pp.128, 130. 
HILL, T.K., ENSIGN, U.S. N. 'ServlceoneteamerMcArthur,p. io;. 

service on schoon<!r Earnut, p. 77; Mferenee to, pp. 175, 176. 
HINDMARSH, W. H. Survey of District of Columbia, p. '3. 
HITCHCOCK (steamer). Use of and reference to, pp. 57, 177. 
HOAG, PROF. W. :R., ACTING ASSISTANT. Measurement ot 

a base line in connection with geodetic operations iD the State of 
Minneoota, p. 87. 

HODGKINS, W. C., .ASSISTANT. ContinnAtion of the detailed. 
topographic.a.I onrvey of the District of Col nm bia, pp. 42, 43. 

HOLDEN, PROF • .E. S., DIRECTOR LICK OBSERV A.TORY. 
A.id rendered by, in telegmpbic longitude work, p.68. 

HOLKAY. IlA. Y, ALA.SKA., p. 80. 
HOME STATIONS OCCUPIED FOR GRAVITY MEASURES. 

N11mberof, p. Ill. 
HONDURAS. RefeTenoo to, p.49. 
HOOPER, UTAB. :Bench mark at, p. Ill. 
HOOVER, D. C. Printing ruom, p. 135. 
HORSESHOE SHOAL. Entrance to Chesapeake Bay, p. '6. 
HOSPITAL COVE, .ANGEL ISLAND, 8A.N FRANCISCO BAY. 

Examination of, for location of qnarantlne atatlon, pp. 1111. 10. 

HUGHES, R. :M.., ENSIGN, U.S. N. Service on steamer Blaie, pp. 
"6, 49; r<>feMnee ta, pp. l75, 176. 

HULME, w.o., ENSIGN, u.s.N.,p.175. 
HURLBURT.S. R., ENSIGN, U. S.:N. Semeeon steamer Haa•ler,. 

p.71. 
HY ANNIS PORT, MASS., 'P· 29. 
HYDROORA. PHJC CH.lRTS, ORIGIN A.LS. StaU.tico of, p.112. 
llYDROGRAPHIC DIVISION, CO.A.SI' A.ND GEODETIC SUR. 

VEY Ot"FICE. Notice of work of, pp.101>, 100; annual report of, 
pp.167, 1'73; statiatica of work ID, p.167: miscellaneous dl*nghting · 
<lone in, pp. 172, 173. 

HYDROG IUPH1C EXilf.l.N A.TION OF HOS!>I'l'ALCOVE, AN
GEL ISLA!>D, S~N FRANCIS(,'OBAY, pp.ti&, 1<l. 
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HYDROGRAPHIC EXAMINATION OF THE ENTRANCE 
INTO JAMAICA BAY, SOUTH SIDE OF LO~G ISLAND, 
pp. 35, 36, 

RYDROGRAPHIC EXA:Ml'< A.'rIONS. On coasts of Maine 9.nd 
Massachusetts. pp. 22, t3: in Nantucket Sound, p. 3'2; of entrance 
to Jamaica Bay, Long Island, l'P· 35, 36; for reportetl shoal off 
Point Firmin, coast of California, p. 63; of Hogpital Co,-e. Angel 
Island, San Francisco Bay, pp. 69, i'O; in Columbia River, Oregon, 
pp. 72, 73. 

HYDROGRAPHIC EXAMINATIONS ON THE COAST OF 
MAINE IN THE VICINITY OF NASH ROCK, AND llE
TWEEN M.ATINlCUS ROCK AND SEGUIN ISLAND: 
.ALSO, OFF THE COAST OF MASSACHCSETTS :FROM 
NANTl'IJKET SHOALS TO THE EASTEJtX LIMIT OF 
GEORG&'S BANK, pp. 22. 23. 

HYDROGRAPHIG INSPECTOR. An011al report of the, pp.161-
177; reference to, pp. 96, 123. 

HYDRt'!GRAPHIC RESURVEY OF ANNAPOLIS II.ARBOR 
..!.Nil APPROACHES, p.41. 

HYDUOGR.APHIC RESURVEY OF THE APPUOACIIES TO 
MARTHA'S VL'<EYARD AND NANTUCKET, AND RESUR· 
VEY OF :MUSKEGET CHANNEL, pp. 30-32. 

HYDROGRAPHIC RESURVEYS AND EXAMINATION IN 
NANTUCKET SOUND, p. 32. 

HYDROGRAPHIC RESURVEYS AND EXAMINATIONS IN 
THE VICINITY OF CAPE CHARLES, VlRGINl.A.,pp.45-46. 

HYDROGRA.PHIC RESURVEYS IN NANTUCKET AND VINE· 
YARD SOUNDS, pp. 29-30. 

HYDROGR.A.PIIIC SHEETS. Coast of Florida, pp. 51, 53 ; of An· 
napolis Harbor resurwy, p. 41 ; <>f Escambia Bay, Florida, p. 158 ; of 
coast of California, p. 61; of coast of Oregon, p. 72, 73; of coast of 
Washington Territory, p. 75; of Cobscook Bay, Maine, p. 21; of 
Nantucket and Vineyard Sounds, pp. 29, 30: of Portlantl Canal and 
vicinity, p. 81; of Stephens Passage and vicinity, Alaska, p. 79; of 
work on coasts of Maine and Massaehnsetts by steamer Blake, 
p. 23; of ..-icinity of Cape Charl&s, Va., p. 45; -vicinity of Cape Cod, 
Ma.as., p. 24; plotted, ..-erlfied, an<l inked, list of, pp. 169-170; re· 
ceived and registered. List of, pp.152-153. 

HYDROGR.A.PBIC SOUNDINGS AND .ANGLE8,Dl:'PLICA.TE 
RECORDS. Number of volumes, p.112. 

HYDROGRAPBIC SOUNDINGS A.ND ANGLES, ORIGIN.AL 
RECORDS. Number ofvolnm•.s, p.112. 

HYDROGRAl'HIC SURVEY FllOH CAPE ORFORD AND VI
CINITY TO THE SOUTHWARD, p. 72. 

HYDROGRAPHIC SURV.EYONTHE 00.A.STOFCA.LIFORS'I.A. 
FROM OFF THE EASTERN END OF SAN ONOFRE ll'OUN
TA..lN TO NEWPORT LANDING, AND HYDROGR.A.PJIIC 
EXAMINATION FOR .A. SHOAL REPORTED OFF POINT 
FIRMIN, pp. 63-64. 

HYDROGRAPHIC SURVEYS .A.ND RESURVEYS. OfCobsoook 
Bay. Maine, p. 21; in Nantucket Sound and Vineyard Sound, pp. 
29, 30, 32; <>f approaches to Martha's Vineyard, and Nantucket and 
Muskeget Cha.noelf!\lP· 80-32 ; of Dela.ware River, p. 38; of Schuyl
kill River, pp. 38, 39; of Annapolis Haroor and approaches, p. 41 ; 
of Potomac Ri'Ter for additions to the cha.rte, p. 45; in vicinity of 
Cape Charle•, Virginia, pp. 45, 46; in connection with survey of 
oy•ter beds, North Carolin .. , pp. ff, 47 ; in the 'Bay of Florida, in 
the approaches to the Florlda Reefs, and on the Northwest Chan
nel Bar, K<ly \Vest, pp. Cll-51; h6tween Cedar Keys and Light-house 
Point, west coast of Florida, pp. 52, 53; of Pensacola Bay and lta 
branches, Florida, pp. i>l, 55; In Atchafa.19.ya'Bay a.nd vfoioity, coast 
of Louisiana, p.59; on"""'8t of California from San Diego to Ocean· 
side an<l '\'ielnity, p. 61 ; on coast of California from off the ea.st<lln 
end of San Onofre .M-0untain to Newport Landing,pp.63-64; in 
..-iclni!y of Crescent City, Cal., pp. 70, 71 ; from Cape Orford And 
vicinity to the southward, p. 72; of Columbia River, Oregon, pp. 
7!:, 73; in vieinity of Cape Flattery and in Neeab Bay. Washington 
Territory, pp. 74-75; on iolan<l waters-0f'\V a•hingt-0n Territory, pp. 
76-77; In Stephens and Clevelan<l Passages and vicinity, and in 
Portland Cali.al and vicini•y. southeastern A.laoka, pp. 78-82; In 
Escam\>IA Bo,y, Florida., p. 93; in Port Orchard, Waehingt.l>n Terri
to:ry, l'P· Ga, Qi. 

HYDRQGRA.PHICSURVEYS IN ATCHA.FALAYA BAY A.ND 
VICrNITY, COAST OF LOO'lSIAN .A., p. ~D. 

B.YDROGRAPHIC SURVEYS, lNCLUDING SARATOGA PAS· 
SAGE TO SKAGIT BAY, THE NORTBWE~T COAST OF 
WHIDBEY ISLAND, ROS.Uno STRAIT, A.ND BELLING· 
HAM BA. Y, pp. 76, 77. 

HYDROGRAPHIC SURVEYS IN STEPHENS AND IN CLE VE
LA.ND PASSAGES AND VICINITY, .A.XD TN PORTLA.YD 
CANAL AND VICINITY, SOUTHEASTERN ALASKA, pp. 
78-&2. 

HYDROGRAPHIC SURVEYS IX THE BAY OF FLORIDA, 
IN THE AP PRO.A.CH ES TO THE FLORIDA REEFS . .A.ND ON 
THE NORTH WEST CHANNEL BAR. KEY WEST, pp 4.9-51. 

HYDROGRA.PHIC SL'RVEYS lN THE VICINITY OF CAPE 
FLATTERY AND IN NEAR BAY, WASHDIGTON TER
RITORY, pp. 74, ;s. 

llYDROGRAPHIC SGR>EYS IN THE VICINITY OF CRES
CENT CITY, CAL. pp. 70, 71 • 

HYDROGR.A.PHIC SUR>EYS ON THE CO.A.ST OF CALIFOR
NIA FROM SAN DIEGO TO OCEANSIDE .A.XD VICINITY, 
pp.61, 62. 

HY.OROGl{APH IC WORK. Reconls of, received, p.151. 
H¥DROGR.A.PHI". Statistics of, p. 112; verification, revision, and 

correction of reduced drawings for, pp. 171, 172 . 

I. 

!ARDELLA, C. T.,.A.SSISTANT. Completion of the shore.liner<'· 
sur~e\"a of Three~M.ile Harhor, Moriches Bay, antl the out~r ln:ach~ 
Long lala.nd, p.35; reference to, P-27. 

IB.A.P AH. Triangulation station in Utah, p. 91. 
ICE. The formation, lodgement, and mo,-eruent of, in Delaware 

Rive1· and Bay olumtved, p. 39. 
IDA HO. State of. inclnded in Section XVII, p. 92. 
ILIULIUK. ALASKA, p. 95. 
ILIULILK HA.RBOR UN ALASKA. ISLAND, ALA.SKA, p. 83. 
ILLINOIS. State of, incl11de<l in Sectiou XIV, p. 84. 
ILLINOIS CENTRA.L R.R. Ai<l received from officials of, p. 86. 
INCREASED AMOUNT OF WORK IN COAST A.ND GEO· 

DETIC SURVEY OFFICE, p. 121. 
INCREASED DEMAND FOR COAST AND GEODETIC SUR

VEY CIIARTS AND PUBLICATIONS. Reference to, pp. 95, 
98, 121, 143. 

INCREASE IN OFFICE FORCE. :Rentlered necessary by in .. 
creased dema.tid for charts, p. 95. 

INDIAN.A.. State of, included in Section XIV, p. ~. 
INDIAN HILL. Triangulation station in Massacltnsetts, p. 29, p. 32 •. 
INDIAN TERRITORY. Inclu<l.ed in Section IX, p. 00. 
INFOR.lll.A.TION FURNISHED TO DEPARTMENTS OF TB:H; 

GOVERNMENT IN REPLY TO SPECIAL REQUESTS, All'l> 
TO INDlVlDt"ALS Ul'ON APPLICATION, DURING THE 
FISCAL YEAR ENDING JUNE 30, 1889. Appendix No. 3, pp. 
115-119. 

INFORMATION FURNISHED TO GOVERNMENT OFFICERS 
OR ORGANIZATIONS BY PHILA.DELPHLA SUBOFFICE. 
Reference to, p. 00. 

INGRAM, A.. P., SUPERINTENDENT PHILADELPHIA .MAR
ITIME EXCHANGE. Observations of ice movement in Dela
ware River, p. 39. 

TNNER MIDDLE GROUND, near Cape Charles. Va., p. 45. 
INSTRUMENT DIVISION. Annual report of, pp. 138-UO; ref. 

erence 'Wi, p. 97. 
INSTRUMENTS HADE OR PARTLY HADE DURJNG TllE 

YEAR, A.ND OLD 1NSTRUMENT8 :REMODELED. List of, 
p.138. 

INTERNATIONAL CO.MJIIITJ;EE ON WEIGHTS AND :MEAS
URES. Reference t-0, p. 100. 

INTERNATIONAL GEODETIC ASSOCIATION. Assistant 
George Da,-idson appointed & delegate to, p. 68 ; estimat.. for con
tribution to, p, 13 ; reference to, p.100; report of George David
son, a.as-istaut U.S. Coast and Geodetic S.urV"ey, appointed by the 
President oft.he United States as the de.legate to the ninth confer
ence of the, held a.t Paris, October, 1889. Appendix No. 18, pp. 
493-503. 

INTERNATIONAL PROTOTYPE METRE AND THE COM. 
MITTEE lllETRE. No material di!l'ereoce in length of, p.160. 

IOWA. State of, included in Section XV, p. 87. 
ISHERWOOD, D. C., p. 43. 
ISOGONIC MAP OF THE UNITEDSTATES. Preparat.ionof, 

p.96. 
J. 

JACKSON, M. P. Drawing Division, pp. lZS, 131. 
JACKSON, TENN., p. 86. 
JAM:AlCA BAY, LONG ISLA.ND. E:rteD8ion southwartl of sand 

banks on •est side of, p. 35. 
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JAMISON. Triaugulatiou station in .A.lal>am~. p. 55. 
IEJS'KINS, F. W., ENSIGN t::-. S. N. Serrice on steamer Gedney, 

p. 72 ; reference to, pp. 175, 176. 
-JOHNSON, ATLEE. Survey of District of Columbia, p. '4. 
JO::SES CHA.PEL CHURCH, D. C., p. 43. 
..fOSES, CHARLES H. Packer and folder, p. H6. 
.JO:S-ES, GEORGE R. Sen-ice on steamer Bache, p. 31; service on 

steamer Bache and schooner Spy, pp. 50, 53. 
JORDAN. J. N., LIEUTENANT U.S. N .. .ASSISTL-.,T . .Assigned 

to Cilmmand of schooner Earnest, p. 77; hydrographie -work on 
coast- of Washington Territory, p. 77; reference to, pp. 164, 175, 
176. 

JUSCTJON CITY, KANS. :Mai::netic obserrations at, p. 88. 
J'UNEAU, ~LA.SKA., pp. 79, 8-0. 
JUSKEN, C IU.RLES. Preparation of data for map of Ala.ska, p. 

100. 

K. 

'.KANSAS. Stat<> of, included in Section XV, p. 87. 
.KE.ARNEY, S. Instrument Division, p.140. 
.KEITH, W.H. Watchman,p.H6. 
.KELLEY. Triangulation station in Massachu&etts. p. 25 . 
• KENSINGTO:S WATERWORKS, p.38. 
. KENT l8LA.ND BASE. Reforence to, p.W. 
KENTUCKY. State of, included in Section XIII., p. 83. 

:KEOKUK, I OW .A. Magnetic observations at, p. 88. 
KEYSER, L. P. Electrotyping Division, p. 135. 
KEY WEST, NORTHWEST CHANNEL BA.R. Surveys on the, 

pp.49-51. 
;KIDWELL MEADOWS, D. C. Reference to, p. 96. 
KIMMELL, HARRY, ENSIGN U.S. N. Sen-ice on steamer Bl<>ke, 
pp.4~, 49. Reference to, pp.175, 176. 

'KING, IRVING. Service• on sch()(>ner Ea,gre, p. 30. 
:.KING'S HILL. Triangnlatiou station in Maasachnsetts, p. 25. 
KI:-.OGSTON TOWNSHIP, MASS., p. 25. 
XIOGA, STATION 2. Ddaware River survey, p. 38. 
KLAMATH RIVER. p. 70. 
'K..>\IG IIT, H. M. EngraNing Di'\'ffiion, pp.134, 136, 137. 
JL.'\"IG IIT. JI. T. Engravini: Division, pp.13!, 136, 137. 
'KNIGHT'S KEY. Tide rips to westward of, p. 50. 
'KNIGHT'S KEY CHANNEL A.:.D SPANISH KEY CHANNEL. 

Included in hydrographfo surveys, p. w. 
KOOH BA.Y, OREGON, p. 71. 
KOOS BA.Y A.ND THE U.MPQU4-H RIVER. Completion of 

coast topography between, pp. 71, 72. 
XUBEL, E. A. Engravin)( Division, p.134. 
XU:M..M.ELL, CllARLE8 Il. Computing Division, p.125. 

L. 
rr..AFAYETTEPARKSTA.TION, SA.NFRANCISCO, CAL. :Re· 

forence to longitude determination a.t, p. 67. 
LAKE SUUVEY. Stations of the, near Lake MlcWgan, p.86; i-ef· 

erence t.o, p. 98. 
LAKE SL'RYEY STANDARD METRE. Reference to, p.160. 
LA JOLLA. CA.L., p. 61. 
L.AND AND STANWOOD. Triangnlation stations in Wa.shing. 

ton Terrlt<>ry, p. 75. 
LANDMARKS. l!'or Columbia River entranoo, p. 13. 
LAN:MAN, W. H. Accoun1ing Di'-'ision, pp. 98, 157, 158. 
LAS BOLSA.S RIDGE, CAL., p.87. 
L.A. TIMER, MR., Jl. 46. 
lL.A TIMER'S SHOAL. Entrance to Che•apeake Bay, p. 46. 
LA TIT UDE. Determination of at West n ... e. on coast of Lonisiana. 

'l>P· !l7, 58; deterrninatioD of, at enda of base line in Stephens Pa.s. 
uge, Alaska, I'· 79. 

!LA'TITL'DE AND .AZIMUTH. Determined at "Ogden Peak," 
Vtah, pp. 90, 91, observed at '·A.dams' triangulation station in 
X.a.mms, p. 88. 

LATITUDE STATIONS. NnmbeT of, p.111. 
LAUX:MAN, M. In•trnment Division, p. HO. 
LAWN, MISS KATE. Office of A••iotant in Charge, pp. 99, 123. 
LAWSON, J. S., ASSISTANT. p. 60: mea•nrement of the Loo 

Angeles primary base line, pp. 6', 65; establishment of meridjan 
line, Golden Gat<i Park. p. 67. 

LEXGTH OF GENERAL CO.A.ST SURVEYED. p.111. 
LENGTH OF ROADS SURVEYED. p. 112. 
LENGTH OF SHORE LINE l!URV EYED. including rivers, creeks, 

and ponds, p. 112. 

LENGTH OF SNELLING A VENUE BA.SE Ll:SE. p. 87 
LEONA.RD, S. H., A.SSISTA.Nl' ENGINEER, U.S. N. Service on 

steamer Bache, p. 31 ; service on steamer Bache and schooner 
Spy. pp. 50, 53; referenc~ to, pp.175, 176-. 

LETTER 1'ROM TllE ACTING SECRET.A.RY OF THE TREAS
URY TO THE SPEAKER OF THE BOU8E 0~' REPRESENT 
.ATIVES. TRAN8:MITTING THE REPORT OF THE SUPER
INTENDENT OF THE CO.AST AND GEODETIC SURVEY 
FOR THI!: FISCAL YE A.R END.ED JUNE 30, 1889, p. iii. 

LETTERS WRITTEN IN COAST A:ll.'D GEODETIC SURVEY 
OFFICE. Number of, p.121. 

LEVELING. Between tide-gauge and bench-marks' At St. Paul. 
Kadiak l•lantl, Alaska, pp. 82, 83; (geodetic), from Cairo, Ill.. 
toward• tl1A Gulf of :Mexico. pp. 85, 86; (geodeticl. in Kentucky 
nnd Tennessee, p. 83; in connection with Physical Hydro~raphy 
of Cape Cod, Mass .. p. 23 ; in connection with the.surve; of the 
District of Col um biat p. 44 ; in connection with tide observationH 
at Sandy Hook,N.J.,p.37; in Massachusetts, p.25; on Martha's 
Vineyard, Mass., p. 32 i to connect bench-marks at Ogden Observa
tory and Huntsville, Utah, with railway levels at Ogden, p. 90; t<> 
connect bench-marks near Great Salt Lake with railway levels a.t 
Ogden, Utah, p. 91; to determine elevation of SnelliDg .Avenue 
Base, p.87. 

LE WIS AND CLARKE RIVER, OREGON, p. 72 . 
LEWIS, D. 0. PA.SS.ED .ASSISTANT SURGEON U.S. N., p.175. 
LICK OBSERVATORY, MOUNT HA.HILTON, CAL. 6eograph· 

ical position determined, p. 68. 
LIEUTENANTS, U. S. N. Number of, attached to Coast and 

Geodetic SuITey. p. 175. 
LIEUTENANTS (JUNIOR GRADEi, 'C'. S. N, Number of, at 

tached to Coast and Geodetic Survey, p.175. 
LlEUTENA.NT-COMMANDERS, U. S. N. Numl>or of, attached 

to Coast and Geodetic Survey. p.175. 
LIGHT-HOUSES. At Fort Sumter, S.C .• reference to, p.47; at 

Gay Head, Mass., pp. 28, 32; at Point Judith. Whale :Rock, 
Conanicut Island, Gull H.ockR, Rose Island, Goat I1d11nd, Lime 
Rock, and Wickford Light 011 Old Gay Rock, Wicktord Harbor, 
gc»ographical pogition@. of, determine.d, p. 34. 

LIGHT-HOUSE BOA.RD, pp.30, ,7, 68. 
LIGHT-HOUSE POINT, LA .. Change in shore line at. p.58. 
LIMESTONE 1YLET, ALASKA, p. 79. 
LINES OF GEODETIC LEVELING CAR.RIED FROM NEAR 

CAIRO, ILL, TOW ARDS TRE GULF OF M:EXlCO, pp. '5-86. 
LINES OF HPIRIT-LEVELING. Lengtltof, p.111. 
LINDENKOHL, A.. Dr>lwing Division. pp. 127, 128, 130, 131, 132. 
LINDENKOliL, H. Drawing Division, pp.127, 123, 138-, 131, 132. 
LIST OF NA.VAL OFFICERS A.TT.A.CHED TO THE COAST 

AND GEODETIC SURVEY DURING THE FISCAL YEAR 
ENDING JUNE 30. 1889, p. 175. 

LIST OF NAVAL OFFICERS ATTACHED TO THE CO.A.ST 
AND GEODETIC SURVEY, .JUNE 30, 188ll, p.176. 

LITTLE, F. M. Computing Diviaion, pp.124., 1:6; Tidal Divl&\on, 
p.U2. 

LITTLE :ROCK. ARK. Extension of line of t'evelo from, p. 58. 
LITTLE ROCK AND ARKANSAS CITY, ARK. Connecti01l 

ilf, by line of preeise levels, p. 5tt 
LLOYD.EDWARD, .ENSIGN, U.S. N. Service on steamer En· 

dea,11or, pp. 41, '6; referenoo to. p. 175. 
LOOA'l'ION OF WHARVES in tbe :Potomac River for addition• 

to the charta, p. 45. 
LONDON, POl'E COUNTY, ARK., p. 56. 
LONG. W.:M. Janitor,p.146. 
LONG ISLAND. ReB11rveys, p. 26. 
LONG KEY A.ND COUCH KEY. Tide rlps between p 5-0. 
LONG NECK, MA.SS., p.33, 
LONGITUDE. Determill.&tion.of,at Cape l''&nshaw, Alaska. p. TO. 
LONGITUDE STATIONS. At Ogden and Salt Lake City con· 

necte<I with main triangu1ation, p. 91. 
LONGITUDE STATIONS (1'ELEGRAPHICt. Number of, p. 111. 
LOS A.NG ELES, CA.L., l)P· 60, 63; ll>nl!itude and magnetic l'lement• 

determined at, p. 69; ma1<11etic ohservations at, pp. 65--66. 
LOS ANGELES AND NEEDLES. Difference ofJongiAlde deter

mined, p. 67. 
LOS AKGELES AND SAN FRANCISCO, CAL. Dllference of 

longitude d<itermined, 'P· 69. 
LOS ANGEL.ES BASE LIN.E. Loa Angeles and Orang" Counties. 

Cal . .A.pp•ndix No.10, pp. 217-2::1; reference to, pp. 63, 64, 65. 
LOS ANGELES COUNTY, CAL., p. 64. 
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LOST. Triangulation station in Louisiana, p. 58. 
LOUISIANA, Sta.to of. lnclml"'l in Section \-In, p. 55. 
LOWELL. Triangulation station in 'Visconsin. p. 86. 
LUBY, ;r. F., ENSIGN, lJ. S. N. Service on steamer Endeavor, 

p. 59; reference to. pp. 175, 176. 
LGBEC, ME. Reference to, p. 22. 
LUCIA ISLAND, WASHINGTON TERRITORY, p. 77. 
LUMMI BAY, WASHINGTON TERRITORY, pp. 77, 78. 
LYLE, E. C. Services in Section I, p. 19. 

1'I. 

MACHIAS, ME. Reference t-0, p. 22. 
MADISON, WIS. Magnetic observations at Unh·ersity Farm 

station, p. 84. 
:MA.EDEL, E. A. Engraving Di~ision, p. 136. 
:MAGNETIC DECLINATION. The distribntion of the, in .the 

United States for the epoeh 1890. Appendix No. 11, pp. 233--402. 
MAGNETIC OBSERVATIONS. At a station in Louisiana, p. 56; 

at Mount Hamilton, Ca.I.~ p. 68; at Nash,ille, Tenn .. p. 84; at 1
' Og· 

den Peak," Utah, pp. 90, 91 i at Peartte lid.a.ml. Portland Canal. p. 
81; at Point Arena, Cal., p. 69; at Sacramento. Cal.. p. 68; at SaL 
Francisco. pp. 60, 67; at Seattle and Port Townsend, Wash., p. 73; 
at stations in Iowa, Nebraska., and Kansas, p. BS ; in Colorado and 
New Mexico, p. 92; in Ohio, lndiana, Illinois, and '\Vise-0nsin 1 p. 84; 
in Texas and Indian Territory, p. 60. 

MAGNETIC OBSERVATIONS. Original rC<'ords. Number of 
cahiers, p.112. 

MAGNETIC.: OBSERVATIONS. Original records. Number of 
volumes, p. 112. 

MAG:l>"ETIC PARTIES. Number of, p. 111. 
:MAGNETIC RECORD CONTINUED, AND ABSOLUTE VAL· 

UES OF THE MAGNETIC ELEMENTS DETERMINED 
MONTIILY AT THE SELF.REGISTERING MAGNETIC 
STATION AT LOS A.'i(}ELES, CAL., pp.65--66. 

:MAGNETIC STATION. At Shreveport, La.., I'· 56. 
:MAGNETIC STATIONS OCCUPIED. Number of. p.111. 
:MAGNETIC WORK. ~ecords and computations of.received, p. 

ISO. 
:MAGNETIC WORK, SAN FRANCISCO. p. 67: statistics of, p. 111. 
:MAGNOLIA BLUFF, ESCAMBIA BAY, FLA., p. 93. 
MAGOTHY BAY AND FISHERMAN'S INLET. Includoo in 

resurvey, p. 46. 
MAHAN, A. T., CAPTAIN, U.S. N. Member of Xavy·yard Site 

Commission, Pacific coast, p. 93. 
MAHAN, D. H., LIEUTENANT, U.S. K. Serdce on steamer 

Ha11ler, pp. 62, I63, 164: r•forence to, pp. 175, 176. 
MAHON, C. Dmwing Division, pp.127, IaO, 131, 132. 
MAINE. State of, included in Section I, p.19. 
MAIN SHIP CHANNEL. KEY WEST. Discovery of a rock in, 

p.52. 
MAN .A.TEE, FLA, p. 51. 
MANOMET HILLS, MASSACHUSETTS, p.27. 
MANSFIELD, II. B., LIEUT EN ANT U. S. N., ASSlSTANT. 

Hydrographic sur-vcya on the coast of California from San Dieg-o 
to Ocea.nside and vicinity, pp. 6J-ti2; hydroj!raphic surveys in the 
vicinity of Crescent City, Cal., pp. 70-71 i a.ssigned tQ eomma.nd of 
steamer Patter•on, p. 82; reference to, pp.163, 165. 175, 176. 

M.A.NSFIE LD CONE. Triangulation station in California, p. 66. 
MAPES, MISS L. A·. Chart Division, p.147. 
MAPS A.ND CHARTS. Production of new, p.122; statistics of, 

·p.112. 
MAPS OF GENERA.I. PROGRESS, ACCO'MP.A.XYING RE. 

PORT. Reference to, p. l. 
MA.RINDn., H. L.,ASSISTANT. Physical hydrograpby; continu· 

ation of the sur.-oy of the coast of Cape Cod Peninsula from the 
vic.inity of Chatham to the northward. pp. 23-25; nffice work. p. 24; 
reference to, p. ~9. Reports by, Appendi" No. 12, pp. 400-407, and 
Appendix No.13, pp. 4Q9-457. 

MA.JUNE HOSPITAL GROUNDS, CLEVELAND, OHIO. :Mal(· 
netic station in, p. 84. · · 

MARKET SQUARE BASIN, ANN.A.POLIS, MD. "Tideobserrn
tions at1 p. 41. 

MARI!, ll.. A., SUBASSISTANT. .Longitude det<>rminations in 
California and Nevada, p. 6ll; longltn<te determinations In Wash· 
ington T~rritory and Montana, pp. 73-74, longitude work in Ne
'""a.da, p. "'92; longitude work in Montana, pp. 92, 93 ; reference to 
work by, in Appendix No. 8, pp. 200-212; reference to, p. 27. 

:MARSHFIELD TOWNSHIP, :MA.SS., p. 25. 

MARTIN, .ARTEMAS. Librarian, pp. 98, 121. 154. 
MARYLAND, State of, included in Section 111, p. 40. 
MARYSVILLE,CAL. Longitude and magnetic elements deter-

mined, p. 69. 
MASHPEE TOWNSHIP, MASS .. p. 25. 
MASSACHUSETTS. State of, included in Section I, p.19. 
MATCHLESS (sch"oner). Use of, and referenc~ to, 11p.176, 177. 
MATI.A. ISLAND, WASHING TON TERRITORY, p. 77. 
MATINICUS ROCK AND SEGUIN ISLA.ND. Hydrography bo· 

tween, pp. 22, 23. 

MAUPIN, WILLIAM C. Computing Division, p. 127. 
MAYO, H. T., LIEUTENANT U. S. N., ASSIST!.NT. Il.y<lro

graphic sur.-eys, including Saratoga Passage to Skagit Bay, the· 
north west coast of Whidbey Island, Rosario Strait, and Bellin,::· 
ham Bay, pp. 76, 77. Reference t-0 p. lM. 

McA.RTHGR, (steamer). Use of and reference t.o, pp. 74, 75, 164, 

16fi, 176, 177. 
McCANN, W. P.,COMMODORE, U.S. N. Member Navy.yard Com

wisaion. AtlRntic coast, p. 93. 
McCORKLE, S. C., ASSISTANT_ In charge of snboffioe at Phila

delphia, p. 99. Member of Commission advisors W Harbor Com~· 
mission of Phila.delphia, p. 99. 

McDONALD, JOHN, ENSIGN, U.S. N. Service on steamer Pa,t. 
teraon, p. 78. Reference to, pp. 175, 176. 

McGRATH, J.E. SUBASSISTANT, p. 56; service in southern Cali·· 
fornia, p. Ga; reference to, pp. 67, 70: preliminary survey of the· 
frontier line between ..AJaska a.nd British Columbia, p. 83; organ
ization of parties to mak.._. a preliminary determination of the 
bounds.rs line between Alaska and British Columbia.., pp. 9!, 95. 

McGUINNESS,J'. P.,ENSIGN, U.S. N. Service on steamer Ha~· 
sltr, pp. 62, 71; service on steamer Jlc..4.rthur, p. 75; referenca 
to, pp. 175, 176. 

McHENRY, JOHN. Service on steamer Patur1on, p. 78. 
McLANE, W.R. Drivl"r, p. 146. 
MEAN RISE .AND FALL OF TIDES. At Takn Harbor, Alaska, 

I'· 79. 

MEASUREMENT OF BA.SE LINE IN CONNECTION WITH 
GEODETIC OPERATIONS IN THE STATE OF MISNE
SOTA, p. 87. 

MEASUREMENT OF BASE AND VERlFICATION OE' TRI
ANGlJLATIOl\ ON THE COAST OF LOUISIANA, pp.5~.s•. 

MEAStrl-IBMENT OF THE LOS ;l.NGELES PRIMARY BASE, 
pp. 64, 60. 

MELVILLE, CAPT. H. E .. SI"PERIXTENDEXT OF THE CITY 
ICE BO.A.TS, PHILADELl'liIA. .A.cknowledgmout of aid re
cefred from. p. 39. 

MEMPHIS, TENN., p. 86. 
MEN. Number of attached to "<"essel9 of the Snr'l'ey, p. 177. 
MENDE::SBALL, T. C .. SUPERINTENDEXT OF THE COAST 

AND GEODETIC SURYEY .Submits anuual revort to Secretary 
of tho Treasuxy, p. 1 ; Rppointment as Superintendent, p. 1: refer· 
ence to in letter from Secretary of the Trea.sury tl'a11smitting re· 
port to Congress, p. iii; concluding statement by, p. 100. 

MENEMSHA BIGlIT, p. 32. 
MERIDIAN LINE. Establishe•l at. Salt l.ake City, p. 91. 
Jll.ERIDI.AN LIXE A::-fD STANIL\RD OF LENGTH. Estab· 

lisb('d at Golden Gate Park. Ran Frauci~t·o, pp. 6fi1 67. 
l\lERIDIA:N LINES .A.ND ST.A.XDAIWS OF ME-.\.SUl:E. .Ad· 

vantage of establishment of at principal county seats in the "C"nited 
States, suggested, p. 37. 

MERIDIAN LINES. E•tahlished at Bing!Jilmton. N. Y., and :Iron· 
tro8e, Pa., pp. 36, 37. 

METlIOD 01'' .ACCURATE TOPOGRAl'EllCAL WORK used in 
survey of District. of Columbia, p. 4:.!. 

METIIOD 01'' PJ{ECISE LE\"ELI:NG, p. 56. 
METRIC ST.\.ND_\.RDS OF LEXGTJI of the U.S. Coast anu 
G~odetic Survey all\! U. S. Lake Snr~ey. !{elation between. 
A1>pendix No. 6. "Pt>. 179, 19"7. 

MEYER. Trianjl;nlation station in Kansas, p. 89. 
MICHIGAN. State of. include<l in Section XIV, p. St. 
MIDDLEBOROl!GH, MASS. Line of levels extended to, p. 25. 
MILES RUN .A.DilITIONAL OF OUTSIDE OR DEEP.SEA.. 

SOUNDINGS, p. 112. 
HILES, W. P. Set'Vice at Los Angelus, p. 66. 
MtLKHOt"SE FORD IW-.\.D, D. C., p. il2. 
MIL,VACKEE, WIS. Magnetic. obserrntions at North Point light

house, p. 84. 
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MINEOLA, WOOD COUNTY, TEX. Ma;;netic ob;ervations at, p. 
60. 

MINNESOTA. State of, incltttl.ed in Section XV, p. 87. 
MISCELLANEOUS DIVISION. Annual report of, p. 143; statis· 

tics of work in, p.143: reference to, pp. 97, 98. 
MISCELLANEOUS DRADGHTING. Done in Hydroi:raphic Di· 

vision. Tabular •ta.tement of, pp.172, 173. 
MISSISSIPPI. State of, include1l in Section >III, p. S5. 
MISSISSIPPI RIVER. Reference to, p. 86. 
MISSISSIPPI RIVER AND THE ROCKY MOUNTAINS. Occu-

pation of magnetic stat.ions between, p. 84. 
MISSISSIPPI RIVER COM:llISSION. Secretary ofthe,p.86. 
MISSOURI. State of, inclurletl in Section XV, p. 87. 
MOBILE BAY. Reference to, p. 51. 
MOLASKA HILL, MASSACHUSETTS;p. 27. 
MOLKOW, E. Drawing Division, pp.127, 130, 131, 132. 
MONA, ANEGADA, AND WINDWARD ISLAND PASSAGES. 

Current observations in, pp. 48, 40. 
MONK'S RILL. Triangulation station in Massachusetts, p. 26. 
MONTANA. State of, included in Sectfon XVII, p. 92. 
MONT.AUK POL"'iT, p. 26. 
MONTGOMERY, ALA., p. 55. 
MONTHLY NOTICES TO MARINERS. Reference to, p. 168; 

supplied to collectors of customs and i:; nited States consulates, p. 
UlS. 

MOORE, FRANK. Foreman in charge of plai<> printing, Coast and 
Goo<letic Survey Office, pp. 97, 135. 

MORGAN, W. B., late disbursing agent Coast an<l Goodetic Survey. 
Heference to, pp. 9:i, 155 ; settlement of accounts of, p. 122. 

MORGAN CITY, LA., p. 57. 
MORICHES llAY,LONG ISLAND,p.35. 
MORSE, FREMONT, SUBASSISTANT. Service in California, pp. 

64, 65; e•tablishment of meridian line, Golden Gate Park, p. 67; 
magnetic observations, San Francisco, J1. 6i ; reference to, p. 70. 

MOSER,J.F., LIEUT., U.S.N.,ASSISTANT. Hydrographic ro· 
survey of the approaches to Martha's Vineyard and Nantucket, 
and resurvey of Muokeget Channel, pp. 30-32; Hydro.graphic 
surveys in the Bay of Florida, in the approaches to the Florida 
reefs, and on the north west channel b1u, Key West, pp. 49-51; off. 
shore hydrographic survey between Cedar Keys and Light-House 
Point. west coast of Florida, pp.52, 53; reference to, pp.161, 175, 176. 

MOSMAN, A T., ASSISTANT. Determination of the geoi::raph· 
ical positions of light.houses in Narragansett Bay and approaches: 
:identitlcation of a station of the old triangulation at Amesbury, 
.Mass., p. 34 ; tria.ngnlation of Perdido Bay and its connection 
with the triangulation of Pensacola Bay, Fla., pp. 5.!J, 5l; reference 
to, p. 84; serrke in office of weights and measures, pp. 911, 159. 

:MOSS SPRINGS, KANS., p.89. 
. MOUNT HENitY. Triangulation station in Maine, p.19. 
MOUNT PLEASANT LIGllT. Triangulation station in S. C., 

p. 47. 
:MOUNT DESERET. Triangulation station in Utah. Elevation 

determined trigonometrically with reference to railroad levels at 
Ogden, p. IH. 

MOUNT HAMILTON, CALIFORNIA. Telegraphic determina
tion of the loni::itude of a station on, and its trigonometrical oon· 
nection with thu Lick Observatory. Appendix No. S, pp. 209-212. 

MOUNT ST. ELIAS. Reference to, p. 67. 
MURAI· STANDARD. Reference to, p.160. 
MURRAY, HARRISON. Fireman, p.14~. 
MUSKEG ET CHANNEL. Hydrographic resurvey of, pp. 29, 30; 

additional buoys recommended, p. 31. 
MUSKEG ET ENTRANCE, p.31. 
:MUTTON SIIOAL, p. 31, 

N. 

NAMES OF VESSELS, THEIR TONNAGE, ETC., IN THE 
SERVICE OF THE COAST AND GEODETIC SURVEY DUR
ING THE FISCAL YEAR ENDING JUNE 30, 1889, p. 177. 

NANTUCKET HARBOR, MASSACHUSETTS, p, 30. 
NANTUCKETSROALS -"'DGEORGE'S BANK. Hydrography 

between, p. 23. 
NARRAGANSETT BAY. Determin&tion of geographical po-

sitions of light-houses in, p. 34. 
NASHAQUITSA, MASS., pp.27, 33. 
NJ.SH ISLAND, HAINE. Reference to, pp. 22, 23. 
.NASH ROCK (or BliKk Rock), ReCerence to, p. 22. 

NA USHON ISLAND, MASSAC HUS ET TS. Topographical sarvey 
of, p. 33. 

NAUTILUS SHOAL. Depth in vicinity of, p.45. 
NAVAL A.CADE llY, ANNAPOLIS, l\ID. Aid recei'<'ed from an· 

thorities of, p. 40. 
NAVAL ACADEMY GROUXDS, ANNAPOLIS, MD. Detailed 

survey of, p. 40. 
NAVAL CEMETERY, L\.NNAPOLIS, p.40. 
NAVAL ORSERVATORY AT MARE ISLAND, CALIFGRXIA, 

p. 78. 
NAY AL OFFICERS. Li•t of attached to Coast and Geodetic Sur. 

Tey, p.176; list of attached to Coast and Geodetic 8uncey during 
fiscal year, 1889, p. 175: number of attached to the S1m'ey, p. 176. 

NAVIGATIOX OX ATLANTIC AND PACIFIC COASTS. lk 
quirements of, recognized, p. 100. 

NAVY-YARD SITE COMMISSION, ATLA:NTIC COAST. Sur· 
veys for, pp. 51, 93. 

NAVY.YAIW SrTE COlllHSSION, PACIFIC COAST. Special 
survey for, pp. 74, 93, 9!. 

NAVY.YARD WHARF. Triangulation Station, Pensacola llay, 
p.53. 

NEBRASKA. State of, induded in Section XV, p. 87. 
NEAH BAY, WASHINGTON TERRITORY. Hydrographk 

aui'vey in, pp. 7 4, 75. 
NEEDLES, CAL. Latitude and longitude of, determined, p. 69. 
NELSON, JOH)':. AID. Serzice in Southern California, p. 63; 

service in Los Angeles base measurement. pp. 6i-66. 
NES, D. S., ENSIGN, U. S. N. Services on steamer Gedney, p, 21; 

reference to, p. 175. 
NESBITT, MRS. M. E. Tidal Division, p.142. 
NEV ADA. State of, included in S6ction XVI, p. 90. 
NEW BEDFORD, MASS., p. 52. 
1'.<"E W HAMPSHIIrn. State of, included in Section I, p. 19. 
l'l"EW JERSEY. State of, includPd in Section II, p. 34. 
NEW MEXICO. Territory of, included in Section XVI, p. 00. 
NEWPORI' LANDING, CAL., pp. 63, 64. 
NEW YORK. State of, included in Section II, p. 34. 
NICHOLS, H. E., LIEUTENANT COMMANDER, U.S. N., AS· 

SISTANT. Contract with Alaska Commercial Company for 
transportatil>n of boundary survey parties, p. 94; collection of data 
for AlAAka Coast Pilot, p. 166; reference to, pp. 175, 176. 

NICHOLS A VENUE, D. C., p. 42. 
NICKERSON. Triangulation station in MaBBachnsetts, p. 25. 
NIGHT SIGNALS. Use of, recommended In triangulation of 

Pennsylvania, p. 37. 
NO MAN'S LAND, p. 30; resurvey of, p. 32. 
NONAMESSET ISLAND, :MASSACHUSETTS. Topographical 

survey of, p. 33 . 
NORTH BASE STATION, STEPHENS PASSAGE, ALASKA, 

p. 79. 

NOUTH CAROLIN A. Inclnded in Sootion IV, p. 46. 
NORTH CHANNEL. Near Cape Charlll8, Virginia, p.,5. 
NORTH CHATHAM, CAPE COD, MASSACHUSETTS. Refer. 

ence to, p. 23. 
NORTHEAST BASE, LOS ANGELES, CAL., p.6,, 
NORTH OGDEN. Triangulation station in Utah, p. 90. 
NORTH PUEBLO, COLO. Magnetic observations at new station, 

p.02. 

NORTH TISBURY, MASS., p. 29. 
NORTH VERNON, IND., p. 85. 
NORTHWEST BAR, KEY WEST, p. 51. 
NORTHWEST BASE, LOS ANGELES, CAL., p.61. 
NORTHWEST CHANNEL. Near Cape Charles, Va., p.4.5. 
NORTHWEST CHANNEL BAR, KEY W.ll:ST. Hydrographic 

survey of, pp. 49, 51, 52. 
NOTICE TO MARIN"ERS, No. 115. Reference to, p. 52; pp.144, 

U5, 166. 
NUMBER OF MEN ATTACHED TO THE COAST AND GEO· 

DETIC SURVEY VESSELS DURING THE FISCAL YEAR 
ENDING .fuNE 30, 1889, p. 177. 

NUMBER OF MILES RUN WlllLE SOUNDING, p.112. 
NUM::BER OF NAVAL OFFIClllitS ATTACHED TO THE 

COA.8T .AND GEODETIC SURVEY VESSELS AND TO THE 
OFFICE OF THE SURVEY DURING THE FISCAL YEAR 
ENDING .TUNE 30, 1819, p. 1?6. 

NUMBER OF SOUNDINGS, p.112. 
NUMBER OF VESSELS IN ACTIV'E SERVICE, p. 177. 
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o. 
·OAK HARBOR, WASHING TON TERRITORY. Survey of, pp. 

45-76. 
OAK HILL-NE.A.LS. Line in triangulation in .Maine, p. 19. 
QBLIQUE A.RC OF THE MERIDIAN. Extension of. in Ala

bama, p. 55. 
OBSERVATIONS OF CURRENTS IN XEW YORK LOWER 

BAY, p. 36. 
OBSERVATORY INLET. Reference to, p.81. 
OBSTRUCTION PA.SS, W.AS!UNGTON TERRITORY, p. 78. 

·OCCUPATION OF .A. STATION IN LOUISIANA. FOll MAG-
NETIC OllSEltV ATIONS, p. 56. 

-OCCUPATION OF A STATION IN TENNESSEE FOR :MAG
NETIC Dt:TERMINATIONS, p. SJ.. 

·-OCCUPATION OF STATIONS FOR CONNECTING THE TRI
ANGULATION OF TIIE STATE OF TENNESSEE WITH 
THE PRIM.A.RY TRlANGULATION IY NORTHER:-;" GEOR
GIA, pp. 83-84. 

·OCCUPATION OF Sl'ATIONS FOR EXTENDING THE 
TRANSCONTI:NENT.A.L TRIANGULA.Tl0:1> NE..iR THE 
THIRTY-NINTH PARALLEL TO THE WESTWARD IN 
KANSAS, pp. 88-89. 

·OCCUPATION OF STATIONS FOR THE EXTENSION OF 
THE PIUMA.RY TRIANGULATION IN -".LAB.A.MA 
TOW ARDS THE GULF OF MEXICO, p. 55. 

·OCCUPATION OF STATION:! Fon THE EXTENSION TO 
THE EASTWARD IN Ul'A.H OE' THE PRIM.A.UY TRIAN
GULATION NE.A.R THE THIRTY.NINTH PARALLEL, pp. 
90-91. 

·OCEANSIDE, CAL., p. 62. 
OCKLOHONEE SHOAL. FLORIDA, p. 52. 
OFFICE, COAST AND GEODEI'IC SU~VEY. Notice of work 

of, pp. lll>-99; annual reporl uf work in, pp. 121-159. 
OFFICE EXPENSES. Estimate for pay of, p. 15. 
OFFICE FORCE. Estimate for pay of, pp. 14-15; necessity for 

increase in, p. 95. 
OFJ<"ICE OF CONSTRUCTION OF STAND.A.RD WEIGHT3 

.A.ND MEASURES. Reference to work of, p. 122; annual report 
of, pp. 150, 160. 

OFF SHORE HYDROGPAPHIC SURVEY BETWEEN CEDAR 
KEYS AND LIGHT-HOUSE POINT, WESI' COAST OF 
FLORIDA, pp.52-53. 

·OGDEN, H. G., ASSISTANT. In charge oi Engraving Division, 
Coast and Geodetic Survey Office, pp. 96, 136 ; reference to, p. 121; 
annual report of, pp. 133-137. 

·OGDEN AND SALT LAKE, UTAH. Longitude st:Uions con. 
nected with main triangulation, p. 91. 

·OGDEN OBSERVATORY. Triangulation station in Utah, p.90. 
-OGDEN PEAK. Triangnlation station In Utah, p. 90. 
>OIDO (State of). Included in Section XIV, p. 84. 
QHIO RIVER. Geodetic levels carried across, p. 86. 
-OIL. Triangnlation station in Louisiana, p. 58. 
-OLBERG, J. Drawing Division, pp.128, 130, 132. 
'OLD COLO},'Y RAILROAD, p. 25. 
QLD PLANTATION INLET TO CAPE CHARLES. It.eluded 

In resurvey, p. •5. 
-OLD PLA.NTA.TION LIGHT·HOUSE, p.46. 
()LIVER INLET, ALASKA., p. 79. 
-OLIVER INLET AND SEYMOUR CANAL, A.LASKA.. Portage 

connecting, p. 80. 
<OLIVER, JAMES ll., ENSIGN, U.S.N. Ser~lce on steamer FOlt· 
-.. pp. 78, 79. 

-OLNEY. Triangnlation station iu Washington Territory, p. 75. 
OLYMPIA, WASH. T., p. 7R. 
OMARA, NEBRASKA. Magnetic observations at, p. 88. 
<ONO ISLAND. Cutting of boat channel near, pp, 53. 54. 
ORANGE COUNTY, CAL., p. 6'. 
·OBCAS ISLAND, WASHINGTON TERRITORY. Topoguphy 

of, pp. 77, 78. 
·OREGON (Stat.e of). Included in Sect.ion XI, p. 71. 
ORGANIZATION OF PARTIES TO .MA.KE A PRELIMINARY 

DETE:RMINATION OF THE BOUNDABY LINE BET~VEEN 
.A.LASKA A.ND BRITlSH COLUYBIA, pp. 9'-95. 

()RIGINAL HYDROGRAPHIC SHEETS PLOTTED, VERI
FIED, .AND INKED DURING THE FISCAL YEAR END. 
ING JUN.E 30, 188t. Tabularatatementof, pp.1611-170. 

-OTTUllW .A, lOW A. llapetic Obet>rva.tiona at, p. as. 

OVER, C.H. T.r lf.e.ssenger, p.14-6. 
OWENS, THO::IB.S, ASSISL'\.NT SURGEO:\, U.S.:\. Sen·iceon 

steamer Blah:', pp. 46, 49: reference to, pp.175.176. 
OXON RIVER CHEEK, DISTRICT OF COLF:UBIA., 42. 

P, 

PACH'IC COAST. Brief notices of hydro:::rnphic work on. AP· 
pondix No. 5, pp.163~l64; vessels and na,.·al offii:-er:i en,;;a.ged in 
work on, p. 17~. 

PAClFIC COAST PILOT. Reference to, pp. 67, 68, 123. 
PADILLA. B..l.Y, WA.SHIXGTOX TERRITORY.p. l:i. 
PAGE, ,JAMES. Computing Di.-isiou, pp. 124, 126. 
PAGE, PETER, Mes.~enger, p.1.W. 
PAINE. S. C., LIEUTENANT, L'. S. N., ASSISTA.XT. H:cdro· 

grsphie resun-~ys in ~a.utucket and Vine-yard Souuds, pp. 29-30, 
31, 161. 

PA.LIKURCTS (•chooner), 177. 
PAMET RIVER LU'E-SA. VING STATION. M.A.SSA.CHC'SETTS. 

p 2:J. 
PARKER, DAVID, watchman, p. H6. 
PARSONS, F. H .. S'C'B ASSIST.A.NT. Ser~ke on coast of Flo1ida, 

p. 53; services in Kansab, p. 89; office of weights and measures 
pp.99, 159. 

P .d.RSOXS, JOHK W. In charge of Accounting Di'<'ision, Coast 
and Geodetic Survey Office, pp. 98, 158; reference to, p. 121; annual 
report ot, pp. 155-159. 

PARTS I, II. A.ND III OF AN~v.A.L REPORT. Reference to 
conteutt; of, p. 1. 

PARTIES DOING TIDAL WORK EXCLUSIVELY. Number 
of, p.112. 

PARTIES DOIKG TIDAL WORK IX CONXECTIOX' WITH 
IlYDROGR.d.l'HIC W< >RK, p.112. 

PARTIES ENG.A.GED INGRA. VITY MEASURES. Number of. 
p. 111. 

PARTIES ENGAGED IN HYDROGRAPHY. Nnmber of,p. 112 
PARTIES ENGAGED IN RECONNAISSANCE. Number of. 

p.111 . 
PARTIES (FIELD) O!' THE SURVEY. Distrihntion of. Ap-

pendix No. I, pp.103-109. 
PARTY EXPENSES. Estimate for, pp.11-13. 
PASSAMAQUODDY BAY, MAINE. Reference to, p.22. 
PASSED ASSISTANT ENGINEERS, tr. S. N. Number of, at. 

tached to Coast and Geodetic Survey, p. 175. 
PASSED ASSIST A.NT PA. YMASTER, U.S. N. Attached to Coast 

and Goodetio Surrey, p. li5. 
PASSED ASSISTANT SB'RGEONS, U.S. N. Number of. attacbetl 

to Coast and Geodetic Survey, p.175. 
PATCH (near Nashville, Brown County). Triangulation station in 

Indiana, p. 85. 
PATOS ISLAND, WASHINGTON TERRITORY, p.i7. 
PATTERSON (steamer). Cseof, and refereneeto, pp. 78, 82, 163, 104, 

165, 176, 177. 
PA. VILION KEY, p. 51. 
PEAKED HILL LIFE.SA. VING ST A TION, MA.SS., p. 25. 
PEARSE IJRANNEL. Survey of, p. SO. 
PEARSE ISLAND, p.81. 
l'ECOS, REEVES COUNTY, TEX. Magnetic ob•ervations a.t, p. 

60. 
PEIRCE, CHARLES S .. ASSISTANT. Reduction of pendulum 

obserT'ations, reference to, p. lC>O. 
PEMBROKE, ME. Included in topographical snrvey, p. 22. 
PEMBROKE TOWNSHIP, MA.SS, p.25. 
PENDULUM OBSERVATIONS, 01.UGINAL RECORDS, NUM· 

BER OF VOLUMES, p. 112. 
PENDULUM WO:&l(. Records and computations of, received, p. 

151. 
PENINSULA. OF .FLORIDA, FROM ST. MA.RY'S RIVER ON 

TRE EA.ST CO-"..ST TO A.ND INCLUDING A.NCLOTE AN. 
CHOR.A.GE ON THE WEST COAST, WITH THE COAST 
APPROACHES. REEFS, KEYS, SEA.PORTS, AND RIVERS, 
COMPRISING SECTIOY VI, p.48. 

PENINSULA OF FLORIDA., WEST COAST, FROM .A.NCLOTE 
ANCHORAGE TO PERDIDO BA.Y. INCLUDING CO.A.ST 
APPROACHES, BAYS, AND RIVERS. Comprising Section 
VII, p.52. 

PEN JBSCOT MOUNTAIN. Station in triangulation of PennsyJ. 
vania, pp. 37, 38. 
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PE:N'.N'S COVE, W ASIDNGTON TERRITORY. Sur.,.ey of, PP. 
75, 76. 

PENNSYLVANIA. State of, included in Section II. p. 34. 
!'ENS.A.COLA BAY, FLORIDA. Connection of tri1Wgulation with 

thllt of Per1lido Bay, pp. 53-54. 
l'ENSACOLA BAY. Survey of, pp.54, 55. 
PENSACOLA AND ATLANTIC RAILROAD. Reference to, 

p.93. 

PENSACOLA. AND PERDIDO BAYS. Triangulation between. 
pp.M-55. . 

PENSACOLA ENTRANCE, p.53. 
PENSACOLA LIGHT-HOUSE. Geographrnal position of, deter· 

mined, p. 54. · 
PENSACOLA NA VY. YARD. Geographical position of derrick in 

the, determined. p. 54. 
PERCY, H. T., PASSED ASSISTANT SURGEON, U.S. N.,pp. 

175, 176. 
PERDIDO BAY, FLORIDA. Triangulation ot; pp. 53-54. 
PERKINS, F. W., ASSISTANT. Continuation of the triangnla

tion in northeastern Pennsylvania rtlquired to complet..e the Pa.tn
plico·Chesapea;.oe.Lake Ontario arc of the mericiian, pp. 37-38, 40, 
41 ; occupation of stations for the extension of the primary tria.n~ 
gulation in .Alabama towards the Gulf of :Mexico, p. 55; measure-. 
me-nt of base and verification of tiiangulation on the coast of Louis
iana1 p. 57. 

PERMANENT MAGNETIC STATIONS OCCUPIED. Nnmber 
of, p.111. 

PERUVIAN ARC. The need of a remeasurement of the. Ap
pendix :No. 7, pp.199-208. 

PETERS, G. II., LIEl:TTEN.A:NT, U. S. N., ASSIST.A.YT. In 
chari<e of Coast Pilot Division, pp. 166, 174. Reforence to, p. 19. 

PETERSEN, .A. Engraving Divi•ion, pp. 134, 136, 137. 
PHILADELPHIA, SUB·OFFICE AT. Notice of work of, p. 90. 
PHOTOGRAPHING. StJttistics of. p. 13~. 
PHOTOGRAPHS. By party on steamer Patteuon; reference to, 

pp. 80, 81. 
PHYSICAL HYDROGRAPHY- CONTINUATION OF THE 

OBSERVATION u~· IUE .lfORMATION AND MOVEMENT 
IN DELAWARE RIVER A.ND BA. Y, p. 39. 

PHYSICAL HYDROGRAPHY-COXTIN\;A'.l:ION O.E' TRE 
SURVEY OF THE COAST OF CAPE COD PENINSULA 
FROM THE VICINITY OF CHATHAM: TO THE NORTH. 
WARD, pp. 23-25. 

PHYSIC.AL HYDROGR.APHY-GULF STREAM EXPLORA· 
TIONS-OBSERVA TIO.NS OF CURRENTS IN 1888 AND 1889, 
pp. 48-49. 

PHYSICAL HYDROGRAPHY-OBSERV.A.TIONS OF OCEAN 
CUHRENTS m'F THE CAPES OF vmGINIA AND BE
TWEEN NANTUCKET .AND CAPE HATTERAS, p.46. 

.PI EHCE, E. E. Ser>ices in Massachu~etts, p. 26. 
PIKE COUNTY, PA., p. 37. 
PILLSffCRY,J.E., LIECTENANT, U.S. N., ASSISTANT. Ry· 

drogrnphic '~xaminations on the coasts of Maine and .Massachu
setts. pp. 22-2J; physical hydrography-ohservations of ocean 
cur1·ente off tlie -capes of Virginia an« between :Nantut'ket aod 
C11pe Hatteras, p. 46; physical hydro~apby-Gulf Stream exp!O· 
1atlons-obs.erva.tion~ of currents in 1886 and 1889, pp. '8-49; 
ri:riort by, Appendix Nu. 10, pp. i67-477i re!crence to, pp. 51,161, 
}t)2, 175, 176. 

PILOT PEAK. Triangnlatiou st.atiOll in Utah, p. 91. 
l'IL0T PEAK-IBAPAH-.MOC':NT NEBO-OGDEN PEAK. 

Quatlril.at1·ral in tran~con tiucntal triani;ulation, p. 91. 
PIXE ISLA::\ D, MASSACilUSETT1', p. 33. 
PLEd.SANT POINT, MAINE, p. 20. 
PLAX FOlt PRELIMINARY SURVEY OF THE ALA.SKA 

BO'CNDARY, APPROVED BY SECRET!.RY OF STATE, 
p. Dt. 

PLYMPTON TOWNSHIP, MASS., p. 25. 
PLYMOUTH TOWNSHIP, MASS.,p. 25. 
POINT .ADAMS, OREGON, p. 73. 
POIXT .ARDEX, ALASKA. p. 8(;. 
POINT ARE:K A, CAL. Longitude and magnetic elements d~teJ" 

mined at, p. 69. 
POINT DOUGHTY, WASHINGTON TERRITORY, p. 77. 
POINT ELLICE. UREGOX, p. 73. 
POINT FlRAllN, CALIFORNIA. Examination for shoal near, pp. 

63-64. 

POINTS IN ALASKA, to be a-0curatelv located in latitude and.I 

longitude for pre!imlnal'y dete1·minatio;:, of boundary, p. 94. 
POINT LA WREN CE, WASHING TON TERRITORY, p. TT. 
POINT LOMA, CALIFORNIA, p. 61. 
POINT 'ROBERT::'., WASRINGTO'N TERRITORY, p. 78. 
POPLAR HILL. Triangulation station in District of Columbia; 

p.44. 
PORCUPINE RIVER, ALASKA, p. 94. 
PORTA.GE BAY (FREDERICK SOUND), A.LASKA', p. 70. 

PORTLAND, OREGON. Longitude determinations at, p. 73. 
PORTLAXD CAX AL, ALASKA. Hydrographic surveys in, pp. 

78-82 i length of, p. 81 t survey of, reference to, pp. 94, 164. 
PORTLAND INLET, p. 67. 
PORT ORCHARD, WASHING TON TERRITORY. Selected as

the site for a Navy.yard on the Pacific Coast, p. 93; survey of for 
Navy-yard Site Commission, pp. 74, 93-94. 

PORT ORFORD, OREGON, p. 71. 
PORT SIMPSON, BRITISH COLUMBIA, pp. 79, 80. 
PORT SNETTISH.A:M, ALASKA, pp. 79, 80. 
PORT SUSAN, WASHINGTON TERRITORY. Connection of• 

tri&Dgnla.tion, p. 75. 
PORT TOWNSEND A.ND SEATTLE, WASHING TON TERRI. 

TORY. Difference of longitude determined, pp. 73-74. 
PORT TOWNSEND, w ASHING TON TERRITORY. L-Ongitude. 

determination at, pp. 73, 7'; longitude station at, pp. 73, 74';. mag· 
netic observations at, pp. 73, 74; reference to, p. 78. 

PRATT,J. F., ASSISTANT. Triangulation and topography of·Sar
atoga Passage, Penn's Cove, Oak Earbor, Crescent Harbor, and 
Skagit Bay, Washington Territory, pp. 75-76; surny for the Com
mission organized to .!ielect a site fur a. Navy yard on the Pacific 
Coast north of the forty-secoo.I parallel of north latitude, pp. 93-!14. 

PRELIMINARY SURVEY' OF THE FRONTIER LINE BE
TWEEN A.LASKA. AND BRITISH COLUMBIA,p.83. 

PRESIDENT OF THE NA VY-YA.RD SITE COMMISSION, 
ATLANTIC CO.AST, p.158. 

PRESIDENT OF THE NAVY-YARD SITE COMMISSION, 
PACIFIC COAST, p. 94. 

PRESIDENT OF THE UNITED STATES. Reference to, p. 99. 
PRESIDIO ASTRONOMICAL STATION, SAN FRA.:NCISCO •. 

Maiz;netic observations at, p. 67. 
PRESTOS, E. D., ASSIST.A.NT. Engag"'d in office work at Wash· 

ingt-0n, p. 100 i report by; appendix. No. 7, pp.199-208. 
PREWETT CREEK, GA.L., p. ll6. 
PRIMARY BASE LINES. Number of, p.111; length of, p.111. 
PRINTED SHEETS OF l\UPS AND CHARTS DEPOSITED• 

WITH SALE A.GENTS. Number of, p.113. 
PRINTED SHEETS OF MAPS AND CHARTS DISTRIBUTED. 

Number of, p. 113. 
PRINTING. Statistics of, p.133. 
PRINTING AND BINDING. Estimate for, p.16 . 
PROGRESS IN BASE·MEASl'REMENT. SnellingAveuuebase, 

p.87. 
PROMPT l'UBLICATION OF CHARTS. Advantageof,p.168·. 
PROSPJ<;CT. Triangulation station in Massachusetts, p. 29. 
PROSPECT HILL, MASSACHUSETTS, p. 27. 
PROVINCETOWN, MASS., p. 2,. 
PUBLICATIONS (NEW) OF COAST AND GEODETIC SUR:. 

VEY,p.144. 
PUBLICATIONS OF THE COAST A.ND GEODETIC SURVEY. 

List of, with number of copies of ei.ch received from the Public 
Piint~r durin,!Z. the ,'fear, p. 146. 

PUBLICATIONS SENT TO PRESS. Title• of, pp. 144-145. 
PUBLISHING OBSERVATION . .;: Estimate for, p.16. 
PULIZZI, F. A. Servieeo in Kans88, p. 89. 

Q. 

QUAXTUCK BAY AND SMITH'S POINT, LO.NG lSLAl>.'D; 
Topographical survey of shore line b<!tween, completed, p. 85. 

QUARANTINE STATION, SAN F.R.ANCISCO. Examination· 
for location of, p. 6!1. 

QUARRY POINT, SAN FRANCISCO BAY, p. 10. 
QUICK (schooner). u.., of and reference to, pp. 51, 177. 
QUODDY READ, :MAINE: Reference to, p. 22. 

B.. 
RACCOON POINT, ISLE DERNIERE, LA., p. 59. 
RA.CR.A.EL KEY A.ND HOG ISLAND. COAST OF FLORIDA.. 

Search for l'eported rock in vicinity of, p. 50. 
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RAMSDEN POINT, POR1'L'1.ND CANAL,p.81. 
READ, JOHN J., COMMANDER U.S. N., INSPECTOR FOURTH 

LIGHT-HOUSE DISTRICT. .Acknowledgment of aid received 
from, p. 39. 

REA.DY (schooner), 177. 
RECENT CHANGES IN THE SOUTH INLET INTO EDGAR

TOWN ll.A.RBOR, MA.RTIIA'S VINEY .A.RD. Appendix No. 
14. pp. 459-460. 

RECONNAISSANCE. For connection of Snelling avenne base 
line with the triangulation, p. 87. 

RECONN AlSS.A.NCE. Statistics of, p. 111. 
RECONNAISSANCE AND BUILDING OF SIGNALS IN CON
Nl~CTION WITH THE TRANSCONTINENTAL TRIANGU
LATION IN OHIO AND INDIA.N.A.,pp.84-85. 

RECORDS. Statistics of, p.112. 
RECORDSAND COMPUTATIONS RECEIVED IN ARCHIVES. 

Tabular statements of, pp. 160-151. 
RECORDS, COMPUTATIONS, .A.ND ORIGIN.AL SHEETS OF 

SU .RVEYS. Received and registered duriog the year; statistics 
of. p. 154. 

RECOVERY AND REltST.A.BLI5HMENT OF STATIONS OF 
THE TRIANGULATIONS OF 1849, 18.'i7, AND 1865 FUR THE 
EXTENSION OF A TERTIARY TRfA.NGUL.A.TION, WITH 
TOPOGRAPHY AND HYDROGR.A.PHY l:'P THE COOPER, 
ASHLEY, AND WANOO RIVERS, SOUTH CAROLIN.A.. p. 47. 

REINHARDT (Morris Count.y). Triangulation station iu Kansas, 
. p.98. 
REI ZIN (near Elrod, Ripley County). Triangulatior.. station in In

diana. p. 84. 
RENT OF OFFICE BUILDL.'<GS. Estimate for, p.16. 
REP .AIRS OF VESSELS. St,.tement of work done umler appro. 

printion for, p.165. Amount appropriated insufficient, p.165. 
REP AIRS AND MA.INTEN a.NCE OF VESSELS. Estimate for, 

p.13. 
REPORT (ANNUAL) OF THE COAST AND GEODETIC SUR· 

VEY FOR THE FISCAL YEAR ENDED JUNE 30, 1889. 
Transmitted to the Secretary of the Treasury, p. l. 

REPOR'J' (ANNIJAL) OF THE ACCOUNTING DIVISION. 
Coast and Geodetic Survey Office, pp. 155-159. 

REPORT (.A.NNt:ALl OF THE ARCHIVES AND LIBRA.RY. 
COAST .A.ND GEODE rIC SURVEY OFFICE, pp.150-IM. 

REPORT (ANNUAL) OF THE ASSIST.A.NT IN CHA.RGE 01'' 
OFFICE AN 1> TOPOG R.A.PHY. Appendix No. 4, pp. 121-124. 

REPORT (A.NNU.A.L) OF THE CHART DIVISION. Coast and 
Geodetic Survey Office, pp. l47-U9. 

REPORT (ANNUAL) OF THE COAST PILOT DIVISIO:S-, pp. 
173-174. 

REPORT (A.NNU.A.L) OF THE COMPUTING DIVISION. 
COA.ST AND GEODETIC SURVEY OFFICE, pp.124-127. 

REPORT (ANNUAL) OF THE DR.A. WING DIVI:'!ION. COAST , 
.A.ND GEODETIC SURVEY OFFICE, pp.127-132. 

REPORT (ANNUAL) OF THE ENGRAVING DIVISIO:N. 
COAST .A.ND GEODETIC SURVEY OFFICE. pp. 133--137. 

REPORT (ANNuAL) OF THE IIYDROGRAPHIC INSPECTOR 
FOR THE FISCAL YEAR ENDING JUNE 30, 1889. A.ppen· 
dix No. 5, pp. 161-177. 

REPORT (.ANNUAL) OF THE INSTRUMENT DIVISION. 
COAST AND GEODETIC SURVEY OFFICE, pp.138-140. 

REPORT (ANNUAL) m' THE MISCELLANEOUS DIVISION. 
COAST .A.ND GEODETIC SURVEY OFFICE, pp. 143-146. 

REPORT (A.NNUAL) OF THE OF.FICE OF ST.A.ND.ARD 
WEIGHTS .A.ND MEASURES, pp. 159, 16-0. 

REPORT (ANNUAL) OF THE TIDAL DIVISION, COAST 
.A...'{D GEODETIC SURVEY OFFICE, pp. 141-142. 

REPORT OF GEORGE DAVIDSO:>, .ASSISTANT U. S.COAST 
A:ND GEODETIC SURVEY, APPOINTED BY THE PRESI. 
DENT OF TRE UNITED STATES AS THE DELEGATE 
TO THE NINTH CONFERENCE OF THE INTERNATION
AL GEODETIC ASSOCIATION HELD AT PARIS, OCTO· 
BER, 1889: Appemlix No. 18, pp. 493-503. 

REPORT ON THE M:EA.SUREMXNT OF THE LOS ANGELES 
BA.SE-LINE. LOS ANGELES A.ND ORANGE COUNTIES, 
CA.L. Appendix No. 10, pp. 217-231. 

REPORT ON THE RESULTING LENGTH AND PROBABLE 
UNCERTAINTY OF FIVE PRINCIPAL BA.SE· LINES, 
MEASURED WITH THE COMPENSATION BASE APPA
RATUS. BACHE-WttRDE?d.A.NN, OF TIIE COAST SUR
VEY, BETWEEN THE YEA.RS 1847 AND 185&, INCLUSIVE. 
Appendix No. 17, pp.4.79-491. 

RESULTS OF SPIRIT LEVELrYG RETWF.E'.)I' TIDE.WATER· 
AT A.:NNAPOLIS, MD., AXD THE CAPITOL BENCH-MARK 
.AT WASHINGTON. D. C .. FROM OBSER\' ATWNS IN 1875, 
BY F. W. PERKINS, ASSISTANT. Appendix No. 15, PP.· 
461-466. 

RESURVEY OF THE NEW INLET INTO COT.AMY BAY. 
MARTHA'S VINEYARJJ, p. 26. See also Appendix No. 14, PP.· 
459, 460. 

RESURVEYS. Needed on Atlantic coa•t, p.169. 
RESURVEYS AND EXAMINATION OF CHL'l'GES IN THE. 

COLUMBIA. RIVER, IN THE VICIXITY OF ASTORIA AND· 
BETWEEN TONGUE PmN·r AND TANSY POINT, p. 7. 

REVILLE, MISS .A.. G. Tidal Division, p.141. 
RHODE ISL.A.ND. State of, included in Hection I, p. 19. 
RICHA.RDS BUILDING. Reference to, p.122. 
RICHARDSON, A.. Packer and folder. p. 146. 
RtCHARDSON, W.W. Carpenter, T:. S. Nny, p.175. 
RICKETTS. Triangulation station in District of Columbia, p. «. 
RIDGE ROAD, D. C., p. 43. 
RITTER, HOMER P. Ser...-ices in pllysical hydrogra11hy, pp. 2il-~4. 
ROCK .AND AFTER. Triangulation stations in Wa•hiogt-0n Ter· 

ritory, p. 75. 
ROCK.A.WAY BE.A.CH, LOYG ISL.AND. Movement westward, 

of west end of, p. 31i. 
ROCK CREEK. Survey of region abont, pp. 41, 42. 
ROCK CREEK VALLEY, p. 4~ . 
ROCKY BUTTE. Triangnl&tlon station in California, p. 66. 
ROCKWELL, CLEVELAND, ASSI::lTA:NT. Resurveys and e:»-

aruination of changes in the Columbia. Riv-er, in the Ticinity of 
Astoria. and between Tongtte Point and Tansy Poin~ pp. 72-73. 

RODGERS, .A.. F., ASSIST.ANT. Extension of the topographical, 
survey of the south coast of California from Del liar to beyond_. 
Oceansi<l.-., p. 62; engaged in office work, p. 63. 

ROETH, J. H. Oflioe of Hydrographio Inspector, pp.123, 166. 
ROGERS, A.G., 175. 
ROGUE RIVER AND CA.PE SEBASTIAN. Completion of topo

graphical reconnaissance of coast between, pp. 71-72. 
ROGUE RIVER REEF, OREGON. Sunken rock uear, p. 71. 
ROSA.RIO STRAIT, WASHINGTON TERRITORY. Hydro. 

graphic sun~e.y of, pp. 76, 77. 
ROSS, .JOH:N. Services in Coast Pilot Division, p.p. rn, 166, lU. 
RUMSEY, H. E., ENSIGN, U.S. N., p. 175. 
RUSSELL, R. L., ENSIGN, U.S. N., p.175. 

s. 
SABINE PASS. Base line at. Reference to, p. 57. 
SACRAME:NTO AND LOS ANGELES, CAL. Difterence of Ion· 

gitnde deterntlned, p. 69. 
SA.CR.A.MENTO A.;:-.TD MARYSVILLE, CAL. Difference of !on

gitnde d<'t,,rminetl at, p. 69 . 
SA.CRAME:'.'ITO, CAL., AND VERDI, N'EV. Differenc,, of 

longitude determinetl, pp. 6li, 92. 
SA.GIN AW CHANNEL, ALASKA., p. 80. 
SALMON ll.A.Y, LAKE UNIOX, .A.ND LAKE WASHINGTON. 

Resun·eys of1 recommen<le.'1, p. U, 
SALT LAKE CITY, 'CT.AH, p. 90, m•critlian line established at, 

T'· 91. 
SAMPSON. COMM.A.XDER, U.S. N. Aid rtcei1'ed from, pp. 40, U. 
SAN ANTON LU, TEX., p. 66. 
SAN DIEGO, CAL., pp. 62, 63, 70, 
SAN DIEGO AND OCEANSIDE, CAL. Rydroi;raphic sar<"e:\'B· 

bet W-CL'tl 1 pp. 61, 62. 
SAN JJrEGO ENTRANCE, CALH'ORNI.A., p.61 • 
SANDWICH TOWNSHIP, MASS., p. 25. 
SA:!'."DY KEY, p.49. 
SAN FRA.1'CISCO, CA.L., S'GB-OFPICE AT. Notice of work of, 

p.99. 
SAN FRANCISCO A:ND MOl:'NT HAMILTON. Difference of 

longitude between, determined, p. 68. 
SAN FRANCISCO AND POINT ARENA. Difference of l<>ngi

tude determined, p. 68. 
SAN FRA"'CISCO AND SACRAMENTO. Difference of lnngi-

tude determined, p. 68. 
SANKATY HEAD. p.31. 
SAN MATEO POIYT, CALIFOR:NIA, p.6~. 
SAN MATEO, SAN ONOFRE, LAS FLORES, LA MARGA· 

RITA., S.AN LUIS REY, SAN DIEGO rRIVE!~). A:ND SWEET· 
WATER. Stresms in southern California. an.ilable for water 
at-0ra.ge, p. 62. 
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·SAN ONOFRE MOUNTAIN, p. 63. SHINDEL, J'. E., ENSIGN, U. S. N. Service on steamer Baehe, 
5A N PEDRO. CAL., pp. 63, 64... p. 31; service on steamer Blake pp. 46, 4.9; roference t-0, pp. 175, 
SANTA ANA, CAL., p. 67. 176; on steamer Blake, p. 40. 

·SANTA A.NA. RIVER AND NEWPORT LANDING, CA.LI· SHINNECOCK BAY, p. 34. 
FORNI.A. Tidal -0baervationa at, p. Gl. SHIP SHOAL, LOUISIANA. Survey of, p. 59. 

SANTA F~ RAILROAD, p.64. SHIP SHOAL INLET TO CAPE HEXRY. Inclnded in resur· 
SANTA LUCIA. Triangulation station in California.p.66. vey,p.45. 
SAR.A. TOGA P .ASS AGE, WASHINGTON TERRITORY. Hy· i SHOAL BAY, W ASHINGTO:-l' TERRITOI~Y, p. 78. 

drograpb1c survey of, pp. 75. 76, 77. , SHORTLANil'S STA TTO\", :\IA TNE, p. 20. 
SAR.lTOGA PASSAGE AND SKAGIT BAY Hydrograpbyof, SHREVEPORT, CADDO COUNTY, LA. Magnetic observations 

pp. 76, 77. at, p. 56. 
SARGENT, FRED. Tide obaerver, St. Paul, Kadiak Island, Alaska, SIERRA. DLA.NCO, EL PASO COUNTY, TEX. Magnetic obserT'a· 

pp. 82, 83. tions at, p. 60. 
SA VANN AH, GA. Tide observations near, p. 48. SIMONS, A. B, Service on coast of Florida, p. 53; watchman, p.146. 
SAVOY, WILLIAM. Messenger, p. 146. SINCLAIR, C.H., ASSISTANT. Exchanges of telegraphic signals 
SCARBOROUGH HILL, NEAR ASTORIA, OREGON, pp. '/2, 73. for longitude, between San Francisco and Mount Harnilt<>n, Sau 
SCHNEIDER, H. ;r, Drawing Di\·ision, v.128. Francisco and S~cramento, Sau ~'rnncisco ancl l'oint Arena, l'oint 
SCHOEBERLE, PROF. Aid ronderod by, in telegraphic longi· Arena an<l Sacramento, Sacramento and :Marysville, Sacramento 

tude work, p. 68. and Los .A.ngeleR, Lo\1. A.nge.les and San Francisco, Chabot Ohserva-
SCHOTT, CHARLES A., ASSISTANT. In charge of Computing tory, at Oakland, and San Francisco, Los Angeles aml Xeedles, and 

Di.vision, pp. 96, 127; preparation of an isogonie map of the United Sacramento, Cal., and Verui, Nev.; also uetenninations of latitude 
States, p. 00; meru her of Board of Examiners, Ch·il Ser~ice Com- ! and the magnetic elements a.t Sacra.men to, Point Arena, Marys-
mission, p. 00; reference t{}, pp. 60, 1Z1, 100; Te}lorts by. Appendix. ville, and Los Angeles, pp. 68, 09; longitude <leterwiuation!i iu 
No. 6, pp. 179-197; appendix No. 8, pp. 200-212; appendix No. 11, Washington Territory aud Montana, p. 74; exchanges of Rignal• 
pp.233-402; appendix No. 15, pp. 4'61-466; appendix No. 17, pp. for the determin•tion of the longitude of Verdi, Nev,, p. 92; ex-
479-491. changes of tele::raphic signals for the determination of the longi· 

-SCHOONERS. Number of, used in Coast and Geodetic Survey, tude of Ilelena, Mont., pp. 92, 93; reference to work by, in Appen· 
p. 177. dix: No. 8, pp. 209-212. 

SCH'JYLKlLL COUNTY, PA,, p. 37. SINCLAIR'S INLEI', PORT ORCHARD, WASHING TON TER 
SCHUYLKILL RIVER. Additions to surveys of, p. 38. RITORY, p. 93. 
SCORESBY (sobooner), Use of, and reference to, pp. 47, 176, 177. SIPE, E. H. Engraving Division, pp.134, 137, 
SCREW PILES. Used as triangulation marks on coast of Florida, SITE FOR NAVY·YARD ON PACIFIC COAST, p.93. 

p. 50. SITKA, ALASKA. Tide predictions made for, p. 97. 
. SEATTLE, WASH. Latitude determination at, pp. 73, 74; longi· I SKAGIT BAY, WASHING TON TERRITORY. Survey of, pp. 

tude ctetermination at, pp. 73, 74; magnetic observatioIJ.s at, pp. 73• ! 75-77. 
74; surveys and examinations in vicinity of, p. 74. SLOCUM, GEORGE R., ENSIGN, U. S, N. Service on steamer 

SEATTLE HARBOR, pp. U, 75. Patterson, p. 78; referenca.t-O, pp.175, 176 . 
. SEA TUCK GOVE, LONG ISLAND, p. 35. SMITH. EDWIN, ASSlSTANT. Exchanges of telegraphic "ignale 

SECONDARY SIX· METRE CONTACT·SLIDE BASE APPA· forlongitnde, l1etweenPortTownsend and Seattle, between Seattle 
RATUS. Used ht measnrement of Snelling Avenue base, p, 87, and Walla. Walla, 'between W&Ua Walla, Washington Territory, and 

SECRETARY OF STATE. Report of survey of Portland Canal Helena, Mont., and between Helena and Spokane Falls, Washing· 
and vicinity tra!1smitted to, p. 81; reference to, p. 94. ton Territory, pp. 73, 74; aasigned to office dnty, p. H; exchanges 

. .SECRETARY OF STATE O~' NORTH CAROLINA. Reference of telegraphic signals for the determination of the longitude of 
fo, p.47. Helena, ::.lont., p. 92; service in compnting division, pp.124, 121: 

·-SECRETARY OF THE TREASURY. Reference to, pp. 95, 100, report by (Appendix: No. 9), pp. 213-216. 
122. S:\IITH, J. L. Chart Division, p.147. 

SECTION I. Progress of "·ork in, pp. 19-34. SMITH, MISS P .A.ULA E. Acconnting Division, pp. 98, 157, 158 . 
.SECTION II. Progress of work in, pp. U-39. SMITH ISLAND, VIRGINIA., p. 45, 
SECTION III. Progress of work in, pp. <&0-46. SMOOI', J. H. Clerk to Engraving Division, pp. 97, 135. 
SECTION IV. Progress of work in, pp. 4£, 47. SNEAD, DA. VID E. Tide observer at Sandy Hook, N. J., p. 37; . 
SECTION V. Progress of work in, pp. 47, 48. tidal division, p.142, 
SECTION VJ. Progre .. of work io, pp.48-51. SNELLING AVENUE, ST. PAUL, MINN. Base·line measure. 
SECTION VII, Progress of work in, pp. 52-65. ment, p. 87, 
SECTION VIII. Progress of work in, pp. 55-119. SNELLING A VENUE BASE LINE. Reconnaissance for ce>n· 
SECTION IX. ProJ:ress of work in, pp. 60-61. nectlon of, with the trl&ngulation, p, 87, 
SECTION X. Progress of work in, pp.61-71. SOMBRERO KEY LIGHT TO NORTHWEST PASSAGE 
SECTION XI. Progress of work in. pp. 71-78. LIGHT, FLORIDA REEFS. Hydrographic ah...,t, p.111. 
SECTION XII. Progress of workin,pp.78-83. SOMERVIJ,LE B.A.Y,p.81. 
SECTION XIII. Progress of work in, pp. 83, 84. SOMMER, E. J, Drawing Diviaion, pp.127, 13~, 131, 132. 
SECTION XIV. Progress of work in, pp. &1-86. SOUTHAMPTON, LONG ISLAND, p. 28. 
SECTION ::X:V. Progress of work in, pp. 87--811. &OUTH BA.SE, STEPHENS PASSAGE, ALASKA, p. 79. 
SECTION XVI. PiogroSR of work in, pp. 00-92. SOUTH CAROLINA. State of, included ln section V, p, 47. 
SECTION XVII. Progress of work in, pp. 92, 93. SOUTHEAST BASE, LOS ANGELES, C.A.L., p. 84. 
SEFTON, A, H. Engraving Division, pp.134, 137. SOUTHERN PACIFIC Il.A.ILROAD, p. 6'. 
SELECTION OF A. SITE FOR AN AUTOMATIC TIDE GAUGE SOUTHWEST RRF LIGHT.HOUSE, ATC1IA1!' ALA.YA BAY. 

ON TYBEE ISLA.ND, SAVANNAH RIVER ENTRaNCE, p. '8. p. 59. ., 
·SEMI·AH-:M:OO BAY, WASHING TON TERRITORY, p. 77. SPANISH MAIN, p.48. 
.SENGTELLER, LOUIS A., ASSISTANT. ·Hydrographic exam· SPAULDING, .T.G. Tide observer at Sandy Book, N. ;r., p. 37; 

ination of Hospital Cove, Angel Island, San Franciaco Bay, pp. tide observer, Tybee !oland, Ga., p. 48; Tidal Division, p.1'2. 
60, 70; notice of death of, p. 70; reference to, p. G3. SPEAKER OF THE BOUSE OF REPRESENTATIVES. Letter 

SEVENTH STREET ROAD, DISTRICT OF COLUMBIA,p.'2. trammittingannnalreportofllllrveyto, p.lii. 
·SEVERN RIVER, p. 40. SPECIAL OPERATIONS. Notices of w-0rk under head of, pp. 
SHELLFISH COMM:ISSIO~R OF NORTH CAROLINA. Ref· 113-1)5, 

erence to, 47. SPECIMENS OF BOTTOK Number of, p.112. 
SHEPHERD'S HOUSE, DISTRICT OF COLUMBIA,p.4.2. SPEEL,J.N,,PA.SSED A.SSISTANT PA.YMASTE.R. U.S.lli., pp. 
SHIDY, L. P. Tidal Division, p. 141. 115, l'fG, 

;ijRIL8HOLE CREEK (OR SALMON B.A.Y), WASHINGTON SPIRE OF ST. JOHNS. Trlaneulatlonstation!n){&rylantl,p.40. 
'l'.IUUUTORY. E~inatlon of, p. 76. SPONGE FISHING. On coaat of Florida, reference to, p. 5t. 
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SPRUCE MOUNTAIN. Triangulation Alation in :Maine, p. 19. 
SPY (schooner). Useofa.ndreferenco to, pp. 45, 49, 50, H, 52, 162, 177. 
SQUIPNOCKET, MASS., pp. 27, 33. 
SQl1'IPNOCKET POINT, p. 30. 
STA FF AND BOX.GAUGES DISCONTINUED, I'- 112. 
STAFF AND' BOX-GA 'CTGES ESTABLISIIED l'OH TIDAL OB· 

SE RV A TIO NS, p. 112. 
STANDARDS OF LENGTH. Established at llinghamton, N. Y., 

and llontrose, Pa., pp. aS-37. 
STANDARDS OF WEIGHT AND MEA.~URE. Provided for, 

p.100. 
ST.A.ND ARD WEIGHTS AND MEASU1rns, OFFICE OF cos. 

STUCTlON OF. Estimate of expenses, p. 17. 
ST.A.NDAitD WEIGHTS AND MEASURES. Reference to tlrn 

distribution of to the several stat4jM, p.159. 
STANLEY, GE'XERAL D.S., TJ. f;. A RHY. Reference to, p.'60: I 

acknowledgement of assistance renden:nl lJyt p. 61. 
STANTON AND HAMILTON AVE:!'iUES, D.f'., p.42. 
STANWOOD FLATS, W A.SHINGTON TERRITOllY, p. 75. 
STANWORTH, C. S., ENSIGN, U.S. N. Service on steamer Blake, 

pp. 46 1 49; Tefrreuce to, pp. 175, 176. 

STATE CAPITOL GROUNDS, DES MOINES. IOWA. Magnetic 
station occupied in, p. 88. 

STA.TE CAPITOL, SACRAMENTO, CAL, Longitud<i station in 
p;l'ilunds of, p. 68. 

STA. TE HOUSE. Triangulation station in Maryland, p. 40. 
STATE UNIVERSrTll, MINYEAPOLIS, MINN. Assistance 

'tendered by students of, in Sne1liD.g avenue hase measutement, 
p.87. 

STATIONS (TRIANGULATION) OCCUPIED FOR HORIZO~
TAL MEASURES. Number of, p.111. 

STATIONS <TRIANGULATIOX) OCCUPIED FOR VERTIC1.L 
MEASURES. Numb&r of, p.111. 

STATISTICS OF FIELD .A.ND OFFICE WORK OF THE COAST 
- AND GEODETIC SURVEY FOR THE YEAR ENDING JUKE 

BO, 188~. Appendix No. 2, pp. lll-113. 
STATISTICS OF WORK IN THE lllISCELLANEOUS DIVI 

SION, p.U3. 
ST.CROlX RIVER. Triangulati<mof, continued, pp. 19-20. 
STEAMERS. Number of, used in Coast and Geodetic Survey, p. 

177. 

STEELE, J.M., PASSED ASSISTANT SURGEON, U.S. N. Serv. 
ice on steamer Bache, p. 81 i service on steamer Ba.eke and 
schooner Spy, pp. 50, 52 ;reference to, pp.175, 176. 

STEIN HATCHEE RIVER, FLA. Tide observations at, p. 52. 
STEIN REIL HELIOTROPES. Reference to, p.139. 
STEPHENS AND CLEVELAND PASSAGES, AL.A.SK.A.. Hy. 

drographic surveys tn, 1>P· 7S-82. 
STIKINE RIVER, ALASKA, p. !U. 
STILL.A.GU.A.MISH RIVER, WA.SHiliGTON TERRITORY, p. 75. 
STIRRDP KEY, p. 50. 
ST. LUCIA PASSAGE. Reference to, p.'8. 
ST. 'MICHAEL'S, NORTON SOUND, ALASKA, p. 95. 
STOCKTON, C.H., LIEUTENANT CO:Ml\IA.NDER, U. S. N. 

Member of Navy.yard Site Commission, Pacific Coast, p. 93. 
STONE, C. n. Services in Physical Hydrography, p. 23; servioe in 

Louisiana, pp. 57, M 
STONEY, GEORGE M., LIEUTENANT, U, S. N. Service on 

steamer Hauler, p.62; reference to, p.173. 
STORM, O. Instrument Division, p. ~· 
STOUT (Jefferson County). Triangulation atatlon in, lndiana, p. S5. 
STOW (Switzerland Cou:ity). Triangulation station in, Indiana, p. 

BG. 
ST. PA.UL. A!aeka Commercial Company'• steamer, p.95. 
ST. PAUL .A.ND ll.A.NITOBA R. lt. Reference to, p. 87. 
ST. PAUL, KADI.A.KISLAND, .A.LASK.A.. Continuation of tide 

oboervatioos at, pp. 82-83; tide predietions made for, p. 97. 
STRAITS OF :FLORIDA. Bef,,.rence to, p. ,9. 
STRAITS OF FUC.A., pp. 74, 75. . 
STRAITS OF YUCATAN. Reference to, p. ,9, 
STRAUi:IS, JOSEPH," ENSIGN, U. S. N. Services on steamer 

Gedmy, pp. 21, 72; reference to, pp.175, l '18. 

STRICltLAND, G.D., PASSED ASSIST A.NT ENGISEER, U. S. 
N. Servicfl on steamer HtUllZ..., p. 62; reference to, p. 175, 1711. 

STRil'E,S.lrl., ENSIGN, U.S,N. Service on •teamer Bache, p.31; 
eervice on steamer Bache and schooner Spy, pp. 50, 52; reference 
to, PP· 175, 116. 

SUBDH'TSIONS G-7,ATLANTIC COA..ST PILOT. Reference to, 
p.173. 

S1711DIVISIOX XO. 22, ATLAXTff' LOCAL COAST PILOT. 
STHAITS OF FLORIDA. Reference to, pp.166, 173. 

SUBlU.RlXE CASON OFF LA JOLLA. CALIFORNIA, p. 61. 
SC'B-OFFICE, 'CT. S. COAST A.XD GEODETIC ol'IlVEY. At San 

Francisco, Cal., pp. 67. 99-100. 
S'UB-UFFICES,'U. S. COAST AND GEODETIC S'GR'l"EY. Xoticcs 

of work of, pp. 00-100. 
SUBORDIXA.TE BA.SE-LIN'ES AND BEACH YEA.SURES. 

Numher of1 p. lll. 
SUBS[STENCE ALLOW A.YOES. Pro,·i•o in reference to. p. 16. 
SUL LIV AN BAY. Reference to, p.81. 
SlTMM A RY OF OPERATWNS ll'CRING THE Y'EAR, p. 2. 
SUMMATION of work in the Drawing Dh·ision duriaiz.- the !·ear. p. 

129. 
SUNDRY CH"IL EXPESSES ACT. I:eforence to, p. 94. 
SUPERINTEXDEXT OF THE C0.&81' AN'D GEODETIC Sl'R

VEY, pp. 1, Ill, 100. 
Sl:PEHVISION AND INSPECTIOJ'\ OF TOPOGRAPHICAL 

RESGRVEYS ON :\LA.RTHA'S VIN'EYARD, XtJ MA.X'S 
LA:ND, :iS'AUSHON, IN THE VICINITY 01" WOOD'S HOLL, 
AND OX THE SOJ;'THEASTERLYPART 03'LONG ISLAND, 
l'P· 26-28. 

S UPPLEYENTARY WORK INCIIIENT AL TO THE SPECIAL 
HYDROGRAPHY FOR THE STATE OF NORTH Ca.RO· 
LIXA-Sf:'R'\EYS A.ND INVESTIGATION OF OYSTER. 
BEDS, pp.46-47, 

SURVEY FOR THE COMMISSION ~PPOINTED TO SELECT 
A SITE FOR A NAVY-YARD ON THE GULF OF :MEXICO 
AND SOUTH ATLANTIC COASTS, p. 93. 

SURVEY FOR THE COMMlSSIOX ORGANIZED TO SELECT 
A SlTE FOR A NAVY.LI.RD ON THE PACIFIC COAST, 
NORTH OF THE FORTY-SECOND PARALLEL OF NORTH 
LA.TIT'CDE, pp. 93-94. 

SURVEYOR.GENERAL OF CALIFORNIA. Reference to, p. 99. 
SLltVEYOR-GENERAL OF UTAH, p. 91. 
SUSQUEHA:li!NA RIVER, p. 37. 
SW ANS'S, DISTRICT OF COLUMBIA, p. 42. 
S \VEETW ATER VALLEY, CAL., p. 62. 
SWIFT, F., E:NSIGN U.S. N., A.SSISTANT. llydrograpby on 

coast of Massachusetts, pp. 29-30; serYice on steamer Bache and 
schooner Spy, pp. 00-52; r-e.fercnce tu, pp.175, 176. 

SWINEMISII FLATS. W ASHINGTO::'.' TERRITORY, p. 75. 
SYPHON TIDE GAUGE. De-..ised by Assistant H. L. Marindin, 

p.24. 

T. 
T.A.KU II.ARBOR, ALASKA, p 79. 
TA.KU RIVER,A.LASKA,p.94. 
TALIAFERRO, MRS. S. M. Aceountmg Division, pp. 98, 157, 158. 
TALLY'S POINT,p.40. 
TANEY, E. L., SUBASSISTANT. Topographical resurvey of the 

Elizabeth Islantls oif thu ooBSt of Massachusetts, p. 34; service in 
Louisiana, p. 57; triangulation in Utah, pp. 90, 91. 

TARGET SIGNALS. Use•! in triangulation in Utah, p.9-0. 
TARRY NOT (steam launch). 'Cse of and reference to, pp. 7ti, 77. 
TASHMOO (or CHAPP AQUONSETTl POND, p. o2. 
T.A.TOOSH ISLAND, p. 70. 
TA. YLOR. Triangulation station in Kansas, p. 89. 
TECO.MA, NEV ADA. Reference to, p. 91. 
TELEGRAPHIC DETERMI~ATlON OF THE LONGITUDE, 

OF A STATION ON MOL'NT HAMILTON, CALIFORN[A, 
AND ITS TRIGONOMETRICAL CONNECTION WITH THE 
LICK OBSERVATORY. Appendix No. 8, pp. 209-212. 

TELEGRAPHIC LONGITUDE WORK. Aosistance rendered by 
As•istant George Davidson in prose<!ut!on of, p. 67. 

TELEGRAPHIC LONGITUDE WORK In California and Ne. 
v&da, pp. 6~, 69. 

TEMPERATURE .A.ND DENSITY OF SE.AW ATER. Observed 
at Delawa.r" Breakwater, 1>. 39. 

TEMPERATURE OF BASE-BARS DURING MEASUREME:ST 
OF SNELLING A VENUE BASE, p. 87. 

TENNESSEE, St.ate of. Included in Section Xlll, p. 83. 
TERRE HAUTE, INDIANA.. Magnetic observations at" Baebe 

Fund" station, and azimuth determined, p. 84. 
TERRESTRIAL MAGNETlSX. Work vf Lsai.stantC. A.. Schott 

in relation to, p. 116. 
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TERTlAlff TRIA "S"GULATION AND TOPOGRAPHY ON THE 
COAST OF CALIFORNIA, FRO:U CAPE SAN MARTIN 
WESTWARD, p. lltl. 

TEXAS, State of. Include<l in Section IX, p. 60. 
THE DISTRIBUTION OF THE :UAGNETIC DECLINATION 

IX THE UNITED ST.A TES FOR THE EPOCH JSllO. Appendix 
Nu. l !, pp. 233-402. 

THE NEED OF .A REMEASUREMENT OF THE PERC'VI.A.N 
ARC. Appendix No. 7, pp. 199-208. 

THEODOLITES (new). Construction of, p. 139. 
THE REL.A TIO.N BETWl:EN THE METRIC STANDARDS OF 

LENGTH OF THE UNITED STATES COAST AND GEO
DETIC SURVEY AND THE UNITED STATES LAKE SlIR
VEY. Appendix No. 6, pp.179-197. 

THOMAS, C. M., LIEUTENANT-COMMANDER U.S. N., AS
SISTANT. Hydrographic snr"<"eys in Stephens and in Cleveland 
Passages antl vieinity, and in Portland canal and vicinity, south. 
eastern Alaska, pp, "18--82. .Assigned to duty as Hydtul('raphic In· 
•pector, p. 82. Reforence to, pp.18, lfil, 165, 175, 176. 

THOY,,\.S, MISS MARY. Chart Division, p. 1,7, 
THOMPSON, H. L. Engra>ing Di "<"ision, pp. 134, 136.137. 
THOMPSON, J'. G. Engraving Division, pp.13!, 136, 137. 
THOMPSON, W. A. Eng-raving Division, pp. la4, 136. 
THORPE, DR. Reference to, p. 84. 
Tl.A .TUAN.A LA.GOON, p.61. 
TIFF ANY, J'. McG. Service on steamer Bache and schooner Spy, 

pp. 50, 53. 
TIDAL AND CURRENT OB;JERVATIONS, DUPLICATE REC

ORDS. Xnmber of volumes, p. 112. 
TID.AI, AND Ct:RRENT OBSERVATIOSS, ORIGIXAL REC

OHDS. Number of volumes, p.112. 
TIDAL BENCH-MARKS. Reference to, Tl· 141. 
TIDAL CUJ:RENTS. In Annapolis Harbor, p. 41. In Gohscook 

Bay, Maine, p. 21. 
Till.AI. lHYISION. Annual report of, pp.141, 142. 
TIDAL DIVISION, A.NN"GA.L REPORT OF. Reference to, p. 97. 
TIDAL RECORD CONTINUED AT THE .AUTOMATIC TIDAL 

STATION, ST. PAUL, KA.DIAK ISLAND,.ALASKA,pp.B'i,83. 
TIDAL STATIONS FOR WRIGll REDGCTIONS HAVE BEEN 

MADE, p.112. 
TlDE GA GGES. At Allan Islan<l, Chuckanut Bay, Utsalady and 

Eagle Harlwr, Cypres• Island, Washington Territory, p. 77; at 
Annapoli•, Md., p. 41 ; at Astoria, Oregon, p. 73; at Atch1tfalaya 
Bay, La., p. 59; at Boston, .Mass., p. 25 i at CapB Cod aml Buzzard's 
Bay, p.~5; at Crescent City, Cal., p. 70; at Fisherman's Inlet, p. 
45; at No Man's La.ml, l'· 31; at Saucelito, Cal. 1 p. iO; at Ship Shoal 
Light·uouse, Louisiana, p, 59; at Steiohatchee Rinr, Flo~icla, p.52; 
at T.ybtH.) Ia1aml, Gt>orgia, p. 48; .at Wa.sque Blufft p. 31; at West 
Brighton pier, Coney Islaocl, 11. 36; in Delaware and Scbuylkill 
lliYcrs, in connPction with resurveys, p. 3B; in Nantucket and 
>ine,-a.r<l. Sounds, p. 29: in vicinity <>f Cape Charles, Virginia, used 
in eonnt>ction with hydrographic survey, p. 46; on coast of Florida, 
Jl. 50. 

TIJ.'R::-;OTES. Reference to, p. Hl. 
TIDE Oll-EKV A.TIO::>S. At Anoap-Oli•, Md., in connection with 

hydrographic r•~sur~ey, p. 4!: at Atchat'alaya Bay, Louisiana, 
p. 59: at Conpy Island, p. 36: nt Halibut Hay, Ford's Coi-.. c, and 
\Vinh·r Harhor, in<·nuneetion withhytlrographyof Portland Canal 
aml vieiuity1 p. 81; at So ~fau·s Land, in connection with ·hydro
grnvl,ic 1mr""'ey, p. 31; at Ranta .. Ana Ri~er and Newport Landing, 
California, p. 0--t; at Sa.ncdno, ()alifornia, p. 70 ~ at Ship Sboal 
liglit-house,Lonisiaua, 11. :~9; at Somerti11P Bay, ineonm~ction with 
h.nlrog;raphy, p. 81; at ~t,cinhat<·ht'e JU.-er, 'Florida, in connection 
with hydroi::raphy, p. >~; at Taku IIarhor, Ala.ska, p. jg; at 
Tylu·e Island, Georgia, p. 48: in Cln·elancl Pa.K&'lge, .Ala.ska, 
in connection with h:nlrographyl 1). 82; iu cnnneetion ,,~ith 

11~-drograph,\" at Cref:>Ct~nt City, Cal., pp. ·;o. 71; in <'<mnee
ti(}n with hplrography on coa8t of Wasbin_gton T<1rritory, 
JI· '77; in <'OllOP·dion with phy:-1ical hydr1>g-raphy of Cape U0<l 
Peninsula, 1~P- ._;), 24; in northwest channel. Key West, by -C. S. 
EngiIH~t>r~, p. 52; on coast of Florida, in conoection with hydro. 
graphic SUT\""C,YA, p. ;')(); Oil PacJflc. C088t, })p.,66~ 67. 

TIDE RlPS. At entrnncrc to Port Snettishatn an<l Holkam Bav 
Alaska, p. 80. ·' 

TIDES. Tn Stephens PaKsagA, Alaska, p. 80. On roast of Florida. 
p.:;o. 

TIDETARLES FOR THE A,;rLANTlC ANO PACIFIC COASTS 
FOR YEAR 1890. Rdereucc to, pp. 97. 141, 143, JU, 1'5. 

TILLMAN, E. H., ENSIGN, U.S.N., ASSISTANT. Ser>ices i!! 
Hydrographie Dfrision, p. 18. Submits annual report of Coast 
Pilot Division, p. 19. In c!Jarge of Hydrographlc Di"ision, pp. 
165-167. In charge of Coast Pilot Division, p. 16&-174; reference 
to, pp.175, 176. 

TIME. Dererminecl at West Base, Louisiana, p. 58. 
TISDALE, R. D., ENSIGN, U.S. N. Ser>ice on schooner Ea_gro 

p. 30. Service on steamer Baehe and schooner Spy, pp. 50-52. 
Referenee to, pp. 1'(5, 116. 

TITTMANN, 0. E., ASSISTANT. In charge of office of Weights 
and Measures, p. 98; reference to, pp. 121-125; annual report of, 
pp.159, 160; report by, in co-operation with Assistant Schott, Ap
pendix No. 6, pp. 17U-197. 

TOLLEY, J.B. &rnce• in Massachusetts, p. 26. 
TONGUE POINT AND TANSY POINT. Resurveys a.ndexam· 

ination of changes in "Vicinity of, pp. 721 73. 
TOPOGRAPHICAL PARTIES. Number of, p. 112. 
TOPOGRAPHICAL RECONNABSANCE OF THE COAST OF 

OREGON BETWEEN ROGUE RIVER AND C~PE SEBAS
TIAN COMPLETED. TOPOGR.APIIICAL ST:RYEY OF THE 
OREGON COAST BETWEEN KOOS BAY A......-D THE UMP
QUAH RIVER FINISHED, pp. 71, 72. 

TOPOGRAPHICAL RES'URVEY OF ANNAPOLIS IIAltBOR 
.A.ND ROADS, p. 40. 

TOPOGRAPHICAL RESURVEY OF SHORE LINE A.ND AD
J A CENT DETAILS IN WOOD'S HOLL AND ON THE IS
LA.~ms IN ITS IMMEDIATE VICINITY, pp. 33, 34. 

TOPOGRAPHICAL ltESUllVEY OF THE ELIZABETH IS· 
LANDS, OFF THE CO.AST OF MASSACHUSETTS, p. 3,. 

TOPOGRAPHICAL SURVEY OF THE NORTH BRANCH OF 
COBSCOOK BAY, MAI::'l!E, l'P· 20,21. 

TOPOGRAPHICAL SURVEY OF THE WEST COAST OF 
:FLORIDA BETWEEN CAPE SABLE AND PAVILION KEV, 
p.51. 

TOPOGR~PHICAL SURVEYS AND RESURVEYS. Of the west 
bank of ~be St. Croix River, p. 20; of Cobscook Bay, Maine, pp. W-
22; ofnewinletintoCotawy Ea.y, M.artha1sVinf'yard1 p.26; oD. co:tst 
of Massachn•ett• (supervision of), pp. 26-28; on Nantucket an<l 
Martha's Vineyard Islands, pp. 28-29; of north and south shores of 
J.fartha's Vineyard and shore line of No Man'sLand, pp. 32-33; of ' 
Wood's Ho!! ancl adjacent islands, pp. 33-34; of Elizabeth Islands, 
coast of Massachusetts, p. 34; on coast of Long Island, p.33; of 
De!awareRh·er, !>· 38; of Schuylkill River, pp. 38-39; of Annapolis 
Harlmr and Roads, p. 40; of thtj mstrict or Columbia, pp. 41-4.5; of 
tht11 west coast of Florida bet.ween Cape Sable and Pavilion KAY~ 
p. 51, of Penoacola Da:r and its branches, Florida, pp. 54-55; c fthe 
south coast of California from Del Mar to be.rond Oceanside, pp. 
62-63; on coa.st of California. from Cape San Martin westward, p. 
66; of the coast of Oregon, pp. 71-72; of Columbia River, Oregon, 
pp. 72-73; on inland waters of Washington Tecritory, pp. 75-76; of 
the Gulf of Georgia, pp. 77-78. 

TOPOGRAPHIC .A.ND HYDROGRAPHIC RESURVEY OF THE 
SCHUYLKILL RIVER FROM FAIRMOUNT DAM TO THE 
DELA WA.RE RIVER, Pl" is.-39. 

TOPOGRAPHIC AND HYDROGR.APHIC SHEETS. Registered 
in the Archives cluring the fiscal year, pp. 151-:53. 

TOPOGRAPHIC MAPS, ORIGINALS. Stati•tic• of, p. 112. 
TOPOGP..A.PHIC :RESURVEY OF PARTS OF THE NORTH .A YD 

St){) TH SlIORES OF 'MA.RTHA.'S VINEYARD; .A.LOO OF THE 
SHORE LIXE 01'' :NO MA.N'S LAND, pp. 3~-33. 

TOPOGRAPHIC SHEETS. Of coast of California, p. 66; of coast 
of Oregon, pp. 71, 72; of coast of WashingtoJn Territory, pp. 76, 78; 
of Cobscook Bay, :Maine,p. 20; of Long Island, N"w York, p.35; of 
Pensacola Bay and branches, p. 55; of Portland Canal ancl vicinity, 
p. 81; of southern California, p.63; of WeatQuoddy Bay, Main•\ 
referre<l t.o. p. 22; reeeivecl ancl registered list of, pp. 151-152 ; >i
clnity of Woo<l's Holl, Mass., p.33. 

TORREY, E. E. SerYice in Ohio and Indiana, p. 85; sel'Viooon coast 
of Flo<ida, p. 53. 

TOPOGRAPHY, statistics c>f, pp. 111-112. 
TRADE WIND. Its apparent effect on anrface currents, p.48. 
TRANSIT (schooner). 'Use of, and reference to, pp. 53, 165, 117-
TRANSIT I:NSTRUMENTS. Description of two new porta.ble. 

Appendix No. 9, pp. 21~216; report concerning, p. 92. 
TRESCOT,E. A. Drawing Division, pp. 127, 130, 131, 132. 
TREASURY, SECRETARY OF, p. 100. 
TREMONT, MASS., p. 25. 
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TRI.ANG ULA. Tl ON. Of the St. Croix Ri.,..er and of the lakes near its 
bead towards the northeastern bonntlar.\", pp.19. 20; to det.errnine 
town boundariee in M.a.ssachusettl'f~ pp. 25, 26; on the south coast 
of Long Island, p. 34: in northeastern Pennsvlva.niat pp. 37, 38 i in 
'icinity of Charleston, S. C., an<l up the Cooper, Ashley, and 
Wando Rivers, pp 47, 481 of Perdido Bay anu connection with 
Pensa.cola Bay, F1orida, pp. 53, 54; of Pensacola Ba;·, Florida, and 
it15 branches and oonnection with Perdldo Day, pp#54, 55; in Ala· 
bama, p. 55; <Jf A.tchafalaya River, Louisiana, p. 5i; on coast of 
Louisiana, pp.57-59; on coast of California from Cape San Martin 
westward, p. 66; in Washington Territory, pp. 75, 76; of the Gulf 
of Georgia, pp. 77, 78 i in Tenncsaee, pp. 88, 84; in Ohio and Iud.iana, 
pp. 84, 85i in 'W'jseonsin, p. 86; in Minnesota, pp.87188; in Kansas, 
pp. Sll, 89; in Utah, pp. 90, Ill. 

TRIANGULATION. Original records, Number of ..-olumea, p. 
112. 

TRL!.NG ULA TIOX. Statistics of, p. ill. 
TRIANGULATION AND LEVELING PARTIES. Numher of, 

111. 
TRfANGULA.TION AND TOPOGRAPHY OF SARATOGA. 

PASS.A.GE, :PENN'S COVE, OAK HARBOR, CRESCENT 
HARBOR, AND SK,!,GIT IlAY, WASHINGTON TERRI
TORY, pp. 75, 76. 

TRIANGULATION .A.ND TOPOGRAPHY OF THE GULi>' OF 
GEORGI.A., INCLUDING LUMMI, BlRCR, AND SEMlAR· 
MOO Il.A.YS, pp. 77, 78. 

TRI.A.NG Ull.A.TION IN THE ST.A.TE OF NEW YORK. Ref et" 

ence to, p. 37. 
TRIANGULA.TION IN THE VICINITY OF CHARLESTON, 

S. G., AND UP TRE COOPER, ASHLEY, .A.ND W.A.NDO 
RIVERS, pp. 47, 48. 

'IRI.A.NGULATION MAirnS. In Utali, p.90. 
TRIANGULATION OF PERDIDO llAY AND ITS CONNEC

TION WITH THE TRl.A.NGUL.A.TION OF PENSACOLA. 
B.A.Y, FLORIDA, llP· 53,54. 

TRI.A.NGULA.TivN OF THE .A.TCIIAFALAYA. RIVER, LOe
ISIA.N A., p. 57. 

TRIANGULATION O:N THE SOUTH COAST OF LONG 
ISLAND, COMPLETED FROM GREAT SOUTH BAY TO 
NA.PE.A.GUE BAY,pp.31,35 

TRIANGULATION, TOPOGRAPHY, .A.ND HYDROGRAPHY 
IN PENSACOLA ll.AY AND BRA.NCHES; TRU.NGULA. 
TION BETWEEN PENSACOLA. A~D PERDIDO BAYS, pp. 
54,65. 

TRINIDAD, COLO. :Magnetic elements observed aud azimuth 
determine<l 1 p. 92. 

TRIPP (Jennings Co.). Triangulation station in Indiana., p. 85. 
TROUTMAN', L. R. Printing room, p. 135. 
TRURO, MASS., p. 24. 
TURNBULL, MISS C.B. Office of assistantlncharg;e,pp.99,123. 
TURNER, J. H., SUBASSISTANT. Pnliminary sur....ey of tbe 

frontier line between Alaeka and Hritiah C-0lombia, p. 83; service 
in Utah, pp. 001 91; organization or parties to make a preliminary 
detennlnatlon of the boundary Jinn hetween AL~•ka an<l British 
Columbia, pp.{M., 95i reference to, pp~67, 70. 

TYBEE, ISLAND, GEORGIA. Tide observations at, p. 48. 
TYBEE LIGHT, p. 48. 

UMATILLA. REEF, p. 75. 
UNCA. TENA ISLA.ND, :MASS. Topographical ann•ey of, p. 33. 

UNION PACIFIC RAILROAD. Reference to, p. 92. 
UNITED STA.TES COAST PILOT, PA.RT IV, LONG ISLA.ND 

SOUND, WITH APPROACHES AND A.DJ.A.CENT WATERS. 
Reference to, pp. 166, 173. 

UNITED ST.ATES CO.A.ST PILOT, PART VI, CHESAPEAKE 
BAY .A.ND TlUBUTARIES. Reference to. p. 166. 

UNITED STA TES ENGINEERS. Referen<le t.>, µ. 73. 
UNITED STA.TES GEOLOGICAL SURVEY. Reference to, p. 92. 
UNITED STA.TES QUARANTINE COMMISSION. Reference 

to, p.100. 
UNITED STA.TES :MA.RINE llOSPIT.A.L, PORT TOWNSEND, 

WASH., pp. 73, 74. 
UNITED ST.A.TES lULIT.A.RY RESERV.A.TION, SAN AN'TO· 

NIO, TEX. • Select<ld a.a aite for magnetic obeervlotory, p. GO. 
UPPERMA.N, A. Chart Division, p. U7. 
URIE, J. F., ASSISTANT SURGEON, U.S. N,, pp. 175,176. 
UTAH, TERRITORY OF. lnclndeil in Section XVf, p. 90. 
lifTS.A.LADY TIA.l!.BOR, W ASJUNGTOY TERRITORY, p. 7S. 

, .. 
V A.NDERllILT UNIVERSITY, NA.SHVILLF, TENN Mag-

netic observations at, p. 84. 
VAN DOREN, W. A. Eogra.,.iug Division, pp.131, 137. 
V A:N DUZER, L. 8., ENSIGN, U.S. S. Service on schooner Ea[Jre. 

pp. 30, 32, 36; reference t<l, pp.175, 176. 
VAN ORDEN, G. H., ASSISTANT. Continua.tion of tbe determi

nations of town boundary tines in the State of MasAAchusetts, 
pp. 25, 26. 

VERDI, NEV. Longitu1le of, det.erminAd, p. 92. 
VERMILION DAY, LOUISIANA,p.58. 
VERMONT. State of, included in Section I, p. W. 
VERIFICATION, REVISION, .A.ND COIUtECTION OF RE· 

DUCED DRAWINGS OF HYDROGRAPRY FOR THE 
FISCAL YEAR ENDING JUNE ao, 1889. Tabular stat.,ment 
of, pp. 171, 172. 

VERY, LIEUTENANT, U.S. N. Aid received from, p. 40. 

VESSELS of the Coast and Geodetic Survey. List of, p. 177. 
"JCTORIA, BRITISH COL"C'MBIA, p. 78 
VIERBUCHEN, P. Instrument Division, p.139. 
VILLA.GE l'OINT,LUMMI ISL.A.ND, WASHINGTON TERJU

TORY,p.77. 
VILLA RIDGE, ILL., p. 86. 
VINAL, W. I., ASSibTANT. 'l'oP<Jgraphical resurYey of s!Jore 

line and adjacent details in Wood's Holl and on tlie islan<ls in its 
immediate Ticin1ty, pp. 33, 34; service in Drawing Division, p. 12~; 
l'eference to, pp. 271 32. 

VINEYARD SOUND,p.26. 
YINITA., INDIAN TERRITORY. Magnetic ouservations at, p. 60 

YIRGINIA, State of. Incln•l~1! in Section TIT, p. 40. 

-VIXEN (stet:tm la.unch). 'Gse of, aml r-eference to, p. W. 
VON LOG AU, L. Engraving Division, p.136. 

WAD DILL, MRS. J. Office of Assi•tant in CharJ<e, pp. 99, 123. 

W AINWRIGRT, D. B., ASSISTANT. Continuation of the detail"<! 
topographical sun·ey of tbe Di•trict of Columbia., pp. 42, 43. 

WALES PASSAGE. Survey of, p.80. 
WALKER, LIEUTENANT-COMMANDER, U.S. N. Ai1l 1·ecein-<1 

from, p. 4.0. 
WANDO RlVER,SOUTH CAROLINA,p.47. 
WARRINGTON, FLA., p. 53. 
W A.SHIXGTON SOUXD, p. 78. 
'\VASIIINGTON TERRITORY. Included in Section XI. p. ii. 
W.A.SQUE BLU~'F,p.30. Tide·gnageat,p.31. 
W A.SSERBA.CH, T. Eni:roving Division, pp. 134, 136, 137. 
WA. 'I' ER-FRONT 0~' SEA.TT LE,\\' ASH. Resurvey of, recom· 

mended1 p. 7 4. 
WATERMAN, R.H., GOVERNOR OF CALIFORXLl., p. 68. 
WATER SUPPLY. In Southern California,p.62. 
\\"EBER RIVER, UTAH, p. 91. 
WEC-QUOBSKA. CLIFFS, pp. 32, 33. 
WEDEKIND, E. H. Services iu phJ•ical hplrography, p. 23. 
WEED PATCH. Triangulation station in Indiana.. p. 85. 
WEIGHTS AND .MEA.l::\URES, OFFICE OF. .Annual report of. 

Pl" 159, 160; reference t<> work of, p. 98. 
WEIR, JOH!\ B., .ASl::\IST.ANT. Son·i<:e in conllectfon with sur<ey 

of l'erdido Bay, p. 53; reference to, p. 86; service in office of 
Weights and Measures~ })p. 99, 159. 

WELK.ER, P.A., SUB-ASSISTANT. Survey of portions of Pensa· 
cola Bay, pp. 53, 54; triangulation, topography, and bydrography in 
Pensacola Bay and branches; triangula.tion between Pensa.cola 
and Perdido Bays, pp. 54, 55; service in Arkansas, p. 56; serdoes 
in Illinois and Tennessee, p. 86; survey for the Corn mission ap. 
pointed to eelert a site for a Na,.y·y•ml on the Gulf of Mexico and 
South Atlantic coasts, p. 93. 

WELLS, FARGO & CO. Reference ti), p. 92. 

''"EOqJiFKA. Triangulation stlitlon in Alahama, p. 65. 
WEST RASE, A.RUENTA, .ARK. Bench.mark at, p. 56. 
WEST BASE, WUISl.A.N A. A zimutb obscned at, p. 58; l&ti

tnd" determined at, p. 58; time determined at, p. 58. 
WEST BREWSTER. Triangulation station in Ma•se.clmsetts, p. 25. 
WESTD.AHL, ~'ERDINAND, Draughtsman. Service in Los 

.A.n11eles base measurement, pp. 64, 65; reference to, pp. 67, 100; 
eervice on coast of Oregon, J). 72. 

WESl'HAMPTON, LOSH ISLAND, p.26. 
WEST L.A:S ANIMAS, COLO. Magnetic ob•erve.tion• at, p. 92. 
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WEST PEMBROKE, MAINE. Included in topographical survey, 
p. 22. 

WEST QD'ODDY BAY, MAI:!>'E. Topographical sheet of, p.22. 
WEST SEATTLE, WASHING TON TERRITORY, p. 74. 
W:EST TH\BGRY, MASS., p. 29. 
WEST \"IRGIXIA. State of, included in Section III, p. 40. 
WEST, WILLIAM. Messenger. pp. !40. 146. 
·wnEELER, G. M., LIEUTE:NANT. L. S. ENGINEERS, p. 92. 
WHIDBEY ISLAND, WASHINGTO::\ TERRITORY, I>I•· 75, 76. 
'WHITAKER. ,J. w. Tidal Division. p. 141. 
WIIITE. W.W .. AS8ISTAXT EXGI!'<EER. 1'. S. N. Ser.,.iceon 

steamer .Elake, pp. 46, 49; rt•ference to. pp.1";°5, 176, 

\VH1TE CITY. Trian~nlation station in Kansaa, p. 89. 
WHITING, II. L., .L'l.SSISTAXT. General direction of town hound· 

nr:y surYeys in l[assach1uwtts, p. ~5; report by. ...._tpp('ndix No. 
I", }J(l. 459, 460; resurYey of the new inlet in to C{1tamy Bay~ Mar
tha's Vin6yard, p. 26; supervision and~ inspection of topograph
ical resurveys on Martha's Vincyard 1 Xo Man's Land. Naushon, in 
the >icinity of Woo<l's Roll, and on tbe southeasterly part of Long . 
Island, pp. 26-28; additions of topographical details to the original 1 

sur>e~·s of Kantncket and Martha's Vineyard lslands, pp. 28, 29; 
refer-enct) to, pp. 32, 33. 

WHITING. ROBERT, PASSED .ASSISTAXT SURGEOX, U. S. 
N. Servke on skamcr Pattusvn. p. 78; reference to, p.175. 

W !IITXEY ISLAND . .ALAS.KA, p. 82. 
WlClllTA, KANS. Magnetic obsenations at. p. 88. 
WILKES llARRE. PA .. p. 37. 
WJLLE:-i'BUCHER, EUGE::SE. hydrographie draughtsman, pp. 18, 

123, 167, l69, 170, 17l, 172. 
WlLLEXBUCRER, 'V. C., hydrographic draugbtsp11rn, pp.18, 123, 

167.169, 170, 171, 172, 173; ser-riee on Steaw.er Endetivur, p. 41. 
WILLS, E. :B. .Accounting Division and office of Assistant in Charge, 

pp. 98, 157, 158. 
WILSOX, LOGiil. Tide observer at Astoria, Oregon, p. 73. 
WILSON HOTEL, CISCO, TEX .. p. G<l. 
WINDOM, WILLI.AM. Secretary Df the Treasury, p.100. 
WINDWARD CH.ANNEL. Current obser<a<ions in the, p. 48. 
WINDWARD ISLANDS. Reference to, p. 48. 

WINSOR, HENRY &. CO. Arknow!edgment af aid received 
from,p. 39. 

WINSTOX, ISAAC, SUB-ASSISTANT. Extension of the line of 
levels of precidioll from Little Rock, .Ark., towards the western 
boundary of the State, p. 56; construction of buildin~s for a self· 
registering magnetic station at San Antonio, Texas, pp. 60, 61; 
geodetic leveling, from near Cairo, Ill .. across western Kentucky 
and Tenncssee1 p. 83; lines of geodetic leveling carried froDl near 
Ce.iro, Ill .. towards the Gulf of .Mexico, pp. 85, 66: engaged .iu 
office work, p. 01. 

1 WIRE ll!EAS'GREMENT (owr water). Of baRA linA in Ste1>Lens 
Passag-t', Alaska, p. 79. 

WISCONSIN. State of, include<l in Section XIV, p. 81. 
W'OOD, ALBERT N., ENSIGN, U.S. N. Seniee on •teamer l'at· 

ter1wn, pp. iR. 79. 

WOOD, M. L,. LIErTENANT, U. S. N., ASSISTAXT IN 
CHARGE H'~DROGRA.PHIC DIVISION. Hydrographic resur
ny of Annapolis Harbor an<! approaches, p. U; by<lrograpbic re· 
surveys and examinatious in the T'icinity of Cape Charles,Ya., 
p. 45; reference to, pp. 18, 4U, 162, 165,169,174,175, 176. 

WOOD, S.S., E!'<SIGN, t:'. S. N. Serriee e>n steamer Po,tler1<m, pp. 
78, 79; reference to, p. 175, 

WOODENBALL ISLAND, M.AINE. Reference to, p. 23. 
WYOMING. State of, included in Section XVII, p. 92. 
WYVILL, E. H. Hydrographlc draughtsman, pp.19, 167, !T3. 

Y. 

Y. AND M.METRENO. J. P.eference to,p.160. 
YOLO BA.SE. Reference to, p. 64. 

- YOUNG, F . .A .. RECORDER. Serrice on coast of J<'Jorida, p. 55; 
services in .Arkansa.s, p. 50; services in Illinois and Tennessee, 
p. 86. 

YOL:'NG, WILLIAM P.,laborer. p.146. 
YOUNG'S BAY. OREGON, p. 72. 
YOUNG'S RIVER, OllEGON, p. 72. 
YUCATAN. Reference to, p.49. 

WINES,M. ,V, General offi<'e assistant. in charge of Miscellaneous 
Di.,.ision. pp. 97, 98: reference to, p.121; annual report of, pp. 143-
146. 

\ YUKON (schooner}. Use of ancl reference to, pp. 74, 75, 76, 93, 177. 

WINSLOW, FRANCIS, LIEUTEN.ANT, {", S. N., .ASSISTANT. 
Snpplementary work incidental to the spech"l hydrography foT the i 
State of !forth Carolina, pp. 46, 47; reference to, pp. 162, 175. ' 

YUKON RIVER, ALASKA, p. 94. 

z. 
ZEAN DAJ,E (Riley Co.). Triangulation station in Kansae1 p. 89. 
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REPORT. 

UNITED STATES COA8T A~D GEODETIC SURVEY OFFICE, 

Tl~asltingtrm, December 14, 1SS9. 

Sm: As required by law and. by the regulations of the Treasury Department, I ha Ye the honor 
to submit herewith a report of tlie progress and state of the work of the Coast and Ge0tletic 
Surve;v during the fiscal ~·ear ended .June 30, 188!!, with a view to the same lwiug· laid before th(· 
President and the Congress. 

Having recefred from the Preside11 ton the 9th of J u1,r, 1889, the appointment as Superiuternlent 
of the Coast and Geolletic Surny, and lrn•ing immetliately thereafter entered upon the actiYt• 
duties of tlie position, I am able, at tlrn date of presenting this report, to express my belief, hasell 
upon close ohsen·ation of the 01:.erations of the Office antl upon persona.I inspection of parties in tlie 
field, that the survey, as a working orga,nization, has reached a high degree of efficiency. It will 
be my effort to maintain its l.tigh standard, and to advance its operations in tLe directions pointed 
out by the increasing magnitude of the maritime and commercial interests involnd, and b~- the 
just clemands of geographical science. 

The two maps of general progress (No8. 1and2) which aooompaus this n'port sl1ow grnpl;ically 
tbe areas covered by the se>era1 classes of work upon the .A.thmtic and Pacific coasts, and in the 
interior at the close of the last fiscal year. The general chart of Alask<1 (progress sketcl1, No. 13) 
is based upon the results of the latest surveys. In .Appendix No. 1 is gi\·en in tabular form, a!Hl 
in a geographical order, southward along the Atlautic coast, nortl1ward along the Pacific, and from 
east to west in the interior, a statement of tlle distribution of the parties asl10re :md afloat, tlte 
kind of work and the localities where prosecuted. 

Part I of the report presents a brief summary of general stateme11ts of progreo;s nrnler the he:Hls 
-0f Field Work (including Special Operations), Of'Uce 'York, Discoveries and Denlopments, Bulle
tius, and Special Scientific Work, concluding ''ith an explanation of estimates for the fiscal ~·ear 
18!H, and a statement of those estimates in detail. 

Part II begins with an introductory statement relatiug mainly to tlie offices of the Assistant in 
cliarge of Office and tltc H;nlrograpl1ic Inspector, followed by allstractsfrom the reports of field-work 
made b;y cl1iefs of parties, arranged in tlte geographical order intlicate!l in Appendix No. 1. K otices 
of special operations, an abstract of the report of Office work and of the work of ti.JP Sub-offices at 
Philadelphia and San Francisco follow. A statement hy the Superiutendent concludes this part of 
the report. 

Part III contains the appendices to tlte report. AppendieeR :Xo,.,, 1 to 5, inclusi>e, gi1e the 
distribution of field parties, the statistics of the field and office work of the Snr>ey, list:o; of i11for-
1mition furnished in response to official calls and to indi>idnals upoll application, and the annual 
reports of the Assistant in charge of the Office an<l tlrn Hydrogravl1ic luspedor. Tlte remainiug
appendices present results of tlw work or tlPscriptions of its methods and processes, such as are iH 
frequent requests from surveyors and engineers, geograpLers and naYigators . 

• 1 

H. Ex. 55--1 



 

PART I. 

Dnriug the past fiscal year, field operations comprising triang11lation and topograph~~, astro. 
uomical and nrngnetic aud gravity work, and spirit-leveling of precision, were carried on within 
the limits or ou the coasts of twenty-six States, six Territories, and in the District of Columbia. 
Hydrographic s1ir,·eys, including in-shore and off-shore soundings, observations of tide;;, of cur
rents aud of ice movements, and researches in physical hydrog-raphy relating to harbors and bars, 
were prosecuted in tile waters or off the coasts of fifteen States aud two Territories. 

Geodetic operations m co-operation with State geological or topographical surveys were car
ried on in the States of }lassachusetts, Pennsylvania, Tennessee, Arkansas, Vvisconsin, and :Min
nesota. 

lu compliance with a provision in the Sundry Civil Expenses act of 1\'Iarch 2, 1889, two parties 
in command of oillcers of the Sun·ey left Sau Francisco in June last for Ala~ka, charged with mak
ing the obscn·ations arnl measurements needed to determine provisionally the boundar,y line 
bttween _,\laska and British Uolum bia. A joint resolution of the Congress having authorized the 
President to appoint a delegate, who should be an offic~r of the Stir\Tey, to represent the United 
States at the meeting this year of the International Geodetic Association at Paris, action was taken 
aceordingly hy the President on the 28th of February, and the officer so designated bas attended 
the meeting. It will IJe seen by his report, whicl! will be published as Appendix No. 18, to this 
.-olume, that tlle Yiews which he wais instructed to present to the Association were not without a 
marked iniiuence upon its proceedings. 

By direction of the Secretary of the Treasury, and on the request of the Secretary of the Navy, 
ofti!wr,,; of the Survey were detailed to co-operate with tl!e Commission to select a site for a Navy 
Yan! on the Gulf of Mexico and South Atlantic Coasts, and with the Commission appointed to 
exami1w the coasts north of the forty-second parallel in the State of Oregon, aIHl iu the Territories 
ol "\Va:<uington <tml Alaska, \vitb ii view of selecting a snitahle site for a Navy Yard. 

An exhibit was made by the Survey iu connection with exhibits by other Bureaus of the 
Treasury Department at the Cincinnati Exposition in the summer and autumn of 1888. 

GEXEHAL STA.TE~lEXT OF I'ROGHESS. 

!.-FIELD-WORK. 

ATLAXTIC CoAST.-TJpon and off the coasts, and within the borders of the New England 
States, field-work during the fiscal year ended June 30, 188!J, inclutled the following operations: 

Uoutinuation of the triangulation of the St. Croix River and of the Bounda1 :r Lakes towards 
the Northeastern Boumlnry; topographical surveys on the right bank of the St. Croix Hfrer and 
on Co!J,,cook nay, completing its topography; completion of the hytlrography of Cobscook Bay; 
off-;;hore hydrography between l\Iatiuicus Ishiml aml Seguin Island, aml h;plrographic exami
nation off Nash Island, coast of l\laine; continuation of the survey of the coast of Cape Cod 
1wninsula from the Yicinit,r of Qhatham to the nortbwarll for the <lenllopment of its physical 
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llydrography; progre.ss made in the determination of town boundary lines in )fassacl.tusctts; off
shore hydrography between Nantucket Slloals and the eastern limits of George's Bank: hydro
graphic resurvey of tlie approaches to Nantucket and .Martha's Vine,vard, and of Nautuckd and 
Vineyard Sounds; additions of topograpllical details to the original smTe.rn of Martha'!" Yiue
yard; shore line resuneys Oil :Martlrn's \-ineyard, 011 the Elizabeth Islands, aml ill the \icinity 
of Wood's Holl, l\Iass., and determiuatiom; of the geograpLical positions of light-houses in :'.\ar
ragausett Bay and approaches. 

Field operations upon aml off the coasts, and witLin tlle limits of tlte States of New York, 
New Jersey, Penns:Jlnmia, autl Delaware, included the completion of the triaIJgulation of the 
south coast of Long lslaud from Great South Ba;\- to .:-iapeague Bay; the completion of shore
line resur\e;ys on tlie south coast of Loug Island, includiIJg Three ::\lile Harbor, ::\loriches Bay~ 
and the outei· lJeach; hydrographic examiuation of the entrance iuto .Jamaica Bay, south coast 
of Long Island; obsen-atious of currents between X antucket and Cape Ilatteras; establish
ment of meridian lines and standards of length at Biughamto11, N. Y., aud J\lontrose. Pa.; 
olJsernitious of currents iu New York Bay aml Harbor; conti1111aiiou of tidal obsernltious at 
the automatic tidal station at Sandy Hook, New Jersey; co11tinuation oft.he triangulation in 
northeastern Peuns~·lvania required to complete t.he Pamlico-C.besapeake-fotl\e Ontario arc of tl1e 
meridian; corrections and additions to tile topographic and liydrogra1ihic surYeys of the Dela
\nue and Scbnylkill lU\·ers, made necessary by cltauges which had occurred since former surTeys, 
and continuation of the obsen-ations of the formation and moYemeIJt of ice iu Delaware Hi\·er and 
.Bay. 

\VithiIJ the District of Columbia, aml upon and off the coasts and within the lJouudaries of the 
States of Maryland, Virginia, North and South Carolina, and Georgia, field operations Laye in
cluded a topographic and bydrogr aphic resurvey of the harbor of Annapolis aml approaches; cou
nectiou by geodetic le\·eliug of tidal bench·marks at Annapolis; coutiuuatiou of the topograp.hical 
survey of the District of Columbia and the establishment of permanent bencl.t-marks for the levels 
of tliat survey ; location of new wharves on the Potomac Rh-er for additions to the charts; hydro
graphic resurveys and examinations in tlrn vicinit~· of Cape Charles, Yirgiuia; ohsen·ations of 
currents between Cape Hatteras and Nai1tucket: special bydrographic surve~·s aud examinatioIJs 
for the State of North Carolina; triangulation of the Ashley, Ooope1·, aud ""ando ltivers, South 
Carolina, and establishment of an automatic tidal statiou uear Savannah, Ga. 

The follo\1'ing operations were in progress or completed npon the east and west coa'lts of 
Florida, in the approaches to these coasts, and upon the coasts or within the limits of the State1< 
of Alabama, Arkansas, J_,ouisiana, and Texas, and in the Indian Territory: Explorations of tht:> 
Gulf Stream continued by obserYations of currents and temperatures in the \Yindwanl Island 
passages; hydrograpl!ic suneys in the Ray of Florida continued; topographical surn•y of the 
west coast of Florida completed from Cape SalJle to l'avilio11 Ke~·; resnrYeys of Peusncola aml 
Perdido Ba;rs begun; special sun·e.rs aml examimitions for the NaYal Commission, organized to 
select a site for a IJaYy-yanl on the Atlantic and Gulf coasts ; primar;\- triaugnlation in Alabama
adnrnccd towards a eonuectiou with the triaugnlatiou ou the coast of the Gulf of Mexico; line!" 
of lernliug of precision carried from Little Hock to Fort Smith, Ark. ; mag11etic stations 
occupied in Louisiana; couti11uatiou of the tria11gulatio11 and LyllrogTaphy <>f the coast of I1ouis
ia11a, west of the Mississippi lth'er; statio1ts for the dert•rminatiou of the magnPtic elements occu
pied in Texas aml the Indian 'f erritory, and station at Sau Antonio, Tex., prepared for the 
reception of tlle self-registering magnetic apparatus to be transferred to that poiut from J,os 
Angeles, Ual. 

PACIFIC CoAS1'.-Upon and off the coasts and within tlie houudaries of the States of Californi,1 
aud OregoIJ, of \Vashington Tcrritor~·, aud of Alaska, field operations luwe included hyllrngraphi(' 
surveys iu Sau Diego Ba_y aml vicinitr; continuation of the topographical SlUYt'.Y of the coa~t 01' 

California between Point La Jolla and San Juau Capistrano; h,nlrographic surn'ys in the >ieiuit,,· 
of San Onofre, and thence to Newport Lauding, and examination of s.hoal off Point Eerrniu: 
measurement of primary base liue at Los Angeles, Cal.; continuation of mag1wtic rt>cord at tlrn 
self-registering magnetic station at I,os Augeles ; contiuuatiou of the tertiary triangulatio11 alJ(l 
topography of the coast of California from Uape San Martin to ti.Je westward anti northwest1rnrd: 
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establishment of a meridian line and stamlanl of leugth iu Golden Gate Park, San Francisco ; 
continuation of tidal record at the automatic tiual station, Sancelito, San Francisco Bay; deter
mination of the magnetic elements at the station Presidio of San Francisco, and at five other sta
tions in California; hydrographic examinations in ]\fission Bay, San Francisco Harbor, and in 
Hospital Co,·e, Angel Island, Bay of San .Francisco; determination of longitudes of stations in 
(Jalifornia, by exchanges of teleg·raphic signals; hJ-drographic examinations at Crescent City, 
Cal.; topogra11hical reconur.issance of the coast of Oregon between Cape Sebastian and Rogue 
Ri,·er completed; hydrographic survey begun from Cape Orford to the southward; completion of 
the topogrn1)hic survey of the Oregon coast between Koos Bay and the Umpquah Ri•er; special 
surveys and examinatious made for the commission appointed to examine the coast north of the 
forty-secoud parallel in the State of Oregon, and in the 'l'erritories of ·washington and Alaska, 
with a >iew of selecting a site for a na•y-yard; resun'eys of shore-line and hydrography near 
Columbia Ri\'er entrance between Tongue Point and Tansy Point, and in Young's Bay; determi
•iations of longitude in Oregon and Washington Territory by exchanges of telegraphic signals; 
special sm'n',V of the water front at Seattle, Washington Territory; hydrographic surveys in the 
Yicinity of Cupe Flattery, and iu Neeah Bay, Washington TerritorJ·; triangulation and topography 
of Haratoga Passage, Penn's Cove, Oak Barbor, Crescent Harbor, and Skagit Bay, Washington 
Territory; bydrographic surveys in Saratoga Passage, Skagit Bay, Rosario Strait, Belling-ham 
Bay, aud the Gulf of Georgia; triangulation and topography of tL.e coasts of \Vashiugton Sound 
aud waters cou necting herewith; continuation of the automatic tidal record at St. Paul, Kadiak 
Islan11, Ala:-;ka; hydrograpllic sur"eys continued in Stephens' Passage and ,·icinity, and special 
sun·ey made of Portland Canal ancl Pearo;e Channel, southeastern Alaska. 

INTERIOR S'l'A'l'ES.-In the States between the Atlantic and Pacific coasts the following field 
opnations were in progress: l\Iagnetic observations at stations in Ohio, Indiana, Illinois, and Wis
cousin; reconnaissance and signal bt1ilding for the primary triangulation advancing to the east· 
wanl in Indiana; geodetic operations in the State of \Visconsin ; geodetic leveling from near 
Cairo, Ill., across western Kentucky, to near Greenfield, Tenn.; geodetic operations for the con
nection of the triangulation of the State of Tennessee with the primary triangulation in northern 
Georgia and Alabama; primar5· triangulation near the thirty-ninth parallel advanced to the east
wardin Kansas; rna{~nMic ollser•ations at stations in Iowa, Kansas, and Nebraska; base Hne 
measured and geodetic operations continnPd in the State of Minnef'ota; transcontinental triangn· 
lation extended to the eaRtward iu central Utah; magnetic observations made at stations in Col
orado aml N cw Mexico, and longitudes determined in the Territory of Montana by excl1anges of 
telegraphic signals. 

Special operations during the year included the preparations needed for the dispatch of two 
fiehl parties to the points of crm;siug of the one hundred and forty-first meridian of west longitude 
with the Yukon and Porcupine Ri\·ern, in Alaska, to begin a preliminary determination oft11e bound
ary line between Alaska and Britisl1 Columbia; the co-operation of the survey with the Naval 
Cormnission to Relect sites for Nav~ Yards on the Atlantic, Gulf~ and Paeific coasts; the detail of 
an oilierr of the 1mrvey to take charge of tiJe exhibit made hr it at the Cincinnati Exposition, and 
the appointment of an officer of the Survey to represent the United States at the annual meeting 
of the International Geodetic Association. 

II.-OFFICE WORK. 

In tlw office special effort was continued to present the resnlts of field work at the earliest 
date practicabh·, anti to rewler them accessible to the people and to the Go,·crnme11t in the form.:; 
llithert o found most usefttl. · 

The ::;teadil.\~ iucrea~;ing llPma111l for the publications of the Sun·ey is shown by the large increase 
from year to year i11 the number of copies ol' charts, Coast-Pilot Yolumes, Tide Tables, aml ~ otfoes 
to ,\Iariners, rrqniretl to meet the neells of commerce and na\-igation. There were issued during 
thP year fort.v-nine tl10nsallll three htuulretl and twelve copies of charts, an increase of seven 
thonsarnl copies oYer the number issuell in the ti;,-ieal year 1888, and of fourteen thousand two hun-
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drcd au<l ninety-six copies over the number issued in tile fiscal year 1887. Of this nuruber twenty. 
eight thousand two hundred an<l twenty-four copies were sent to agents for sale; three thousand 
five huudreu and sixty-one cop\es were issueu to the Co11gress, and sixteen thousand three lnrn
ured aud sixty-four copies to the Executive Departmeuts. For foreig-u Go•eruments, seven hun
dred and forty-one copies were required. 

Fort.r-nine charts were published; thirteen of these were from eugra,·ed plates, arnl thirty. 
six from tracings or drawings reproduced lly plwtolithography. '!'here were published tweuty-two 
new editions of charts; of these eight were from engra"\ed plates, and fourteen were photolitho
graphed. Great care was taken to haYe all charts issued from the office corrected to date for 
changes in lights, buoys, anc..l other aids to navigatiou. 

Tide Tables predicting for 1890 the times and heights of high and low water for all the princi
pal })Orts on the Atlantic aud Pacitic Coasts of the United States were prepared and seut to press 
duriug tile year. The \'Ulurne for tile Atlantic coast was extended to include ports on the east 
coast of British America as far as tlle Strait;; of Belle Isle, and that for the Pacific coast to in
clude ports in Ifritish Columbia. Full preclictions were also made for the principal ports in 
Alaska. 

The publication of a series of papers under the designation of Bulletins, begun duriug the 
prccediug fiscal _year, was continued. A further uotice of these papers, witL a list hy title and 
date of publication appears on page 10. 

Of the Annual Heports two thousand three hundred and uiuety-fin' copies were distrilmted. 
There were receiYed froru the Public Printer four thousand fh-e lrnndrell extra copies of A11pen
dices to the Amrnal Heports. The pltpers thus puulished tle:scribe the methodo or discus:; the l't'

snlts of tht> Sun·1~y and am furnislwll without cost to avplicants. 
In the annual reports of tlw assi;;tant in charge of the office (Appendix: .Ko. J. to tllis volumei, 

aJl(l of the Ilydrographic Inspector (Appendix No. 5) full details arn giveu relating to the respect
i\'C uranches of office work directed by those officers. A summarized statement of ollice work in 
charge of the H:ydrographic luspector precedes Part II of this report, aud an abstract of tlte 
report of the Assistaut in charge of the Office will be found towards the close or that l>art. 

III.-DISCOVERIES AND DEVELOPMENTS. 

The Notices to Mariners, the regular issue of which was at first quarterly: and siJ1ce ,T nly, 1S8i, 
monthly, have become au indispemmble supplement to the ch1rts. IYheurYer disco.-eril's or de
velopments are made in the progTess of the work of enough importance to mariners to demaml im
mediate publication, special notices are issued. All COITPctio11s to cllarts, or cltauges 1mule in 
them during the montl1, are fnllJ, given in the monthly notices. TheRe changes or corrt'ctions may 
be due to changes in lights, buo_ys and heaeons or other aids to 11a\igation, to tlw de\Plopnwnt of 
new channels, or to changes caused b,Y works of construction. Or they may lle (ltll' to tliscoYeries 
of dangers made in the course of the close resnr"\eys of hays, liarhors! and highways of commerce 
which the interests of IJa"\igation now demand. 

Wide aud free distrilJntion is given to these Notices, and it is intended to suppl.'· copies of each 
issue to e\·er.r Collector of Customs in the United States, and to all l~nitt>d States Consuls in for. 
eign ports. In his annual report, the Hydrographic Inspector recommends that a weekly issue of 
the Notices be 11rovided for as soon as sat,isfactory arrangements for prompt priutiug can he cL 
fected. 

Thirteen Notices were issued during the .'·ear, and fifty thousand co11ies were printed. Fol
lowing is au abstract of their contents and dates of issue: 

No. 104 (July 31, 1888). Chart corrections during the mouth of July~ 1888. New charts. 
New publications. General note and list oflndex Maps to the charts. 

No. 105 (Aug. 31, 1888). Chart corrections during the montl1 of August, 1888. Chart cou
demned. New charts. Soundings in the West Indies. General note and list of Index iilap,;, 

No. 106 (Sept. 30, 1888). Chart corrections during month of September, 1888. Charts con
demned. Charts suspended. New charts. General note and list of Index .Maps. 
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No. lOi (Oct. 31, 1888). Chart corrections during the month of October, 1888. Chart sus
pended. Chart condcmued. New charts. New publications. General note and list of Index l\Iaps. 

No. 108 (NoY. 30, 1888). Chart corrections during the month of October, 1888. Cilarts con
del!lned. New charts. New publications. General note. 

No. 10\l (Hee .. '31, 1888). Chart corrections during the month of December, 1888. Charts, 
condemned. Chart suspended. New charts. New publication. General note. Index to the 
Notices published during the calendar rear 1888. 

No. 109 (Supplementary). ludex to chart corrections from January 1 to December 31, 1888. 
~o. 110 (Jan. 31, 1889). Chart corrections <luring the month of January, 188D. Charts con

demned. New cllarts. New publications. General note. 
No. 111 (Feb. 28, 1889). Chart corrections during the month of February, 1889. Chart sns· 

pended. Nl:'w charts. New publications. General note. 
No. 11:.l (Mar. 31. 1889). Cllart corrections during month of l\farch, 1889. Charts condemned. 

New charts. Sew publications. General note. 
No. 113 p.pr. 2!l, 1889). Chart corrections during month of April7 1889. Charts cornlemned. 

Se'" 1_:harts. General note. 
~o.114 (l}Ia3· 1, 1889). Off-shore current obserrntions. Information of special importance to 

mari11ers. 
So. lVi ()lay :n, 1889). Chart corrections during the month of l\Iay, 1889; Chart condemned. 

New chart. General note. 
No. 116 (June 29, 1889). Chart corrections during the month of June, 1889. Charts con· 

dem ued, New charts. New publications. Lh;t of a born for the fiscal year. General note. 

IV.-BULLETINS. 

The series of papers published under the head of Bulletins, the issue of which was begun to· 
wards tlle close of the fiscal year 1888, has fully answered the purpose for which it was intended; 
to gfre early announcement of work accomplished, or information of importance obtaiued, thus 
antieipating i11 many cases the usual means of publication afforded by the Annual Reporti;;. 

Se~·eral Bulletins were published daring the year, and the whole number of copies printed for 
distribution was twenty-three thousand. Copies are furnished without charge to applieants. 
Following is a list gidng titles, dates when apprO\'ed for publication and wbeu received from the 
printer: 

-----·--------------- ----- -~-----

Titl•. J A pproyecl for J:ecei vt'd from 
1 

pulJlicat.ion- printer-

No. '2. X (ifr~ nn Ala9ka from recent snr""eys. -~-- ...••••.•.•.•...... _ ...•..... _ ............ -· .........•.•....• Tune 20, 1888 ,\.ug-. D, 1888 

N11. :: Tul::l l~·Yel~ :1rnl 1fow of <·11rrent~ in New York Bay and Harbor ..•....•................•..•...•........••• : _i\ ug. 1888 Oct. 6, J88i! 

l'io L J:.-.<r>tlr<"f'o of and d"velopin«nt' in ,\la•ka .. _ ............. _ -·. -··· ......... --· -·. __ .. -· ... - ... -· -- .. --· -- • : Oct. :888 Xm:. 5 1~88 

?\ o. ;') T1w valu(• of tht' "'.Arcano dd Ma.re" with rcfrrent•e to om· knowk<lge of tbP mar;t:l·Ptlc declinati<m in the 

t>.11li<•ri1art of th•' seHnteentli century ...... ·--- ... __ ... _.-· .......... ·-.-· ............ _ ... __ ....... -· ....... : June 7, 11'81' ,Jan. 16, 1889 

No. fi. ~t·en!ar Yariat\ou in t:H' pmdtlo11 of the Agouic T.inP of the :Xorth Atlanth.~ and of .Amerka bet•n~en tlw 
-epueh~ J[,(•0 a.ml 1900 A. D .... --- ••.......• __ .•..... ____ . __ .............. _ ........• __ .... __ ......••.•......••. ' Ju_n\~ ";', 18B'-' .Tan. 18, 1880 

No. 7. H1scorical rt'Yie"- of the work of the Coa?.t an(l Geodetic Sur\""('_rin connection with TcrreAtrial Magnethnu., Dec. 11, 1888 ;Jan. 31, 1889 
Feb. 1.tl, 188!.l :\far. :!3, 1889 

V.-SPECIAL SCIENTIFIC WORK. 

Ol'i THE RELATION EXISTI:"-<G BETWEEN THE METRIC STANDARDS OF LENGTH OF THE U. S. 

COAST A.)ID GEODETIC ScRy:gy AND THE U. S. LAKE SURVEY. 

The geodetic connection that has been made between the triangulation of the U. S. Coast and 
Geodetic Survey and that of the U.S. Lake Survey upon liues in the States of New York, Illinois, 
and Wisconsin, and the necessity of expressing the length of the lines determined by the Lake 
Surny in terms of a staudanl adopted by the Coast and Geodetic Survey, led Assistant Tittmann, 



 

UNITED STATES COAS'l' AND GEODETIC S"CRYEY. 7 

-at tbe Sll'ggestion of Assistant Schott. to institute an elaborate series of comparisons between the 
standardi; of leugth in rn;e ou the two RlllTPJ's, i11 order that the results deduced by the Lake Survey 
might be fally utilize(l by the Coast and Geodetic Sur\ey. 

In the report made by thei;e officers (Appendix No. 6) they present an exhausfrn• discussion 
of tlrn relafrrn and absolute leugtlls of two primary standards, establishing with the utmost attain
able accuracy the relation between the lengths of the Committee :\Ietre (iron) of 1799, the standard 
for the Coast aud Geodetic Surrny, and the Repsold 1\Ietre (;;teel) of 18i6, the standard for the 
Lake Snrvey. Occasion is taken also to determine the length of the Berlin l\Ietre No. 4!"1 (bra:>SJ 
of 18iG, which has been used as a standard iu graYity research. 

Full descriptiom• of the apparatus and processes employed for the comparisons accompany 
the report, with a drawing of tlie. optica1 beam compass comparator constructed after designs by 
the late ll. \V. Blair, Assistant, and intended to compare any line measures from a decimetre to a 
metre in length. Sketches showing the deYices nsed to compare the Committee :Metre, which is 
an end measure, with the He11sold )Ietre, a line measure, appear also. Records of the comparisons 
are given iu full, and the report closes with a statement of the relation of the Uommittee ::\Ietre to 
the metre proYisionally adopted as a standard lly the Internatioual Standards Committee, and 
soon to be replaced by the National Metre Prototypes, for the reception of which arrangement:s are 
now lleing made by the Bnreau of \Y t>iglits and Measures. 

'l'HE NEED OF A IrnMEASL'REMENT OF THE PERUVIAN ARC. 

In Appeudix I\ o. 7, Assistant .E. D. Preston discusses tlie need of a remeasurement of th(· 
Peru\ian arc of the meridian measured by Bouguer and La Uondamiue in the years 1736 to li43. 
This paper was first presented by permission of tile Superintendent to the American Association 
for the Advancement of Science at their meeting in Toronto, August, 1889. 

l\Ir. Preston has examined with great care and thoroughness the methods of obsen-ation 
employed, the sources of errol' affecting them, the exteut to which tlie measures of that day were 
defectiV"e, and the value of the result obtained for the eartl1's ellipticity. He urges the aoxantages 
to geodesy of repeating this measurement in view of the great improvements in instruments, aud 
of the refinements in modern metliods of observation, which, if brought to bear upon a remeasure
ment of this equatorial arc, would gi\·e a result entering with much weight into a new determinatiou 
-0f tlie ratio between the equatorial and polar axes. 

RRSlTLTS OF SPIRIT-LEVELING IlET\VEEN l'IDR-WA'l'EH A'l' ANNAPOLIS, MD., AXD 'l'HE CAI'll'OL 

:BK'.\'"CH-:l\IAHK A'l' WASHINGTOK, D. C. 

The line of spirit-levels rnn in 18711 between Annapolis and \Yashi11gto11 by A~si,;taut F. \\. 
Perkins was then intendet1 as a basis for determining tlrn heights of stations of the primary tri
angulation in the region about "\V ashingtou, but siuce tlie beginning i11 1871'1 of the transeonti ucnta 1 
hue of precise leveling carried westward from the Atla11tic eoa,.;t aloug or 11ear the tliirty-11inth 
parallel, it has been found advantageous to incorporate t be Annapoli;;;-"~ ashington line as an 
independent link connecting tbe transcontinental liiw with the Atlantic, by way of Chesapeake 
Bay. 

It is therefore ou account of its importance as sucl1 a liuk, serving as a clwck upon tlit ('Oil,. 

nection of Washingtou with thu Atlantic hy way of Hageriitowu, Md., and SamI~- Hook, ~PW ,Jer. 
sey, tllat the report of results of the observations derirnd from their discussio11 b~- ARsistant Schott 
appears as an appendix (No. 15) to this Yolume. Reference to tide-water at A1111apolis has been 
obtained by two series of tidal obserYations, onP made in 1875, the otla'r i11 1888. 

Gpon the supposition that the fn-erage level of Uhesapealrn Ba;y at Annapolis is the same as 
that of the Atlantic, the height of the bench·mark on the Senate wing of the Capitol, as deduce1l 
from this line of leveling, is ninety feet and sixty-one hundredths of a foot, with a probable error 
of plus or minus eleven hundredths of a foot (90.61 feet± 0.11 f't>et). 'l'be distance to tide-water 
at Auna11olis is sixty-tnree kilometrtis, or about thirty-nin~ statnte miles. 
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:\IEASUREHEN'f OF 'l'HE LO~ .ANGELES T'RDIARY BASE·LlNE, 

The need of a primary bas(o·line in Southern California of sufficirnt length anrl so located as 
to he well conneete<l "\\ith the main triangulation haYing been for some tim•~recognized, .Assistant 
D:with;on was instructed in 1886 to haYe a reconnaissance for a site made. 

Iu 1888, after an exhausth·e examination, a site was finally decidetl upou, partly in Los 
_.\.ngeles County and partly in tile new county of Orange, and in the winter of 1888-'89, the meas
urement was completed by Mr. Dm·idson aml the party under his direction. 

In Appendix Xo. 10 to this rnlume bis account of this work is published. Full details are 
giren respecting the location of·the line, the apparatus used aud methods of measurement adopted, 
the markings of the base stations aud of tlrn ends uf the base, the comparisons of the base bars 
with the stamiard, etc. Sketches accompanying show the profile of the line, the leading· topo
graphical foatmes of the country i11 its Yicinity, and tlie connectjon of the base with the triangu
lation. 

The adYerse nature of tl1e ground and certain peculiarities of construction in the apparatus 
rendt>red it advisable to make three separate measurements of the line. Precision of movement 
aud rapidity of progress increased with each successive measurement, and it is believed that the 
third measurement exceeded iu accuracy the second, as the second (lid the first. 

TELEGHAPlllC DETER'.IIIXATION OF 'l'HE LONGITUDB OF A STATION ON ;;IOUN'l' IIAl\ULTON, 

CALIFORNIA, NEAit TUE LICK onsERVA'l'ORY. 

The northeast dome of the. IJick Obse1Tatory, on :Mount Hamilton, Califomia, ba¥ing been de
termined in geographic~1l position by observations from the snrronnding trigonometrical stations, 
and this mountain ha Ying been selected as one of the places where a comparison of astronomical 
aml geodetic positions woul<l he l1esirable, a, station was selected on tl1e mountain in the autumn 
of 1888 by the Director of the Obserrntory, and the longitude o: this station determined by 
exchanges of telegraphic signals witli the J~afayette Park Observatory, San Francisco. For the 
special use of the Surn·y, the position of the northeast dome was referred geodetically to the posi· 
tion of the temporar.v longitude station. • 

It will be noticed from the table of resulting differences of longitnlle (Appernlix No. 8 to 
this Yolnme) deduced by Assistant Scl1ott from the observations nrnrle by Assistant Sinclair and 
Suhassistant Marr, that, notwithstanding tl11~ time of 01er a month, due to nnfrworable weather, 
which it took to obtain elernn nights for tlie exclrnnge of longitn<le signals, the results for the 
separate nights are closely accordant, and that the iinal result is a Yer.\· satisfactor,y one. 

This is due in part to the care and skill of the observers, ancl in part to tlw improved 
transit instrurnc11ts whieL were designed and constructed at the Office of thP. Snn·ey fot· the 
special u,;e of the longitude parties. Assistant Smith has furnished a description of these instr11· 
me11t:s, which appears as Appendix No. 9. Ile observes that they are t.lie most complete and best 
eonstrncted tmm;its the Suney !ms ever bad for longitude work. 

lH8TRlBl'TION OF TIIE :Z.lAGNETIC DECLINATION IN THE ONlTED STATES FOR THE EPOCH 

18!)0. 

During the se\·en year<> which ham elapse<l since the publication by the Survey of the first 
gL'lH.'ral collection of magnetic declinations, reduced to a common epoch and the results charted 
1Appeurlix .X o. l~l, 1882), tl1c number of a,·ailahle stations has increased by nearly nine hundred, 
and rnueh progress lta:s been made in our k11owledgc of the secular variation. It has been possible 
therefore to increase gTeatly the precision of the magnetic charts for 1885, and to furnish new 
charts for the epodt 1S90, of superior accuracy ancl completeness. These charts a1>pear as i1lus
tral ions to Appendix: No. 11 to this rnlume., prepared by Assistant Schott. The labor required 
for l1ri11gi11g out the secon<l edition of this paper was Yery considerable, but the usefnlness of the 
charts will uot be irnpnired for several years to come by reason of cllange in the magnetic dis
tri liuti<)]}. Of this cha11ge, or secular ,-ariation, strict account can lie kept, and for a full discus
sion of it sec Appendix No. 7 to the report for 18:38. 
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In one of the charts illustrating the magnetic distribution there are shown in detail (it is sup
posed for the first time for the United States) the mrtguetic meridiaus or lines of force, that. is thP 
lines 'lvhich a traveler might be supposed to trace out by starting from a given point and following 
alV>ays the dir~ction of a magnetic needle held by him. 

By the results of these researche.s this office is enalJled. not only to assign the most trustworthy 
tlata for the charts of the Survey which require the impress of tlte compass showing the variatiou 
at sea, but at the same time to satisfy the large demand for maguetie information by sur,·eyors 
and others, a demanrl which has been steadn,· on the increase siucc the hibors of the Snn·e:r in 
this department of }lractical knowledge have become more widely known. 

ENCRO.A.Clll\!ENT OF TIIE SEA. UPON TIIE 00.A.Sl' OF C;\PE COD, ::11.A.SSACHl'SETTS, AS SHOWN BY 

COMP.A.R.A.TIYE Sl'RYEYS. 

Surveys made at different periods between the years 1848 and 1888 on the coast of Cape Cod 
have afforded meaus for comparisons of changes due largely to the action of the sea upou that 
coast, and for a study of the laws of change. In these investigations Henry Mitchell, for many 
years au Assistant on the Suney, bore a leading pnrt, and tlley ha Ye been continued by hi:-< asso
ciate, Assistant lleur.r L. J\larindin. 

Tile physical history of Cape Uod was made the sul~jcct of two papen; by .:\Ir. :\litchelL wl.Jich 
were published. as Appendix !l to the Report for 1871 and Appendix 9 to the Report for 1873. ln 
Appendix No. 12 to this Yolnuw Mr. J\Iarin(lin, taki11g as a basis of comparison tile surveys of 
1848, 1856, 1868, 1887, alHl 1888, shows the effect of tile wear of the sea upon tlie coast between 
Chatham an<l the Bighlam1 Light, awl deduces the amount of a\erage annual recession of tbe 
"hore line. A. sketch accompanying his report preseuts these results graphically. 

CROSS-SECTIONS OF THE SHORE OF C.A.PE COD BE'l'\YEEN CHATH.A.11 AXD THE HIGHLA:N°D LIGIIT

H017SE. 

The tables of cros:s-sections of the ocean shorl' of Cape Cod between Cltatham and tlie High
land liglit-bonse, which are gh'en b;r Assistant :\Iariudin in Appemlix No. 1.3 as a part of the 
results of his ph;ysical hydrogra~)hic suneys carried on since 1887 on tlrnt coast, will sene a,.; a 
Yaluahle standard of reference in future .snn·eys, aud will furuisl.J data of impurtauce to grologists 
and others who study clrnnges in tlie coast line. 

In the sketch (illustration No. 20) is shown the approximate position of eacL of tht: <Toss
sectiou~ with the location of the bench-marks to which their ele,ations aboYe or depressions below 
mean sea-le,·el are referred. 

RESURVEY OF THE NEW l::\'LET INTO COTA}IY Bd.Y, :ITB.RTJIA'S VINEYARD. 

In the Annual lteport for 1886, Appendix No. 9, was published an acconut of the changes itt 

the shore-line arnl beaches of ~fartha's \·i11eyanl, as derived from comparisons of recmir with 
formet sm·yey:s. This paper was prepare1l by Assistaut B1'nry I... \Vhiting with 8pecial refere11ce 
to the new opening throug·It Cotamy Beach, which occurred during a violent storm, accompanied 
b;r a ,·ery high tide, on the night of ,January fl-10, 1886. Tl!e conclusions drawn hy :'.\[r. ""biting 
respectiug tl1e probable eastward moYement of the new opening were based upon n compariso11 of 
surYeys made IJy himself in 18-16, 185{), 1871, and 1886. These conclusions havt> been veritirtl liy 
two later surveys, one by Assistant Vinal, in 1887, and the other b~· .'.\Ir. \Yhiting, in .June, 188\1. 
It appears from these later surve~·s that there has been in fact more change than was anticipated, 
although those changes that ha\'C taken place have llecn in accord with the predictions bas\'d npm1 
a knowledge of former changes, and the laws which appear to goyern tlie uormal 11et of tli\' tidal 
currents aloug the south coast of .l\fartl.ia's Yineyanl, and to produce the pre,·ailiug- sea-dash. 

In Mr. Whiting's detailed report of the n·sults of the latest resurveys, published as Appendix 
No. 14 to this volume, he observes that it is reasonable to vredict that the easterly point of the 
inlet will mow~ easttVard past the 'Vasque Hills, leaving a long canal passage-way between an 
outer beach so formed aud the fast laud of Chappaquiddick; and that perhaps this Ioug pas-
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sage-way will c>xtend to the easterly liue of Chappaquiddick, as it did before the closing of the 
former inlet in 1869. There is, however, more liability now than then of a new opening breaking 
through at points along the main beach, which is much lower than it has been for mauy years. At 
uo time in his experience since 18!6, Mr. \Yhiting states, bas the whole extent of beach across the 
face of Cotamy Ilay, a distance of about three and a half miles, presented so feeble a barrier against 
the ocean waves and breakers as it does nmr. 

EXPLANATION OF ESTIMATES. 

The estimates submitted to the Secre~ary of the Treasury for the fiscal year ending June 30, 
1891, were accompanied by the following statement: 

U. S. COAST AND GEODETIC SURVEY OFFICE, 

Washington, September 13, 1889. 

Sm: The estimates for the 17. S. Coast anc] Geodetic Survey, which I have the honor to sub
mit, are in general the same in form and fact as those submitted for the past year or two. 

The estimates for the field work or party expenses are very slightly changed, tlte only thing 
to which l deem it necessary to call ~·our especial attention being under the paragraph ''for objects 
not narued,'' wl1ere, in justice to those officers of the field force whom it is necessary for me to order 
to V.' ashingtou for short periods for cousultation about the wm·k, I have insertL•d a paragraph to 
allow them, while so e111plo.yed, actual necessary expenses as directed by me, within the limits of 
the Treasury regulations. 

Crnler the bead of pay of field officers I find that the force is already reduced to within the 
limits required for the proper execution of the work, and I have inserted two additional salaries at 
~;;,ooo per annum each, iu order to enable me to avail myself of the Rervices of experts not now con-
11ecte<l with the SurvPy and the benefit of whose labors would be felt immediately. 

hi tlie pay of the Office force 1 ha\-e asked for a priYate secretary and a stenographer to the 
~uperintendent, help absolutely necessary for the proper and effective discharge of my own duties. 
I have also asked that a disbursing officer 11e provided for the Survey at an additional expense of 
$400 per annum. The delays necessttrily caused by our present means of disbursement are costl,v 
and vexatious. 

TLe general expenses of the Office are increaRed in these estimates over tliose for the present 
:fiscal :-.-ear, the increase being absolute!.)· 11ecm;sary in order to transact our increasing business. 

"C uder a separate heading l liave set forth the estimated cost of furnishing special additional 
facilities for our chart priutiug. The flemaml is uow, at certain seasons, so far in excess of our 
a hi lity to su1)ply, and is i11creasiug so steadil,y that I feel compelled to bring the matter to :your 
attention and ask its favorable consideration. 

Tlw office.room at our disposal is now entirely inadequate, and with the extension of onr priut
i11g facilities more room will be necessary. The International Standards, which are soon to be 
delivered, must Jiaye some suitable place JffOYided for the:n, and the only place at our disposal is 
now filled with material for chart printing. Tbe estimate for new furniture and other outfitting 
will be a ln;;olutely necessary wheu tlle 1ieeded additioual room is provided, but only a portion of 
tliat amount wiU be uecessary if the additional room is not provided. 

The item for printing and hinrliug for the Coast and Geodetic Survey, work to be done by the 
Pnhlic J>rinter, I respectfnlly recommend to he appropriated separate and apart from the body of 
the appropriation for printing, etc., for the Treasury Department, in the same manner as a similar 
Hppropriation for the Geological Survey is set apart from the bod~· of the appropriation for the 
Interior Department; to the end tLat an appropriation such as this, upon which we rely for the 
puhlicatinn of tide tables, 11otices to mariners, coast pilots, aud other indispensable documents, 
may he more particularly under m.r charge and always available. 
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Thetotalofestimates for the Coast and Geocletic Survey forthefiseaJyear 1890, excluding 
printing and binding, amounted to $570,950. 

Total estimates for tlie fi:ical year 18!)1, excluding printing and binding ... ~613, 570 
Increase of estimates. _ .. - ... _ ....... - ............ - .. _................ :Ii, G2o 
Made up from the following items: === 

Increase of party expense._ ... - .. - ... -................ - - . . . . . . . . . . . 5, 800 
Repairs and mainte11ance of vessels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 000 
Pay of two new field officers ......................... - . . . . . . . . . . . . . 3, 000 
Pay of office force ..... _ ......... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 5tit) 
Office expeuses ................................................ _ . _ 
Additional facilities for chart printing (extraordinary expense) ....•.. 
Additional rent ................................................•.. 
New furniture and outfit (extraordinary expense) ................... . 

Yours, respectfully, 

2, GOO 
13, !liO 
:::,oon 
1, ;"}O(J 

37,620 

T. c. l\1E~DENHALL. 

The SECRETARY 01'' THE TREA.SlJRY. 
Superintendent. 

EST IMA.TES. 

For every expenditure requisite for ancl incident to the survey of tile Atlantic, Gulf, and 
Pacific coasts of the D nited States aud the coaM of tlJe Territory of Alaska, including tl1e ,;urn•y 
of rivers to the head of tide-water or shi}) navigMion; deep-sea soundings, tempera tun·, arnl <·urren t 
observations along the coasts and throughout the Gulf Stream and Japau Stream, tlo,\·ing off tlle 
said coasts; tidal obscrrntions; the necessar.Y resurveys; tile preparation of the Coast Pilot; con
tinuing researches and other work rel a ting to terrestrial magnetism and the magnetic ma11s of the 
United States and adjacent waters, and the tables of magnetic decli11atiou, dip, and intensity 
usually accompan:yiug them; aml including compensation not otherwise appropriated for of verson~ 
employed on the field-work in conformity witb the regulations for the g(n-erument of tht> Coat;t 
and Geodetic Survey, adopted by tlie Secretary of the Treasurs; for speeial examinatiom; that 
may be required by the Light-House Bol"nd or other proper authority, and incln<li11g trayelin~ 
expenses of officers and men of the N~wy on dnt,y; for commutation to officers of tile fi€1d forcP 
while on field dut)·, at· a rate to be fixed hy the Secretar_y of tlie Treasur;y, uot exceet1iug- t\n1 
dollars and fifty cents per day each; outfit, equipment, and care of Yessels used iu the Sun·e,\·, 
and also the repairs and maintenance of tbe complement of Yessels, to he expended in accord 
ance with the regulations relating to the Coast and Geodetic Buffey, from time to time prescribed 
by the Secretary of the Treasury, and under the following beads: Proriiled, That no ad,ance of 
money to chiefs of field parties under this a1ipropriation shall be made unkss to a commissioned 
officer or to a civilian officer, who shall gin1 h011d in sucll sum as the Secretary of t'Lle Treasury 
may direct: 

P .A.R'l'Y EXPENSES, CO.A.ST .A.ND GEODETIC SURVEY: 

For triangulation, topography, and bydrograph,y of the coast of Maine, ou the St. 
Croix River, an1l to tbe International Boundary monumeut ... _ ....... _ .. __ . 

For resurveys: For triangulation, topograpb;y, and hydrography in the vici11it~- of 
the east end of Long Island, Nantucket Shoals and approaches, aml including 
Vineyard Sound, off-shore soundings in Yicinit.r of Namiett Beacl1, 1\fass., aull 
Connecticut River to Hartford, Conn., and lludson River to Troy, N. L, and 
for current observations off Cape Cod ... _ ..... _ .......... - .............. - -

For current observations along the Sandy Hook and Coney Islaml shores, outside. 
To continue to date corrections of former surveys of the Delaware River for use 

on a new large scale· chart of the same vicinity of PlJiladelphia and up the 
Delaware River to Trenton . . • . . . . . . . . . . . . . . . . . . . . . . . . .................. . 

$3, ;)00 

IO, 0110 
;), 0011 

2,000 
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PARTY EXPENSES, COA.ST AND GEODETIC SURVEY-Continued. 
For the hy<lrography of the inside waters and Lars south of Absecon Light; for 

·necessary triangulation ancl for contiuuing the topography along the Atlantic 
coast of New .Jersey. (Nearly all of the h,vrtrograplJy is new work, and the 
topography is virtually so because of the great changes} ................. __ 

For a hydrographic examination of Charleston, 8. C., entrance and bar, and for 
extending the surnys up the Cooper and Ashley Rivers to the head of naviga
tion, triangulation, topography, and hydrography . . . . . . . . . . . . . . . . . . . . . . . .. 

To contirrne the i1rimary triangulation from the Yicinity of Montgomery, Ala., 
towards 1\follile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............•............... 

For a geodetic junction of Fernandina with Cedar Keys, including a line of precise 
l1~n~ls .................................................................. . 

For continuing the sur>ey of the western coast of Floritla from Cape Sable north 
to Uape Romano, and for hydrography off the same coast, beiug all new work. 

For continuing the survey of the tributaries of Pensacola Bay, or, if completed, 
to run a line of standanl levels from the l>eneb-mark in Mobile to the bench
marks along the ~lobile Ri\·er up to the Yicinity of .Mount Vernon Landing .. 

For the triang·nlation, topograpb~y, and hy<lrography of Perdido Bay and its con
neetion with the t.'oasL triangulation, and for resurvey of Mobile entrance, and, 
if completed, to take up the survey of Lake Poutchartrain ................. . 

For continuing- tlle sur "ey of the coast of Louisiana west of the Mississippi delta, 
and between Barataria flay and Sabine Pass ..................... _ ........ . 

To make off-shore soundings along the Atlantic coast and current and tempera-
ture observations iu the Gulf Stream ....................... _ ........ - .... . 

For hydrography, coast of California, including San Francisco Ba;y and Haruor, 
and necessary triangulation and topograph;y ....................... _ ..... _. 

For conti.nuing the topograp!Jic survey of the coast of California, including neces-
sary triangulatiou and astronomical work in connectiou therewith .......... . 

For continuing the primary triangulation of California, and for connecting the 
same at Mount Conness with the transcontinental arc ..................... . 

For continuing tbe l'nrn•y of the coast of Oregon, including off-shore hydrography, 
and to continue the snrYry of the Columbia RiYer from tllc mouth of the 
\Villamette towarus the Cascades; triangulation, topogmphy, an<l hydro. 
graphy ................................. _ ................................ . 

For continuing tile survey of the coast of ·wr ashington Territory. This amount is 
necessarily increased to meet the requirements of the bydrography ......... . 

For continuing explorations in the waters of Alaska, and making hydrographic 
surveys iu the same, and for the establishment of astronomical, longitude, and 
magnetic stations between Sitka and the southern end of the Territory ...... . 

For continuing the researches in physical bydrograpby relating to harbors and 
l.Jars, including computations and plotting ...... _ ............ _ ............. . 

For examinations into reported dangers on the eastern, Gulf, and Pacific coasts .. . 
To coutinne magnetic obsernttious on the Atlantic and Gulf slopes ............. . 
For continniug magnetic observations on the Pacific coast, and at San Antonio 

.Magnetic Obscn·atory (experience shows that this increase is necessary to meet 
expenses). . . . . . . . . . . . . . . . . . . . . . . . . . . . .................................. . 

For running 'au exact line of leYels from Boston or Salem, Mass., to Blue Hill, Mount 
Monaduock, l\fount Washington, .Mount Independence, and Lake Champlain. 

For continuing the line of exact levels from the vicinity of Jefferson City, 1\10., 
westwanl, and for extending a line from the Fort Point tidal bench-marks at 
San Francisco to the Lick Observatory on l\fount Hamilton and thence eastward 

For continuing tide observations on the Pacific coast, yiz: At Kadiak, in Alaska, 
and at Saucelito, San Francisco, Cal. ..................................... . 

For continuing tide obserrntions on tbe Atlantic coast, at Sandy Book, New Jer• 
sey, and at Savannah, Ga ...................... '. ......... _ ............... . 

$3,000 

3,000 

5,000 

5, 000 

7, 000 

2, 000 

3, 000 

7,000 

8, 000 

10,000 

10, 000 

10,000 

12,000 

12, 000 

10,000 

7, 000 
500 

1, 200 

1,500 

2,000 

6, 000 

2,500 

2, 300 
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PARTY EXPENSES, COAST AND GEODETIC SURVEY-Continued. 
For a self-registering gauge at Willets Point, Long Island, New York, to co-operate 

with the gauge at Sandy Hook, New Jersey, in securing data for mure com
plete study of the tides and tidal ct1rrents of East River and New York Har-
bor ... ___________ . ________________ ... --- ...... ·- _ .... __ . __ .... ·- ____ -- . _ 

To continue gra•ity experiments, at a cost not exceeding $f:i00 per station, except 
for special in \"estigations and experiments authorized by the Superintendeu t 
at one or more stations . __ ... __ . _ ... _____ ... - __ . - . _____ . - . _ - ... - .. - .. - - - . -

For furnishing points to State suneys, to be applied, as far as praeticable, in 
States where points have not been furnishelL _____ - - ... _ .... - . _ - - . - _. - .... . 

For determinations of geographical positions, longitude parties ... - .... - __ . - .... -
For continuing the transcontinental geodetic work on the line between the Atlantic 

and Pacific Oceans, including a primary lxtse in the vicinity of Salt Lake - _ .. _ 
To continue the compilation of the Coast Pilot, and to make special hydrographic 

examinations for the same . _ .... ___ .. __ .. _ ....... - .. - ... - ... _ - . - _ ..... __ .. 
For traveling expenses of officers and men of the N a\7 on duty, and for any special 

surveys that may be required b;r the Light-Honse Board or other proper au-
thority, and contingent expenses incident thereto_. __ . __ . - _ .... - ____ ... - - __ -

For objects not heretnbefore name<l that may be deemed urgent, including tbe 
actual necessary expenses of officers of the field force temporarily ordered to the 
office at Washiugton for consultation with the Superintendent, to be paid as 
directed by the Superintemlent in accordance with the Treasury regulations .. 

For contribution to tlle "International Geodetic Association for the l\Ieasurement 
of the Earth," or so much thereof as may be necessar,y, $150, to he expended 
through the office of tbe American legation at Berlin; and for expenses of the 
attendance of the American delegate at the general conference of said associa
tion, or so much thereof as may be necessary, $550: Proi•ided, That such contri
bution arnl expeuses of attendance shall be pa,yable out of the item" for objects 
not hereinbefore named." 

And 10 per ceutum of tbe foregoing amounts shall be available interchange-
ably for expenditure on the objects named ... - - - . - . - ... - - - - ....... - .... - . 

Total part.r expens(•s .. - .... - . - - - . - ...... - - .... - . - ....... - - - . - . - - - . - . - - . 

Alaska Boundary Sun•ey.-For expense8 of carrying on a preliminary ;;nne_y of foe 
frontier line between Alaska and British Columbia aml tbe Nort!Jwest Terri· 
tory in accordance with plan;; or projects appron~d by tlte Secretary of State, 
including expenses of drawing aud publication of map or maps, said sum to 
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$1, 000 

5,000 

10,000 
5,000 

30,000 

5, ()00 

3,500 

7,000 

215,000 

continue arn.ilable for ex11eu<liture until the same is exhauste(l. . - .. - .. _ ..... _ $25~ 000 
Repairs and maintenance of i·esseTs.-For repairs and maintenance of the complemeut of 

vessels used in the Coast and Geodetic Stuve;\· .... - ..•••.•...... - •....... - . 30, 000 

PA.Y OF FIELD OFFICERR: 

Pay of Superintendent. _____ .. ___ - .... _ ... - - ... - . . . . . - - . - - .... - - ..... - ..... _. 
Pay of two Assistants, at $4,000 each. __ ... _ ... - - - ............ - . - _. - ..... -.... . 
Pay of one Assistant .. - . _ . __ ...... _ ... - .. - - ... - ... - - - ... - ... - ..... - ...... . 
Pay of one .Assistant .. _ . _ .. ___ .... _ .. _ . _ ............. - - . - ...... - . - . . . . . .. . 
Pay of four Assistants, at $3,000 each ..... _ ... _ - . - - ..... - . - ... - .. - ......... - .. 
Pay of two Assistants, at $2,800 each._ .... - ....... - ... - - . . . . . - . . . . . . ... . 
Pay of three Assistant8, at $2,700 each .. - ... __ .. - _ .. - - - .. - .. - .. - . - ........... . 
Pay of three Assistants, at $2,400 eacl1 _ .. _ .... _. __ .. _ - ... __ . . ........ _ . - - . . . 
Pay of three Assistants, at $2::300 eae h. __ . _ ... _ ...... _ ... _ .... _ ... _ .. __ ..... __ 
Pay of five Assistants, at $2,200each. _ ... _ .. __ ........ -..... -........ - - - ..... . 
Pay of six Assistants, at $2,000 each ....... ___ .... _ .. - . - . - . - . - - - - .. - . - - - .... -
Pay of nine Assistants, at $1,800 each. _ .. - .... - . - . . . . . . - ............... - - .. . 

6,000 
8,000 
3,600 
:3,200 

12.000 
5,GOO 
8, 100 
7,200 
6,HOO 

11,000 
12,000 
JG,200 
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PAY OF FJELD OFFICERS-Continued. 
Pay of lline .Assistants, at $1,500 each .............................••.•..••••• 
Pay of three Subassistants, at $1,400 each .................................... . 
Pay of two Subassistauts, at $1,300 each . . . . . . .............................. . 
Pay of four Subassistauts, at $1,100 each ..................................... . 

Total pay in the fiel<l ..... 

PAY OF OFFICE FORCE: 

One private secretary to the Snperintendent ........ , ......................... . 
One stenographer to the Superintemlent ...................................... . 
Oue disbursing officer for the Sur\ey ......................................... . 
Oue accountant .................................. - ........................... . 
Oue accountant ............................................................. . 
One general office assistant .................................................. . 
Olle draughtsman.... . . . . . . . . . . . ........................................... . 
One draughtsman...... . . . . . . . . . . . . . . . . . . . . .......................... _ ... . 
T'Yo tlraughtsmen, at $2,000 each . . . . . . . . . . . . . . . . . . . _ ..................... . 
Three draughtsmen, at $1,800 ead1 ........................................ _ 
Three draughtsmen, at $1,400 <»1<~h ..... _. _ ... _,_. _. _ ............ : ............ _ 
One draughtswau...... . . . . . . . . . ................................ _ .. _ 
Oue draughtsman ...................................•................ - . - ... -
Three draughtsmen, at $1,200 each ........................................... . 
One draughtsman ................. : ...................... _ .................. . 
Additional uranghtsrneu, at not exceeding $900 each per annum_ ............... . 
Two computers, at $2,000 each - ..................••........................... 
One cornputer . . . ..................................•......................... 
Olle computer . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . •.......... 
One computer ........ _ . . . . . . . . . . . _ ......... _ .... _ ......................... . 
One computer ..................... _ .......... _ ........... _ ... _. . .......... . 
Additio11al computers, at not exceeding $!)00 each per annnm .................. . 
One tidal computer .................•................ _ ...............•......• 
01w tidal computer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..................... . 
One tidal corn pnter ....••...........•................................. _ ..... . 
Three engravers, at 82, 100 eacll .............................. , ............... . 
Two engravers, at $1,800 eacll ............................................•.• 
Two engravers, at ~ l,GOO eaeh ...........•................................... 
One engraver .. _ . . . _. . . . _. . ___ . _ .. _ ..... __ . _ ......... _ ................. . 
One engraYer ............ _ ...••.. _ .............. _ ••.......•.... - ........... - -

Additional eugT:·wers, at not exceeding $900 each per annllm.... . . . . _. 
E ug-ra \'i 11g to he do He by con tract.... . . . . • . . . . . . . . . . . . . ..................... . 
( >uc electrotypist and photographer . . • . . . • • . . . . . . . . . . . . . . .... _ . . . .......... . 
( >11c elcctrot,vpist helper ....•................................ _ .......... _ .... _ 
011e apprentice tu dectrotypist and photographer .............. _ . . . . . . . . . . . . .. 
One copper-plate printer ...................... _ ...... , ................ _ ...... . 
Two copper-plate printers, at $1,330 each ..................... _ . . ............ . 
One eopper-pla.tf\ printer .... __ .... _ ...... _. ____ .... ___ .. __ .. __ ...... _ 
Two platP-priuters' helper.~, at $ 700 each ....... _ . . _ ...... _ ... _ ... . 
One chief nrncllauician. . . ............. _ . . . . ....... _ . _ _ .... _ . _ _ _ ......... . 
One mech:rnician .. _... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................... . 
One mechanicinn.... . . . . . . ......... _ ............... _... . ................. _ 
One mecliauiciau ... _. 
One meeha11icia11 ... _ ................. _ 
One mechanician ..... _ ................ _ .. . 

$13,50() 
4, 200 
2,600 
4,400 

$124,500 

1, 65() 
1,200 
2, :.mo 
1, 800 
1, 40() 
2,200 
2, 35() 
2,100 
4,00() 
u,4oo 
4, 20() 
1, 3:-m 
1, 260 
3,600 
1,100 
4,500 
4, 000 
1, 600 
1,400 
1,260 
t, mo 
2,700 
2, 000 
1, 600 
1,250 
6,300 
3,600 
3, 20(} 
1, 200 

!)OO 
2, 70(} 
7,100 
1, 800-

GOO 
600 

1, 700 
2,660 
1,%0 
1,400 
1,800 
1,565 
1, 330-
1, 250 
1, 20(} 
1, ()(}(} 
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p A y OF OFFICE FORCE-Coutiuued. 
One mechanician .. __ ......... _ .. _ ................. _ .......... _ . _ . . . . . . . .... . 
One mechanician .............. _ ... _ .. . 
One carpenter _ .. _ .. __ . . . _ .. _ . . . . . . . . . . . . . . ........... _ ................ _ .. _ 
One carpenter aull fireman.... . . . . ..... _ ......... _ ............... _ ..... _ . . . . 
One night-fireman .......... _ ...... __ ............. ___ ......... _ ......... _ ... . 
One map-mounter . _ ... _ ... __ . _ ........ _ .... _ ...... _. . . . . . . . . . . . . . . . . . . . .. 
One librarian - _ ....... __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . . . . ......... . 
One clerk . . . . . ......... _. . . ....... _ ... _ _ _ . . . . _ ..... _. . . _ . _ ... . 
One clt'rk 
One clerk ............ _ .......................... _ .. _ ............. _ ... . 
One clerk . _. _ ........ . 
Three clt>rks, at $I ,:mo (•ad; . _ . __ ..... _ . _ .. _ .. _ ........ _ ............. __ ....... _ 
Three clerks, at $1,000 eacll _. __ ... _____ . ____ ...... _ .. 
One clerk .. _ . _ .......... _ .. _ .. _ ....... _ .... _ ..... _ ............ _ .. _ ... _ .. _ .. 
One clerk .... _ .. __ ........ _ . __ . . . . . . . . . . . . . . . . . . . . . . . . . . . ... _ . _ .. _ .... _ ... _ 
Three map colorists, at $720 t:>acl.1 ........•..••. _ ..•••..... _. __ .. _... __ ..... _. 
One writer .... _ . . _ . . . . . . . . . ... _ .. _ ........... _ ....... __ . _ . . . . . . . . ...... _ 
Six writers, at $720 eadt. .. _ .... _ ... __ ................. _.. . ......... _ ....... _ 
One writer ............. _ ......... _ .................................. _ ....... _ 
One messeuger. _ ....... _ ............ _ ... _ ................... _ ............... _ 
One messenger ...... __ ... ____ ... _ .... _ . _ . __ . _ ... __ ... _ . __ ..... _ .... _ .... _ 
Two messengers, at $820 each ........ _ .......... _ .... ___ ... __ . _ ... - _ . . . . _ .. 
Three messengers, at $64.0 each . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - _ .. -..... _ 
One driver ............ _ ..... _ ...... _ .. _ ....... _ .................... _ .......• 
One packer anti folder .. _ .. __ ....... __ ...... __ ...... - . - .. - . - . . . . . . . - ....... . 
One packer anti folder ....... __ .......... _ .............. _ ....... - .. - .........• 
Two lallorers, at $630 each __ ........ _ . . . . . . . . . . . . . . . . . ... _ ... _ .......... __ .. 
Two htborers, at $550 each. . .. _. . ... _. . . . .... _ . ___ .................. . 
One laborer ......... _ .. _ ..... _ . . . . . . _ ............ _ ......................... _ 
One laborer. _ ..... _ . __ ... _ ..... . 
One janitor • . . • . . . ............... ___ ..... _ . . . __ ..... _ .... _____ .. 
Two watchmen, at $880 eacll ... _ ...................................... . 

'rotal pay of office force 

OFFICE EXPENSES: 

For the purchase of new instruments, for materials and supplies required in the 
instrument shop, carpenter shop and drawing tlivisiu11, aml for books, maps, 
charts, aml subscriptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................. . 

For copper-plates, chart-paper, printers' ink; copper, zinc, arnl chemical,.;, for 
electrotyping and photographing; engraving, printing, photograplliug, anti 
clectrotypiug supplies; for extra engraving and drawing, and for photo-litho-
graphing charts antl printing from stone and copper for immediate use ..... . 

For stationery for the office and fieltl parties; transportation of instruments and 
supplies whea not charged to party expenses; office wagon aud horses; fuel, 
gas, telegrams, ice, and waslling .. _ ....... _ ................ - ............. . 

For miscellaneous expenses, eontingt~ncies of all kintls, otllce furniture, repairs antl 
extra labor, and for traveling t>x1wmws of assistants an1l otllers em11loyed in 
the office sent ou special <lLtty in the servict~ of the otlice _ . - - .... - ......... _. 

And 10 per centum of the foregoing amounts for otlice expenses shall be 
available interchangeably for expenditures on the ol~jects named. 

Total general expenses of office ........................... - ............. . 
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$600 
1. ;)(j;) 

!HHI 
tiOO 
;)50 

1, O:!O 
1,800 
1, f);)() 
1. .:;oo 
1. ·100 
1. 850 
;:_;, 600 
3.000 

\JOO 
J, 175 
2.rno 

tHO 

4,320 
GltO 

~40 

I, 640 
I, 920 

7~)0 

820 
mm 

l,2li0 
L 100 

;)};) 

36!) 
I. :!00 
L lull 

143,340 

en, oou 

rn,ooo 

8,000 

4, 000 
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ADDITIONAL FACCLITTRS FOR CHART PRINTfNG: 

Fur atltlitioual facilities for chart printing rendered necessary hy iucreased deman<l 
for charts : 

Two ne.., printing-presses with fixtnres . . . . . . . . . - ... _ ............. - ..... - . - . 
_;.;'ew hed-plate;s for three old presses, and other necessary repairs - - .. - ..... -... 

.Shafting, belting, and machinery for applyiug power to ti ve printing-presses and 
calender press ..................................... - . - .. - . - ....... - .... - -

Two Otto gas-engines or ten horse-1)()wer each, or in lien thereof, one of fifteen horse· 
power, if found adel1uate ......................................... - . - ..... . 

Foundations and prepariug engine-room ......... _ ..... - ..................... -
~lakiug dr,\·ing-room in Ruller hnihling, arnl a1hlitional paper-cases ............ . 
Altering staule and other rooms of the .Dntler building to make addition to print-

ing-otlice ......... - ............... - .... - . - .... - .... - ... - . - - - - - . - - - . - - .. - . 
One copper-plate printer .................................... - .......•......... 
Three copper-plate prrntcn•' helpers, at $700 each per annum .......... - .... - ... . 
One book-keeper and clerk .. _ ........ _ .... _ ............ _ ...................... . 
Oue n1essenger ..... _ .................... _ . . .. _ ..... - . - - ... _ ..... _ ........ - . 
One laborer ............................... _ ... _ .... _ ....... - . - ..... - .. - .. - .. -
ti nforeseen contingencies 

Total . . . . . . . . . __ ..... _ .. _ . _ ...... _ .... _ . _ .. __ . _ ... ____ . ___ .. _ .. _ .... __ 

HENT OF OFFICE BnLDEWS: 

For rent of bnildi11g;; for ottices, work-rooms, and work-shops in Washington_ ..... 
For re11t of tire-proof buildillg :Xo. :!03, New ,Jeraey avenue, including rooms for 

staudanl weiglits and measures; for the safe-keepin;:r aud presernttion of the 
original astronomical, magnetic, hydrographic, and other records; of the orig
inal topographical arnl hydrograpllic maps and charts; of i11str11mt•nts, en
gra\ed platcR, and other Yaluable property of the Uoast and Geodetic SmTey. 

For rent of building number 201 New Jersey avenue, southeast, being the middle 
hom;e of the Butler l.mil<lings, in order to furnish absolutely uecessary room for 
the accou11n0<latio11 of iucreascd material and work for the office of construc-
t ion of standard weigh ts and measures ... __ ........ _ .... __ . _ .. _ . _ •.. _ . _ . _ .•. 

For reut of the whole of the brick building facing on South Capitol street, and 
located in the rear of t.he B11tler unihlings, Nos. 201 and 20;) ~ew ,Jersey ave
nue, and now occupied as priYate offices, tile building to be used for the ex-
trn1sion of chart-printing faeiliti1•s. ___ .... _ ...... ____ ........ ___ . __ . _ .. _ .. . 

NE\Y FPIL\Tl'nrn AND 0F'l'FI'l'1'Il'IG: 

For 11P1\ fnrnitnrt• and outfitting- neelled in the Coast Sllrvcy Office, to be bought, 
as far ns practicable, u!Hler Trt'asnry contracts, ...••....................... 

PlIBLISHl".'<G UBi'El!VATIO:S-S: 

Onl· computer ...... _ .. _ ........... , 0, •••••• _ ••• _. __ ••• _ ••••••••••••••••••• _ •• 

Three cop,\'ist::;. at ~7:.!0 each ................... _ ..... _..... . _ .......... _ .. _ .. 

$1,730 
500 

2,500 

2,000 
300 
500 

400 
1,000 
2,100 
1,000 

820 
600 
500 

1:3, 970 

10,500 

6,000 

1,800 

1, 200 

1,500 

$1,600 
2,rno 
3, 7!i0 

-====-=..:-=--=-~-.:::::. 

That 110 part of the money herein appropriatetl for the Coast and <~eodetic 
Snn·ey shall be <ffailablc for allowance to civilian or other officers for sub
sistence while on tlllt,V in the omce at Washington (exeept as hereiubefore 
pro\"i1led for officers of the field force ordered to \Vashington for short 
periods for consultation with the Superintendent), or to the officL~rs of the 
~avy attached to tlw Sun·ey; nor shall there hereafter he ma<le allowance 
for snhsiste11ce to otlicers of the Xiwy attached to the Coast Survey, except 
that when officers are detached to tlo work away from their Yessels under 
circnmstancllS im·o!Ying them iu extra expenditure, the Superintendent may 
.allow to any ;mch officer subsistence at a rate not exceeding one dollar per 
day for the period actuall.r coYered by such duty awa;r from such Yessel. 
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l'RINTI:\G .A.ND Bernr~m, Co.A.ST .A.:\"D GEODETIC Sl'RYEY: 
For all priuti ng and litl10graphing, photolithographing, photo-eugra ving, and all 

forms of illustration done by the Pu.blic Printer, on requisitiou by tile Treasury 
Department, for the Cuast and Geodetic Snrrny, namely: 

For Tide-Tables; Coast Pilots; .Appendices to the Superintendent's Annual He ports, 
published separately; Notices to .Mariners, circulars, blank bookt5, blank forms, 
and miscellaneous pri11ting (including the cost of all bindiug and co\·ering; tile 
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necessar)- stock and materials and binding for the library and archi\-ef\) . . . . . 820, 93;) 
NOTE.-No engra\·iug is done by the Public Printer for the Coast and Geodetic 

Survey. 
Total Coast and Geodetic Survey (exclusive of printing and binding) for the 

fiscal year 1891 ..... _____ .. _ . __ ......•..... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 613, 570 

OFFICE OF CONS'l'RUCTION OF 8'l'ANDARD WEIGHTS AND l\IEA.Sl"RES: 

Salariei;, Office of Standanl Weights and ]lfeasures.-For construction and \eritica
tion of standard weights and measures, including metric standards, for the 
custom-houses, other offices of the United States, and for the se\eral States, 
and mural standards of length in ·washington, District of Columbia: One ad
juster, at 81,500 per annum; one mechanician, at $1,250 per annum; one 
watchman, $720 per annum; in all $3,470 ................................. . 3, -±io 

======= 
Contingent Expenses, Office of Standard Weights and Jlea.rnres.-For purchase of ma-

terials and apparatus and incidental expenses..... . . . . .. _ ................ . 
Proi-i1led, That such nece1Jsary repairs and ad.iustments shall be made to 

the standards furnished to the se\'eral States and Territories as may be re
q nested by the goyernors thereof, and also to standards, weights and meas
ures, that may have been, or may hereafter be, supplied to tile Gnite(l States 
custom-houses and other offices of the United States, under act of Congress, 
when requested by the Secretary of the TreasuQ-. 

For the purchase of a balance of precision and its mounting .................. _ .. 
For expenses of the attendance of the American member of the Interna

tional Committee ou Weights aml }feasures at the general conference pro
villed for in the convention signed May 20, 1875, the sum of $GOO. or so 
much thereof as may be necessary-. ......... , ............................ . 

H. Ex.55--2 

800 

1,'.?00 

2,600 



 

PART II. 

The abstracts of reports of fielll and office work which occupy this part of the report have for 
their basis the annual and special reports of the officers in charge of field parties, the annual re
port of the Assistant in Clutrge of the Office, 'Viti! tile annual reports accompanying it from the 
clliefs of divisions in the office; tbc annual report of the H_ydrographic Inspector, the reports of 
special orerati.ons and of the suboffices at Phl!atlelphia and San Francisco. 

In the arrangemeuts of the a hstracts of reports of field-work the mm al geographical order 
has been followed, as indicated iu Appeutlix 5o. I-Distribution of the parties of the SurYey upon 
the Atlantic, Gulf, and Pacific coasts and in the interior of the "United States for the fiscal ;year 
lSSH. 

Appendix No. 3 presents the statistics of field a1ul office work for the fiscal :year; Appendix 
~o. 3 gi\·es a tabular statement of information furnished in n~sponse to requests, both official and 
versonal; in Appendix ~o. 4 is giYeu the annual report of the Assistant iu Charge of the Office, 
aud in Appendix No. 5 tbat of the Hyd10grapbic Inspector. 

Jlr. B. A. Colonna bas continued on duty as Assistant in Charge of Office and Topography. In 
submitting bis annual report he refr•rs to the increased efficiency of the work in meeting the de
mands of the pnblic service; urges the necessity of' au increase in the force of computers, draughts
men, engravers, printers, mecbanicians, laborers, and writers, to utilize fully and without delay 
the material accumulated for publication, and to meet the constantly increasiug calls from the pub
lic, and represents the need of additional room for the office force and for storage. A summarized 
statement of this report will be found towanls tlrn close of Part II. 

Lieut. Commander ,Y. H. Brownson, U. S. N., I;{ydrograpbic Inspector, who has beeu on 
duty in that capacity since January :m, 1885, served throughout the fiscal year, and at its close 
wa;; detaclled, and relie,·ed by Lieut. Uomnrnuder U. }l. Thomas, U. S. N. 

Lieut. Uommander Brownson's thorough knowledge of all l>ranches of hydrography, and. his 
success in enlarging a.ml adapting the organization of his office to the increasing needs of thl:'. Sur
-vey, made him a most valt1able officer, and upon his detachment called forth from the Supmiu
tendent a letter to the Secretary of' the }favy, expressing high appreciation of' bis ability, energy, 
and efficiencs. 

His annual report presents :t general summary of hydrographic operations for the year 011 the· 
A.tlantic al'l<l Paci tic coasts, states the condition of the vessels of the SnrYey, refers to the accom· 
panying reports of the Hydrogmpliic and Coast Pilot Divisions, and submits list of officers of the 
:Sa,·y attached to the Snrrny during· the fiseal year. 

He recommends tllat the Notices to Mariners, which are uow pnblishe<l monthly, should be 
is:;m~ll weekly as soon as satisfactory arrangements for prompt printing can be effected. 

Tile Hydrographic Division was under the chaq~e of Lieut. l\I. L. Wood, U.S. N., Assistant, 
Coast aml Geodetic SncTey, during the year. .Ensign E. II. TU!rnan, U. S. N., hitd charge of the 
dirision during temporary absences of' its chief. To Mr. Eugene \Villenbucher, hy(lrograpbi1. 
draughtsman, wa-i assignetl the inspection of drawings and finished charts, Atlantic, Gulf, and 
Alaska coasts. To :\Ir. W. 0. Willenlmcher, hydrographic draughtsman, the preparation o.f tieldi. 

1" 
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records for registry of note>i for charts ancl .miscellaneous work, AtlantiP and Gulf coast sheets. 
To l\I r. F. C. Donn, hydrographic draughtsman, misct>llaneous work and Pacific coaRt sliet,ts. Tn 
:\Ir. E. H. 'V.vvill, hydrogTaphic draughtsman, chart corrections from all :,;onrces, tlw corrt:>cti011 of 
proofs for engraviug, sarnple charts for chart room, aud otller miscellaneous work. Tabular state
ments show i11 detail the \\Ork of eaclt hydrograpbic draughtsman. 

Ensign E. H. 'l'illrnan, D. S. N., Assistant, submits the annual report of the Coast Pilot 
Division, of which he had charge since So,·ember !!.:>, 1888, having relieYed on that date Lieut. 
George H. Peters, D. S. N., detached for other sen·ice. Under the general 1lirection of tlie 
Hydrographic Inspector, the duties of this di\·ision involve the execution of work ho th in the oftic•· 
and in tbe field. 

Ensign Tillman reports the publication of a third edition of the Atlantic Local Coast Pilot, on 11-

<livisions 6-7, Cape Ann to l\fonomo,\·; tlH; pnhlication in a revi8ecl form of the United States Coast. 
Pilot for tile Atlantic Coast, Part IY, ]Jong lslarnl Souud with ap11roaches all(] adjacent waters
and thC' proof-reading of a portion of Sub-di\·ision 22, Jupiter Inlet to Dry Tortngas. The manu 
script of a volume (Part YI) to cover Chesapeake Bay and its tributaries was prepared for 
publication. 

Ensign E. A. Ande•sou, r. S. X., rernlt~red efficient sen-ice while temporarily attaclic<l to tht' 
diYision, February 25 tVI A.pril 17, 1889. l\Ir. ,John Ross rendered able assistance duriug the entire 
fiscal year. 1\Iiss Julia Baird, Mis,; G. B. Bower, and 1\Iiss Alice F. Carlisle were employ1d as 
copyists at different periods of the sear. 

SECTION I. 

l\IAINE, NEW HAMPSHlI{E, V.ERMON'f, MASSACHUSETTS, AND RHODE ISLAND, INCLUDIXG COAST 

AND SEA-PORTS, BAYS AXD RIVERS. (SKETCHES Nos. 1, ~~. 17, and lo.) 

Cuntinuati-On of the triangulation of the St. Croix Rirer, and of the lakes near its head to1rnrrls 
the Northec1stern Bo'/i,ndary.-At tlie i.Jeginning of the fiscal year the party of Assistant C. Il. 
Boyd hatl been. in tlle field uear Calais, .Me., for about a month, having resumed tlle recouuais-
1.'ance and triangulation for connecting the primary work on the coast of l\laine with the :Xorth
eastern Boundary SnrYey. 

The signals which bad been left standing through the preceding winter haying been exam
ined, a reconnitissanee made, lines of sigllt opened, the ground cleared and new signals erected, 
Mr. Boyd took up the triangulation at the line Oak Ilill-~eals, of the season of 1887, and pushed 
it forward until November 9, 188S, at which date he was occupying a statiou, Spruce :.\Iouutaiu, 
near the lower end of Grand Scl10odic Lake. 

Owing to the few roads through the forest and to the fact that the only crossing of thl' St. 
Croix is at the Calais bridges, access to the stations involved a great amount of tnwel for the 
party; tliis amount during June was estimated at six hundred miles, and proportionally in ot11er 
months. At the two stations last occupied, l\fonnt Ilenr,\· and Spruce l\fonutaiu, one hundred miles 
of travel were required to pass from one to the other, although their distance apart was bnt fifteen 
miles. The progress of work was delayed also by bad weather; rain, mist, or snow 1irevailed during 
the last three moutlls of the season. These mouths are usually the best of tlie .rear for obsei·rn. 
lions oYer long lines. 

Owing to the swarms of hlack flies, which appear in early summer in the woods of this regio11. 
but little profitable work can be done before the middle of July. 

In his annual report Mr. Boyd renews a suggestion which he had made in a letter to t' 

Superintendent dated July 15, with reference to the need of a tertiary triangulation which sh< 
determine ancl define the limits of the islands, ledges, and shore-lines of the boumlary lakes, 
being as yet no maps upon \\"hich the course of the boundary line over the lakes could be u 

Mr. R. H. Basard served as recorder with the party about half the season. He v 
obliged to leave on account of ill health. Mr. E. 0. Lyle joined the party as recorder i 
ber, and sen·ed acceptably till the close of field operations. 
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Following are the statistics of the seasoo's work: 

Reconnaissance and triangulation: 
Area of, in square statute miles ........................................ . 
Lines of inten·isilJility determined, as per sketch sulimitte11 ............... . 
Kum her of points selected fm scheme ................................... . 
Signal poles erected .... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............. . 
Da~·s occupied in opening- and verifying lines of sight .............. . 
Stations occupied for horizontal measures .................. - - . . - . . . ... . 
Stations occupied for vertical measures ................................. . 
Geographical iwsitions determined, number of . . . . . . . . . . - .......... . 
E'evations determined trigonometrically .............•.................. 

460 
30 
15 
10 
2;) 

11 
9 

13 
12 

For about a month after his return from the field Mr. Boyd was engaged in Office-work. In 
December he was instructed to take charge of a party on the coast of :Louisiana, and early in 
January, 1889, he proceeded to Xe" Orleans. An account of this sen·ice appears under a Leading 
in Section Vlll. 

Co11111letion of the topographical smTey of the west bank of the St. Croix Rii•er, betu:een Pleasant 
Point and Shortlanlls ~~tation.-Tbe ga1is remaiuiug in the topographical survey of the west uank 
of tbe St. Croix River, bet'il·ee11 Pleasant Point anr1 Sl10rtlands Statiou, including the towns of 
Robbinston and Perry, were filled by .Assistant C. M. Bache during the season of 1888. Reference 
was made in the last annual report to the beginning of this work, Mr. BacLe Laving organized Lis 
party under instructions dated early in June. 

By the 8th of October tbe work was completed, though not without much iuterruption from 
nnfayorahle weather. With the finished topographical sheets, two descriptive reports have been 
submitted. It is noted that in its general character the country is rocky, the most marked rock 
formation lieing the so-called red granite, which is reaJly a syenite, the red color being due to 
impurities in the constitueut feldspar. E\·idences of glacial action, l\Ir. BacLe observes, are readily 
traced, the scratches on tlie Lard compact rocks l1~n-ing apparently suffered hut litt1e obliteration 
since ihl'Y W('re made. TLe &hore-s general I;\· t('rrni11ate iu cliffs down to high water. That por
tion of the h1:ach between high and low water is cm·ered by sand and broken stone, while in 
11umerous places there are outcroppings of solid ledges. 

For the season the statistics are: 

'l'opograpl1J· : 
..Area sur>eyed in square statute miles..... . . . . . . . . . . . . . ........ _ .... _ . 14 
Length of shore-liue iu statute miles: 

High-water line.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
Low.water lme . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... _... 16 

1,e11gth of roads in statute miles.......................................... 41 

Topo[1raphical s11r1'ey of the North Branch of Cobscook Bap, illaine.-Haviug organized his 
party about the middle of June, 1888, as stated in the last .Annual lleport, l\1r .• T. H. Gra.y, Aid, 
took np the topographical surTey of the north branch of Uouscook Bay, Maine. 

The topography completed duriug the season extended from the Falls of Cobscook to the town 
of IknuJ·syil\e, Washington County, Maine, at the bead of naYigation on DennJ·'s Riwr . 

.:'II r. Gray haH submitte1l with his topographical sheet a descriptiYe report giving details .iu 
reganl to tlw cliaracter of the conn try nuder stuYey, its growth of timber, geological features, etc. 
Ile noted marked instances of glacial action upou tile rock,v 1.Jills and ledges wliich were so auuu
dant throughout the region. The shore-line is in general of sharp broken rock, ehipp1>d from the 
l'liff.; bnr,lering it lly tlrn agPnc~- of frost an cl ice. Beyon1l this, and near low -water line, there is 
sot"r mud, contaimug lllauy deep holes, callrd h~· the m1ti,·es "lioney-pots." A:, the l'ise and· fall 
or rJ.w tide is about twt'nt.r fet•t, the c<ffes are mostly bare at low 'Yater. 
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Prequent rains antl smoky weather retarded the vrogress of tbe work. Field operations, 
begun June 15, were closed Septen1 ber 30. The statistice of tbe topograp'hy whicb was executed 
on a scale of 1-10000, are as follows: 

Area surveyed in square statute miles .................. - - . . . . . . . . . . . . . . . . . . . . rn 
Length of shore-line of ri\·ers in statute miles...... . . . . . . . . . . . . . . . . . . . . . .... 3:3 
Length of shore-line of creeks in sta~ute miles ......... _ ...................... 2:1 
Length of roads in statute n1iles __ ... _ . __ ........... ___ . _______ .. __ .. __ ... __ . _. :!8 

About the end of November, Ur. Gray was assigned to duty in the party of Assistant Joseph 
Hergesheimer, on the west coast of Florida. f 

Completion of the hydrography of Gobscook Bay, Jlaine.-'rowards the end of September, 1887, 
as stated in the last Annual Report, a hydrographic survey of Cobscook Bay, l.\Iaine, was begun 
by Lieut. F. H. Crosby, U. S. N., Assistant Coast and Geodetic Sun-ey, commanding the steamer 
Gedney, and carried on till the close of field operations in October. In July, 1888, this suney was 
resumed by Lieutenant Crosby, and continued by him until he was relieYed in the command of 
tile Gedney by Lieut. J. C\1. Helm, U.S. X., Assistant Coast and Geodetic Sur.ey. 

Lieutenant Helm finislied the snn·ey of Oobscook J{a;y early in September, 1888. TI'"ith it.o 
completion the hydrographic survey of the coast of l\Iaine was brought to a close. The resnlr,; of 
the work are sho"l>n on tlirce hyclrographic sheets, and are plotteu on a scale of 1-10000. These 
sheets are accompanied hy descriptive reports. 

Cobscook Bay, Lieutenant Ilelm observes, is extremely irregular in shape, bas islands and 
ledges almost innumerable, awl bold rocky shores, quite tbickl;y settled, mostly b,y sea-faring men, 
who are competent pilots. 

Owing to the great number of rocks and ledges and the very strong currents, strangers should 
take pilots always. The soundi11gs are extremely irregular, shoaling and deepening so snddenl.' 
that the lead is not of service in navigation, except in the broad, clear portions of the Bar. Few, 
if any, vessels other than those owned in the vicinity frequent the Bay since the decline of the 
lumber interest. There are no lights, ranges, or beacon8, the only aids to navigation being spar
buoys. 

The tidal currents, as a rule, set fair with the deep-water channels, but strong eddies are 
formed by every prominent point, co,·e, rock, ledge, or island, so that in the crooked portions of 
the channels, the currents present a confused lot of swir(s. The currents are so strong that where 
the channel is narrow and turns suddenly, tbe current setting more to one bank tllan I lie other, 
the water is piled lJp, so that the difference is very perceptible to the eye. On pr~jecting points 
and submerged rocks and ledges, there are heavy overfalls which are dangerous to boats. Special 
mention of localities whi:re these overfalls are most dangerous is made by Lieutenant Helm in his 
descriptive report A. 

The officers attached to the party were Ensigns R. O. Bitler, Joseph Strauss, and D.S. Nes, 
U. S. N., and Nam! Cadet Philip Andrews. 

For the season, the following statistics are reported; 

Hydrography: 
Area surveyed in square statute miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
Number of miles (geographical) run while sounding...... . . • . . . . . . . . . . . 49i 
Number of angles measured ................ _....... . . . . . . . . . . . . . . . . . 84.3 
Number of soundings ................................................ 3G, 8-!5 
Number of tidal stations established ...... _. _................. . . . . . . l::! 

Upon the completion of his work in Cohscook Bay, Lieutenant Helm was instructed to proceed 
to the eastern entrance of Vineyard Sound and execute some b_ydrography there needed. Refer· 
ence to this duty will be made under a subsequent heading in this section. 

Coinpletion of the topographical snrney nf Gobscook Ba.y.-The topographical snrvey begun by 
Assistant Eugene Ellicott, Ma~' 14, 1888, aml completed ~eptember 30, included the shore line 
and country contiguous to the northeastern quarter of Cobscook Bay, )Jaine, taking in the Yillages 
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of Pemllroke aull \Yest Pembroke. Between September 30 and October r;, when field operatious 
werP elose(l, l\lr. Eilicott was oeeupie<l iu tilliug iu details upo11 Urn uufiuislletl sheet of Atlsistaut 
Denui:-:, of \Yest Qurnhly Bay. 

ThNe rPrnaiu now to he executed, to tiJtish tbP topographiea1 smTe_r of the nortbt•astern 
coast <Jf ::\laiue, some <le tails of topogTapl1y bet'\\eeu Cobscook Ha,y, Quo<llly Dead anti thl· oeea11 
:-:hon", and a small gap yet uufilled in the topograph,\· of the west shore of Passamaquodtlr Ba~·. 
a UO\"(' L n !.lee. 

'Jr. Ellicott lrns submitted, witl1 his topographical Rheets. a fnll descri11ti>e report, which ha~ 
been tiled in the arcbin•iL ln tllis report will l'e fouutl statements relating to the characteri:-:tic,,, 
g1c,ological and topographical, of the com1jlltoy about Pembroke, its reiwurces aud i11dnstries, its imp 
plies of timl><:r, arnl means of cormnunication. 

For military aml diplomatic purpo:wf' of reference lH· suggest8 that a sur>ey of the road lead· 
ing from Calais to l\Iachias, and all other roads l~·ing lwtween that line iwd the ocean sl.lore, would 
lw desirable, such a surYe:y as woult1 Ira Ye the character of a good reconuaisi'auce. 

Tlw i,;tatistics of the st>ason's work are as follows: 

Topography: 
.Area suryeyetl hi square statute miles.................. . ................ 29 
Length of shore liue in statute miles ...................................... 43 
Leugtb of roads in statute miles.. . . . . . .........................•.•...... 44 

.After returning from the field, l\1r. Ellicott was engaged in Office-work, and in ,January, 188\}. 
proceeded under instructions to Charleston, S. C., to execute certain surYeys required in that 
Yiciuity. .Au account of this duty will be found under the lleading of Section \~. 

ll!]drographic e.raminations on the coast of fl.Jaine in the ricinit.IJ of ..1.Ycish Rock, and l1etween Jiatini· 
eu.~ Rock and Seguin Islan(l.-Also o.tf tlw coast of J[assaclmsetts from Nantucket Shoals to the eastern 
limit of George'R Bank.-During the first half of tbe fiscal ;year Lieut. J. E. Pillsbnry, U. S. Na>y. 
Assistant Uoast and Geodetic Survey, commanding the steamer Blake, was prosecuting hydro
graphic examinations in the Gulf of )Iaine. Under instructions bearing date of "July 5, 1888, and 
supplementary instructions of a later date, he made a special exarniuatiou in the vicinity of Nash 
Hock, g·encrally known as Black Rock, to the southeast of Nash Island, coast of Maine. This 
examination occupied but two tlays and developed no features of special interest. 

The principal work of the season on the coast of Maine was a bydrographic surYey of the one
lmmlred-fatlmrn curYe lletweeu .Matinicut> Hock aud Segnin li;laml. Lien tenant Pillslmry ohscrYes 
that tl1e bottom on this prirt oft he coast is i11Yariahlr rocky and extremelr irregular. No danger· 
ous sl1oal however was fonud that required additional de;·elopmeut. The currents along shore are 
almost entirely tidal, aud the onl,r time when any abnormal current was f'ouwl was on the secoud 
da;-.· after one of tbe ruost Yiolent cyclones of the year (September :.lG), wlicu a strong westerly cur
rent was ob,.;1c•rved well oif shore. This abnormal current, he does not doubt1 was caused by the 
c~·cJorH·. 

Tlw work ,in;;t referred to occupied the latter part of the seasou, hnt precedes in geographical 
order that um1ertaken hy Lieuteua11t l'ill,.,bnry between July Lt and .August 14, tlw soundings to 
the onc-lrnudre<l-fatlwrn cun-e from Na11tucket Shoal.s to the eastern limit of the George's Bank. 
Tht'se sonnclings W('n' ]•rosl·cuted as continuously :is the "'eatlin would perlllit. 

Tllf• Blake wa,; frt'IJlll'Iltly anchored on tire .shoals for obsen·atiom; of curreuts fol' IJaYigation 
purpo,-ps. Tlwse oli:"'er\atiom; wern found to agree invariably, with remarkably close approxiurn
tion, with the predictNl cnrrent.'-' of the Atlantic Coast Pilot. They are variable each hour both in 
velocity and dirPdio11. 

Fog;,; and mist.)· weather pren1ih•d, and the difficulty of runuing liues so as to develop tlw 
eurn·i,. clo:sely "·i1hout Lreal>s \\as curn;illeraule. lt was necessary, therefore, to steam many moi e 
mill's tlia11 tl1e soumliugs show, aud tlil-\card a large amouut of actual work for want of good observa

tion:; to fix positions. 
LiNitt•nant Pillslmr.r n•marks tliat the surface water temperature observations seem to indi

cate that the warm water of the Gulf Stream, or the Atlantic northerly fiow, presseH close in on the 
.-:hoal. The t(·mperatnrP about the one-huntlrcd-fathom currn to the southward of George's Bank 
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usually ranged from seventy to se>cuty-tliret' degTees, Fa hr. From the 011P bnndred-fathom cun·e 
to the curni of from forty to fiftr fatuoms, tlw fall i11 tempPratnrc ''"as aliout fifteen degree-"; that 
ii,;, outside one hundred fathoms the tempera tnre was alJoYe sewnt~·, and i11side fifty fathoms it 
was less than fifty-ft ve degret>s. 

Sometimes a c!Jauge would be foun!l of OYf'r teu degrees in less than an hour, aud 011 tlie line;; 
of obsen·ation the weati.H'r freq1wntly changed from clear to fog or rnist. Liente11ant Pilbhury 
thinks it probably that the sub-surface teu1pcratures are quite different aud tlmt tlle position of 
the edge of the warm surface miter depends upon thB streugtl.J of tlie ti<lal ClllT('llt a)](l the cold 
conuter current. Also that if we knew tbe hlws of the latter as well as thP former. we °llould be 
able to predict the liue of fog· belt with sufficient accur-acy to confer /!reat hl.'nefit on commerce. 

At tbe close of the ,;;;eason, October 1, the Blake returned to Bo,; ton. 
The statistics of work accomplished are as folloll"s: 

Hydrography: 

Vicinity of Black Hock. rwar NaRh's Island: 
Area sounded in sqnan• geographical miles. . __ - - - - . - ... . 
Number of miles {geographical) run while sounding .. - ............. -
Number of angles measured ..... _ ..... _. _ - ........... - .. - . - - ... -
Nnmher of souu<liug.-;... . . . . __ . ___ . _ .............. - ...... - ... - . 
Nu rn h•'r of hydrographic sheets (scale 1-10000) ............... .. 

From 11l'ar St>gni11 Island to Woode11ba1l lslall(l, Jl.laiue: 

Area notrnded in square geograpliical miles ............... _ ....... . 
Nu111oer of miles (g·eograpliical) mu \YI.tile 80Uillling ................ . 
Nu m lier of angles measured ......... _ .. _ .. _ . . .. _ .. _ ........... . 
Number of soundings ......... _ ................. _ ...... ___ ...... . 
Hy1lrograpltic sheets (scale 1-40000) number oL. _ .......... . 

From Nantucket Shoals to a11d including George's Bank: 
Area sonnoed in square geographical miles _____ .. __ . __ ... _ 
Number ot miles (geographical) run while sonuding .............. __ 
N nml~er of positions determined ...... _ ................ _ ..... _ .... . 
Nu m lier of so1mdin~s ...................................... _ . . . . . 
Number of h.'·drograpbic sheets (scale 1-40000) .................... . 

1, Oj'G 
1 

1. :;.:rn 
l. 0!);) 

l 

3. '.!50 
~. 036 

8.) 

1. -139 
1 

In NoYemlJer, Lieutenant Pilbhury was instructed to prPpan' the Blake for seniee i11 l'OJJ· 
tinuatiou of the explorations of tl.Je Gulf Stream. A n,port of thi· reHnlts of this work, carrit•tl 011 

during thP winter of 18~~-'8!), will he found under a lH'arling in Seetiou YI. 
Physfral hydrography.-Contin11ation of the suruy of t!tc coast of Uapc Cml Peninsula frn111 tl11 

'l.'icinity rif Chatlrnm to the 1wrtl11rnrd.-The resumption of tht• ph.''-~ical hydrngTaphic sun('_\ on the 
ocean shore of Cape Cod Peninsula b~- A8sistant H. L l\larindin iu June, 1888, was refern•d to i :1 
the last Annual Heport. His party consisted of l\Ie,.srs. E. E. Hm.;kpJl and Homer P. Ritter. as ex 
pert observers and l\lessrs. E. II. 'YedPkiud and C. H. 1:31onc a:s n•c·.onlPrs, 'rith a crew of snrf-boa:
meu. At the beginuing of the fiscal )Car, tlw party \YHS in camp at North Cltatl1arn, Cape Cod. 
cngagerl i11 clo:;ing up a gap lJetween the work of Lieukmrnt I'illslmry. U.S. :5. Assist;rnt, and 
that of l\Ir. Marindin executed during the predmrn sraso11. 

For the part of the coast mHler surn'~-, cro::is-st'ctions of the beach and blnffa werc laid out. 
with levels and soundings on each section; also the necessar;r tide-ohserrntiou.~ for thP red11ctiu11 
of soundin~s. LeveliugR were taken to rder the zeros of the tide-gauges to th(' beucb-mar\;:;; 
established in connection with them. 

It was deemed important for future reference that the tide staffs and bench-marks should be 
connectetl by lines of precise leveliug, and at tlte end of the seas011 two- lines of precise len~ls had 
beeu carried from Harding's Beach, south of Chatham, to Pamet Birnr Life-Sa,·ing Station, a dis
tance of twenty-eight miles. 

Numerous permanent bench-marks were established at points where they wpre likely to remain 
urnlisturbcil. Descriptious of these accompany the ,-oltuues of records aud computations. 
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l\lr . .'.\larindin has inclnded in his report a full description with drawingf' of a form of syphon 
tide· gauge de,·ised by himself for use on an open sea-coast, where the maintenance of a staff gauge 
i8 a very difficult umlertaking, or where the pressure-gauge could only be used with the aid of a 
vessel anchored off.shore, a comlition whicli could not be complied with any length of time eren 
during the summer months. Tl.tis syphon-gauge has been described and figured in Bulletin No. 12. 

Tile results of the work are now in hand for final reduction and discussion; when completed 
they will be shown on three hydrographic sheets, each on a scale of 1-10000. On these will be in
dicated the position and number of cross-sections le>eled and sounded. These sheets will offer 
the best base sur>ey for future comparisons of the changes in the bluff-line, shore.line and tlle 
submerged contours out to six fathoms of depth, and when used in conjunction with the ele>ations 
of the permanent bench-marks established by the precise leveling, they will furnish data for accurate 
reference. 

Fields operations were closed October 27. Mr. Marindin expresses himself as specially indebted 
to llessrs. Haskell and Ritter for efficient service. The lines of precise levels were run entirely by 
these officers, one running the line in a uorthwanl and the other in a southward direction. 

For the season the statistics are: 

Physical hydrography: 
Number of soundings on cross-sections •.•........................•...... 
Signal poles erected, number of. ...................................... . 
Stations occupied for horizontal measures, number of ................... . 
Geographical positions determined, number of ......................... . 
EICYations determined by spirit-leveling of precision, number of. ........ . 
Lines of geodesic leveling, length of, in statute miles .•..•............... 
Length of general coast line in statute miles. . . . . ..................... . 
EleYations llctermined b~· common le>els on cross.sections .............. . 
Area sonntled in square geographical miles ....... , .................... . 
Number of miles (geographical) run while sounding ................... . 
Number of angles measured ......................................... . 
Num her of tidal stations established .................................. . 

9,099 
6 
8 
7 

12 
46 
16 

1,370 
6 

85 
2,426 

3 

At the end of the season the rarty was disbanded, the camp outfit and equipage stored at 
Truro, and, iu accordance with instructions, Mr. Marindin, with l\f essrs. Haskell and Ritter, 
re1iorted for duty at the Coast aud Geodetic Surrny Office. 

During the following winter and part of the spring Mr. Marindin was engaged with bis party 
in the reduction of observations made during the course of physical hydrographic surveys in New 
York Harbor and on Cape Cod. Towards the end of April he was instructed to make arrange
ments for resuming the Cape Cod survey at as early a elate in May as practicable. Belore leaving 
for the field, he submitted a report on the encroacliment of the sea upo11 the coast of Uape Cod, as 
shown by comparatirn sur>eys, with a sketch indicating changes in shore line between 1848 and 
1SS8. This report is ptiblished as Appendix No. 12 to this volume. 

On the 20th of 11Iay the party was established in camp at High Head, near Provincetown, but 
owing to unusually stormy weather, which then prevailed, only a small amount of field-work could 
lw accomplished during the rest of the month. At the end of the fiscal year work was in active 
progress, the obsen·atious including the measurement of the coast, line in cross-section, beginning 
far enough inland to show tbe nature of the barrier to the sea and running out t-0 about thirty-six 
feet of depth, supplemented b:\· lines of le>eling of precision, tidal observations, and topographic 
;;un·ers where the changes in the surface were most marked. Oare was taken to lei:we permanent 
lwncl1-marks connected by precise le>els, aud each cross-section was marked by lines of stakes1 

most of which can probably be identified after a lapse of years. 
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Up to June 30, 1889, tlie part of the coast liue examined was comprised between Cape Cod 
(or Higliland) Ligbt-llouse aud l'eaked Bill Life-Sa,·iug Statiou. Statistics of the work of 1889· 
to that date are as follows: 

Tertiary triangulation: 
Stations occupied for horizontal angles. . .......................... . 
Positions determined .............................................. . 
Angles measured.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... . 

Plane-table determination of section marks .. _ ... _.. . . . . . . ......... . 
Length of low-water line determineu b;y the plane-table (metres) .......... . 
Length of shore-line of high water ruu by plane-table (metl'es) .. _ ... __ . __ _ 
l.ength of trausit lines to locate cross-sections (metres) ................... . 
Length of transit lines to locate cross-sections ou bay side (metres) ....... . 
Length of line of common len~ls run (metns) ............................ . 
Length of line of common le,·els run on sections normal to the coast (metres) . 
Length of lines of precise lewling .............. -....................... . 
Number of tide stations occupied ......•................................. 
Number of cross-sections sounded. . . . . . . . . . . . . . ........................ . 
Number of soundings on cross-sections .................... - ............. . 
Number of siguals erected ............... __ ........... -..... - - .... -- ... . 
Number of angles measured for location of soundings ................. - .. . 

·! 
24 

329 
108-

1, 950 
8,100 

11, 700 
1,800 

10,800 
13,340 

5 
1 

61 
4,078 

13 
1,674 

Continuation of the determ.i11atio11s of to1rn boundary lines in the State of Jlassadwsetts_
Under instructions issued in )'fay, 1888, Assistar.t C. B. Yan Orden was direct€d to report to As
sistant II. L. V\Thiting, and take the field to continue under his direction the work of deterrniniug 
points for the State SurYcys of l\lassachusctts. 

l\Ir. Whiting, as one of the Commissioners of the State Surwy, has incorporated in the Heport 
of the Commission for the year 1888, a statement of the progress made by Mr. Van Oruen in exe
cuting the triangulation in Barnstable and Plymouth Uounties, required for the determination of 
town boundaries. Owing to the generally low and le>el clrnracter of the grouud and the large 
areas -Of woodland, this bas probably been one of the most difficult sections of tbe State for trigo
nometrical work. The season was also unusually unfa,·orable; tbere were thirty-three rainy clays 
and much tbreatening weather. Two burricanes seriously injured eigbt of the large signals, from 
se-venty-tiYe to one hundred feet in length. These bad to be repaired at considerable expeuse and 
much loss of time. 

The area gone over in Mr. Van Orden's survey includes the townships of Sandwicb, ::\lash pee, 
Bourne, Falmouth, Plymouth, Kingston, Duxbury, and Marshfield, the boundaries of which ha Ye 
lJeen completed. Boundary points were determined in parts of the lines of Pembroke, Halifax, and 
Plympton, and the triangulation extends still further, over the towns of Carver, Hanson, and Han
over. 

Mr. Van Orden observes with regard to the conn tr~· east and north of Falmouth that it was of 
the most difficult nature, the line between Bourne and Pl,rmouth being in dense timber. The 
clearing required in order to see and determine various boundary points amounted in all to about 
two miles of timber cutting. In tbe course of the work, some of the old but important points of the 
Coast Survey, which ha>e for many years been supposed to be lost, were recovered, and marked 
permanently and securely with marble posts. Among these are the stations of Falmouth and Car
oliua Hill. The stations Crocker, Baker's Pond, w· est Brewster, Kelly, King's Hill, and ~ickersou, 
which had been occupied in 1887, were also marked with stone posts. 

In addition to the above work, Mr. Van Orden -continued the s_ystem of accurate levelings. 
extending them along the line of the Old Colony Hailroau to .J.\liddleborough. As stated in tbe 
last Annual Re1)ort, the whole line so far run is permanently marked by copper plates, secured to 
the station and freight houses ef the railroad. BelGw Tremont all of the plates were referred to 
meau tide level of the gauges of Cape Cod and Buzzard's Bay. At Tremout aud northward, the 
bench-marks have been left for future connection with the Boston tide-gauge. Data now availa-
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ble gi\e tlrn height abo>e mean sea-le,·el of the bench-mark at Tremont as 66.047 feet, and of that 
at Hock Station as 79.000 feet. The double lines of !e.eliug ga,·e most satisfactory results, being 
constantly in close accord. 

l\Ir. Yan Orden speaks in high commendation of the efficiency nn<l skill of his assistant, l\Ir . 
• T. n. Tolle.v, who hall been with llim in his former seasons of work for tl1e Commonwealth. 1\lr. "·· 
C. lla 1Ylt>y ser\ed during part of the season. 

Tl1e ;-;tatistics for the field operations of 188~, l.Jeginuing l\Ia,y 31 a11d ending Deccrn lier 24, are 
as fullo'>'·s: 

TolYn boundary work: 
Nnm ber of new stations determined.............................. . . . . . . 71 
N 11111 bcr ot' new stations occupied . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 
Number of tnt11s1·erse statious occupied................................ 111 
Numl.Jer of boundary points determined.......................... . . . . . . 30 
Number of miles of le\·eb...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ci5 
Area ia square miles con red by triangulation. . . . . . . . . . . . . . . . . . . . . . . . . 475 

During- the winter and part of the spring following, Mr. Van Onlen was engaged in bringing· 
up the records and computations of his field work, and towards the end of April, 1889, was directed 
to report to the ()om missioners of the Massachusetts State Survey for the continuation of the town 
hou111htry work. Bridgewater was selected as the place of beginning field operations, l\Ir. Van 
Onlen \\·ith :l\Jr. Tolley, l1is foreman, arri\ing tlrnre :May 13. 

Sil.?;rrnls were built at tlrn stations Carolina Hill, Monk's Hill, and Alden, of the old triangula
tion, the base lines Carolina Hill, .Monk's Hill, and Alden having· been selecte<l as l)ases for 
tlii,.; part of the work. A. small triaug-nlatiou was then laid out to connect these statious with 
the corners of the town of Bridgewater and the towns adjacent. _On May 18, Mr. E. K Pierce 
reported for <lnty as foreman. Field work was carried ou from that date, spreadi11g eastwanll.Y 
aud wcstwardly, with but little interruption except from the unusual amount of rain, and at the 
end of the fiscal year it was in course of actin.' prosecution. 

l\Iauy of the comer monnmPnts frll in low ground, calling for great ingenuity to reach them. 
Orw was in a cedar swamp, wl11.-re the water was over a man's bead. lu such cases, a point as 
11ear as prncticable was selecteu, and its position determined; from this poiut a traverse to tlle 
corner "'a'l run, audits azimuth determined b~- angular measurements on 011e of the regular points 
in the· ,;('il('me of triaugnlation. The tran•rseH were maue as short as possillle, lleing often less than 
one lrnlldred metres, alld their lengths were measured with great care. 

For the season of 1889, up to June 30, l\lr. Van Urclen reports the following statistics: 

Number of signals built_ ..... _ ....... _ ............. _ .... _ ................... :H 
Nurnlwr of statious oceupiPd ...............•................................. 42 
Nu rn hpr of towu corners de term incd. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3:3 

Re81n-rcy of the -new inlet into Cotamy Bay, Martha's Vineyard.-Assistant Henry L. Whiting lias 
snhmittt•<l a rt' port of the results of his resnr>ey made in .1 une, 1889, of the new inlet into Uc ta my 
Hay, Mart!Ja's Yiuey:m.l. He finds that his conclusions deduced from former sur\·eys relative to 
the eashrnrll mon~ment of this opening lrnrn been confirmed. His report, which is accompanied 
by a sketch presenting a comparison of shore-lines from surveJ·a made iu 1846, 18.1'>6, 1871, and 
1.':i.SG, appear8 as Appendix No. 14 to this volume. 

f/uprrri11ion aiirl inspection of topographical resun1eys on Jiartlia'.~ Vineyard, No Afan's Land, Nau
slwn, in the 'l'idnity <!!" Wood's Boll, anrl on the southeasterly part of Long Island.-The report snb
mittetl by Assistant H. L. 'Vhitiug· of his duties of supervision aucl inspection of the topograhical 
resurHJS on l\lartba's Vine;rnrll awl a<ljacent islands, and on tllc main-land at Wood's Holl aud 
vicinity, presents some interesting aud Yaluable results of the comparison of old and new surveys 
in localities which are of interest to navigation as defining tl1e important waterwa.r of Vineyard 
Sound. The report closes with a notice of the resun·ey on the south coast of Long Island in the 
vicinity of Westhampton, about fifty miles to the west of l\Iontauk Point. 
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Upon Martha's Yine;1anl and No }fan's Lan{l, tLe resuneys were executed by A.~sistant ,J,~,J:n 
VI~. Donn; upon Nansbon aml the Falmouth shore, by Assis taut \Y. Iniug Yiu al, aud on Long falan(l 
IJy Assistant O. T. Iardella. 

For the details of the work of these several partie;;, the time occupied duriug the season of L-<8.'\, 
and tlJe ;;tatistie8, reference may lrn ma1le to the reports of their chiefa, which ,,.ill be found mHkr 
separate headings in this arl(l the next section. 

Space is not a\·ailable for more than a few extract>< here from }fr. "'hiting's Yery full deserip 
tion of the feature><, geological and topogr<tphical, of the localities under surYey, aud account of 
the changes due to natural causes in the shore-line. \'Yitb reganl to Martha's Yilleyarll li£· ob
sen·es: 

"The formation and material of the northerly part of ::\Iartlia's Vineyard is of rnnch the same 
character as tlrnt of Long Islarnl antl Block Island. This part of the Vineyard is rnark»tl lJ.Y n 
snceession of irregular hills, which, with the exception of the JUanomet Hills near Plymouth, an• 
the highest in southeastern Massachusetts, the l1ighei:.t summits being from about tbret• lw11(ln·1l 
to three hundred and ten feet. In approaching Yiueyard Sound from the southwest, the conical 
top of Prospect Bill is the first land seen from the sea. 

"The territory of Ga.v Head, formerly an Indian resenatiou of l\lassachusetts, has all area of 
between five and six square miles, terwinati11g at its western extremity in tbc curiously Yariegated 
clay cliffs which give the name to this remarkable head-land. The land of the penimmla of Gay Head 
is generally hilly; l\Iolaska Ilill, near the center, is about one lmmlrell aml eigl1ty·fiH feet ltigll· 
The soutb west and northeast points of the peuiusula, lwwe\'er are of !Jeach formatiou. The hig·Jiest 
html at Kashaquitsa is about one hundred and fifteen feet, and at Squipnocket about sixty-llse feet. 

"The triangulation execnte,d b_y Assistant H. A. l\I arr iu 1887, has furnished, as was i11te.rnl ,,,1, 

sufficient basis for the topographical resun·eys which ha,·e been made during the past seaso11 of 
1888 by Assistant J. Yr. Douu. I need hardly say that th<~ accuracy and style of Mr. Donn',.; "~ork 
bas been of the first order in everJ- respect, and more in detail than was the cnstom to follow 111 
the earlier >Stun.'_y. 

"The agreement in geographical position of the main features of the two suneys is, Lowe\ct, 
so far satisfactory that the comparison of tl1em gi\·es a reliable basis for u1cwmring tl1e cha11g\·~ 
e.ffeded by time and otlrer natmal causes dnriug the inten·a] of forts-three ,Har.,; sine» tlw first 
sun'ey was made. 

"From the physical peculiaritiPs of Gas Read, and the importance of its positiou as m1e of tlw 
main promontories of tl1e coast markiug the entrance to Vineyard Sound * " * it was ckemed 
desirable to make the resurvey of the special features of the cliff on a larger ;,male thau that usunll~
given to tlir. field work of ordinary shore topography. For this purpose a sheet was projected on 
a scale of 1-2500, or about 25.3 inches to a statute mile. On this sheet :\lr. Donn made a Yer;y 
elaborate survey of the features of this remarkable cliff, whicli is the onl_y one uf its kiud iu tlw 
whole extent of our Atlantic coast. 

''Owing evidently to the tenacious character of the clay of which tlle Gay Head Cliffs are com
posed, they have held their own much more firmly tlutn might 11arn been t~xprct0tl against tile attaeks 
of the sea, which at times dashes against their base with the violence of' the heaYi<!St storm hr .. aker,,.;. 
the most apparent cause of the giviug away of tlie lmse of the cliffs, which occasionally lrnppt>11s ill 
slides of greater or less masses, seems to be the insidious action of spriugs arnl quicksamls at tl1eir 
hase. 

"Although this head-lan<l is exposed, as before remarked, to the ful1 sweep of the ocea11, tit(' 
immediate shore and beacb is guarded hy the bed of bowlders which extend well out lwymitl tlw 
water-line. It was on one of these sunken bowlders tl1at the ill-fated steamer City of Co/111J1/111s 
struck. 'l'hese 'rocks.' as they are locally called, u111lonbtedly mark tl1P former grouncl of tlw 
original head-laud. The 'DHil's Bridge,' so called, coufirms the theory and fact that Hie grcatl•r 
mass of them was deposited along the higher and more northerly part of the origiual drift. 

"The waste of this remarkable head-land has alread,Y n·acht•<l a, line beyoud its original ;.;nm· 

mit, so that all future loss will lower its eleni.tion, and that of the first order light, now not for from 
the crest of the cliffs, unless in the next retreat (one bas already been made) a higber light-hon~e 
structure is el'ccted. 
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"Owing to the comparative smallness of the :;cale of the surrny of 184:";, .tud the worn condition 
of the older map and change in tlte position of the light-house as a main point of reference, it is 
difficult to make a close comparison and measurement of details. Tbe >ery elaborate surrny made 
lly :l\Ir. Donn will, howenr, presern the record of the exact position of the cliffs, with all their 
varied physical a11d topographical features, from which a closer and more interesting knowledge of 
future changes can be obtained. 

"The be8t comparison tba t can now be made shows, near the nortll west point of the bead-land, 
for a lateral distance of about three hundred and hfty feet, a slide or gh-ing way of the summit 
line of' the cliff, the greatest amount of waste of which is about ninety feet. From the same point 
eastward along the shore of the Sound for a distance of about fifteen lrnudre<l feet, the summit 
line of the bank has fallen back irregularly in various places. A former spur, nearly opposite the 
light-house, has gi,·en away a distance of about one hundrell and twenty feet. Along the line of' 
the Go,·ernment laud surroumling tlle light-house, there has been an average waste of from eighty 
to ninety feet. There llas uot been much apparent change in the position of the liigh-water line 
along this front of the bead· land." 

~\Yitll regard to the resur>ey of the shore topography of the small island of No l\fan's Land, l;ying 
abont fi>e and a half miles south a little east from Ga,y Head Light., Mr. "\Vbiting observes that the 
scale of resurvey was 1-5000. Being so far outside of' the larger islands, it is open to the action of 
the sea from all directions, and the earthy material of which it is composed makes it an easy prey 
to the consuming power of the waves. Full details of changes in the configuration of the shores 
since the first survey are giYen in Mr. Whiting's report. 

Referring to l\lr. Vinal's resur>ey of Wood's Holl and vicinity, an account of which is gi>en 
under a separate heading iu this section, Mr. "\Vlliting states, as a general result, after reviewing 
the detailed resurny, wbicll was executed on a scale of 1-5000, that no important change has taken 
place in the main features of the topography during the last forty-three years. This be deems 
:Somewhat surprising, particularly in Ute features of Wood's Holl, in >iew of the strength of the 
currents that are constantly rushing th.rough its narrow anll tortuous water-way, and it suggests 
an inter<'sting field, he thinks, for physical in\·estigation as to the power of im bedded bowlders and 
shingle, where no actual ledges seem to exist, to resist the forces of tidal currents of such high 
velocities. 

The resurvey on the south coast of Long Island, in charge of .Assistant Iardella, reported under 
a headiug in Section II, was also made a subject of examination and inspection by Mr. Whiting. 
The character of the topography is similar to tlrnt of the south side of Martha's Viueyard, except 
the general elevation of the plains as they slope toward and border on the larger ponds and ba;ys, 
which extend along the south shore from Southampton to Coney Island, is somewhat less than 
those ou :\Iartba's Vineyard, which more generally end in small banks or terraces, whereas at Long 
Island the plains border on the ponds at nearly the high-water le>el. 

The nature or degree of the changes sincP; the first surveys, which were amoug the earliest 
made, dating back to the period between 18'34 and 1845, ca1mot be stated until a careful compari
son is made witll the original topograpbical sheets tlien executed. 

Other sen·ice as:;igned to )fr. Whiting is referred to under separate headings in this section. 
Adflitions of topographical details to the original surreys of Nantucket ancl Martha's Vineyard 

Isla11ds.-In furtherance.\ of his assigument to the general charge and supervision of the topograph
ical resun·e~·s ou the islands of Nantucket and :Martha's Vineyard, .Assistant Henry L. Vi'hiting 
has snbmitted a report of the work executed b~- him under instructious issued early in July, 1888. 
Tlns work has consisted mainly in adding to the topographical sheets the several county and town 
roads 'iYhich have been laid out antl opened on Martha's Vineyard since the original 1-urvey was 
made, in 1845. 

The fact of the loss of most of the early triangulation points made it possible to locate these 
new features in barrnony with the original work only by the use of such of' the old plane-table 
points as could be identified, such as the chimneys of conspicuous houses, ete. :Much time and 
labor were required to do this, more than wouitl at first appear, because of the discrimination 
needed to ascertain by various tests which of the old points were used as bases in the original 
survey. 
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Mr. Whiting states tbat the results in the main l.Ja>e been more satisfactory than he autici
pated, and that he ltas been eYen surprised at the general coincidence of the old and new work, 
considering the &canty SUJlply of the early triangulatiou points, the original survey of the central 
part of the island having been based on but two points, Prospect and Indian Bill, and these so 
far apart that the~· can not be used together in any given section of work. The compass and chai11 
of the early surYeys ha Ye Joug beeu superseded by the plane-table and the telemeter. 

The lines of the new roads 11aYe. l1ec11 imposed upou the original sheet in red ink without 
changing or erasing an_y of the older work, thus affording a comparison of the lay-out of new road1; 
where they follow in whole or in part the directions of former by-roads, farm road,.,, etc. All of 
the road resuneys west and north uf the central Yillages of 'Yest and North Tisbury were com
pleted; uufarnrable weather compelled a postponement of tbe resurrny of the two new roads iu 
the northeasterly part of the island. 

Under a preceding beading in this section reference is made to special surn•ys for the State 
of Massachusetts carried on under Mr. \Yhiting's direction. 

Hydrograpltic resm·i-eys fa .Na"1ticcket Svund.-About the middle of September Lieut. J. l\I. 
Helm, U. S. N., assistant Coast and Geodetic Sune.Y, who had relie\·ed Lieutenant Crosby, L. 
S. N., in the command of the steamer Ged1icy, was instructed to take up a hydrographic resur
vey in Nantucket Sound. This work had been fairl.Y Leguu, when an emergency arose which 
demanded the recall of the Gedney and orders to lier commander to proceed to New York and 
prepare her for sen-ice on the Pacific coast. Having been hastily owrhauled aud fitted out, slle 
left New York for Sau Francisco November 13, 1888, and arrived in the latter port on the ::oth of 
April following. 

Lieutenant Belm was instructed later to organize a party for hydrographic surveys on the 
Pacific coast, in the vicinity of Cape Orford. (Refereuce to this service will be found under a bead
iug in Section XI.) 

Hydrographic resurvtys in Nanti1cket and rineyard Sounds.-Reference was made iu the last 
Annual Report to the organizatiou of a bydrographic party by Lieut. S. C. f'aiue, U. S. X., com
manding tbe schooner Eagre, to execute parts of the hydrographic resurveys required in .Nau
tucket and Vineyaru Sounds. 

Soon after the beginning of the fiscal year the Eagre was at Hyannisport, l\1ass., aud while 
there lJrought up the souudi11gs needed 011 projection No. 1 as far as Bishop and Ulerks Light· 
House. Work on this prf!.jection, witll Jiruits from Falmouth to Hyaunisport, was finisbe.f Septem
ber 15. Tbe steamer Daisy, Ensign F. Swift, U. S. N., in command, joined the party July 9. 
Ahout the middle of September work was begun on inojection No. 4 to the north of Nantucket, 
and continued till NO\·ember 2, when the ad>ance of the season made it advisable to suspend 
further operations. Work on this projection was completed, with the exception of the de.-elop
ment of the shoals. TL at on projection No. 13, Nantucket Harbor, was entirely fiuislied. 

To Ensign Swift, commanding the Dafay, was assig11ed the task of resurveying the northern 
Jiart of Muskeget. Cha1111el, joining on with the resurver of Ueutenant l\Ioser, wlnch ha:s lleeu 
reported Ullder anotller lieadiug in this section. This work was laid ont on pr~jection No. 3, but 
owing· to the Yery strong currents, and the difficulty of establishing 011 the shoals signals tl1at 
would stand the bigh winds and hea\·y·seas, the progress made was not entirel~· satisfactoQ-. The 
work was, however, finished before the close of the season, with the exception of the de\·elopmeut 
of the shoals. 

Lieutenant Paine observes tbat the season as a whole "·as not farnrable for hydrographic 
work; that while there was comparatively little fog and rain, high wiuds prerniled, which made 
the sea so rough that on many ckar days it was impossible to do any accurate work. 

In his annual report, and in the dt'seriptiYe reports accompanying it. are given the locatiou 
of the tide-gauges established by the part;'\", with statements of the areas of reduction of soundings 
to whicli they apply; also such data and information relating to changes in shore-line and cl1all
nels as will be of value for the Coast Pilot. It is noted tlrnt the harbor of Hyanuisport is the l1e>'t 
and most accessible on the northern shore; tl1erc is no troulJle for beating in for YCSiieb drawin;,: 
less than twelve feet of water. T11e harbor is protected b.r a breakwater, and the holding grouu~1 
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i~ good. Into Nantucket Harbor tliere is now. au eiglit·foot channel, wllere before tlie erection of 
the jetties there was but six ft'er. 

Tlle officers attached to the par:y during the season were Eusigns L. 1I. Garrett, L. S. Yan 
lJuzer, Franklin Swift, VI~. H. :\I. Fiehl, G. Evans, and H.. D. Tisdale, U.S. N. l\Iessrs. A. R. 
Hasson and lr\·ing King scrn•d at' recorders. 

Following· are tbe statistics: 

Hydrography: 
An~a souuded iu s11uare geographical miles. - ... - ..... , ............. _ 
Number of miles (geographical) run while sounding __ . _ .... __ ....... _ . 
Number of soundings ............... - . - - - . - .... - - - - - - .. - .. _ ...... __ 
Number of tiual stations establisheu. - .... - ... - ............. - . - - ... . 
Number of specimens of bottom preserved .......................... . 

237 
2,306 

131,161 
7 

12 

All tlte llydrographil'. 11rojcctions were upon a scale of 1-20000, except that for :Nantucket 
llarhor, which was ou 1-5000. 

Hprlrographic re.~uri·ey of the a.pproache.~ to Jfartha'8 Vineyard .rind Nantucket, and re.mrtelJ of 
JI uskeget C!tannel.-The hydrograpltic sm"1·w·s executed by the party in charge of Lieut. J. F . 
.:\loser, U. S. N., Assistant Coast and Geodetic Survey, commanding the steamer Baclie, iu tlle 
:-;uwmer and autumn of 188S, were a continuation to tlrn eastward of the surveys made by the 
same officer tlming the preceding season. In 1887 work was closed on a line thirteen miles west 
(true) frow ~o }fan',- Land; thcuce south (true) to the twenty-fathom curve. From these limits 
the off.:;hore hydrography was continued to the eastl'l·anl and a resurvey made of J\fuskeget 
Channel. Tile limit to 8caward was the twenty-fathom curve, pro>ided that this curve connected 
the deep-sea liues run by tlJe steamer Blake; if they did not connect, then the work was continued 
sea l'l·arll until a proper connection wa8 madt'. 

Tlle off-siiore work was executed on a scale of 1-40000; the l\Iuskeget Chanuel work on a scale 
of 1-:.!00UO. 

For tlrn off-shore hydrography the system of execution is similar to that of the previous sea
sons, namely, normals half a mile ap:trt from the shore to a distance of six or seven miles, and 
thence to the limit a mile apart. This system is crossed by lines beginning at the shore and half a 
mile apart, this distance bei11g increa:;ed seaward until the outer limit is reached, where the lines 
an• about one and oue·half miles apart. The boat system connecting the ship lines with the shore 
,·aries as tlle coast demands. Wbere the coast is rocky, or, rather, has scattered over it great 
11urnhers of bowlders, as in the vicinity of Squipnocket Point, the lines are run very close so as to 
make the development full. From Sqnipnocket to Muskeget Channel the shore is bold and clear 
and tlle system of boat-work more open. 

Between the fogH which frequently visit this exposed coast during the summer months, the 
prerniling winds, wliiclJ are strong from the southwest, and the usual course of New Euglaud 
weather, tlJe number of working days on this coast are not ver,y many, as a general rule, but the 
seasou of 1888 was au uuusually l.Jad one, notable for the frequency of high winds, rains, and heavy 
seas. During July and August fog prevented work for several Jays at a time. 

About the middle of Angnst, as tl1e soutlJwest winds continued to blow very hard, preventing 
outsi<1e work, I,ientenant :'\loser tlecided to go to Edgartown and begin work on tlJe resurvey of 
~Inskeget Channel. The limits of the projection for this work were from .Muskeget Island to 
Cave I'oge aud \Yasque Blnff and thence to· seaward. Having previously informed himself as 
full.\" as possil>le iu regard t'J tlie locality l>y communieating with people who were familiar with it, 
be was prepared to encounter great nattual difficulties in the execution of the sun·ey, anrl he 
fouml tlw aceouut:s given of these difficulties uot at all exaggerated, and that the work was always 
al·co1upanietl by more or less danger. 

From '.\lnskeget Island to \Vasque Bluff is a distance of over five miles, between which no 
signal can l>e erected; a line of shoal water exteucls between these two poiuts and beyond; Cape 
Poge is distant from \Vasque Point about four miles, aud the time of high and low water between 
these last two poiuts is more tltau four hours, or more than two-thirds of a tide. The force of tlle 
current running to the southward, not only with the nlocity of the Sound current (which is very 
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great) hut \Tith rapidly iucreasing force as it approaches Skiff's Island, can be irnagiueu. It gains 
its impetus from the difference of water le\·el, furthPr aeceleratl'd lly tlw funnels tl1rough which it 
is drawn. In such a curreut it was found impossible to keep a regular system of lines. A boat 
would start on a regular liue, and before a second position could be plotted slle wonlu probably h(· 
swept by the current on an adjoiniug Hue. Tlie curre11t is uot tlle same in direction over all tlw 
work; on the same tide it will rnrJ-· <'ight i1oints on tiiflerent parts of tlie field. Hence the lines 
could not be carried continuously; the work had to be done according to the conditions of the 
weather; when this was ex:ceptiouall.Y good tile more daugeroutS portions of the work ·1vere done, 
and the rest at other tillles as the co111li ti om< seerne(i frtrnrable. 

Lieutenant l\Ioser gi\·es in bis report full details in regard to the channels, currents, shoals, and 
other data ofintereRt to the 11avigator ancl of vahrn for the Coast Pilot within the limits inelndPd 
in his suney, devoting a large part of his report to the peculiarities of l\l nskeget Channel, respect
ing wliich lie observes that few vessels e,·er use it, and none without a pilot unless hr accident. 
His recommendations for additional buoys .at its southern entrance will be duly reported to the 
Light-Honse Board. 

Heferring to the scarcity of aids to navigation on the southern coasts of Xantucket arnl Mar
tha's Vineyard, Lieuteuaut :\loser remarks that there is no coast light from Sankat.r Head to Gay 
Head, a distance of forty miles, aud tlmt the only lrnoys in tlw same distance are oue on }lutton 
Shoal, Mnskeget Entrance, and three marking the charrnel between Xo 1\lan's Land anrl ::\Iartlia'i; 
Vineyard. He asks why there is not a tirst-orcler light on No J\Ia11's Land iustt>acl of Gay Hf':irt, 
tile island just named lJeiug one of moderate ele,·atio11, admirably Rituated for a sea.coast light, as 
it is six miles fartller seaward than Gay Head. A light could be plaeed on tile island tilat would 
send its rays o\·er the European steamer track. At Gay Head, all that be deem8 necessary is a 
fourth·order light as a guide for tile entrance to the Sound. Ju stead of the secou<l-class can buoy 
now at the Dedl's Bridge he recommends a whistling buoy. 

It had lJeen Lieutenant l\loser's intention to run all the north and soutli lines to a point on the 
southeastern side of Nantucket, and tiJen from the abo,·e rauge and angle at No ::\Ian's Laud, 
cover the north and sonth system, bnt the work at l\Iuskeget occupietl the party much longer tllau 
bad been expected, and it was deemed preferable to finish the work on that sheet, the changes 
there, from year to year, being probably very great. 

The principal tide-gauge was established at No )Jan's Land, and day tides observed there from 
Jul.y G to October 30. A comparison gauge was used at Wasque Bluff, wliich confirmed tliedata 
in the office tide-tables-that the times and heights were approximately the same at the"e two 
points. Comparisons of time and height at \Vasque Bluff, with data derived from the observation;; 
at Cape Poge, made by the party under Lieut. S. C. Paine, U. S. N., Assistant Coast and Geodetic 
Suner, showed a ditlerence in tide of four hours, with an inappreciable difference in height. At 
Cape Poge high water was four hours later than at Wasque Bluff or at No Man's Land. For the 
work off Martha's Vineyard but one tide-gauge was used-that at No 1\lan's Land. For the l\fns. 
keget Channel work, owing to the great complication of tides to be dealt witli, a system of blocks 
was employed, tlie details and limits of which are stated in Lieutenant l\foser's report. 

Of this exceedingly comprehensive report (B) the foregoing is but a limited extract; the in
formatiori it gives relative to all of the hydrographic characteristics of the areas lllHler SUl'\'ey will 
be of great value in the preparation of a new edition of the Coast Pilot for the approaches to 5an· 
tucket and Viueyard Sounds. 

To the officers and crew of the Bache Lieutenant Moser expresses his acknowledgments for 
their diligent efforts to forward the work. The following name<l officers were attached to the 
party during the season: Ensigns \V. l\I. Constaut, H. A. Bispham, J. E. Shindel, W. H. G. Bul
lard, and S. l\L Strite, U. S. N.; Passed Assistant Surgeon J. M. Steele, U. S. X., arnl Assistant 
Engineer S. H. Leonard, U. S. N. l\Iessrs. Geo. H. Jones and ,T. L. Dunn served as recorders. 

Ensign Bispham had charge of all tidal computations under Lieutenant ~foser's direction. 
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For the season, wliich lJegan July 2 ;tud closed October 30, 18:38, the stacistics are : 

Hydrograplly : 
Area sounded in square geographical miles . . . . . . . . . . . . . . . . . . . . . . . . . . . 495 
Numl:ier of miles (geograpl!ical) run wliile sounding. . . . . . . . . . . . . . . . . . 1, 5'.!7 
Number of angles measured. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 058 
Number of soundings ................................................ 39, 112 
Number of specimeus of bottom preser>ed . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

ln December, Lieutenant :Moser was instructed to prepare tlie Bache for seffice off the Florida 
·coast. A report of this duty will be found under a heading in Section VI. 

· Jlydrographic resurve.IJs and examination in Nantucket 8ound.-HaYing organized a ll,ydro
graphic party on board the schooner Eagre and the steamer Daisy in accordance with instructions 
issuetl early in :May, 1889, Lieut. W. P. Elliott, U. S. N., Assistant Coast and Geodetic Surwy, 
left New York, May l6, to fill up certain gaps in the hydrography of Nantucket Sound, and to ex
amiue the locality of a shoal reported about three and a half miles soutlieast by south from Bishop 
and Clerks Ligbt. 

As soon as practicable after the arrival of the party at the field of work signals were built and 
located and sounding was begun. Lieutenant Elliott will present a foll report of the hytlrogra.phy 

-executed at the close of the season. Up to June 30, the date at which the Annual Report closes, 
the statistics are: 

Bydrography: 
l\Iiles nm in sounding ... , ......................................... . 
Angles measured ................................... , ............... . 
Number of soundings ............................................... . 

280 
2,330 

20, 185 

Ensigns L. S. Van Duzer and E. A. Anderson, U. S. N., were attached to the party of Lieu. 
teuant Elliott. Duty previously assigned to that office is referred to under a heading in Section II. 

Topographic 1·esurrey of parts of the north and south shores of 1l1artha's Vineyard.-Also of the 
shore line of ll'o Jlan's Land.-In pursuance of instructions issued early iu July, 1888, Assistant 
.John W. Donn organized a party for the resurny of the north shore of the Island. of 1\-Iartha's 
\~ine~«nd from Tashmoo (or Cha.ppaquonsett) Pond to Menernsha Bight, thence to Gay Hea1l, all(l 
from Gay Head along the south shore to \Yec-quobska Cliffs, taking iu also the outl,ying island of 
No .:\Ian's Laud. At Tashmoo Pond and vVec-quobska, the extremities of the projected shore line 
work, junction was to be made with the resur>eys of Assistants Whiting and Vinal, which had been 
preYionsly completed. 

\York wa:s ht:"gun July 12 at Indian Bill, and advanced ea~t and west along shore, including 
a marg-in of topography of varying width, a>e1·aging about a quarter of a mile. Upon finishin~· 

tl.Jis work between Tash moo and Menemsha, the party was moved in August to Gay Head, aud au 
elaborate :sune;y of the cliffs ai:d eastward slope of that locality was made upon a scale of 1-'.!500, 
or ~1.:-'i.t. inches to the statute mile. Contour lines were run for every fh'e feet of eleYation~ thus 
tliorougbly tlm·eloping the surface. As the weather was generally fair and free from high winds 
during the progress of this survey, the conditions were very favorable for the completion of a map 
of Gay Head, which will serve as a trne basis for future comparisons. 

Tbc hciglits of scYeral prominent objects were determined by lines of levels connecting them 
with the bench-mark establiislie1l by Assistant Henry :Mitchell, in 1857, at :Menernsha Bight. The 
base of the light-house tower upon the cliff, antl the tops of two large bowlde'rs at the northwest 
anti ~outhwest curns of the tshore arouud Gay Head were the principal points. These bowl<lers 
wt~re :-;elt>cted for the purpose of discornring the degree of subsidence of bowlders by the action of 
the sr>a, in connection with the receding of the shore. 

Fpon the transfer of the party to No l\fau's Land, the shore and cliff-lines of tlie island were 
sun·e,\·ed, and the lieights of the principal cliffs were determined, but no resnrYey of the interior 
was made, contours having been carried oYer tlie surface by Assistant Whiting in his suney of 
1855. The island is entire!.'· bare of trees and covered ""°itli grass, so that little or no surface 

. degratlarion occurs by reaso11 or winds or wtn-es. 
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After the work on Gay Head cliffs had been finished, the shore line resurve;y was taken up 
from l\ienem&lla around the Head, and along the ~outh coast, together with the cliff work at 
Squibnocket, N ashaquitsa, and"'\\' ec-quobska. This done~ the widening of the margin of topography 
between Menernsba and Tashmoo was begun, with the intention of reaching the tops of the higl1est 
hills and ridges overlooking the sound aucl the sea. But the allotment of funds for the survey 
haviug become exhausted by the 20th of October, the work was brought to a close. 

Following are the statistics: 

Topography: 
Area surveyed in square statute miles (scale, 1-10000) . . . . . . . . . . . . . . . . . . . . . 7 
Lengths of shore-line in statute miles (scale, 1-10000) .........•.. _ ......... 29 
Length of shore-line of ponds in statute miles (scale, 1-10000).............. 4 
Length of shore-line of creeks in statute miles (scale, 1-10000).. . . . . . . . . . . . . 5 
Length of roads in statute miles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

For the more detailed surveys on the Gay Heall cliffs and on No l\1an's Land, the statistics are: 
At Gay Head: · 

Length of instrumental contour lines in statute miles (scale, 1-2500) ........ 50 
At No Man's Land: 

Length of shore-line in statute miles (scale, 1-5000) ...................... _ 5 
Area (approximate) in statute miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

After returning from Martha's Vineyard, Mr. Doun received instructions to execute a topo
graphical resurvey of Annapolis Harbor aud approaches. Notice of this work will be found under 
a heading in Section III. 

:J.opographical resuri1ey of shore line and adjacent details in Wood's Holl and on the islands in its 
immediate vicinity.-Heference was made in the last Annual Report to the assignment of Assistant 
W. I. Vinal to dut;y ou the coast of Ma.ssachusetts uudel' the general direction of Assistant Henry 
L. Whiting. Having reported to Mr. Whiting, Re was directed to take up a topographical resur· 
vey of the vicinity of \Vood's Holl, and organized his party for that purpose immediately upon 
l'eaching the working ground, June 18, 1888. 

This resurvey was to be executed upon a scale of 1-5000, to show the shore-line with adjacent 
details both inside and outside of high-water mark, and to include the village o_f \Vootl's Holl, tile 
islands of Uncatena and Nonarnessett, and part of Naushon Island, with the 1ws1tion1> of outl_yiug 
rocks, whether detached or in reefs. 

Some delay was encountered at the outset, owing to tlie disappearance of important stations 
-of the old triangulation in the course of tile many cilanges aud improvements since tile original 
survey. The weather was less favorable than usual, the summer being rainy aud the mouths of 
September and October more than ordinarily stormy aud cold. Uu Septemuer 26 occurred a storm 
which was said to be the most vfolent and destructive experience(l in that region in over forty ~-ers. 

Tbe very swift current of the straits, locally known as ''The Hole," between Nonamessett 
Island and the main shore, obliged Mr. Vinal to work with the tides, and thereby ofteu inYoh·ed 
delays on clays when the weather and tides were farnrable for passing through aud returning. 
';rhis current has abraded the north side of Pine Isl and and tile points of Long N eek and Devil's 
Foot Island to a marked extent. 

Field operations were closed November 5, the work not ha Ying been quite completed owing to 
the many drawbacks encountered throughout the season. · 

A descriptive report has been submitted by l\Ir. Vinal to accompany his topographical sheet. 
In this report reference is made to the geological features, the roads, bridges, growth of forest8, 
aud other details of interest relating to the region under survey. 

Encroachments of the sea, and consequent serious changes in the shore-line OH the Buzzard 
Bay side of Long Neck, and on the mainland, particular.ly between the Bay and Gl'{~at Harbor, arc 
prevented by three short breakwater<'; or walls of stone, built along the high-water ridge. 

The low-water line is distinctly defined on the sheet, but, as :Mr. Vinal observes, it may be 
slightly modified in outline when the soundings are plotted • 

. H. Ex. 55--3 
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Follo\Ying are the statistics of tile season: 

Topogr:1phy: 
Area surn:yed in square sratnte miles............ . . . . . . . . . . . . . . . . . . .. . . . . 6 
Length of ger1eral coa,;t in statute miles ( higl1 water :!'.:, low water ::3) . . . . . . . 4t.i 
Length of sl101·e-line of ct·celrn aml tlitd1c:-;, ir: statute miles...... . . . . . . . . . . 9 
Lengtlt of roatls and railro,11b, in statute miles ............................. :?8 

TO/!Of/ntphica! 1·cs1ffl"C// 1!f the f,'/i:•1i1efi1 lslruuls, o.ft" tlte f'()l!St 1~f Jlassacl1usctts.-Duri11g tlic 

mourli of Jn11t·, lSS!.I, ::3ulJas.,;istant l~. L. Taney took the faohl in pursmrncc of i11struetio11s i,.;sued 
.Jfay :31. an(l began a topog1·:1phical restU'\'C.Y of the Elizabeth Isla ml", fonuirig a part of the eastern 
::;horn; of Buzza1'<1"'1 Ba,\·, .J[a::;sacltnsetts. 

iletweN1 .Jtllll~ .s, wlten he reaclte1l the lo~~,1lity of work, and the en1l of the fiscal year, he was 
ocrnpied cLietly in a search for an<l reeoYery of old triangnlatioll points, pnttiug up numerous 
::;ig·nals, and ll1aki11g a pLtue·t<tole trian gulatiou to determine their position ou hi:s topographical 
slJcd. 

Fnrtl1er account of llis progress will appear in tlJe next Annual Iteport. 
Dettnnination of the [Jmyrrtphiea/ positions of light-ho1rne.~ in -'Yarrag011sPtt Ba]/ rrnd 

apprvaclw;;.-Jdcnt(tication of a station of the old triangulation at A me.~bury, Jfoss.-After completing 
a ti i<tugulatiou of pan of tlie south cr>ast of Long Island, reference to which is made under a 
lwmliug· in the llcxt section, A:-;sistant A. T. :\Iosmau transferred hi:-; riarty, nuder instructio11s, to 
Xarrag,rnoictt Bay, and took up tllc determination in geographical position of tl1e light-houses on 
Point ,Jndith, ' 1nrnlc llock, Oonanict1t Islam!, Gull Hocks, llose lslantl, Goat lsland, Lime Hock, 
aml \Yickfonl Light 011 Old Gay H.ock, 'Vickfonl Harbor. 

Cllaugeoi i11 pu . ..;ition of some of tliese lights or the erection of uew structures rnmle these 
determinations necess;Lry. Tue work was begun August 1:2, 188'3, and fiuislJed August 31. 
Following are the statistics reported. 

Triangulation: 
Area of in square statute miles ..................•............. _. _.. . . . . 24 
Stations oecnpie1l for horizontal measures, number of ................ _... 9 
Geographical positions dcterrniuell, immber of.._ .............. _._ ....... _ 11 

:'.\Ir. )losman then proceeded to .A.mesbnry, :\lass., iu 01'uer to identify one of the stations of 
the old triangulRtiou in thitt vicinity, and so tix its location that it could be marked permaneutly 
wueue\-er desirable. A special report of operations executed for this purpose was made t-3eptember 
15, aud is on file in the Office. 

SECTION II. 

CON~ECTICCT, ~EW YORK. NEW JERSEY, PENNSYLVANIA, A::ND DELAWARE, INCLVDING COAST, 
HAYS AND RIYEilS. (SKETCllE!", Nos. 1, 3, 4, 17AXD18.) 

Tl'iangulation on the south coa~t of L~>nJ Lslanrl completed from Great South Ba.IJ to Napeagne 
Ba_1;.-A connected chain of triangulation between Amagansett, ne<tr Napeague Bay, Long 
falarnl, and Great South Bay was completed during the spring and summer of 1888, by Assistant 
A. T . .'.\losman. Heference was made to this work iu the last Annual Re1lort. Enough of the 
old statious were found with the underground marks in good condition to carry forward the 
resur\·py without difficulty. 

Thick fogs pre\·ailed on the coast during the last part of .July and first part of August, mak
ing very unfavorable weather for observing.· The work was completed, however, oa August 10. 

Suhas"ista.ut E. L. Taney joine1l the party .Jaly 12, while at Shi11uccock Bay, and aided in all 
of tile oper,ttions until tmnsfenetl to the party of A.s3i::;tan t Eimbeck, Augw~t 23. 

The st<ltistics are: 
Triangulation: 

Area of, in square statute miles ....... _ ........................•• , ....... 161 
St.ations occupied for horizontal mensures ....... _ ........ _.............. 25 
Geographical positions determined, number of. .... _...................... 71 
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.:\Ir. lllosruau's subsequent work on :Sarrngarnsett Bay i,; referred to under a heading in tlH' pn·
eedi11g section. 

Com)Jletian uf tlte g/wre-line rtsli1T€Y8 of Three-Jlile Har/Jor, J!ori(!:cs 1>1111 awl the 1111/c-, l1111ch, 
Long Island.-.:\ t the l>t•gin11i11g of tlIP fiscal ~-('ltr the ii~trt,Y of As:<isurnr C. T. Ianklla, or;.:·aaize11 fur 
sl10re-li11l' n•sun-py,; iu tlI(' ca;;ll>n1 and ,;onther11 part,.; of Long Tsla1111, ha(] lic·<'ll in llw tit-id ,;!ne.:• 
the middle of .l\fay. The pnigre,;;; made np to ,lnly 1, J~ss, w;;,.; statl'll iu tltt• last ~~ll!Jtial 
Hepoit. 

On July G )fr. Janlella begau a shore-line re:;nrn·;.- of Tl.Jrre-:'.\lile llarbor~ wl1il'.11 is about four 
miles to the eastward of Cellar falaml Light-hou:-.e in Gardiner~s Bny. Thi,.; i,.; a tilll' harl11n· for 
small Yessels llnrniug four feet; tLe entrance being slrnllo\"I" a11d the diam1d crookt'tl, Ye.~~els of 
greater drauglit can uot pass over the bar except at higll \later. 

This work complf'ted, a res1u.-ey of the outer heaell shore-linP, joining tlmt of 1875 of Great 
Soutli Bay, was bPgnu. The lwacb shore-line and both sides of the i1mer shore-line of :'.\loriclie .... 
Bay from Quantuck Bay to Smith's l'oint were resur'\"e~·ed during the remaintler of tlw seas011. 
Field operations were closed October 17. 

\Yith regard to Moriches Bay. 3[r. Iardella notes that it ii:' fonrtePn miles long arHl from ouc 
to two miles \Yide, ver.Y shoal on each si1.1e of the cliauncl, which varies in widtL from one qnarter 
to one-half a mile. About teu feet of water cau be carried from Great South Bay to the entrance 
of Q.uautuck Bay. 

One of the eRtuaries of l'\Ioriches Bay is Forge Hiver, which is tYIO and half miles loug from its 
month to the railroad llridge aml alJont half a mile wide at its eutrauee. Oul~ n:·sseb 1lrawing not 
over four feet can go to its head. 

Another estuary is S\'atuck CoYe, used principally hy small boats. 
One of the most prominent features 011 tLe south shore of l\loricltes Ha~- i;;; the wreck of the 

steam-ship Franklin of the Bremen line. Tlie c-nmt occnrred in 1834, and the iron fr<1me of the 
ship, with part of its ribs attached, stands about twenty-five feet out of water, and cau be seen 
from the deck of a large vessel ten miles from the shore. It is about niuety-tiye metres (three 
hundred and twelrn feet) from high-water mark, and about two and fin-eighths miles to the 
eastward of Forge Hivcr Life-saving Station. 

The statistics of the work from ,J11J:1· fi to the end of the season are as follows: 
Topography: 

~<\.rea sun·e;red in sq nare statute miles ..........•...••....••......... _ .... 17 
Leugtb of geueral coast liue in statute miles ............•..•. _ ............. 90 
Length of sllore-liue of riYers in statute miles ••••...•.••.. - . • . . . . . . . . . ... 10 
J,e11gtb of sllore-line of creeks in statute miles .......••••..•••••........... 10 
Length of shore-line of ponds in statute miles .................... _ .. __ ... _ 3 
Length of roads in statute miles. __ .... _._ ... _ .... _._ ...... __ ._ .......... _ 19 

The results of the work are shown on two topographical sheets, each on a scale of 1-10000. 

Hydrographic examination of the cntl"ancc into Jamaica Ray, south ,~ide of Long Islanrl.-1 n order 
to ascertain the extent of the clianges in the clrnunel into J~tmaica Ba.y since last surv-e;-.-, .Assistant 
Joseph Hergesheirner was directed to make a hydrographic examination of the entrance. He left 
Philadelphia Septeml.ler 24, 1888, and having obtained a suitable sounding boat from t11e Coast 
Survey steamer Endem,m·, then at the Brooklyn Nav,v-Yanl, he hegan the work witltout <lela~-. 

Since the topographical survey of the locality made by 1\Ir. Hergesheimer in 188.5, hi;; exami
nations in 1888 disclosed the following as the.more important changes: A new buoyed channel along 
the Coney Island shore; the extension to the southward of the saJid banks on the west side of the 
entrance into Jamaica Bay; the working to the westwaHl of the wei:;t end of Rockaway Beach; 
the decrease of water on the main bar, and the existence of Yery shoat water about the bar, upon 
which four mid·cbannel buoys were found. 

In regard to the saud flats south of Coney Island and to the "l>estward of the maiu cl.Jannel 
entrance into the bay, Mr. Hergesheimer thiulrn that the,y would soon develop into a tixeu piece of 
land, and be a protection to Coney Island, were it not that the sand is carried a wa~· hy the Jarge 
number of schooners that get their supply of sand from that locality. 
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Field operatious were closetl October HI. Tile changes determined are shown on tlie map1 

which has \,een sent to tlie Ollice with the l'ecortls of the surniy. Following ure the statistics: 

H~·tlrography: 

Miles (geographical) run in sonmling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 
N um her of angles measureLl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 386 
Number of sonlltlings .•.............................................. 5, 034 

Duty assignetl to :\fr. Hllrgesheimer during tlie following winter on the Florida coast will be 
referred to under a headiIJg in Section VI. 

Vbsen•11tions of cwTents in New York Lowe1· Bay.-In accordance with instructions issued 
early iu the spring of 188!), supplemcntml by detailed instructions from the H,rdrographic Iu
.spector, the party under comuuuHl of Lieut. \Villiam P. Elliott, U. S. N., Assistant Coast autl Geo
·detic Run~e~·, ha Ying heen orgauized ou hoard the scbooner Eagre and steamer Daisy, witli ti.tree 
steam-launches assisting, left Sew York l\Iay 7, and proceedetl to tbe Lower Bay to obtain 
obser;-ations of currents. Tim plan outliued for tlrn work was to occnpy three positions oft' Coney 
Islaud simultaneous!~-. each position to be occupied for twent_y.firn consecutive hours, using the 
Eagre, tlw D11 i,~y, and a launch. A tide-gauge to be erected at a co1ffe11ient wharf on the island, 
the readings of gauge to be takeu simultaneously with the current obsen-ations ever~- fifteen min
utes, and the zero of gauge to he referred to a permanent heuch-mark. 

{) nt!er the Llatc of }fay l:l Lieutenant Elliott reported that tlicsc in ~truetions had been fully 
complied with, the title-gauge ha,-ing been set up ou "\\'est llriglltou Pier, Uoney Island. Tbree 
series of ohser>ations of currents had been obtained, tile first aml thinl of tweut:r·fh·e hours each; 
foe seco!ltl series, intende1l to lJe of tlrnt durnti.un also, was interrupted b.r a Yiole11t squall. 

Gpon tlle completion of thi:,i dllty, Lieutenant Elliott returned to :New York and soon after 
left for Chatham, ::\lass., to prosecute a resurYe;\· iu N autncket Sound. H.eference to this serYice 
has been marle nuder a heading in Section I. 

Eusigus L. S. Yau Dnzel' and 11.), ~.\.. Amlersou, U. S. N., were attached to the party of Lieu
tenant Elliott. 

Establishment of meridian lines and standards of length at Bi11gliamton, .. •v. r., and at 11font
rose, Pa.-In compliance with requests received from tlie authorities of the city of lling-J.rnmtou, 
BroPme Count~-, :S-. Y., a llll of the tmn1 of :\Ioutrose, Susquehanna County, Pa., .Assistant James 
B. Baylor wa:s in;;tructed to"·aicls the eud of June, 1888, to establish at those places true meridian 
lilies aad Htantlards of length. 

Fpon arri,·ing at Bing-ham ton, al!ll after consultation with the City Eng"ineer, Mr. Baylor laitl 
out tlu· meridian liue lly two days' ohserrn.tious on the sun, atHl marked it by two solid posts of 
gr~rnite, sank three feet in the grouutl, awl set in broken sto11e and I>ortland cemeut, so as to free 
tl11~m from the effects of frost. The points defining tlte cud:; of the lines are iudicatetl by crosses 
cnt in two copper lwlts sPt iu granite posts. 

~~ st ;mdanl ofrnf·as11re, mie h111Hlred feet in length, was marked on au iron bar, welded in one solid 
piece, the leugths on this liar beiug marked by fine lines ou small copper liolts set in it securel;v. 
1\Ieasm'i!s of trn fel't up to one hnntlretl were marked on the bar b;y the aid of two one hundred 
frM stl'el tapll Ji1ws, using a tt•nsion of eight pornHls applied with a spring- balance at the extreme 
eud of eacl1 tape. 'flie,;e tnpes h:ul been preYiomsly tested at the office in \Vashiugton, and correc
tll11,,: "·pre foruishetl for raelt rnPasure of ten feet b;y tl1e Bun•au of \Veights and :Measures. 

ln Yiew, howen•r, of the slight clurnge::i of length which these tapes are liable to wlieu wound 
and umYonud, :\Ir. Baylor ::;uggn;ts that au iron r0tl having a line measure of ten feet marked upon 
it wnal1l bt• prefn;i ble. Thi::i rod should he of tile same material and of about the sarne shape as 
tLe 011e hundred feet stan11ard, so tliat tlie effect of temperature, ullder the :same couditious, would 
be the same. Ile recom meud:; abu the marking of a six-feet line measure on this rod iu order to be 
able to mark this length ou the oue lmndred feet standard, sixty-six feet being the lengtll of the 
chain generallr 11st«l hJ· lflrnl sn:Yeyors. 

The oue hundred feet .starnlard at Bioghamton was mounted iu the court-house yard upon a 
wooden frame work, and co,·ere<l by a box neatly painted. The whole structure was substantially 
built. and tile box securely locked, the key being deposited with the sheriff of tl.ie cou11ty. It is 
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readily accessillle to any authorized sur'."eyor or ciYil engineer who ma;.- de~ire to test his 1'.teel 
tape or chain. 

After the completion of this work, July 10, }fr. na~-Jor IJroceeded to ::\Iontrose, Pa., and upon 
cousultation with the couuty officials, established a trne meridian line in the grounds of the couuty 
court-house by two days' obsen·ations upon the sun. The line was markell iu tlie same way as 
the one at Binglrnmton. A staHdard measure 50 feet in lengtb was marked on the stone copiug 
of the court-house, using the steel tapes alr1•ad~· referred to. 

Both at Binghamton and at l\Iontrose the e11tire cost of the work and materials was home by 
the authorities. In Yiew of tlle yery moderate sum required, uot exceeding $1:!5 at Bingliamtou, 
·and less than $100 at :Montrose, l\Ir. Ba.yJor suggests tliat tbe estal.Jlh:1lm1ent of similar liue>' for 
1letermining tLe variation of the compass and isimilar standards of measure at eaeh pri1H.:ipal 
county seat in the United States would be extremely useful, an<l by their aid in pre,·enting mucli 
tedious and expe1rnirn litigation would man:f times defray their cost. 

Having receiwd irnstructions to take up tlie regular magnetic fiellhrnrk of the Surn~y, ::\Ir. 
Baylor, 011 Jt1ly 19, proceeded to OleYeland, Ohio, his first magnetic station. Refrn'nces to tlle 
stations wllielJ he occuvied in tlle course of this duty will be found nuder heatlings in Seetions II. 
III, YIII, IX, XIII, XIV, XY, arn1 X\""1. 

Continuation of tidal record by means of automatic tide-gauge at Sanr/y Hook, Seu· Jersey.-Tlie 
new series of til1al oosern1tious witll automatic tide.gauges at Sand,\- llook, ~ew .Jerse,Y. lwgun 
December I, 188G, was continued snecessfnlly during the year. For tlie firc,t :,;ix rnoutLs th•' l"ta· 
tiou was iu charge of .:\Ir. J. G. Spaulding, au experienced obst>rYer, au<l for the six moutlis follo'll· 
ing in charge of l\lr. DaYid E. Snead: who had recei.-ed some iustmction at the Ofticc supplemented 
by work at the station under itlr. Spauhling's direction. 

A spirit-level has been furnished to the obser'."er y;itb which he rnnl" frequeut liues oflevel to 
refer the zero of staff to the seniral beuch-marks in the Yiciuity, so that the eoutiuuity in altitnde 
of the series may IJe cliecked. A cabin has been built for him uear the gauges so that lie can gi \"e 
tllem the constant attention often required at that exposed station. · 

Contin nation of tltc tt'iang1tlation in northeastern Pcnnsylrnnia requi>·ed to complete the T<u11ii1.:o
Chesapeake-Lake Ontario Arc of the Jleridian.-A connection of the triangulation resultiug from 
geodetic operations iu the State of Pennsylvania wit!J tlte triangulation crossiug the State of Xew 
York lJas been kept in '."iew for some ,years past.; oue result of this connection wLen it is tiuall:
efi'ected belug the completion of the Pamlico·Uhesapeake·Lake Ontario Arc of the )leritlian. 

This work having beeu intrusted to Assistant F. \Valley Perkius, by instrnctious dated ,Jnls 
7 and rn, 1888, he proceeded to \Yilkesllarre, Pa., on ,Ju]J· 23, where be was joined the following 
day llj· Prof. Loliis H. Baruard: Acting Assistant. Hecorder D. 1-'. Halsey reported for dut~· July 
26. 

Ha•ing organized his party, arrangements were made by l\Ir. Perkins for the occnp<ltion of 
Penobscot l\iountaiu, a commanding point four miles south of \Vilkesbarrc. The instrnments were 
im111ediatcl.Y mounted, and heliotropers posted at the eightstations surronrnliug which were includetl 
in the scheme. 

Pcnoliscot overlooks tlie country to th.e north of it, as far as the State boundary, eastwanl into 
Pike County, southward into Oarbou and Schuylkill Counties, and westward to the Sm;quehanna. 

Owing chiefly to the immense amount of fnel consumed in this coal rniniug and rnauufactming 
region, the atmospllere is probabl_y at all times unfa-.orable for obser'."ations, bnt, as ::\fr. Perkins 
reports, particularly so during the summer aud autumn of 1888 ou accom1t of the unnsnal amount of 
rainy and cloudy weather. Tllis prevented the successful use of the heliotropes and greatly retarded 
prngrcss. He recommends that hereafter night signals be employed, so that results ade11uate to 
tlie time and energy given to the work hJ· the obs1wn•rs may be obtained. 

Professor Barnard took great interest in the work, bnt was called away from tl1e party August 
22, and was unable to return. Economy in expenditures demanded the dc>tail of )Ir. HalS\'Y :is a 
heliotroper and of the foreman to instruct and enforct~ close atteution to their stations on tile part 
of the heliotropers, so that Mr. Perkins for the greater part of tlle time occupied the sta tionsi 
unaided. • 
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Ohsenations wen• completed at Peuollscot :\Touutaiu October 30, and tile part~· disbanded 
Xon•rnher 3. 

For the season tbe statistics are : 

Triangulation: 
An•a of, in iH)trnre statnte miles.............................. 1,375 
Signal pole,,; erected, nnm ber of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J 
Ob.serl'iug tripods and scaifolds !Jnilt, heights of.... . . . . . . . . . . . . . . 5 to 12 feet 
Stations occnpit>d for hurizontal and vertical measnres, nnm bci· of.... 1 
Elevntions determined trigonometrical1.Y, 1rnrn ber of . . . . . . . . . . . . . . . . c 

In Sovemher, :\Ir. l\'.rl~ins was i11strnctetl to continue tile recomiaisRance aud trimignlation 
in Alabama from the limits of tile preceding Reason towards the Gnlf of .i\lexico. l\leution of thit< 
,.;en·ice is nrn!le urnkr a hea(ling in Section YIII. 

Correct ions in and wlrl i I iuns to the tu por1raph ic and hydrogrnphic s urrt.IJ8 o.f the Del me a re Rirer, 
111a11c 1u·ce:ssury bp clw11t1cs 1Clti<:l1 hwl uccurrcrl since, funner s111Te_11s.-Dnriu~ t11e time 1ietv1een July 
17 allll Octuher lll, 18i\:'\, Assistant H. ,\I. Baclle was engaged 111 carrying out certain work pre
limiuary to maki11g allditious of topograpllical aml l1yl1rographical dda.ils to the Rnneys of the 
Delaw<tre aml Schuylkill Ri\·ers which had been executed in the )·ear.~ 187fl autl i.-.74_ TlJis work 
COH~i,,:tetl iu fiucli11g nnmerous subsoil station marks on both ri\·ers, rPplacing fin~ tide-gang·es, 
and determining for Assistant a. Hergt•sheimer's work, one trigonometrical and some plane-table 
points. 

On Odol>er 10, haYi11µ; receiYed final instructions, lie began to organize a part~- wllicb was 
afterwanb employed in lJOth topography aml bydrograpLy, although unequal to execntiag the 
latt.>r to the l•est aLlnmtage 011 account of tlie smallness of i_ts uumberi<. The season of lwgi1111i11g· 
bei11g late, anrl the sweep of the willlls unobstructed on the Delaware, all of the work was exe
cutell u1Hler <litl1culties. l3y the 21st of :Xo\emher, howe>er, most of' tlrn topographical details of 
the old chart Litd beeu corrected 011 the Delaware from Fisher's Point to tl1e head of SmitL's 
Islaml (the must important part of the rirnr), and soundings had been made OYer the same area 
1trnon11ting to oue thousand eight hundred aml fourteen casts of the lead. 

On the 2'.M iustaut, the party wat< reel need iu mmi hers, and after a slight pause of preparation, 
the transit work from Bride,;lmrg to Market strect1 where, for the most part, plane-table work can 
not be done to allYantage, was uegun, the bad weather being utilized for office-work. On the 8th 
of January, 1880, this work was tiuishell hetweeu the points mentioned, with the exceptio11 of a 
space between Tioga, Station 2, and the Kensington 'Vater \Yorks. 1t includes correction of the 
whole ~rharf.face of the city within that rnnge, except for the tlistance just mention ell, wl1ich had 
to he postponed to a more favora.hle sPa:-1011. 

The rpmaining portion of the original party was tlleu discharged, an<l office-work was bl·gun, 
inclu<liug computation of transit work, and the copying, reduction, and plottmg of soundings. 

::\Ir. Dnche haR Rnhmitted with his report a blue-print of the area co\~ered. The positions of 
tlie somalings, as represeutetl thereon, are pr(\jected upon tile original map, but are not marked . 
upon it iu figme,,;, since the map must go into the field agab. 

'Yhen compll•te<l, a copy of tlic map, embod_ying all the additions and corrections made, will 
be deposited with the antl10rities of the city of Philallelpllia, by whose aill i11 contributing to the 
pay of .'.\Ir. Bache's experit>uced and Yalnable as;.;istant, Mr. ~. B. Craig, the work was greatl~
expe<litetl. 

Dming the winter and :,o;pring, tLe drawings for tbe large scale-nrnp on 1-1200 deriYed from 
the transit work on the water front of the city were continued by l\lr. Craig nuder 1\lr. Bache's 
directio11. One map, as the result of tllis work, wns seut to the office, and 11 duplicate of it placed 
in the hands of the city authorities. A second map of the series has been finished, but not yet 
duplicated. 

The new appropriation for field-work not beillg arniJ::thl1• till the enrl of tlie fiscal year, the 
plane- table re,·isiou could not be resumed till July 1, 188fl. Ref Prence to its progress will be made 
iu the next Au11ual Heport. • 

Topographic anrl hydl'ogmphie resm·i•ey of the Schuylkill River, from Fairmont Dam to the Dela· 
icare Rfrcr.-Changes iu shore-line aud new works of coustruction on the Sclrn_ylkill Uiver, iuYolv-
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ing changes in its topograpllic and hydrographic features, lrnxi!lg ren1lere<1 a rc-.:nney iHh isahll', 
Assistau t .Joseph llergesllei mer '\Vas d irectt>1l, t•;u Jy in October, 188,_,, Oli the completion \lf l1 ut~

rcferred to nn1ler a pre,·irrns heading in tllis section, to l1egil! wmk Oil rlie 8i~lin~·ll;i]l. 
Between October 21 aml Decemln~r 10, JS.SS, 'l'ben ficl1l.work \\;ls 1'Uspe111k1l for tlH· -.:eaf-nn, 11(· 

made a rl'Snr\·ey of the topogni.phy of tlw rin~r ou a scale of 1-±SOO from }'ainnont Ham to Grny">: 
Ferr~- rr;11l of the 1locl;s, atl,iaec11t railroads awl hri•lges, fro1n Cira:{,; F1•rry to tlit· Dvhlware. A 
secolHl map of the i=;eries has 1wen ti11ishl'd, but uot yet dnplkatelL 

Later in the winter he v;·as assiguetl to field r1uty 011 tlie \H'~kru coast of florit'a, a report of 
>vhich appear~ urnler a !Jeading iu Section YI. 

On returniiig north he resumed the 8chnylkill Hiwr resnrn•y. Jum· II, 1<33H. aiH1 eo1~;11l\'tel1 tlw 
topography, scale 1-+SOO, lietwePn Gray's Ferry a1Hl tlw Uel:nr~l!e J~iYer. enll!prising tlw lrnnk~. 
mar,;hes, mHI low \Yater liiw h,\- Jnlle 21. Takiug np 1wx:t 11ay tlie l1ydrngTnpl1ie re~UJTr•y at Fair
monnt Dam, on the smm.· scale, lie curnpll'tetl it to the Delaware a frw <lay:• after tLe <·it•st of tlJe 
fil'\cal year. 

:Mr. Herge:-;hdmer 1eport,; the ::;ta ti sties of the c11tire re:;m n•y as follO\YS: 

Topogn1phy: 
.l\files of high-water line snrHyed. _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 i 
Miles of marsh line smTe~-ed __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
JHiles of low.water !illl' :'illl'Yc~·ed ... _... . ................. , ...... _. 1:2' 
JHilei;; nf hauk Jim· t>Ut'Yr.n.-1l. ............. - . . . . . . . . . . . . . . . . . . . . . . . • . . 8 
l.1e11g.~111 of bridg·e~ sur\·eyed, in n1nt~~- . ., ................... - .......... , . :! 
Le11g-tll of railroad sun-eyed, in miles.......... . . . . . . . . . . . . . . . . . . . . . . . 0 

Hj-drograpliy: 
l\liles run iu sounding .. _ .. _ ...... _. __ .. . __ .. _ .. _ ......... _. . . . . . . . 3~ 

Augles measured ........................ - ........... - - ........... - . . :?.'3.1 
:Numlwr of soundings ........ _ ... _ .. _ .............................•... 3. OU7 

Ph.11sieol hydrogmpliy.-Conthwation o.f the obsrn:ation 1~f ice formation m!f/ 11101·ement i11 Dcla
'lfarc Hirer and Bffy.-Cniler instruction~ tlated in Octnher, lSSS, Assistant S. C. ::\IcCorkle matle 

·thP- usual preparations for resuming- obse1Tations of the formation, lodg-rne11t, and moYemPnt of 
ice in Dehnrnre HiYer aJHl llay, and al~o of the temperature and densit~· of' ,;ea-\\-ate1 at the· 
Delaware Break\Yatrr. 

At the Breakwater, oh,,;rrYationR were begnu ~onmber 1. 1f'88. and continued to Mard1 31, 
1889, hy 1\Ir. A. P. Ingram, snperi11teiule11t of the Phila1lelphia Maritime Exchange. 

Through the kindness of Commander John J. H.ea1l, U.S. X., Li~ht-house Inspector, Fourtil 
District, permission was obtai1wd from tlrn I1ight- Honse lfoard to make availablt> the s('1Tiees of 
the light-keepers on the riYer anti bay for olrnen·ations of the ice moveme11t. 1Il•ssr~. Ht•nrs 
'Vi11sor & Uo.; Capt. \\T. B. Gallagher, Snprrintendent of tlw Philrulelphia arnl Uea<ling steam 
colliers, and Uapt. U. E. l\foh-ille, Snperintt'mlent of the City Ice-boats, kindly proffered assistance 
in tlw obserYations. 

Books of record were furnislicd iu all t1.Jese cases, but ill eo1iscr1nence of the \-ery mild wiutn 
but few records were made. 

At the end of .l\Jarch, 188!J, the Snperintl.'mle11t of tli!' City Tce-hoats rl'porte<l that at nn time 
during the winter did he have a full crew on either of his boats: aud that but two applications for 
service were made during the season. The first ice appeared December 23, arnl disappraretl (IJl 

the 30th; the next appeared February 13, and disap1wared Fcbrn:n:y 20; the third crop of icl' 
appeared February 24, and disapprared on the 28th. There was 110 ob:<trnction to naYigati0n 
during the season. 

Obsernttions were kept up, howernr, nt sixteen stations, iu order to complete the reconl and 
make it comparable witll that of three i)re>ions winters. One more season's work, :\!r. ::\IcCorklt· 
observes, will furnish a full series of observations for fi\"e snccessin' Years. 

The records and reports have bee~1 transmitted to the Office. . 
Reference is made toward the close of Part II, of this ,-ol nme, to the charge of the sutioilice 

.at Pbiladelph!a, which was continued with Mr. l\lcOorkle. 
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SECTION III. 

.'.\L\.RYLAXD, DISTRICT OF COLU.\IBB., VfRGOHA, AXD WEST VJRGINL\, INCLUD
I.XG IlAY:-:3, SEA-POUTS, AND RIVERS. (SKETCHES Nos.1, 4, 15, 17, and 18.) 

Topn[1rnpliical res111'i'C!J of Annapo/i.~ Ha,.bor and Roads.-Late in October, 1888, Assistant Jolin 
\\. Dorm was instructed to organize a part5· for the topographical resurvey of Annapolis Harbor 
autl lfoatls. Triaug·nlation points about Annapolis being scarce, an effort was made to externl a. 
piaue-table tria11gulation from tlie ohl Kent Island base-liue across the Uhesapeaketo the entrauce 
to Severn Ri\·er, and a special lHC(jectiou was made for that purpose, but upon examination of tlie 
locality, }lr. Do1111 found that no points upon that well-known line were in existence. 

The positiou of the south l'tHl, which had been established about fift_y metres from the shore
line as it 'l>as in 1853, was found to be under water, and distaut from the preseut sl1ore-line about 
ten metret:i. The north end, though located upon high ground about one lrnndred metres from tlm 
:-ihore, had also disappeart>d, Gnu the munud which once encircled the mounmellt hall been leYele(l 
with the surronmliug ground. So clne remained h_y ·which an approximatiou to the position coulu 
be reacheil, and as uo oue living in the neiglluorhood had eYer seeu the stone which marked it, 
t!Je conclm;ion was that it lrnd heeu rernoHd or destro_yed duriug the cidl war. 

It became necessary, therefore, to obtaiu an independent base, and a fa·rnrahle locality havillg 
hee11 fonrnl <m Greenlmry's Point, a line ahont a mile long was establislied by repeated measure
ment;.: \\·ith steel tape. From this ba;;;e-line a tri<tngnlation was extemled, expanding to the west 
aud ;;;outlr so m; to cowr all the points approximatel,y determined b,Y Lieutenant ~Wood, U.S. N., 
~-\.;;isi,;tant Ooast an<l Geodetic SmH\Y, during the progress of lti8 h_ydrograpllic survey in 1888. 
The accuracy of thi,; triangulation was tested hy determining as poiuts in the scheme the positions 
of two stations of the old triangulation, spire of St. John's a11d State House, the conespoudeu<:e 
liring found perfect iu llistancl'. Data were thus derh·ed for carrying forward a topographical 
resm·,~ey upou a scale of 1-10000 of the shores of Annapolis Roads and Severu Hiver from Tally's 
Point aud Hackett's Point to the county l>rillge auon the Naval Cemeter_y. 

~"- detail;;ll snrYey nf the NaYal Academy grounds, including tbe cemetery and farm, and 
country lyiug het\l'een, was made on a scale of 1-50000. Contour lines for ever_y fke feet of ele,·a
tion wert' rnn o,·er the entire area. A detailed surYey on tile same scale was also made of Bay 
Ridge; this sur,·ey co\"ered Tally's Point, aud included tlle railroad terminus and other properties 
of the Bar Hidge Compan;y located tlll're. 

l:;tatistics of the work, which closed with the month of January, are as follows: 

Topography : 
A..rea snr>eyecl in square statute miles...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Length of 8hOrf'-line iu statute miles.......... . . . . . . . . . . . . . . . . . .......... 13 
Length of roads in statnte miles.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J 
Leugth of contour lines in statute m:les... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

)fr. Donn acknowledges the facilities for furthering the work granted by the liberality of the 
authorities of the };axal Acatlemy. A steam launch was furnished; office quarters within the 
Academy grouud1> were provided and the use of such additional instruments and implements as 
"·ere needed was tendered. Especial con rte::<~· was ~bown h.r Commander Sampsou, Lieutenant
Comma11 der \Yalker, arnl Lieutenant Yery. 

\York executed by l\fr. Donn ou the Island of l\lartba's Vineyard is referred tounderahead
illg in Section I. 

Connection by geodetic lereling nf t71e tirial bencli-marks at Annapolis, llfd.-A critical examina
tion and te,;t mea,o;nrt>!\ having lwen found desirable to ascertain carefnlly the elevation above half. 
tide leq~l in the Dhe5lapeake of the tidal bench-marks established at Annapolis h;y Assistaut 
Perkin;, iu 1S7i), :uHI b.r T1ieutenaut Wood in 1858, Assistant A.nrlrew Braid was instructed to pro
ceed to Annapolis in December, 1888, aud connect these bench-marks IJy lines of leveling of pre
ciRion. 
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Tlte bench-mark of 18i5 at Annapolis hail beeu establishetl by Assistaut Perkin,,; as a refer
ence mark for the lines of geodetic leYeling run liy him in tlmt year between \Vasltingtou aliil 
Annapolis. Tile bench-mark of 1888 was established hy Lieutenant \Yood in c<mnPction with l1is 
hydrogmphic rfsuryey of Annapolis Harbor and approaches, an account of whicll appear" u11dH 
another Leading in this section. 

Other bencL-ma1·ks ,,-llich batl been e,;tahlished in the years lSH, 185~ and 1853. aud 1870, 
were searehetl for, but were not found, dc;;eriptious of localit,> ha Ying faile<l to he recorue.l in 1.1Yo 

cases, awl in the thinl case the lrn il1ling on which the mark wa8 made ha Yiug heen toru rlown. 
'l1[1e connections made b,,· l\lr. Br,titl were confined, therefore, to the lieuclt-mark;; of 1t'i.:i arnl 

1888, aud the results of his olJserrntions as discussed in the Office sbov; a satiisfactory agreerneut 
in tlte elevation of thP>H: benclt-rnarks aboYe half-tHle len·I in ChesaJleakt• Hay. 

On Decemlwr 7 h(• retnr11e1l to \Yashingto11 a1Hl l'PSUlllP(1 his regular oftice duties, ref Prtnee to 
wl1icli i,; made under tl1e liea<ling '·Coast and Geutletie burn·~- Oftice,'' towanl8 the close of Part 
II of tltis volumr, an1l also in lii_s annual report, "l\'biel1 forms part uf AppP111lix .Xo. J. 

Rydrog.-aphic resurrey 1~f' .rln;wpoli.~ Harbor {Wrl approrwhes.-upou the completion •.Jf tiw. 
hydrographic reo;un·ey of Cape Charles and Yiciniry, referred to nlllle1· a suhseqnenr hea1iiug- i11 
this section' Lieut. :u. L. v.-ooll, IT. s . .x., Assistant Coast <UHl Geo le tic S!U\"t'Y. COlll lllaU<li ug t lie 
steamer Endcaror, took up, nmler instructions, similar work iu Annapolis Ilarbor au1l approaches. 

This resurYey, begun Angnst 17, 1888, \ras finished S0ptemher L aml wasexecnter1 on a scale 
of 1-10000. For the reduction of the sounding." a tide gangl' was estahlislu•ll 1wae tlw end uf 
:\larket Sr111arn Basin. Ti1litl ollservatious at thi8 gauge, begun August HL "IYCl"l' kPpt np till Sep
tem l>er lo. 

In his descriptini reports (A aml B) sul>mitte1l with his Ii y<1rographie shec•t, Lientl·1rn11t "-o, .. l 
obsern~s that it i,; probable that the 1lifi'ere1H~Ps fonml lwtwee11 hi>< n·snrve~- au(l tl11· snrye~- of 
thirty-a,-e year,_; ago are due more to the greater closeness of the reccJJt work thau to actual 
changes i11 the ltyllrography, siuee the hottom is of mml, tht• ri~!' an1l fall of tbe tide le,,;s than our· 
foot, and the tidal murents Yer.r gentle. The main channel into Annapoli,; Harbor has a ll'ast 
depth of eighteen :rnd seYen-teutlls fePt at mean low water in t"o Ji laces, one off Gn·er1 bur~- Poiu1. 
the other fartlwr i11. 

In the execntion of the work Lientenant\Yoad acknowletlges tlJ e ai<l recein•d fro111 Oornm:rnder 
11-. T. Sampsou, U.S. N., S11periutentle11t of the Xa\·al ~.\.cademy, with whom arraugemeuts were 
made, as directetl by the H,nlrographic Inspect<)!', to-furnish three steam lauuchcs for rnuuing 
sounding lines. 

For the entire season, iucluding the work at Cape Cha.r1es and Yieinity, tile statistics are: 

H,ydrography : 

Aiea sounded in square geograpliical miles . . . . . . . . . . . . . . . . . . . . . . . . . . . :.!:Jo 
Number of miles (geographical) rnn while sounding ..... - . . . . . . . . . . . . . 1, 7 JU 
Nuwber of angles measnred. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 4 73 
Number of soundings . _................. . . . . • . . . . . . . . . . . . . . . . . . . . . . 9'..!, 8<l(i 
Number of tidal stations estahlisbed... . . . . . . . . . .............. - . . . . . 3 
N nm ber of specimens of bottom preserved ........... - .......... - . . . . . J 

Ensigns Edward Lloyd aud E. A . .Anderson, lJ. S. ~., were attached TO the .E111Jeator. 
Draughtsman \Y. 0. \Villeubucher was attached as an obserYer, at Lieutenant \Y 0011'1; request, 
from .August lti to 31, aud assistell materially in the progress of the work. 

After laying up the Endeavor at the New York Navy Yar11. Lientenal't \Voo<1 resnmetl his 
duties at the Office in \Yashingtou 011 October '..?. 

Continuation of the det(tilerl tnpo{fl'llj>hicnl 11nn·e11 of the District (~f Golumbia.-Early in Felil'na1',1·, 
1889, in pursuance of instructions, and after the completion of work i11 Amrn.poli~ Ilar\.)()r, which 
is referrell to umler a preceLling hea1ling in this section, Assistant John \V. Douu restllll'~d the 
topographical sun'ey of the District of Colu:nbia in the region abont Hock Creek, lying in tlrn 
northwest corner of the District. Part of tile work in that vortion haLl been uoue se1·eral years 
before,, bat it was left unfinished because of the urgent need of completing the survey in localities 
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nvarer the cit,1.· limit..;. ·Some time "·as n·quirP!L thereforP, to n•co\·e1· bencb-marks and exten<l 
!i11es ot' le\·eling thrm1gli the l!oek Crec>k YaJJ,•y au<l makn proper co111wctions with linc>s formerly 
n111 al1t11g the Brook\·ille road ou the west and tlw SeYcuth 8trPet roa!l Oil the east. 

T. •pogrnpliieal \Wirk wa..; lwgnu in the yicinity of Sl1eplier1l',.; !lom.;t•, 11Par tlw lattt·r road, awl 
tiwa11!!'.->, atljace1:t to iL awl carl'icd iutu the Ho1:k Crt·ck Yallt)" w1•sh,·anl to the nortl1\H'Nt bonrnl
ary Iirw of tlie Di,;trict aml .,;olltlnrar<l to ;1 jmwrion willi tlw ol1l work of 1882 and li383 in tlie 
Yiciuity ill' tlw crossi!lg· of tl1e ultl :'IIilLlirmse Fod road. Tl1t, 1:<nrn:'y was then extl'lltle!l hack from 
tLn• ·ulli·y 1ffl'l' the WOD1lla:ul w the east aiul north n11til the rapidly gTo"ing foliage i11 tl1e early 
par: pf' ~.Lly compelletl an ah<rndonmeat of tltP warnlP•l cou11try, \dwrenpon th(• opeu g-rom1d lying· 
IlPHl" ~-!H' Hnrtll\Yt.~~t. C1)J'UCl" \\;l" ttlktiJI Hp antl eon1ph•tP«l~ 

Early in .Tum• the work w,1,.; lironght to a el<H1,, 01Yill_:r to the l·xiian1<tio11 of the allotmpnt ~et 

ap<ll't for :\Ir. D11nn',; p;nty. Tl1P area con•n·<l 1lltri11g tlH, season w;;s abo11t se\·en hmHlred :HTl'·'· 
Otl1Pr tlNails h".si'le the eoat1llll' work were not of suflit•.ient n l!lonnt to rPport for :-o hrief a season. 

lu alhlit1un tD tli(' charg"<' uf' tlw Wcll'k .,r his OW!l 1111rtJ·, ?.Ir. Dollll ('1Yho had at tlie outset Of 

ti;,, I>::-;trid ;-;111Tey and for :<o;nr· years after been i11 sole eltarge of it) was uirecte<l to <·xerci:<e a 
getwral sa1ie1Tisio11 of t It,, work in pro,;.;Tess b.v the pa rt i<~,.; of w 11ie11 Assista11ts \Yainwright aud 
Ifo1l;rkius awl ..:.\.i1l Flem1•r 1n~re chit•f,;. lL~ yj-;ite\l tl10:,;e partie,.; 11 hen praetieahlt:•. allll r0ports 

t Ji It lw al way,.; fiHllH l t lH' work progrns,;ing safoifaetori ly a rnl wit li all 11!!(' lH.:eur;ic~·. tie IT ice as
s1 gnf:tl lo )Jr. Du1rn Parllt'r i11 tlw tlsc:1l y1·ar 011 tl1e eoast nf :\las,;acl111sptts i<' n•ferrr<l to under ;1 
lil•ad ing iu St>ct io11 I. 

i_'onti1nwtii>n ':!'the detailed topor1rnziliicr11 .'illl'l't_IJ of the Dist,·ict <;f Col11mbia.--\.ssistm1t D. B. 
\V~1i11wrigbt has m111le a full rqrnrt of the \>cirk executed li,1· liim iu contiunaliou of 1lw <]!'tailed 
topographical surY•\Y of' the llistrict of Culnmhia during the fiscal year. liaYiug orga11izetl hib 
party St·pteml>er l, 18,'lS, in punmauec of im;tructions, lie took the field 1vith a projection, scalt· 
1-hOU. tl.J1, upper li111it of which correspomle!l with a line startiug on the Eastern Branch of the 
l'oromae at the outskirts of Anacostia, au<l running the 11ce southeasterly 1.lu;ough J.'ort Stauio11 to 
t l1c· l1<HllHlary of the Vi,.triet, while tlw lower limit corres11onded "·itli a line starting 011 tl1c EastPrn 
H:·auch s!Jore a short distance lwlow the gronuds of the Gon'rurnent lm;anc Asylum, an1l rnnniug 
til•.'lH~•· southeast throngh tlw jn11etiou of .XicLols A1·enne a11d Harnilto11 Jfoad to tlw lJOlllHlar,Y. 

},lr. \\~ai n wright deseri l>cs at ;;onw ll·ngtli ia his rnport tlie cbaract e1 i otic features of tlw 
co.:ntry c,werc1l by hi:i sun•ey, the grn.lter p:nt of it eonsi8ting of au elcYated plateau, whioh form!' 
tl1c wat(•r-slwtl between tl1c Ea::'\ tern Branch an1l Oxon ltin·r Creek. 1\..t its upper ellll thiti phiteau 
i.~ I wo h 111Hlre{l arnl ri gh ·:• fret i 11 e 11'1·ation, but lleseen lls abruptly a hundred feet uear thP .i u uct icm 
of' :::1Utn to11 a1i.1 II1tmiltu11 "~ Yeuues, a11'1 then m<Lia taias for the rest of its area an ele\·ation ot' one 
huntll'etl alJ(l sen·nty to one Jrnmlreil awl eighty feet al>ove high water. 

!n exricllting topographic<tl 'iYtHk UJIOll a scale r<>qniring the greatest accnrac;y of llelineatiou 
tl11· rnetlrnd put'sued is tleserilled by Mr. Wainwright as follows: The phme table having lit>e11 set 
up in a po,;itioa whPre the largest amount of detail could he i:;ee11, the leveling iustrument \Yas 
placed in its Yieinity, au<l the ltl•iglit of tlie iustrumeut determined from the 11earest beach.mark. 
Tln~ tal'g·f't of the h·~~el ro<1 was then set so aR to giYe the reat1iug of the nearest five.foot contour, 
aud the rotlsman procf;e<led to :-;tatio11 himself at some point on the contour Jine where it cluiuged 
its direction. The exact ioositiou, as far ai-; height is concerned, was fonnd when the ro1lsman in· 
1licateil by i:;iguals whether the roll was too high or too lo\L This liasing been doue the telemeter 
rodnnan took hi,,; place, ti.le telemeter was read from the plane table, all(] the point was plotted ou 
the sheet. \\-hile the readi11g of thp telemeter was lleing taken the level rodsmaa lrn<l occupied a 
new station and was followc>!l in tnrn b~· the telemeter. In this way the course of the contour alon~ 
the grouml wa~ oi)tained "·ith all of its \·arious windings. \Yhen onp contour hail heen rnu O\ er 
as far as could he seen the Je,·pl rod was set for another, and wheu the length of the rod was ex. 
ha us tell the leYel was movetl higher or lower to suit the ca8e until all of the detail \Yhich could be 
r1•a1lily ohtaiued from the plaue table was completed. 

In very moist weather, whlin tlte plmw table could not be used to ·adnu1tage, li11es of leYel 
were ran, 1.Jench-marki,; establishe1l, tt111l otlwr 11ecr,ssary dntails of tiel<l work atte1Hle1l to. 
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At the close of tlle fiscal ;year tlle snn·ey was still iu progress. The statistics to that 11at(' arc: 

Topogniphy: 

.A.rea snrYe,red in square statute Tnih~s .. _ ................... ~... .... .. . . . . . .,-. 
LL·ugth of :-Jiore-liue of riYcr:- in ~.tatn(e rnilel'..... . . . . . . . . . . . . . . . . . . . . . l~ 

LPngtl1 of shore-line of creek;; in Hta!me mil1:s.......................... :-. 
J,ellgtlt of roads iu f'tatnte rnilt·.s ... _ .... _ ....................... _....... 1:: 
Numhc>r of bei:ch-marks t~stalili.slH:!l \Yi th nm1l•r-gronnd marks............ 1 
Nnm\.l'-'l· of llench mark,:: l'Stai•li.sl1«11 OJ; otl1er p•rma11i•11t objl'ds 51 
Nnmher of miles of sta11danl lt-Yel1; nm forward aml back, 01w or more 

time;;. . . . . . . . . . . . ................... _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . lf1.l, 

Number of miles of len•l;,; run on stal!dard linrn and het..,·eeu he11ch-marlrn. 14~ 

Mr.\\ aim\·:iglJt ap1wrllh to his n·pol't :1 map 1-d111wi11g tlil' area ('O\l·red hy llis surny. I.IL· 
acknowledges tho heart~· and i11telligellt co-operation in tl1i.' work of all thl' nHmili<'fs of hi." iiart,\·. 
l\Ir . .J. T. Gibson se1Ted a,;; le-:el;nan; .Jh. 1:. A. 11. Clark as lcYel ro11maB, and l\lr. \Y. IL Hind
man;h as telemeter ro<bm:m. 

Continuation of the rlctailcd topographical surrey if the District 1cf' Co/11111/Jin.-The topograpli i<'.:tJ 
party nuder tile direction of Assistant \Y. U. IJ01lgkin.:;, orga11ized for the prosecutiou of tlie lar1,:·e 
scale snrn•y of the District of Uollrn11Jia, beg·a11 work Septe nl.Jer l, 188:-l, in the opeu g-rouud i11 

the viciuit~· of I tihcnroml, just outside of till' northeastern part of \YaslJillgton, het\\een Bemliug',
Hoad and U strl'ct. 

After the completion of this small area thP work in tile Yieinity of lleuuing was take11 up iu 
continuation of the work of tlie year oefo1v. From t !ti;; point the snrn\Y was extellt1etl tot lH' ,;.;outli
west aloug the Auacostia Road to a point a little below fop railroad bridge, antl from thi:-; point :1 

nrarly rectilinear margin of topogrnpLic detail waf' fiui:d1ed i11 a i;outheaste1 ly direc!itH! to tlH' 
Dit:itrict liue. 

Sear the boundat',r the work cros:;;ed the Bowen Road, and this was >'lllTC,Ycd to t11c poi11t 
where it lea\-es the Di;,;t.ri ct, which is a little uortheast of its ,inuction \Yith the lfo1gP Hoad am1 
between that road and Beuuiug's Hom]. Tltc Ridge Hoatl was 8lll'H',\"('tl througliout ib wlwle 
length from the Anacostia Hoad to the Howpn Hoad. Un the llennin;.(s Road the :mrwy wm: 
extenlled from the lJridge across the Anacostia to the ,Jo11f·S CltapPl elrnrch, a litth, b0yu1Hl tl1e 
junction of Central A Yenue. 

Between these dillcrent roads and the riHr hank the topography was 11lle1l in solidly. a~ far 
as the weather aml tLc nature of the country would permit. 

Tl.ie survey was still in progress at the dose of the fi8cal ~-ear. Followi11g· aiv tlw statistie,., 
up to that date: 

Topograph~- (scale 1-4800): 

Area surveyed in ~q narc statute miles ......••••. , . . .......... - ..•.•••... 
Length of shore-liue of ri\·ers ia statute miles ............................ . 
Length of streams in statute miles ................ _ .... - .......... _ ..... . 

4 
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I.,engtlt of roads in statute tnileR ... __ . _ ...... _ .......... _ ....................... 'l·» 

Topographic sheets, uumuer of. .... _ ... _._ .. _ ........................... . •:> v 

Leveling, miles of len•l lines run for the determination of oench-marks __ . _ .. ~;) 

Bench-marks, number of stone posts placed iu position arnl deterrnine1l in 
eleYation .......... _ ............................ _ ....... - . . . . . . . . . . . . . ~± 

Cont·inuativn of tke 1letailed topo9raphical sun,ey of the District of Columl>ia .-Tlw fourth party 
organized during tlle year for the contiuuatiou of tlie large-scale topogmpllical sun-ey or tl1e 
District of Columbia was assigned to the cllarge of Aid .J. A. Flemer. Ile took tl1e field Septrra lwr 
1 with a projection (scale 1-4800) comprising the area east of tile Eastern Branch of t!J(' l'oto111ae 
antl north of Anacostia. The northeast oouuclary line of this area is a line due 8outheast from 
the east end of the llaltimore an<l Potoma~ Railroall bridge; its southeast boundary i"l the so11th
east boundary liae of the District; its southwest boundary is a line due soutbea:;t through the 
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triangulation point on Fort Stanton; mul its uortllwest bomuhuy is the western sliore line of the 
Eastern Branch . 

. \fter occnpying the two a..-ailahle triangnlation points, Ricketts anti Poplar Hill, anti several 
other stations detl•rmine(l by re-sPction, ancl after a number of bencll-m:trks !mil been estalJlished 
by tlrn ai1l of stawlanl liaes of lenlling, which were run from the beuch-m:irk at the Government 
Primiug Otlice (th.~ initial point of all Jines of leYeling in the District Stu,·ey), actual topography 
was began the mitl<l!e of Septemlwr, allll at the close of the. ti,cal year was still in progress. 

Tml sketches accompa.ny the report sul>mitte<l by .\fr. Fkmer, oue sllowing the area of 
topography smTcye1l, the other the <lisposition of the ;;tanll.anl le"rnl lines. \Vith regard to the 
stone benc11-rrrnrks C'italJlished <luring· th•.~ .)"i'ar, the elevatio110> uf w!Jich lHwe l>eeu ol>t<tiuetl 
uirectly from the Jew! lines • .\Ir. Flemer llas made a separate report, which is adverted to again 
under th" following heading in this section. 

In :ultlition to the . ..;e perm;ment vri mary bench-marks, numerous Sl'COIHfary hencli marks, lleter
mine1l in height with e11u<tl care, were established. ::Som(; of these consisted of stationary objects 
:Llread,,- present in the tielll, suc:1 ''" cuh·ert copings, Ic:n-.1--cout't stones, lloundary stones, etc. 

For tl1e fiscal year the statistics of ::\Ir. Flemer's work arc as follows: 

Topogrnphy: 

Area s1u1·e,yeil in sq nare statute mi ks ... _ ... _ ..... __ .. __ . _ .. _ ...........• 
Length in miles of printte aml wood roads _.. . . . . . . . . _ ... __ . _ .. ____ ... . 
Leugtlt of >:>hore line of rh·ers in statute miles. __ ... . ..... __ ... _____ .... _ 
J_,ength of shore 1iae of' creeks awl brooks in stalute mile~ ........ ____ . _. _. 
Length of pnlJlic roads in statntt' miles ... _ .... _. _ . _ ... ___ ... _. _____ . __ 
Len.~·th of railroad tracks __ ...... __ . __ . _. __ ... _ ... _. _______ .. __ . _. ____ .. 
Leugth o!' horse-car tracks . _ 

i) .. 
11 
4 

11 
\) 

4 
1 

Establishment (~(permanent bcnch-marl..-8 for the topograph ie<Ll snJTey of thr: JJi.~trict of Columbia.
In the coimie of the 1letailed topogrnphical snn-ey of the District of Uolnmhia, carried on betwee11 
the years JSSO awl 1887, in cliarge of Assistant John \V. Doun, cllecketl lines of spirit-leveling 
were run along ro;uls, rail ways, aml stre;tms, anil a number of bench-marks estal>lishetl with great 
care arnl accurac~· upon wliicll the elenltions of the five-feet contour lines of the survey are pri. 
rnarily lla.secl. 

During these ~-ear,;, lwwe\·er, it wa,o; fonrnl that many of the bench-marks were fast disappear
ing, owing part]~· to their haying beeu unlawfully allll maliciously tlistiubed, and partly to the 
gradual obliteratiou of characteristic marks an<l features by which the~· were to be identified. 

In orcler tllercfore to establish at different localities a series of permanent bench-marks, secured 
hy reference marks which would be likely to remain undisturbed, Mr. J. A. Flemer, Aid, was 
<lirecte1l early in ,July, 11188, to submit a scheme for the placi11g of these bench-marks, with plans 
and 1lt>scriptions, consulting the Engineer Commissioner of the District of Colnmbia with regar1l 
to tllem, and ::mcnring his apprm·al lu~fore nndertakiug tlrn exeention of the work. 

This ha\·iug been <lone, the bench-marks, consisting of granite blocks ahout three feet in length 
and het\\·een fil·e and six ilwhes in cross-sectiou, dressecl down on top to surfaces four inches square

1 
and desigimtcd by 11umhcrs, were8unk in the ground to nearl.r a level with the surface in places where 
it was improbable tltat they woul1l l>e !listurhed. With each one of these bench-marks, marks were 
placed six feet due sonth from their center, and three feet nullerground, these umlergremnd refer
e11cc marks consisting of col>ble-stones (nnles11 otherwise indicated in t!Je <lescriptious), with a drill 
lwle in the center, to show the exact point the elenttion of which had been determined. All ele
Yations of these pennanent benches were carefully checked by reference to old hench-marks which. 
ha!l remained unchanged in position. 

As '.\Ir. Flemer"s in8trnctions 1litl not relieve him from office duty, the main work of placing the 
uew marks in position and of determlniug their elevetions tlevoh-cll upon }fr .. A.tlee Johnson, aicled 
hy Peiren B11tt, Mr. Flemer taking general supervision of the work, inspecting, testing, and check
ing· it. 

Field operations began July (j and en<le<l August :n, 1888. 
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The statistics are: 

Beuch-marks with Ullllergronud reference marks established, u umber of... . . . . 48 
Beuch-markH re-determined . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~o 

Liues of spirit-le,·cling run to cltcck existing heucb-mark;;, lc11gth of i11 miles. . . lo 
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Descriptious of the marks, with lists of their e~e\ations Lan• heen tramm1itted to tlil• Archi\·e:;, 
Location of u:han·e.<; in the Potomac Rirer for additimzs to the cli((rfs.-Earl~- in .A.ugust. 1SS8, 

llfr. B. A. Colouua, A.ssistant in charge of the Office, Yolunteo.:n.'d to mah· a trip down tlie Potomac 
River in tlie sliarpie Rchooner 8py, rcceutly constrnctcd for the use of the SnrYe~- iu tlH:' ;;hallow 
waters along the Gulf coast, a11\l in the conrse of this trip, to locate a nnmher of \Yharye;; along the 
riHr so that they could be shown upou the charts. 

He Jiau also in \·iew a test of the sailing qualities and arrm1geme11ts for the work of tlw Spy. 
These he founu all th at could he desired, arnl to t!Je h~'drngrapl1ie inspector, Lieut. Commander'~· 
R. Urownson, U.S. lS" ., Assistant Coast and Gt'odetic Suney, lie expr·esses his appreciation of the 
close attention given by him to the details of her construction. 

Fourteen wharves were located by :\Ir. Colonna during thi1; trip, and the~, haYe i::ince he('ll 
marked upon tl.Je charts. On August 11 he brought the Spy to lier berth at tlie Na\)·-Yard, and 
then resumed his duties at the Office. 

Hydrographic rernn' e ys and c.rn minations in the rici11ifp 1d Cape Charles, riryinia.-The organi
zation of a party for itydrographic resurn•.rn and examirratior1s in tl1e Yiciuity of Cai)(~ Cliar1e.s, 
Virginia, by Lieut. l\1. L. \Yood, U. S. K., Assistant Const HIH1 Geodetil' SnrYey, commarnling thP 
st0amer Endeavor, was referre\1 to in the last Annual l{eport. 

\rery full descriptiYe reports (A and B) of the work accomp1isht>\l ha:1e been snbmitted by 
Lieutenaut 'Vooll. 'l'hese reports are accompanied by !<ketches showing the localities of the resnr
Yeys, the limits of the hydrographic sheets, nrnl the loeation of the tide-gauges established: they 
gi,·e also many details of interest relating- to changes in channels, impro\emeuts made or ill prog
ress, anchorages, tides, aud tidal currents. 

Since the sun·ey made thirty-.fiYe years ago, many clianges !Jaye takeu plaee iu the hydrography 
iu the >ieinity of Cape Ulmrles. Lieutenant \Yood make,.; the following 8ta tements witll regard to 
the results of his resun'eys: 

"The least depth iu the channel across t!Je slloah; ma.king out from Cape Charle,; i,; about 
tweuty-tl!ree feet a.t mean low water. 'rlt is t1<>pth is found twice at the southern end 11ear where 
Na11tilus Shoal is gi1·eu on the charts, aml also at the nppPr cud wliere an arm rnalws o!lt from tlie 
lnuer ~fiddle Groun\l, forming wl.Jat the pilots call tlte False Clrnm1~·l. I belien.' this surn'_Y !ms 
fottrnl deeper water t!-ian was eYer known to exii\t in this 1ocalit,Y. 

"The general opinion among the pilots is tliat there b a J...>;.;s depth than seYenteeu fret at the 
upper eud of the 'J'alsc Cllaunel.' As Ho pilot has taken a ves8l'l t1Jr()llg·Ji these sl1oals for ;;0111e 
years, it is ditlicnlt to a,,-;certain the llisto1s of auy chauges that may lian· taken 1'1ace. 

"For this !Ho\\' chauuel I suggest tllf' uame of '-:'\orthwest Cha11m·l' to <1isti11gn1sll it flom tl1e 

old •North Channel' o1 the charts. 
* • .. :f(• *' * ., 

"TIH' shape of the imit•r mid1lle ground .Lias changed completely awl tlie direction of its axis Ila,,; 
shifted from ahout XN\Y. to:::-;\\". b~· ~. 

"Some portion of these ch a uges may he due to more aecurate plottiug cf the li11l':-i of "\Hllldi11gs 
aud 1 sboultl recommend for dose compari,,;011 the rep1ottiug of tlte old sun-cy of thirty-tin' years 
ago 011 tliis Sallie sheer. TIJe ohl tower ou Srnith Is!all(1 has (lisap)H'rired." 

The extracts from :'.\Ir. \Yood's re]Jort a.bon1 g-iveu rnfrr to that part of liis r1•sune~· iududed 
. in prqjt~ction 'N"o. 1 (scale l-'.!0000) exteudiug from Sllip 8lwal Inlet to Cape 111'111',Y. For the n••1tH'
tion of soundings ou thi:< i,;heet a tide-guage was estalili~;hetl at Fi:<llermau\; Inlet. The souudiug,; 
plotted on the adjoining projectiou (:S-o. ~,scale 1-'..WOOO) wNe l't•dnce\l to tlrn same plane of rdi:r
ence. This }>rojection as well as No. 1 inclurletl the entrance to tlw Chesapeake and ou tlH' Bay 
shore extended from Ol<l Plantation Inlet to Cape Charles. ·n-it11 regard to the Kortl1 l'lia1111el, 
as developed by Lieutenant \Yood's sun-ey, he ohserYes: 

•
1 The North Cliauuel of the chart has a depth of t.wenty-four and one-half fept on dtl1er side 

of a new shoal, witlt fourteen feet of water O\'er it, t!iat '"as lle\'elopPd b,y this last surn·~-. 
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·'Auotber diannd west of th1• Inner :\Iithlle l}rouJl(l has a lea8t tleptli of twent~·-two and oue
balf feN at its upper t·JH1. The pilots l:alled titi" ehauue! :1<alse Ulumncl,' aud sai1l that there was 
a tlt>pth of only sen•ntee11 feet uow where l :succePdet.l iu fiudiug twenty-two and one-half fret of 
\Yater. Ttii" cliarrnel is a co11tinuatio11 of the JW\\ clrnu1wl 01t slH•et Su. 1, for whieh I lmYe sug
gPslt·tl tltP 1ia11H' ot ·Sortl1west 1..liam1l'l,' aIHl by wliieh StTeral miles of<listante can lle sa>ed for 
,·e;;;,;1•ls from tlw nortlnnml liou111l up tlle. Bay as soo11 as a prnper hnoyage i:-; estalliisbe11. 

''The Wl'Stern part of the Sorth Cltan1wl of the chart, wlllch follows the C<tstern edge of the 
I t11H·r :\l itl<11<' Grom1d, will he a straiglit and praeticable passage after it has beeu marked onl liy 
<I kw lrnoys. Tlte upper c1H1 of the:'.\ orth Clia1mel coirnects with n deep hole south of Ol1l Plan
r,:tion Lig'l1t-liouRc. 

'-Tile 11ew fourtf·cn-foot slwal tlmt I ha Ye meutiouetl a:S liaYiug beeH fouud ill the :::forth Ohan· 
u1_.1 ::iel'lllS to han· l1er1l n11k11mvn a" a (letatched sl10al. Ai-; it was predonsly.1111kuow11 aud is 
al.H·ca,;t of tl1e farm uf a .\Ir. Latimer, l suggest that it lie gireu the uame of Latirner's Shoal in 
\l(~fa.ult of a better titlt•."' 

Projectio11 So. J inclrnled a h»drographic resnrYey of l\lagotJi:-.· Bar and :Fishernurn's Inlet 
("Cale 1-10000). Fii-;hermau',; I11let has a uarrow crooked chanuel, with a depth at mean low water 
of se,-en am1 ouc·qnarter feet. lt changes with eYery gale, so that it was not thought worth while 
Lo put in Yery close ''ork on this uufrcquente<l place. 

Ou 11r~jection ~o. ;i 1Yere plottt>t1 the results of the !Jydrograpliic resurYey of Horse Shoe Shoal, 
r he clnu1 gl'I' OH w ltid1, as Lientenant 'Yood observes, are import a 11 t ouly h;nlrographically, and not 
for pu1poses of naYigation. 

So work was attempted on projection ): o. 4. 
Attachecl to the Endeavor were the follo\Ying named ollicers: Ensigns ,V, ::U. Constant, Edward 

Llo,nl, and E. A. Anderson, U. S. X., all of whom assisted in the sur\·ey with marked skill and 
<'lll'rg,Y. Pa~· Yeomau H. T. Clover and Seaman ,V, II. De Luce served as recorders. 

For tlie season, which began l\lay 3 and closed August 7, the statistics show a larg·e amount of 
work accomplished. 'l'IJey are made out to include the h~·drography of tlie resurvey of Annapolis 
Il arbor and Roads, w hicb was undertaken immediately after the completion of t.he resurveys at 
Cape Charles and ,·icinity and which was finished September 1. 

An acconnt of this resun·ey will be found under a prPceding heading in this section. 
Physical hydrograpliy.-Qbserrations of ocean cw-rents o,frthe Capes of Virginia crnd between Nan

tucket and Cape Hatteras.-Upon the return Horth of the steamer Blake, after the close of the sea· 
son of Gulf Stream Bxplorations in 1889 (sec Section YI), her commander, Lieut. J. E. Pillsbury, 
C S. X., Assistant Coast and Geodetic Survey, took up, under instructions, an in"estigation of 
the deep.sea currents between Nantucket and Cape Hatteras, making Xorfolk his base of opera
tions and the currents off the Capes of Yirginia the first subject of his observations. 

Thi" work, begun towards the end of April, 18~U, \Yasin actiYe progres8 at the euu of the fiHcal 
,n;ar, and a foll account of it is necessaril~· 1lela_ye11 nntil thfl next Annual Report. 

The following-named officers were attached to the Blake clnri11g the scasoll : Ensign R. M. 
Hughes, U. S. X., cx.-cntin; officer: Ensi~ns Hnrry Kimu1ell, C. S. Stanworth, J.E. Shindel, and 
and Philip AndrewR, U. S. X, obRcn·er,:;; Ai-;8istant Engineer '''l. \V. \Vhitr, C. S. N., Assistant 
Surgeon Thos. Owens, U. S. N., Pay Yeoman N. G. Henry and Ship's Writer W. H. de Luce, 
sern:-d as recorders. 

Otlwr sen·ice assigned to Lieutenant Pillisbury is referred to under headings in Sections I and VI. 

SECTION IV. 

XOin'Il CAHOL!XA, INCLUDING COAST, SOUNDS, SEA-PORTS, AXD RIVERS. (SKETCHES Nos. 1, ;,, 6, 17, 
and 18.) 

Supplementary m>rk incidmial to tlte special hyrlrography for the State of }\'orth Caroli1ui.
S1w1:cys and inl'C8fi911tion of oyster bed.~.-Reference was made in the last Amnhtl Uepnrt to the 
completion of the r;pecial invest.igation::; relating to oyRter beds in the sounds and estuariPs of 
North Caroli11n, carried on by J,ieut. Francis Winslow, U.S. S., Ast<istant UoaRt aml Geodetic 
SurYe~-~ during three years. Lieutenant "Winslow's foll report was publishecl as Bulletin No. 10 
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of the SurYey, with tlie title: J~evort ou the Souud::; and Estuaries of Xortll Caroliua iritlt refer
t•nce to OyMer C11 l t n r1' • 

. After tlH• detaehuient of Lientenaut \Yinslow from the t:uryp~· in 1\Iareh, 18~~L E11,;ig11 .J.C. 
Drakt· was ordered to takl· d1:1rge of 11is part~- and relie\·e !Jim in tlle commaml of tl1e sdrnouer 
8cort;.~/1y ill ortler to execnte such sL1pplenwut.1ry work as might 1>1• lle(•iHnl. T!Jis e:lllsisted in rt:
marking :mch triangnlatiou stat1om; ns had 1Jee11 n·eon·red a1Hl usPd 1luriug tile oystH l11•t1 :;;nr
n•ys, in markiug out and stal;i11;::- off tlie lilllits of tlie natural o~·ster beds iu the Sounds of tile 
State, a1111 in locating; tlie mea,, eukred l1y tlie citizells of tlw State f(lr propagatiou of shell-ii~!i. 

All of the records of the \\"OJ k. iHduding tkscriptio11s of tlic 11iaugul<ltiu11 ~tatiou::; al' re· 
marke:1 h~· tilt• 1\NJn.'.~b.IJ. \Hre trm1iimitte<l to the Oillce. A eop.'; of these lk~crip! ions \YaS f<>r· 
wanlPd to th<' Se(Tetmy of State of -:Sorth C;Holirn1, wl10 is, u· o.tlicio, Sl1<'1l Fi:-li Commi::<sionf'L 

'l'<nrnrds the entl of the fo;cal ypar Ensign Drake was instructNl to close tiehl operatiou,; aud 
proceed with tlw Scoresby to Xorfolk, Ya. 

SECTION V. 

SOUTH CAROLL\A A:\D GEOIWL\, IXCIXDIXG COAST. SEA-WATER CHA:'.\:'.\ELS, SOl"XDs. llAlUl<Jl:S. 
A:'\V H.l\'ERS, ( SKETCl!ES ,\"u,;. !. :,, li. 17. and k. '1 

Recm·ery and re-establishment of statians of the tri1111.r;1!latio11.~ of 1~4l), 1857, a11d l~fl.i /or fl1e 
e.rtcnsion •j' a tertim·y trian!Julation, to1wr1raphy, and hydro{!rapliy 11p the Cooper, A8hlcp, and ffantlo 
Rirers, Suri/I! Caroliua.-Some question ha Ying arisen in reg,1nl to the identification of statiou" 
oecupietl i11 tlle Yicinity of Cllarleston, S. C., dnriug tlrn progress of U1e surn·ys wade in 184H, 
185i, and 18ti5, .As.'>istant C. 0. Boutelle, wbo.se long sen-ice in that section allll knowledg·e ,,f 
localities was v;·ell kno"·n, was instrnctt'<l toward tltP ell<l of .Tannary, 1888, to procee(l to Charles
t 011 and aid Assistant Ellicott in estal>lisbing tile bases desired for carQ·i11g Lis surn•ys up tbe 
Cooper, Ashle,y, and 'Yamlo Hinrs. 

ln pursuance of this assignmeut, 1\lr. Boutelle reached Charleston Jannarj· :2.5, and having 
JWOYided himself with the necessar,Y drawings, measurements, au(l (kscriptious of stations. hcg·an 
hi1:1 examination witltont delay, Mr. Ellicott accompanying him. Before leaYing \\'a1:1bin.gtou l:e 
bad procured frurn tl1e Light House Bonnl a drawing showing the position occupied by the ligLt· 
house of 1856 upon the parapet at rort Snrntcr. The a11gles of that historic fort remain now as 
then, the work haying been simply reduced in beight. The center of the light-honse lrnd been ouc 
of l\fr. Boutelle',: triangulation lWints in 1857, called in his records Fort Sumter 2. This was reCO\'· 
ered with precisfon, thongh it was hoped that the neccssit,v of going so far down the harhor for a 
base could he tn-oided. This proved to be tLe case as the examination proceeded; it was found 
that of the triangulations of 1849, 1857, and 1R65, there rcmaiucd unharmed by firl' or earthquake 
seven points in the cit;v. :Mount Pleasant Light (185fl) aud Castle Pinckn('s 2 (18u5) were alsn 
identified, arnl, after furnishing l\fr. Ellicott with an ample number of bases and azimutLs to pros
ecute the smYcys called for in liis iustrnctions, Mr. Boutelle returned early iu :February to duty 
at the Office. 

Triangulation in the i·icin-if11 of Charleston, S. C., and up the Coo-per, Ashley, anc7 lrando 
R-irers.-lla>iug· organized !Jis part~- aml anh·ed at Charleston, S. C., i11 pnrsnauce of iustruetions, 
.Assistant Eugene Ellicott took clrnrg·e of the schooner Really toward tlie eud of ,January, 1889, 
and baYing, with the aid of .Assistant Boutelle, reconred the site of the old stations estalJlisbed by 
that offker, Sumter and Castle Pinckne.r, he began tlJC tertiary triaugulati011, topographs, and 
b ydrography assigned to him in the vicinit;y of Charleston, takiug tbm;e stat inns as a lJ~ise. 

Between the 1st of l?ebru~-;y aud the end of ~larch, when field 01wrations "·ere sn;;peuded 
for the seaso~1, Mr. Ellicott redete1 mined old points in that \icinity, estabfo:hed a unmlwr of uew 
points, and carried his triangulation np the Cooper Hi;-er for upwards of ten miles, up the Al'hley 
fi w miles, and fin miles up the Wan do. All of the stations wel'e well marked au<l so described 
as to be aYailable for future reference. The statistics are: 

Number of signals erected ............. _ .... _ ................... ___ ........ 3;) 
Nnml1er of stations occupied.... . . . . . . ........................... - ..... - . . . 2fi 
Number of objects other than signals determined . . . . . . . . . . . . . . . . . . • . . . . . . . . . . l:J 
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Dnty assigned to Mr. Ellicott l.'arlier in tLf' fi.scal ~·ear is referred to under a lleatling in Sec
tion I. 

Selection of a site for an automatic tide-[1a11ge on Tybee Island, Sai·annah Rfrer entranee.-A Ion g 
series nf tidal ohserYatio11s at or near Sarnnual1, Ga., upon wLich to base the pn,diction of tides 
n t that port and ou the adjacl•nt coast being much needed, Mr. J. G. Spaulding, an obscrYer of man~
years experienct\ wa:-i directed to procee<l to that -.icinity about the middle of l\IarcL and make 
can'.ful examinations of the riYer at and below SaYanuah and of the coast about the ri\er e11trnnce, 
in onkr to determine 1111011 tlie most desirable site for the location of an automatic tide-g;rnge. 

It was found that, a!tlHwgh a i;ite on the rin•r would ha•e some advantage:s, the first cost and 
the cost of maintaining a r(•rm:rnent structure beiug less tlrnn at a location on the coast, exposed 
to the violence of storrus, yet the de,.:irability of obtaining a series of observatious unaffected by the 
flt1ct1tations of the ri-.er due to other than tidal causes, led to a final decision iu fa,·or of a station 
on 'l'ybee Islarnl at a point a short distance to the northwest of T,vbee Light. 

It is expeckd that the pier and. gauge house will be fiuished and tlie gauge in operation 
ahont October 1, 18S9. 

SECTION VI. 

l'ENI:\iiCLA OF FI,ORIDA, FROM ST. MARY'S RIVER ON THE EAST COAST TO AND INCLUDING A~
CLOTE ASCHORAGE OX THE "'EST COAST, WITH THE COAST APPROACHES, REEFS, KEYS, SEA
PORTS, AND HIYERS. (SKETCHES Nos. I, 7, 17, and 18.) 

Physical hwlro9n:rpl1y.-Gu{r 8tream e.iplomtion.~.-Obserrntions of currents ill li'SS and 1889.
Instructions issued to Lieut. J.E. Pillsbury, U. S. X., Assistant Coast and Geodetic Snn·ey, com
manding the steamer Blal;e, early in December, 1888, directed him to continue his \\Ork of the 
preYious "·intn i11 the exploration of the Gulf Stream. This in-.olV"ed the gauging of the current 
that enters the Caribbean Sea, the inV"e':ltigation of the strength of the current along the 8pauish 
_Main, and examiuatiom; of the tstrength of the currents to the nOl'thvrnrd of the Bal1ama Isla,Jl(ls. 

Lieutenant Pillslmry':,; n•port uf liis Gulf Stream current work of 1887 was publislied as Ap
pendix No. 8 to the Annual He11ort for that year. His work of 1888, beginning in January, and 
inclm1ing obscrn1tio11s of curre1tts ontside of the Bahama Islands; between the Great Bahama 
Bank and Cuha; in the '\"indwrml Clrnnnel; iu the Mona, Anegada, aml Windward Island Pas
sages; and in tl1e Equatorial Stream between Barbadoes and Tobago~ was briefly ad\erted to iu 
last year's Annual Heport. It 'l"l'as decrneJ advisable, howeYer, iu vie" of the somewhat unex
pected d1arnctc->r of some of the results obtained duriug tbis cruise to postpone their publication 
until further obsenations could he made in the same or nearly tlie Rame localiti('S. Data deriwd 
from the cruil'.e of 188H c011firm iu all jrnportan~ particulars the rrsults of the cruise of tbe year 
ht•forP, arnl tlw Yery full and interesting- report of Uenfenaut Pill;;hury, embodying conclnsious 
derin'.<l from the \lork of botll ~·pars, amwars as A ppcndix No. ];) to this .-olmne. 

Tlrn Blake left New York Januar~· 7, and upon arriV"ing at ~,\negada Passage, .Januar~- 19, 11e
gan the ol.JserYations, which were continued with but slight interruptions until the eml of the 
fil'.lcal .war. 'niile in tlie Caribbean Sea the weather was abnormally good, the trade wiuds wPre 
ligl1t, and the sea comparatin•ly smooth. Dnriug the mouths of May and .June the Blake wa,; 
occupied in currcut ob:<ervations north of Cape Hatteras; in l\fay the weather was exceptiouall.r 
finP, but Yery unf'an1rnble during Juue. The apparatus used was the srrme as that deYised hy 
LiPnteuant Pilhibury aud descrilH•1l h~· llim in Appt·11dix No. 14, 1885, with the mo<lificatious re
ferred to iu .A ppe111l ices No. 1 L 188fi, an cl ~ o. 8, 1887. 

During tl1e two seasolls ele,·en ancllorag·es for obsen·ations of currents were made outside of 
thP Carib he au S('a-one uorth of Barbadoes, two east of the St. Lliicia Passage, aml eight hetW('('JJ 

Barhndoe,,; aml Tobago, the last eleven anchorages being all within tlie limit of the Equatorial 
Stream. 

For the df'tails relating to the results of observations at the several anchorage11 the reader is 
referred to J,ieutl•ua11t I'ill~bur_y~s report. The general conclusions which he has arriYed at are as 
follows: 

'' The trmJe. wiud seems to cause a surface cnrrent in its direction, and in all the passages of the 
Windward Islamls an inflow exists to a greater or less extent. lu addition to this flow, there is a 
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targe volume entering all the passages from the break of the -waves. In passages 011 the nortlic:-n 
side of the CariblJean tllere is no fixed current. 

"Passing across the Caribbea11, the obstrnctiou of I:Iornlnras awl Yncatau causes an eleYa
tion (probably ''ery slight, however) awl a tlow through tl1e natural outlet of thl' Straits of Ynca
tan and Straits of .Florida, tlrns forming the Gnlf Stream proper. 

''The courses of the currents between the B:thama Islamh; aml Cape Hatteras indicate that 
the Gulf Stream receives large aduitions from the Atlantic flow. 

" " " " .. " 
"The position of the ax is of the stream seems to be fair!~- well located in the vicinity of' X o. 3 

anchorage (off Cape Hatteras), lmt from all the evidence of mariners, a strong current is of'teu ex
perienced farther south, sometimes broad and sometimes narrnw. There seems to he a Rnb current 
generally set.tiug in the proper clirPctiou of the strf'am e\·en wlien the surface tlow is opposite. It 
i;, prolmble that the former oyercomes thel:itter, making a surface curre11t to the 11orthwaru, that 
is, the increase in width of surface tlow comes from below, lmt the cause or the time of these ex
pansions can not now he stated.'~ 

., \Yi th regard to the conueetiou between this expansion of the stream and the declination of the 
moon, the time of the moon's transit, aml the meteorological condition of the atmosphere, Lieuten
ant Pillslmry is of the opinion that thi,.; co1111edio11 is not full:;' supported by eYidence, altbong!J 
there are indications that it i.-, intluenced, if not goYerne<l, by the forces referred to. .l\Lrny more 
obsen·ations, he remarks, are needed to determine the question. 

The officers attached to the Brake during the season were: Ensigns R. ~l. Hughl·8, Harry 
Kimmell, U. S. Stan worth, ,J. K Shindel, Philip Andrews, U. S. ~., obserwrs; A~sistaut Sm
geon Thomas Owens, and Assistant Engineer ,V, \V. \Vhite, U.S. X., recorders. I'<l~- ¥ eornan X. 
G. Henr,y and Ship's V\~riter 'Villiam IT. de Lnce setTed also as recorders. 

Lieutenant Pillsbury reports the following statistics for the six months' work of his party end 
ing- June 30, 1889: 

Ph;ysical hydrography: 
Number of anchorages for obsening currents._ .... __ .. _.......... . . . . .·m 
Nu1nber of olJserYations of currents . __ .... _. ___ ... , . _. _ .... _. __ .. _. _ 2~ 5 ;-; 
Nu1nber of obser\vatious of ternperature of sea-water ........ ~............ 2. ti35 
Number of miles steamed by the Blake .....•............. - ............ 11, S.>O 

"'\Vork of Lieutenant Pillslrnr~, in progress at the end of the Jis..;al year is referred to nuder " 
heading- in Section II; duty assigned to him on the "S'ew England coast. in l83::i nrnler a heading 
in Section I. 

llyrlrogmphic rnrre,11s in t11e Bay of Florida, in the a1iproachr.~ to the Fforida !led,, a111l 011 the 
Kol'tlw·est Channel Bar, Key West.-Lient. ,J. F. ~loser, lT. S. N., Assistant Coast all(! Geolletic 
Snney, 'commanding the steamer Bache, lrns s:nbmittetl tlescripti ,.e report,,; \A arnl B) oft he h:nlro
grapbic work executed by him or under his direction in the Ha.1· of Florida, in Barnes Sonml, and 
011 the Northwest Channel Bar, Key \Yest, dnriug the winter and sprillg ot' ll:lSH. The:'.'c reports 
present full statements relatiYe to every fcatnre of the h,nlrogl'ilphy. .:'lo point ha,,; l1Cl'll lefr 
untouched, autl the report.~ may be said to be e:d1anstin· in their character. Spaet' is aniilable 
here for only a g1;•ueral snmmary of tlrn work aceomplisliell, with some Pxtrads giYing Li1·ntena11t 
'.\loser's Yiews antl conelusiom; in l1is own wonl,;;. Tiil' hyclrography PXl'cntt•<l hy liis part~- from 
Cedar Keys to Light-House Point, near Appalacltee Bay, is referrecl to nrnler a lie<Hliug in f-:ipe. 
tio11 YII. 

The Bache arrived at Key 'Yest January s, 1889, arnl after coaliug and takiug on board the 
necessary stores and signal material proceeded to Bahia Uomla, where work wa'I begnn .launary 
ll. Later the Bache was joined by the schooner Spy. This light-clranght Yessel was of gn·at 
sen·ice iu shoal-water hydrography. 

During the precelliug wiuter Lieutenant .i\loser closed \Vork on the west coast of Florida, 
coming from the northwartl ton line from Uape Sable to Sandy Key, and thenee to East Bahia 
Honda Key. rrhis _year he continued the l!ydrograph_y from this liue iilto l•'lorilla Bay and Barnes 

H. Ex.55-4 
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SottJl(l t•) the Reef Keys, and lletwee11 tlw kl·.n; where\·er p:ts,c;age·\Yays t"Xi.~cetl, eouuectiug \\·ith 
'.he work pre\"ion,.;ly L'xeeute•.l. iucitlllill.'.!." tltP Knights Key Ult;rn11el and Sp;rnisl1 Key Cha1ml·l. 
TheHc art~ t!ie urily t\\'IJ ree<1g·Hize<l cluw11el..:; easr of Key \Vest in \Yhicli six to scweu fret of water 
cau lw carriL•d from tlie l{L•efs to tlw (i-nli'. Tlw,;e clr.umels a11d atljoiniug· witter,;, as Jar as a iiue 
northwest from :::itirrnp Ker, 1\·er1• 1le,·eloputl by a ,;ystem of lines uortlin-Pst aml 11outl1east, four 
to tlie mile, a1td eros,;e1l Ji~- a snies ot' lineii~ 11ortheast aud >ion th we:sL three to tlie mil(-. TlH·. 
reruain•kr of tlw work ill thi,; locality wa,.; de1·elopt~,1 by a siug·le series ur li11es, fin~ to two miles, 
ill a 1101tllwt•st and southeast ,\irectiou, excepting where )las,;age,.; tiecmTed, a1Hl theu special 
deyelopmeuts \I ere Hi<Hk. 

Lieutenant :\foser de,;cri hes the cliief lty drngravhic characteristi<~s of tlie water areas aud el.tan. 
11els sm'1·pyrd: dis1·us,;;1•s ar some h•ngtli tilt> drnraeter of tile bottom all(! tuc t•.dent of cLa11g(»~ 
siul'e former surYeys, the coral formations aull their geological liistor,I', the relation of the exposetl 
lanll to tile \\'at<•r snrface, :rn<l gh·es foll iu!'urruation respecting tlH~ tides, stati11g the location of 
titk-gauges es ta blitilH•tl and the methods of obsernttion adopted to obtain pLllll'S of ret'en:nce for 
the sonmliugs, kt•cping iu YiC\Y the complex nature of the tidal piieuorm•ua. Followiuµ; is an ex· 
tract from Li<> 1·eport : 

"TLe tliilereuce in the time and range of title,; 011 the Gulf siLle and the reef side is 1:;0 great 
tliat the cui-rt•11t ruus l1etwce1J the lie:.s \Yitl1 great relocity. Iu tlie lleL'P >rater to tlic westwanl of 
Kuiglit,;; KPys, awl between Long Key arnl Coucu Key, the rips are n•ry he;n-y, aud during spring 
tide,; tltc•rt• are on~r-falls that might swamp a small boat. 

" .. .. " 
"It is geucrnlly belie,·ed tliat tlie rise and fall of the (Jnlf is >cry small, antl that tliere is lmt 

one tide a day; ou the west cm1st of Florida this is not the case. Tlu•re are two titles eacli da,r, 
arnl tlwy arc· ut' the imtuee of the Pacilic coast tides iu so much as they show an inequality each 
day in the rise and fall. I h;we not the exact tig·ures to refer to, but approximately the tides on the 
reef side rise au1l fall about 1.5 feet, on the Gulf side abollt :3 • .'.i to 4 feer, and the 1liffereuce in high 
arnl low water is from three to four lwurs, a1Hl all tllis i,; subject to great interfereuce from wiml 
awl sea.'' 

Alluding to the tlillienlties attending the o!Jtainiog of correct data for the tides 011 these coast>', 
11(• repeats his former 1·el·omme1HLttiou for establishing permaueut gauges at suitable stations. 

\Yith rPg:u(l to triangulation marks he obseiTes that the iron screw piles put down at a num· 
ber of points on the re~fs and keys thirty years ag·o were found still standing aud apparently in 
excellent condition. These he regards as the most dnr<l ble smface marks that can be used on tl!e 
Florida coast. 

Ht•specting a rock reported as a danger to mnigation Lieuteuaut Moser makes the following 
sta temeut: 

'•I would call attention to tl.1e fact that a rock or Leatl somewhere between Rachael Key and 
Ilog Island was uot found. \Ve conl<l obtain no tlefinite iuformationeoncerning it. The limits in 
which we were told it was situated, from ditlerent statements, includ.ed about 4 square miles: uor 
could we timl au~· one who could. place us near it, or who knew anything definite about it. 

".A. search was made, lwwever, aud en•ry boat Lad instructions to keep a careful lookout for 
auy dangers, lmt none were discoYered." 

In tile latter part of March Lieutenant l\loser left with the Bache for Cedar Keys, having 
directed Bnsigu Franklin tl\dft, U.S. N., in charge of the party on the Spy, to continue the hydro· 
graphic suney of the reefs. 

Following is a list of tLe otlicers attached to the parties on board the Blake aud tile 8py: 
E11sig-ns Franklin Swifr, ll. A. Bispliarn, R. D. Tisdale, and S. 1\1. Strite, G. S. N.; Passed 

.Assistant Surgeon ,J. :\I. Steele, l~. S. N.; Assistant Engineer S. H. Leonard, U.S. N. 1\'IesRrS. 
George l{. Joues, ,T. L. Dunn, aud J. l\lcC. Tiffany served as recorders. 

Lienteuaut :\loser commcudti specinll,y the able and zealous service rendered by Ensign Swift~ 
who has since been detached from the Survey. 
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Tlle statistics of tlle season',.; W•Jrk will 1Je gi\·en with tlie allstr:1ct of tl1l' hy(lrugra1,Li1: "HIT\':'-. 

·~xecute1l ia ..:\.pl'il aud :.\lay off tlH• Florida mast to tlH' uortll war<l ut' C1·dar K1·~ "· : ::'ev ;:;,TtiOH 

nL) 
For tlrn Florida Bay a!Hl lteef \YOL'k tile results arP plotted upo!I fottr 11.Ydrog1«1pl!ic: she•·t" <t,.: 

fol tows: 
Dig Spm1i8L and Knig'l1ts Ke,Y Channel,.;, Floridn geet':s. scale 1-:WOOn: Florida lh.1·. ,.;e~tle 

1-40000 ; So111 hrero I\:e;1 Light to ::\or th west Pas:; age Li.; il t, Florida Iteef:;~ J-±0000 : Exarnina tio1, 
of ~orthwest Bar, Key ·wL~st llarllor, 1-10000. 

Hydrographic SUIYL'.YS in the approal'l1L'" to :Hartlia·;; Yim·~·anl alHl :\nutm·kl't l!l:Hl<' hy 
Lieuteuant :l\foser earlier iu tlw fiscal year are referred to undL·r a Leadiug in Seetion J. 

Topoora11hica/ sun•ey of the 1cest magt 1~!' Tlorida lwt1rr'1'n Cape Sa/Jle awl l'a,-i/io11 li'"1y.-Iu 
<'OJ1ti11uatio11 of tlie topograpLical stn·n·:r of the west coa;;r of Florida, ~\ssi;;tant .Jo."l'Pl1 lll'rgp,;. 
heimer proceeded under ·i11strnctiorn; to JHa11atee, Fla., towartls the eml of December. l<:'<:i·", \1· l1ere 
he took charge of tlle sclloouer <,!uicl; and begau tlle repairs ueedcd tu tit L.er for tilt• n;,;e of L.is 
party during tLe season. 

Leaving .Manatee JanuaQ· Hl, 1880, he sailed for PaYilion Kc~·, stopping· at Pnnta I:asa for 
snpplies and signal luruber. Tlte topographical work wa;; uegu11 at l'aYilion Key, Febnrnry :.:. a!l(l 
was carried thence tu the west end ol' thp, p1:im ary base liue c• t C aJll' Sable, \I l!l~re Oil tlie :!Ot h uf 
.A.pril it was completed. lt cm·ered fifty-two miles of coast. allll included the general coa;;t liue 
with tlle outlying island,; and reefs aud the en trances to all the priucipal creek:;. Tl!is entire 
\H)rk was done with great care aml :wcnracy. ?IInC'.11 ti11w was ,;pe11t i11 dt>t<•rmi11ing aud 111arking· 
points with which to carry the sun-ey inlaud, tltese markings being made lly means of triangula· 
tion signs (L:,) cut in the coquina rocks, and h~- stakes of sawetl lumber. Of the fomteeu triangu
lation points which llad uee11 estal1lished on land during a former twason tilirteeu \H·re found 
intact; from the remaining oue the ground and the markings had been wash.ell aw·a~-. The eigltt 
original water-siguals nscd in marking- the triangulation points lrnd disappeared; tlle 'rnrms and 
seas bad destroyed tl!em. Seyeu uew oues were put up for the executiou of tlle topograpilie 
survey, aud were determined in position from the shore stations. 

)lr. Ilergesheirner reports um1sually had weather during the season. This, witl1 the necl's:.i;;it~
of anchoriug ontside on an open coast, with no liarbors :n-ailable for shelter, was Olll~ of man~
obstacles he had to contend witl!. The aucllor chains 1Yere parted three times, but in each ca:;;e t!Je 
anclwr was recovered, except off Xortltwest Bar, Key \Vest. Here the loss of the ane110r wai'> 
maue good by Lieut. J.E. I>ilJslmry, U.S. N., .Assistaut, Coast and Geodetic Snn-ey, con11ua11di11g 
tlle steamer Blake, who happene\l to be in Ke.v West at the time. 

Iu its general character tli.e coast from P<wilion Key towards Cape Sable is a succession ot' 
out-lying, low maugroYe island:s, fringed with coquiua reefa, and on the side of 1lw gull' co\·eretl 
at lligh water. Inside of tile islands the coast is somewllat regular in outline, c011sisting of low 
mangroYe shores, cut up b.r creek.i;; and ri>ers, with an occasioual ridge of sand, parallel to the 
general coast line aud dry at high tide. 

Other details relati1e to the character of the country, its agricultural productions, inhabitants, 
etc., are given iu l\lr. Hergcsheimer's report. 

Ile was aided iu the work by Snbassistant J. H. Gray, whose sen·ices he states were all that 
could be desired. 

The statistics are (scale of sheets 1-20000): 

Topograph_y: 
l\liles of coast line surveyed _ ... _ .. _ ... _ .. _. _ .. ___ . _ . __ . _ ..... _ ....... _. _ 53 
]\files of shore line sun-eyed ................ _ . . . . . . . . . . . . . . . . . . . . . . . . . . . J .j G 
~umber of water signals erected . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Number of poiuts determined with the plane table aml marks for future use. 23!1 

Ser,·ice assigned to Mr. Hergesheimer during- the ~·ear ou the coasts of Xel'r York am! Penn
sylvania is referred fo under headiugs iu Section 11. 
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SECTION VII. 

I'EC';I:S-"lt:'LA OF FLORIDA. \YEST COAST, FROM ANCLOTE A"\CHORAGE TO PEIWIDO BAY, INCLl'DI~G 
Cf)A~T APPROACHES, BAYS, ANJJ ltlVEl{S. (SKJ:TcIIE~ .i'\os. 1, fi, 17, and 1~.) 

O.ffslwrc ltydrograpli ic sun·ey bet1reen Cellar Keys mul Light House Point, 1rest coast of Florida.
A:;, 8tated iu tLte alnstract gh·cn of Lieutenant Moser's bydrographic work in the Bay of Florida 
aid Yiciuity, uuder a !wading in tltf\ preceding secti011, that otlicer left a portion of Lis party ou 
lw:ml the sclioouer 8py the latter part of Marcli, 1889, to continue tlJe reef work, and proceeded 
iu tlie .Hoche to Cedar Eeys to connect the in8hore bydrography or three fathom curve with the 
ten-fathom curve !JetweeH Cedar Keys all!l Light House l'oint. 

The nature of this work and the mums adopt€d to execute i;;; cleitrl.r stated iu the following 
estraet from Lieutenant ;\foser's report:-

·' Tlte waters aloug this coast, from Anclote (A11choragt>) to Appalachee Bay, shoal Yery grad
ually, aml the ten·fathom cune is from thirty to forty miles oft' shore. Tl.le shore bei11g very low, 
is iu most cases out of sigllt at the three-fathom cm-ve. To put up signals on tllis eoa;;t for the 
purpose of simply locatillg tlie i11uer ends of the Jiues woul<l baYe required a loug time, not to 
speak of the difficulties iu trauspol'tiug the lnm!Jer o,·er such long distances. As the manner of 
executing this work was left to m;r discretion, I couclnded to locate the lines by astronomical 
obserrntions, particularly as tlwrc were no ontlyiu g dangers. 1 therefore adopted a system of lines 
two mile;; apart aml, iu order to gi rn the greatest weight to meridian altitudes, laid them true east 
antl west. 'fhe chronometers were ah>o well rated by telegraph for longitude. 

'·\Ve found, huwever, after commencing work that by stamliug well into the shore we were 
able to recognize certain topographical features, snch as points of land, woods, keys, aud a few 
house;-; that 1' ere ou our sheets. B.r tlle usual methods we were therefore able to locate tlie inner 
t'JHls of tlH~ lines quite acenratel_y. \Vhen the eomlitions were Yery f;n·orable we anchored barrel 
imuys on the inner ends of the hues, and in this manner obtainer! yery good results. I may there· 
fore sa~· that the lines are locate<l hy angleR 011 located shore objects aml astronomical positions." 

To obtain a plane of refereuce for the soundings a title gauge was put up in tl1e Steinbatchee 
Hin•1\ an1l compari:sons were rna1le outside of the mouth in three fathoms of water in Deadman'tS 
Ba~·, a11d in six fatho1m.; south of Ucklohouec Shoal. The comparison iu deep water, though not 
entirely satisfactory, gaye suflicieut results to warraut the mse of the obsern1tio11s ou the Stein
hatcl1ee gangt• for all of the work. 

From Ce1lar Keyes north tue bottom is quilt'. regular as far as Deadman's Ba,Y, but in the 
;qlproaclws to ,\ppalachPe Bay a clrnuge of '1Ppt!J of a fathom is not infrequent beyond the six
fathom enrYe. 

Lieutemu1t .'.\Iosf'r refers to the extensive sp(}nge fishery iu this part of the coast, which is 
k11mn1 to thP sponge iblit>rn1e11 as tlle "Ba,r." Herc they assemble in fleets 00011. after the 1st of 
April; the watl~r i~ thuJ pr·rl'ectly clear and the bottom plainl,Y Yisi!Jle at depths of se•en fathoms. 
Tliesc !Ja~· spon;..:es an' a eoral opouge, a111l arc said to be the best in the Florida market. 

After finisl1ing· the \\Ork iu tl1i,,; sectio11, April 291 foeutenaut l\foser retul'lled to K(1y '\Vest to 
make a s1HTt\I of ~ortlnre:lt Uh:muel Bar. He fouu1l there a large party nnrler the lT. S. 
Army E ugilll'ers. who wen· ma kiug- tidal nn<l cmTPnt obsernttions and borings with a Yiew to the 
itnJll'O\'erne11t of thP clmund. A::; they had e,;talilishetl au elaborate set of signals, application was 
m~ule kir their positions, a111l tl1ese lia\·i11g been furuishe<l throngh the kindness of the officer in 
diarge, the,\· \n're corrnech'd 1rith points determiued hy th<> 1rnrn'J'• Ia the course of the work, 
whic11 oce11piPll about a week, a rock wa;; found i11 tlie narrowest part of the main ship·chanuel, Its 
position was determined, aucl it has siuce hee1t marked by a Iwrizoutal striped buoy. (&e Notice to 
)lariuC'ril, ~o. 111>, :\Ia,\~ 31, 181'!l.) 

Tl1e h,rdrographic work of tlie seasou haring· been com1Jleted, Lieutenant 1\-foser closetl field 
operations .:\Ia;r 141 and soon atkr in·ocPelled uorth, arri\·ing at :\t-'.W Bedfortl, l\Iass., .'.\fay 24, 

'rhe followiug-11a111ed otlieers were attachc1l to his party: .Ensigus l!'rankliu Swift, IL A. Bis· 
pham, K U. Tisdale, awl S. :\I. Strite, C. S . .N.; Pa~seu Assistant Surg·eon J. ~I. Steele, U. S. 
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:N., and Assistant Engineer S. H. Leonard, U. S. N. .Messrs. George R. Jones, J. L. Dunn, and 
J. :\IcU. Tiffany se1Ted _as recorders. 

For the hydrograpl1y (off.shore) between Cedar Keys and Light-House Point the results are 
sllown on two projections, scale of each 1-80000. 

The statistics of the season are: 

Hydrography: 
.Area sounded, in square geographical miles ....................... . 
Numuer of miles (geographical) run while souuding ................ . 
Nmnber of a11gles rnrasuretl:. . . . . . . . . . . . .............•.......... 
Nmuber of soundings .......................................... . 
Nu111ber of tidal stations establi>;he<l ....................•.......... 
Xumber of specimens of uottom preserved ......................•.. 

:?, 500 
3, 143 

11.GH 
1 o:?. rnJ:? 

3 
3-1 

Hydrograpliic surveys madt> IJy Lieutenant ::\loser on tlle coast of ::\lassaclrnsetts earlier in the 
rlscal year are reporte1l under a heading iu Section J. 

Triangulatiu11 of Perdi1lo Ba!/ anrl Us i;onncctiv1~ u:it/1 tlte triangulation nf Pensacola Ba!J. Flrr.
Iu anticipation of the begi11ui11g of the triangulation of Per1liJ.o Bay, Assistant ,1ohn B. \\'eir, to 
·whom tl1e clrnrge of the \\'Ork hatl been originalls assigned in December, 1883, had sent )fr. E. E. 
Torrey, foreman, allll l\Ir. A. H. Simoni<, recorder, to that locality 011 reeo1111aiss:rnce Llu ty, a1Hl to 
malrn arrangements for the transportation of instrnments arnl camp eqnipa;:re. 

Subse'lueutly, upon the resignation of )fr. \Yrir, Assistant A. T. :\Iosman 11·as as:,;ig11e11 to ti.le 
charge of the party; Sn bassistau t F. II. Par." ems \Vas directed to rep()rt to him for duty, aml al,.:o 
Snoassistaut P.A. \Yelker, who \\'as assigned to the surwy of portions of Pensacola Ba~· nuder 
:\Ir. l\Iosmau's direction. 

Field work was uegun at thf' earliest date praetieable b~· a search for points of thr o!tl triaugn 
lation in the Yicinity of Pemmcola Entrance, aml the ;;tation:,; Na,·y-YaJ'(l \Vharf antl }'ort l'id;t·11,.: 
ltaYing been reco,·ered, a scheme of triangnlatiou westward from thi" base throngh the lap:onn 
towards Pen1ido Bay was laid our. ::Huch dela.y was cau1ied uy the 11on-arrinll of 1111· scl10011er 
Transit, and the time required to h:ne tbe steam la111rnh assigned to the party repairell at the 
nay_y.yard. Hence it ''as the ~~0th of .JannaQ· before the party arrin•!l iu camp on Perdido Bay 
ready for work. 

At this camp l\lr. \Yelker, with his party of fonr rneu, joinetl \1·ith .:\Ir . .:\losman, arnl a:;;sisted 
him in opening the lines needed to connect the triangulation through the lagoon from Peusaeola 
Bay with tl1at to be done at Pen1ido. 

l\Ir .. :Hosman obserYes that the timber on this neck of land is nry beaYy and the i,:TOlHHl 

S\l'ampy. The lauucb, after fh·e <lass' serYice, became useless by the breaking of the sl1aft, sn tlwt 
the only means of transportation left tbe party were the fiat-bottomed Hkitfs made at Pen1ido. 
These "·ere without sails, and the long pulls, 5 miles each wa~-, and tlie hanl work of the openiug 
liues all <lay, combined with a vre\alence of cold, rainy weather to makP progT1'ss Hlow. 

But by February 15, one quadrilateral across the neck was ready for obser;-ing; ::\Ir. \Y elker 
aud party then returned to Washington and took up the work where lrnt little cutting· was 
uecessar_y. 

The scheme laid out for Perdido Bay reqnire1l cutting through ltt•ay~- timber on nrarly all of 
the lines, and also the erection of tripods from twenty to forty feet in height, to enable :\lr. 'Jlos111a11 
to observe tlle angles needed. 

Over sixteen miles of cutting was done, and fin• tripods and sixtPen other signal,; were erected 
liefore l\farch 15, at which date obser\atious of horizontal angles were hegm1. BPtWPPll this <fate 
and :\Iarch 30, when instructions were receh·ed to suspeull fa•ld operations for tbe ;;eason, fifteen 
stations were occupied ancl an azimuth was measur(•d at station Bear. 

A.II records and computations of the work ban) since beru turned in to the oft1ce . 
.'.\lr. Mosman reports a Yery important change in tbe entrance to J>erdido Ba;r, caused hy tbe 

cutting through at the narrow part of Ono Island of a channel for boats. ·w11at was formerly 
hard Ja,nd covered with large pines is now a channel o,·er three lm11dred metres wide a!Hl with 
water ten feet deep. By the old cbaunel the llistauce from the inlet to Bear Poiut was auont eight 
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mil1•s: this channel is now filli11g up and tlte 1listancc from the inlf't by the cut iE red need to a mile 
aud a half. At th1_· time of tl11· ,.:nrvey, l•ut fonr feet conltl be carried through the bay insidt· thB 
cnt to Bear Point, an1l tl1e chan11el was JJaJTOW aml rather crooked, but the water was com;tantly 
de(•peui11g from tht· actiou of t lw rurrl'nt,.:. 

Alwn· Bear Point th1·n• is d!:'t'p wattr up th!' main bay to J\lilJyie\Y, wlwn~ large saw-mills are 
loeatt•(1; a!J(l abo ll]' Bay La Lau1l('lt, where the timber for the mill;; i::; cnt. From tllis bay tht>n· 
is a rn<1d across to Bou Secour HiYer, aml the Llistauce ii' sai11 to hf• hut five miles. A connectiol! 
aeros.~ rliis ll<'('k of lantl eau hf' mr11Jp '>"ith :\Iohile Ray by din>ct measurement or b,Y tria11gnlatio11. 
A tnll!H'etio11 can nlso be made Li~- measurement from station Cotton near Pen1ido Entrauce to 1\IohilP 
J-~ay. 

For the sea,.:011, tlH' Rtatistics are: 

I~<.'co11naissa11cP: 

.. A.n•a of, squan~ statute miles ........................... _ - . . . . . . . . . . 17 
LilleR of intervbibility determined as per sketch ,:;abmitted................ 51 

Tria11gulatiou: 
Area of, Sfltiari: statnte miles .. - - ........... - - _ ... _ ................. _.... 17 
Sig·ual pole;;. t>rech'tl, 11umber of .. _ . . . . ___ ... __ . __ ...... _ ... __ ..•... _. _ Hl 
Obsenillg- tripod;; and scaffolds built, m1rn ber Gf ........ ____ .. _. _. _. . . . . 5 
Ohseni11g tripods autl scaffold1< bui Ir, height of, feet ... _ . _ . _ . _. _ . __ . __ .15 to -W 
Days occupied iu openiug a1111 n)rif:yiug li11es of sigbt, number of ...... _._ 5!'i 
Stations occupied for horizontal measures, number of .. _ ... _ ... _ ...... _. _ _ 15 
(3eograplJical positions determined, number of ............ _ ... _ .. _ .. _. __ . !.!1 

Dnty executed b~- .:\Ir. 1Iosman earlier in the fiscal year on the coast of Long Island is referred 
to u 11der a l1ea1liug i11 Sectiou IL 

Triongllfolion, topography, an(] ltydrograplty in I'ensaco/a Bap and branches.-Triaw1ulation hc
t1tce11 I'ensacola anil 1'adiilo Bays.-Tlrn \York of tlw party placed in charge of Snhassistaut l'. A. 
\\'piker i11 co operation with the party of Assistant J\fosman on Pensacola awl Perdido Baj·s has 
het•JJ referretl to under the preceding lJeadi11g. 

:.\Ir. \\'dker's party was organized and his work 1.Jegun Oil the triangulation between Pensa
cola and I'ndi1lo Ba.rs ou Januar;v 16, 188!). · Heferriug to the hea~-y cutting required in order to 
obtain line:< loug enough to give triangles of a good figure, l\Jr. '\'elker says that the timber gre~r 

•to a hei.:.:lit ot' 01te lmudred feet arnl consisted mainly of pine, lh·e oak, alHl \rater-oak, some of ir 
stalllling iu almost impenetrable "" aw11s. OlH:WtTations of horizontal angles \Ycre complete(! 
ht· tween February 25 and l\1 arch 25; unfavorallle days during tllis period heing· utilized in erect
ing sigual,.; arnl pn;paring for tlrn topographic surYey of Bayon Grande, a tributary of Pensacola 
B;iy. Thi1:; topographical survey \ras ht>guu l\larcl.t '..!6. 'l'he geographical position of Pensacola 
Lig:lit-lwnse aml the derrick in the Pensacola K;l\·~--yanl haYing been determined, the position of 
a sealfoM in a YPry high tree 011 the ha}·ou was located, all(l these three points were used for 
tletermini11g the position of flags placed in trees from the mouth to the head of the lagoou. Fifty
four tlap were ereeted for plane table awl hydrogravhic purposes, all of which were located witli 
tht• plane talJle. Tlie bayou !tciug narrow, arnl the laud very hmn-ily tin1bered, a triangulation of 
an.> ,-aJue coulil uot llan beeu executed without im·oldng a great deal of time and expew;e. 

On April 16, the to11ographic surrny 11aYing been finished, 'the l1ydrography of the bayou 
was bL'gnu, and h.v April 20 it was completed. l\Ir. \Velker then moved his part;r to Pensacola, 
and, in accol'dance with iustruetions, vrepared to take up a special survey for the Navy Yard 8ite 
Commission on Escambia Bay, :Florida. Heference to this work will he made under tlJe heading 
-0f Special Operations towards the close of this part of tile Report. 

With regard to the triangulation needed for a resurvey of Pensacola Bay and tributaries, Mr. 
\Yelker ohsen-e-s that very few, if any, of the old points can lle recovered, and that. to continue 
tile \York np PL•nsacola Bay to the heads of East Bay and Escambia Bay, either a new base line 
will have to he nH~asnrml, or a new scl1eme of triangulation carried up the bay from the line Fort 
Pickens-~avy Yartl Wharf. A supplemental topographic sur>ey shonld follow the triangulation 
to show the many changes and improvements on the bay since tile surveys between 1856 and 1881. 
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l\Ir. F. A. Yonng Sl·JTrd faitllfully as recon1er duri11g tlie entire '"ea.-<01i. Tlie topo;.:Tapliic 
work wm; t•xeentP•l ;;atisfactorily lly ::\lr. CJJ:irh·s 1 l. l>L'l'iz u!ll1er }fr. IY elkcr'.s din·ctio11. 

For t !1 r e11tire sea sou tlw Fita ti;,; ties are m• fullmrs : 

Uec·o1111ais:-;ancP : 
An•a of. iii ,.;qnan• srntnte rnik;,; ................................. . 
Li1ws of i11te1Ti~iliilit,Y dr•tl·r:tiin•·tl as per r-;kHd1 ......•......... _ 
:\um her of points :seleetec1 for sclienll' ............................ . 

'l'ria 11g·ulatioll: 
Area of, i11 i<f]llart' ;;tatnt(' lllil(·il.......... . ...... . 
Sig-11:11 poll•,; \·recH•t1. 11u111lier of._ ...••..•................. 
Ol1serYiJJg t1·ipod.~ lrnilt. 1rnnil•er of . . . . . . . ... _ ................... . 
Day8 occnpi•:•l in opening- rnul n•rifyi11g: lill'c'S of "iglit ................. . 
Stations occn pieol for l10riz011 tal rneasurcs. . . . . . . . . . . . . . . . . . . . . . . . . . . •... 

Topography: 
1\.rea snn·eye<l, in f>fJliare i-:tatntc miles .................•............. 
Le,ngt h of shore lilw of hay nus, in stat nte rnilPs _ .... _ .. - .... _ ...... _ .. . 

L(•Jtgl h of shore Jim• Clf cn·d;:s autl marsh, i11 8tatnU• miles .............. . 
Length of roads, in st:ttntL· mih•s .................. _ .......... , •. , ..... . 

One topographic sheet \Yas oa a ;;call- of 1-1(1000, the other on 1-5000. 

SECTION VIII. 

1-i 

11 

1G 
fl 

AL.\.BA~L\, :\IISSISSIPPI, LOUSIA\'A .. \XD AHKA\":-:.~f'. rx-01xnrxn Gl"LF ('()AST,.:, POJff::;. A);!) HIYERS. 
·'. SKETCJU:b Xus. 1. n, .~. 1:-. a1H1 l ~-) 

Occupation of sta.tion~ .fin· tlu· e.rte11sin11 of the primw·y triangulati•lll in _-t/alm11w towards the 
Gu(f <~f Jfc.rico.-Iu colltinuatio;i of his work of the F>cason of 18:3:3~ .\.s,:;istant :F. \Y, Perki11.s was 
directed to resume charge of the triaagnlation laid ont to rxtcrnl the Oblique Arc of tLe .'.\leridia11 
from Atlanta tO\vards :ilobile. .At the 1\r~t f<tatiou, "Yeognfka, about thirty-three miles north of 
l\Ioutgomcr;y, observations were beg·1m December 5, lSSS, hut were not tl11ished until ,J annary 17. 
188!), owi11g in great measure to the al111o:<l coustaut ulil't, fog. aml rain \Yliicl1 prenlilctl for forty
oue days out of sixty at the outset of th<' season. 

Station .Jamison, about sen~ntef•11 mill's to tl1e westward of \Y£'og11fka, was lli''.\'.t occupil'cl, al\(1 
obser\ations wnc continued here until 2\Iareh 5, under ,·cry 'liseou1'agi11g circumstance:;~ llo1YcYe1-, 
as regards weather. At both statiou::; horizontal and Yertical augles were obsern•d. 

]\fr. Perkins states, as the re,,mlts of Lis experience iu this section that the primar.1· triangnl:t· 
tion, involving obser\atiorn; ewer lines greater than ten mill~" in length. can be pro:;;C'cnted adYau
tageonsly only during the months of April, ::\Ia~'· and.June. Detailed exarnination.-. for recoIJnab· 
sauce, the building of signals, opcniug lines, rnakiJJg- t ria11gHlatious 1Yith si•lcs under teu mill's. 
awl topogTaphical surveys, can be aceomplished llliriug tlw 1mrnths betweeu :Xornml>er a!ll1 April. 

For the season, the following statistics are reported: 

Triangulation: 
.Area of, in square statute miles ..... - ........... - ...... _ ............... 1.400 
Signal poles erected .......... - ....................... _. . . . . . . . . . . . . . . ·> 

Days occupied in opcuiIJg a11!l Yerifyiug lines of sight .. _. . . . . . . . . . . . . . . 5 
Stations occupied for horizontal an cl vertical ineasnres .. .............. ~ ~ ·• 
Geo.grapl1ical positions determined _ ................................ _. 1 
Elevations determi11ed trigonometrically ............ _ .......... _ ..... _. 7 

l\Ir. Perkins obsen·es that tltese results but ill.'· represent the amount of euerg~· expended and 
ilardship endnred, but tllat the.rare even thus great is due large1,r to the persisteuce awl .faith
fulness of Extra Observer '". B. Fairfield, who suffered no opportunity to lie lost. 

Other dut~· on the Gulf coast assigned to Mr. l 1erkins is l'eported under a sn bsequent heading 
iii t Ii is section. 
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E.rten.~ion of the line <!f lcrds <!f precision from Little Rod;, ATk., to1rnrds tl1e 1restern boundary 
r!f tl1e .St<tle.-Tlle connection of a beuch-urnrk iu tbe city of J,ittle Rock, .Ark., by a line of lcYd
iug of precision with a bench-mark of the l\1ississippi Uirnr system of geo<letic leYeling at Arkau
S;\s City ha\·iug been complt>te1l in 1887-'88, as rnenticned in the last Anunal R-eport, .Assistant 
Gershom Bradf(ml wrrs instructed early in J ul,r, 188S, to proceed to Little Hock and confer with 
Prof. ,J. C. Brauner, State geologist, iu reganl to the exteusion of the liue of inecise leYels along 
or near the course of tllc ~i.rkauo;as Hin_ir towards foe western boundary of tlle State. 

It was desired aLso to obtain. permission from the Didsion Superiutendcut of the :'llissonri 
Paci lie Hail way to ha Ye Lis trains stop to take up aud put dowu the leveling party when workiug 
u11 the liue of the road, bnt this otlicial a \Ji;olutely rt'fused to stop his traius or extend any conrtN<y 
whatHer. This aetiou led to rnneh tlday iu the progress of the work at the outset. 

l\Ir. Bradford's health ha\ing become rnuch im1mired by tile extreme beat of tlle \Yeather, he 
was relieYell from duty at liis own re1J1rnst and instrneted to turn over tile 1:harge of t!Je party to 
Subassistant Isaac \\'inston, who wonl1l continue the work anll report n11on it at the ell(l of the·. 
seao;on. 8uhn;;sistaut P.A. \Yelker~ lHn-ing: been ordered to report for duty in the party, joinell it 
.T uly :.!O. 

:'l[r. \\"in,.;tou took diarge of it August 1. Tlic const:mto; of geodesic lcn~b Sm;.:.! aud :3 llad 
been pre\·io111"ly determined; al:So t.hose of the leYeling rods A, B, C, aud D. The levelillg \YaS 

lwprn at t~e hencl1-mark \Yest Base, estal.Jlisl1ed dnri11g the precediug seaso11 at Argenta, .Ark,. 
liy ~nhassistant ,f. E . .'.\IeGrath. 

Tl!(• rnethotl of ohsening wa,..; the on<' adopted for tlle 8tall(Jan1 I en:I.s of tl.w Surn'y; the forward 
men;;;ni·eme>nt being made lly oBP obsen·er an<l tht~ ba<'.k \'\·anl mea;;;1uenwnt hy anotlwr. Fortu
natdy a wagon road mu closP to the railroa11 nearly all the "·ay, so that tlle party were able to 
u,..;e a hirc'l eOHYPY~lllel' tlnriug rnm't of the season. 

\\' ork in t11i,..; section during· the heat of ;.;um mer e11tailell a seYere strai11 upon all of the mem
bers of the party, t!Je men :sufforiug speciall,Y. At the eml of tho sen.~on, lrnt one man remained 
wl10 hall llee1t 011 the work at its llegim1in;::·. :\Ir. "'instou ohserYes tliat during the !wt mouthe< 
the atmoo;phere it.; so tremulous that double tl1e nmubcr ol'>itatious an: 11eersHary in au~- f'iYen dis
~ane1' than wonlil ht> n•<inire(l iu cooler weather. 

P(•rmanent lJ(~llch-marks were establishetl in all the towns a!l(l Yillagt'.S along tlte railroad, aw1 
seyeral plaeed on tlw "to1w ahntmeu t of bridges, etc. J 11 eou!l ty t(l\n1s tlie bench-mark was 
u:mall~- ll!fllk 011 !111• court-l10use. Ternporar,Y bench.markii were established about one kilometre 
apart for eo111pari;;on of results. Xo diserepauc~- between forward a1Hl backward measures was 
al101n~d to exceed 1h-e millimetres per kilometre without remeasuremeuts. 

\York "-as su,..pendetl at London, Pope Couut~-, _Ark., on September 30, on account of the lack 
of funds for its further pro:sPeution. 

After tlle close of the seasou, copies of the llescriptious of the lJtuch-nmrks and lists of their 
elt>Yat ions were fumislied. to Profe88ot' Branner, by directiou of the Superintcu(leut . 

.'.\Ir. \nustou eommemls i,;peciall.r the Rer\'ices rendered by Suhassistant "'elk er. )Jr. F. A. 
Y om1g i>ern>d faitLfull,r as recorder. 

Tlie 8tatit>ties are : 

Geodeti<; leYdi11g: 
:X urn ber of permanent bench-marks establislied. - . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Xumber of temporar.Y he11eh-marks establisLed .. _ .. __ ..... _ ... __ .... _. _. 116 
Ele\·ations determined, 1mrnlwr of._ .. _ .. _. ___ . _ ... _. ___ . __ ... _. __ ... __ . 136 
Lines of geodetic leveling, length of, in kilometres .. _ ... _ ...... _ ..... _ .... 135 

rnder H l.Jea<ling iu Sectioa X IY, mention i8 made of work of precise lerehug carried by 
)Jr. \Yill.~t011 from m•ar Cairo, Ill., to tlJc southward. 

< Jcc11l111 tiu11 <(/'a stiff ion in Lou isiruw .Ji1I' maunetic ob.~er rnlions.-A determination uf the magnetic 
eleuwHts at a station in Louisia1m was includell in the iustrnctions issuetl to Assistant James B· 
Baylor in 1888. The station selt•cted, Shre,·cport, Caddo County, hacl been occupied for magnetic 
obse1Tatio11:; in J8';":!, hnt the position then used hadug been destroyed, a new station was estab
lished in tlle court-house gro111Hls, near the corner of Milan and 1\larshall streets. The magnetic 
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declination, dip, aud intensity were determined on two <lays, aud the true north ascertained by 
observations of the sun on one day. 

This station was securely marked, as were the others occupied <lnri11g the season, first by lmr:y
ing a bottle filled with coal-dust a foot a11d a half in tl1e ground, and then by placing on~r tllis, as 
a surface mark, a suiJstautial post witb cop11er tack 011 top. 

Shreveport was the last station occupied h;\' Mr. Ba~ lor for magnetic purposPs i11 1SSS. On 
December 27 he closed field work a1Hl pror-eede!l north under im;tructious, taking np at his home 
the preparation of l!is n'conls a11d computationl' for transmissio11 to tlH' liffice. 

Other stations which he occupied between <lune and December are refHred to n1Hler hP:Hlings 
iu Sectious IX, XIII, XIY, XY, aud XYI. 

Triangulation <~f the Atchafalaya Rifer, Louisiana.-Assistaut C. H. Bo.yd, to "·hom bad heen 
assigned the triangnlatiou of the Atchaf'alaya Hiver, Louisiana, re;1clled the locality of Li>' work 
.January 12, 188U, aud after superYisiug some necessary repairs to the steamer Hitclwocl;, orgirnized 
his party on lioanl of her aml lwgau fiehl operations January '.21. 

His first work was the selection of a base line, whicl1 was found OH the '»f'St hanl' of the 
Atchafalaya HiYer upon a narrow strip ofland in front of the Cypress Smrn1p. Tlie trianb!niatior1 
'i"HS theu taken up from !ht• line C,qiress-l:ig \Yax of 188S, and llrongh t d0'1'11 to tile bal'e l>y cnttii1b!· 
llea\'Y lines through the swamps, and theu 11:irrowed as mnch as po:;:8ible to tl1e more open la11d,; 
bordering the riYer ns it was carried tmH1nl )forgm1 City. 

Befort~ tl1e measurement of the hao:e waR nu<krt:i 1'1·11 it;;; end::< wHe ::wcurcl,1-- rn arkt·<l ''itli !Jea Y_Y 
limeKtone mo111rnw11ts, set i11 bdon blockE<, and time waR gin~11 to tlie wl10Je ma:,;s to :;erth>. T!Je 
line was tllen measured twice. ' 

Ubsenatio11s of ltoriz011tal a1Jgles were carried ou until .:\larcli 14. wh1·n the Ycsse1 aml pait~· 
;is organized were trnm:ferrr-d to Assistant l'erkint<, instrurtions to that effect lianllg lwe11 11'1ly 
recei,·ed. 

:'.\Ir. E. L. Taney, Suhassistaut, and ~Ir. C.H. Stone, lH:onh>rs, were attached to :.\Ir. l)oy.r.
party allll were tram;ferrell to that of .:\Ir. Perkins, wlio Lad, in accordance witli preYiou,; nud1'1'· 
standing, made preparation:-: to execute same work of Yeri1ication on the coast of Louisiana. 

Mr. Boyd reports the following Rtatistics of bis 8nrH';\ : 

Reconnaissance: 
Area of, in square statute miles..................... . • . . . . . . . . . • . . . . . JO 
Lines of iuterYisibilit~· 1leterminctl as per sketcli submitted......... . . . . . . '.26 
~nm ber of poi11ts selected for scl1eme ............... , . . . . . . . . • • . . . . . . . . 1(1 

Base Jines: 
Secondary, length of, in metres............ . . . . . . . . . . . . . . . . . . . . . . . . . . . 1)8!10 

Triangulation: 
Area, in square statute miles .. ,.... . . . . . • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . 10 
Signal poles erect.etl, i1urnll.er of._ ............................... ~.......... ·> 

Observing tripods and scaffolds built. . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . 8 
Obsen·ing tripods alHl scaffold,;, heights of, feet .... - ................... 15 to 43 
Days occupied in o)lening a11d wrifyiug lim's of sig;M .......... ,..... . . . 1;~, 

Statiolls occupied for horizontal measures, nurnl1er of ................. . 
Geographical positions •letermincd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

Service as:siguml to .:\Ir. Boyd earlier iu tlle fiscal year i,; rrported nmler a !wading in Section I. 
Jleasuremeilt of bas(' awl rcri;fication of tria11gul.atio11 on the coast n/ Louisiana.-An astr0110111i. 

('al latitude and azimuth and a base of \'erifieation being required on the Gnlf coa~t of Lo;~isiana 
lwtlYeeu tl!e bases measurer] in I)reYious ~,ears at Grande Isl<'. Barataria Bay Entrance~ and at 
Blne Bnck Ridge, Sabine J>ass, Assistant F. \\'.Perkins was instructed to hold himo;elf i11 readi· 
ness to take charge of the field operations 11ecessar.Y at sud1 time during th(: spring of J :-;.-:~1 as 
might be lleeme(1 most expedient. · 

Accordingly, in March of that year, after ha\:ing suspended for the season further work on the 
triaugnlation in Alabama, he proceeded to :\!organ Oity, La., aJHI took charge of the steaml'r Hitd1-
oock, wbicli was transferred to him by Assistant Boyd, ao; st.aterl under the preC'eding !11'ading. 
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A1r:\·iu;::- oll the soath\vPst entrance to Yt>rmilion B<lY on }farelt 21. a crireful se::rch 11ext day for 
thi· tri,rng·ulatiou ;;tation at Lig·ht-Hoa,;e Poiut dc1·elope:l the fact th:1t the '"ihores h111l lwen washed 
a\><1:-· for ,;owe lifty nH•ln,:-.., and tbat the UHtrks Lad lJt•en entircl,1· <kstroye<l. An examination of 
the eoast to the westward ,;ho1Ye•l many g-reat cl1:t11ges i11 the shore line, and that no t1\0 con;;ecn 
tin• points ill tlH· ol<l sc}1eme of triangulation l'Plll<lineu. But n·ry satisfactory gronml for.-, hase 
line :111'1 a:;tnmomical "ration wa:'\ s1•1Pctet1 nt the eastern extremity of ChP11iere TigTe, allont mi11· 
wa:: lwtw•'<'ll ;;tatio11,; ,; Oil" aml "Lo:,;t," which had been fon]](l to he imili;;tnrbrd. 

\Yori;: of ereetiuµ; signals, setting the hea»y hlocks for tltP latitmle alJ(l nzimntlt piers. hnild
ing :rn ub;;ernltory. aJHl prPparing t liL· l>ase line wa::< hegnn at ont'e. The gronnd was as faYornbl1• 
for 1111.»l:<lll'('mcut as any aYailahlc in that :<ection, a lrnrd marsh ext1'11ding from high watel' some 
iin· linmlred or n tlwnsaml metres ittlancl, gradual!~· lwcoming softer as it recedes, hut CO\'f'r('(l 

ne<ll" t lie W<lter's edg« by a deposit of finely l1rokeu sliells, ,<:eYera1 feet in thickness, and Yaryillg 
from tit'l.Y to se\·enty-ti1·.: metre,; in 1ridtl1. T!Jh offered a ;.:·ootl support for thl' trestle.-, witlt but 
litth· graLling. 

Th1.· measurement an11 rPBH~asnretllPllt of the lirH', a mile an<1 a quarter in length, waR corn
plt>tt>1l April r;, i11 ;1 littll' le:;.-: tha11 tine(~ 1lays. Iron sere\\ piles, ti rn fret in length, put tl01n1 PYe11 
witL the snrface of the marsh, plumheil a!l(1 \\·ell tamped, afforde<l secure markingfl for the ends of 
the \);11<e. 

Th•· a,;trouomical station haYillf: heen <'stablislled at West Base, ~Ir. \\'alter B. Fairfii:ld, 
<·xtra ohserrer, was t1irectt•d to 1nocee<l with the ohserYatious for time, latitmle,aud azimnth,while 
the re:--t of the party conti1rned tue erection of siguals for the tri:mgnlation. 

Time was ohtuine:I hy oh,;nyatiou,; of llouh1e altitudes of the sun, made with a Gamhe~· sex
tallt arnl artificial 110riZll11. Ele\·en vair:s of stc1rs arrauged in two lists of seYen and ni11e pairs, 
r+>spet·th-ely, "\\·ere ol1serrn<l for Ltrit1Hl1• witli ZPnith tPlcscope Xo. 5 on not lcRS than six night,;;. 
Th!rt.Y-lin• set:,: of tweh·e poiutings eaell were tal;en for azimuth ou Polaris near culmination, tl1e 
im;!rnments used being t\"l'elve-inch Gambey :Xo. Hi and an artificial horizon. 

A::i soon as a sufficient nmnlwr of signals had been erected, obserTation>; were begnn for tlie 
trignuomdrical co1J1Jectio11 of the base antl nRtronomical station with the old sclierne of triangula
tio11 !Joth on the coast all(l in YC'rmi!ion Bay, and a mcasureme11t Wrl8 made of a portion of the 
temporary base line of L'iSi'.), wliieh showed that the one bn11dred metre wire used in that base was 
sornr· eight<'e11 l'('llti111ctrci' ton sl1ort. 

OB tl1P :!:!<l of l\lay. all of the ohserv-atio11s haying hecu completed, the party }iroceedt'd to 
?llurgau City, whe1e it was clisbamle(l, an<l the Rteamer laid up. l\1r. C. II. 8tone was attad1e11 to 
tht' party as recorder. · 

'.\Ir. Perki11s has sn bmittell special reports upon the base measurement, trigonometrical con-
1wc;ion, astrouomical work, arnl the n.>rificatiou of the base of 1885, tile special report 011 rrntro 
nu:nieal work ha\'iup; lwe11 prepare'l hy l\lr. \Yalter Jl. J<'airfield. 

following are the statistics of tile season: 

Hecurmaissauce; 
Arca of. iu 8f]trnrn statute miles ........•.....•.... , . . . . . . . . . . . . . . . . . . 80 
Liucs of intt•rYisibility determined as per sketch .. - - ..... - . . . . . . . . . . . . 20 
~umber of points seh•cte<l for selteme ........ _..... . . . . . . . . . . . . . . . . . . 5 
Bmw line, secondaQ-, le11gth of, in metres ....................•........ 2, 040 

Triaugu lation: 
Area of~ in square statute miles ................. _ ........... _ ... __ .. _. 60 
Signal poles Prected ...............•........................•. - . . . . . . 10 
Observing triiiods ancl scaffolds built ..•...... - ........ - ... ·........ . . . 3 
Days occuvied in ope11ing and YerifYiug lines of sight. .. .. . .. .. .. . .. .. . . .. . . . .. . 7 
GeogTaphical positious, uumber of. ..... , . . . . . . . . . . . . . . . . . . • . .. . . . . . . . . 10 

Latitnde aU<l azimuth work : 
Pairs of stars obsene<l for latitude .••.........••...... - - . . . . . . • • . . . . • l1 
A n•rage uurnber of ohserYations on a pair ........ - ..... - ...... _...... 7~ 

~nm her of uigh ts of observations for azimuth . . . . . . . . . . . . . . . . . . . . . . . . 6 
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Dnty exccnted by ::\Ir. Perkins in AJahnrna is refrrr·e;l to 11111kr a i•1·e.-iou,;; headi11,:.: i11 t Iii~ ,.;t·<"· 

tion, and p:eo<1etic operatiolls carri(•t1 011 by liillt in PennRylnrni<l an· reporter1 nlHkr a he;Hlii1Q· in 
Sectiou l l. 

H:11rlrographic sun•eys in ,'lt('/ir(l'alayu nay and rfrinity, eo11st ·~t' J,011isia11a.-Ear1;-· in ,Ja1:uary. 
18~!1, Ensign L. l\l. (iarrett. G. :-:.. > .. ~\,.,sistallt Coa,;t and ()el1tletic SurT<',\·, l1a\·iu;.: takl'n <'Oltl· 
rnand oftl1e steamer Enrlrnror. ll'ft Nt"IY York \Yitli Lis 1iarty 011 boar<l that Yes8el for tlH· l~ull· 

coast, undt!r i11struction;: to makf' offshore a11tl in·sliore hydrngrapliie n•smTey,; in Atdtafala~·a 

Bay arnl Yicinity. 
Upon arri\·i11g in Atelrnfalay,1' Bn.:.-, February -1. search was imme1liatPl.1· hC'p:nn in the 

Yici11ity of Southwest Ueef Liglit-hou;;e and tP the westwaru for the n'elffd',\' of ,.;L1tions ot' the 
former triaugnlatio11, bnt \Yith little 1:mecc8::\. Ofthos1• located i11 1S.i5-'5G, rnauy wen• Pll nntlyi11g 
oyster reefs, aml all surface mark,,; had e11tirel,r 11io;appeared. The t ""o stati011R recm·ered. !JO\\" 
e:.-er, iu connection with Southwest lteef Ligl!t-llouse, were matle aYaitahlt• for beginning· the 
h,\'\lrugraphy; a tide-gauge wao; put up at tlH' Lighr hot::-«'. and 011 1-'t·hrnary i:; ,;omH1i11g,; \\'Pl'<' 
begun. 

Em;ign Garrett states that in running the off.shore li1w,; to the six atl(l ten fatltom ClUYt'i.;, 

twenty miles aml o:.-er from tlrn limit of Yisibility of tlt1• sign:1]14. it was t1el'me1l be8t, when• the 
current;; were not strong, instead of a11choring occ~rnio11all,1· to ol>sern• eurreHt;; am1 ('Orrect the 
course, to steall! ont to tlH· required depth of water an<l hack to po,;ition angles as qnickly as possi
ulc, thus s;n·iug· cousidt•nlblc time. Tliis u1etliorJ was fol101n•1l with fairly g·1,.H1 n'snlts tlm1ug-L1out 
the ;;eafi011. 

Foggy and smoky \\·eather prevailed all tlmmgl1 February, and m1til the la:st 1Yeek of i\larcll, 
the sruokt; caused h,1· burning man;J1 grass cansiug :'lcrious delay arnl iucoiffeniencl'. 

'.l'he ti<lf's were oliS('n·ed at Southwest Hepf Light-hou,;p at i11ten·al,; of fifteen minutes. night 
and da~·, for a lunar month. This gauge was used for the rednctio11 ofsoutHlings till .:\L1y 1, when 
a gauge of eompari;,;011 was set np at Ship Shoal Light-house, all<l simnltaneons ob>1en·atio11;; taken 
at both gauges till .Ma,1· 31. Da~· and uight ti1lal records were kt>pt. at Ship Shoal from .lnlH' 7 to 
.T uue 2:!, and the mean range determined to he l .G.i fet•t. "\ t So nth west Heef Lig·h t-house t lH• near 
range was fom11l to be 1.2 feet. The title;; Wl'l'C apparent!~· quite irregular, aud largely dq1emleut 
upon the wind. 

Ensign Garrett reports that, by taking adn1ntage of spring titles arnl soutllerly windi'. he suc
ceede1l in somHling <lYC'l' a portion of au area eight or ten miles square in theregin11 nortl1 a11t1 \\'(,st 
of .Raccoon Poi11t, Isle Dernii•re, which has from fi\'e to seYe11 fe(•I nf watp1· Oll ir, bur he n•com
mends the m;e of a steam-launch as the most economical and effPctiYe mean" of getting ll eornplt>te 

SUrYC,\'• 

Sllip Shoal was approached towards tlie L'llt1 of t be ;;easo11, and a regular s.•·stem of liues, one 
mile apart, carried across the shoal to the six aJHl ten fathom enn·es. The;;e lines Ensign GarrC'tt 
deemed sufficient to determine whether the cha1q.~:es in the shoal "·ere such as to make a thorough 
resun~ey desirable. 

On .June 22, hj-drograpbic operations were closed, and tht• Enilcaror proceeded to Xe" York, 
arriving there July 8. J~nsign .T. F. Luby a11d G. R. E:.-aus, 'G. S. N., were attached to the pnrt,\· 
611 the Endearor. 

For the ;;eason the statistics are: 

H,vdrography: 
Area sounded, in square geographical miles ......•••................... 
Number of miles (geographical) run while sounding . . . . . . . . . . . . . . . . . .. 
Number of angles measured ......................................... . 
Number of soundings ................................................ . 
Number of specimens of bottom preserYeu ............................. . 

1, 20(1 

2, :!7' 
4, !)~{) 
i,209 

26 
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SECTION IX. 

TEXAS. IXCLrDIXG Gl'LF COAST, PORTS AXD RIVERS; ALSO THE INDIAN TERRITORY. !SKETCHES 

X os. 1. I>, 17, and 11'.) 

Detenni1wtio11.~ l'.f tlte magnetir: elements at stations in Texas an<l at n station in the Indian Terri
tory.-Tlle plan of magnetic work, with the execution of wbicli Assistant James B. Ba;\·lor was 
clwr/:.(e(l at the beginning of thP tiscal year, in Yoked the occupatiou of se,·eu stations in Texns for 
tlrn determination of tlie magnetic elements . 

. At El Paso, the station of 1878 at Fort Bliss was no longer available and the station of 1884 
liad 11eeu built upon, hence a ne\\ station had to he selected, and it was established on the 
Cnited States Reservation near the corner of :\Iissouri and Oregon streets. Tile magnetic decli
nation, dip, and inten:<ity and the line of the true meridian were deter·nined here by obserYations 
made Decern ber 1, 2, a111l 3, 1888. 

At Sierra Blanco, El Paso County, a station \\as established on the open plain north of the 
Drpot Hotel, arn1 similar obserYations werP made DecernhPr f) and G. 

~\t Pecos, HeeYes Con11t:v, a 8tation was established in tile northwest corner of the 11e" court
liouse gromHls, an<l the magnetic elements and true north determined by obser>;ations made 
Decc111 lier 7 and 8. 

At Colorado, the county seat of :.\Iitchell CotrntJ·, Tex., a station was estahlishetl in the south
"·e:-;t comer of the 1i.•w court-house grounds. Two dayis were occupiell here in determining the 
magnetic 1lecliuatiou, dip, and intensit~-, and the liue of tile trne north. 

Ou December 13, }fr. Baylor 1n·ucee(le(l to Cisco, Eastlaud Connty, selecte(l a station there in 
an open lot west of' the \Yi!son Ilotel, aml obse1Te(l (luring two days for tl1e determination of 
the magnetic elenwnts awl 1i1w of trnP north. 

The next station, at Fort \\·ort!J, Tex., wa,.; occupied December Hi, 17, aud 18. Tbe point 
at "·bich Mr. Ba,ylor had ol.isen·ed in 1878 could not be reoccupied on account of some oL:struc
tious, so ti.mt a new station was selectetl . 

.At :\Iineola, ·wood County, a station was establislled in the open lot south of the new Depot 
IIoU·I, allll the magnetic elements and the true meridian determined on December 20 and 21. 

In all caises th(· li111~ of tl1e true north was fournl by ollservatious for azimuth ou the sun, and 
the statious were securely marked as already described under a hemling in Section VIIl. 

For reference to otller mag11etic statiorn; occupietl by l\'Ir. Baylor, see Sections XIII, XIV, 
XV, and XVI. 

I mrnediately after occupying a station at Emporia, Kans., reference to which is made under a. 
11eading in Section XY, l\Ir. Ba.ylor proceeded to Vinita, Ind. T., and during three <lays reoccupied 
("ithin a few feet) tile station of 1877, deYoting two days to obsenation of the magnetic.elemcuts 
and 0111• 11ay to determining the line of true north. 

Const ruction of /mil<lings for a self-registering magnetic .station ot San Antonio, Tex.-The term 
of Yf'ars during which it \\as deemed desirable to keep up the magnetic record with tlle Adie 
rnagnetograph;;; at Los Angelf's, Cal., ha,·ing been 11early completed in 1888, Snbassistant Isaac 
'\Yinston was instructed towards the close of that year to proeeed to San Antonio, Tex., to select 
in that city a site for a maguetic obse1Tatory, and, upon the approval of his selection, to proceed 
with the- coustrnction of the needful bnildingR. 

:\Ir. 'Winston read1e(l San Antonio ,January 17, 188!), and immediately began an examination 
for a site which would fulfill the conditions imposed iu a memorandum prepare<l by Assistant 
Schott. The only location he f<.mml availalile for the pnrpose was in the United States .Military 
Rrsrrn1•ion, and this Relection lla\·ing been approYed, and permission secured from GenPral D.S. 
Stanle,v, r. S. Army, eommauding the Department of Texas, to place the obserratory iu the 
gronnlls of tlt(' Rese1Tation, the construction of t~fl buildings was begnu with ns little delny as 
pract.ica ble. 

In tlleir erection the ground plan, whidt had been furuished by Assistant Lawson, and the 
elcrntion, Bupplietl b~- .Assistant Halter, were followed, some slight details of construction excepted. 
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To get a good follndation for the instrument piers iu tLe maiu building, au excarntion was made 
tilrough clay and gmrel to a depth of about seve11 feet before cla.Y free from grnYel was reached. 
About five feet of concrete wa,., theu put in, a111l tlie brick piers were built uu this coucrete. Uu 
tile walls and ceili11g of the i11n1~r building, rawhide builder;.;' paper, water-proof, was tacke11 befon' 
nailiug 011 tl1e plank, and the walls for tlrn outer buil<liug werP fille1l with hay, well paekP<l in. 

The \York of diggiug for the foundation \Yas begtw on ,J auuary 31, and 011 February '.:7. l1y 
permission of General Sta11lcy, and in aeconlauce witli instructiolls, the lmildiug \Yas turm'd oYer 
in complete order to the care of Capt. E. B. Atwood, Ast0ista11t Quartcrma:-;ter. l:'". S. Army, ou <lut~· 
as Depot Quartermaster . 

.Mr. \Viuston has submitted with his report a wap ot the city of Sau Antonio and a plan of the 
military resen·ation, ;,;bowing the l0t~ation of t!Je ol>senatory. 

He acknowledges the kirn}Jl(•ss aml courtesy of General Stanle~- in extemli11g to him e,·ery 
assistance in his Jl01,·er to ai<l in tllt~ completion of the work. Tile hnildi11g·fi were prouqitly aml 
faithfull,y erected by 1\Ir. T. ~\Y. Carrico, a prominent builder of San A11to11io, under :'.\Ir. 'Viustou's 
personal supenisiou. 

Near the eud of February he proceeded to "'ashingtou, under iustructious, and reporte(l for 
duty iu the office. Field service executed b,y him cariier in the fiscal year is referreu to under 
headings in Sections V 111 au<l XIV. 

SECTION X. 

CALH'ORKJA, INCLUDING THJ,: COAST, BAYS, lIAHBOl1S, A:S-D IUYERS. (SKETCHES Nus. :!, P, 10, 11, 16, 17, 
aud le.) 

Hydrographfo wrvey.~ on tlte coast of Culifornia from San l>it[/O to Oceanside and ricinity.-TJpo11 
suspending hydrogTapliic operations iu U1e Yicinity of Crescent Cit~·, Ual., as stated under a :mb-
8equent lteadiug iu this section, Lieut. B. B. Mausfieltl, U. S. :'.:\., Ai'isistaut Uoa'3t aml Geodetic 
Survey, proceeded i11 tlte steamer Hassler under iii:; corn111ai11l to San Diq.:·o, under instrnctiom; to 
make hydrographic i;;iuve_ys iu tllat Yicinit,v awl off tlie coast to thr northward. He arriYNl at 
Sau Diego October 18, and began \'l'ork ou tlrn 22d, earr~·ing- it 011 wlJeneYer the weather lll'rmitted 
until :March G, 1889, whe11 hydrographic operations \Yere closed off thi>; part of the coast for the 
season. At that date three projectiomi, scitlP 1-20000, hail hec11 f\J1islwd, iuclnlliug the in-shore and 
off.shore hydrograplly from tlrn Bouudar,\· Line (Initial J>oint) to lw,\·011d Oceau:-ide. 

\Vitlt regard to tlrn locality of his surYey, Lieutenant :.\Ia11sfield obsern's that the lwacl1 from 
the l\lexica11 line to Point Loma (Sau Dieg·o EntraueP) is low aml samly. From Fabe .Ba.' to the 
limits of work, the coast line consists of erodell b1utl's and frequent caiiou,; l'Hding· in a smooth 
sawl bt>aeh, except where the mountain spurs approach the shore, \1·]Jere it elHb i11 a n·ef of f:mall 
cidt>ut with bowlders and shingle 011 t lw shore. 

This lJeach line is exposed to the full forcl' of thl' hl•ay~- ,.;outlrn·p,.;t f:\\'ell in wiutt,r, an!1 it is 
8eldom practicable at tlmt seaso11 to make a boat lauding witlwut exposillg tlw hoat aml ere\\' to 
great rlanger. Portm1atel~-, l10weYer, for thP progress of the l1y11iogTnphk work, the railroad ,.;kirts 
the bluffs, so that Lieutenant l\laus1ield was a hle to 1<t·111l his sig11al ln111lier aJH1 \Yorki11g· partit•:,; 
directly to tlm grotrnll at a cost less Umu t!Je priee of eoal that \1·ould ltan• been burned while 
at1empting a landiug, aml at timn• when tlw Jim;.~lt'I' ,,:1s weatl1erltou111l i11 thl' lrnrhoru!' t';rn Di!:'go. 

From the Mexican lilw, Lien lt'IHlll t J\lansfie ld fon ncl it i;;a f;' to a pproad1 tlw !'ua;;t \\' itlt i11 th n·e
eigbt:hs of a mile: exeppt oil Tta ,Jna11a .L:1guou, where 1hl' bon11dary li1H• comes 1lmn1 to t!H' sea. 
Northward of tLe cntra11cL' tlte fi\·e fa thorn cttn·e rn11s out 11pgrl.1· a milt•. and iu ht·:n·~- suuthlH'St 
weatller it breaks a mile off-shon•. Tlil· ti1lul ei11re11ti:; <;t>t sf1011µly i11 arnl out <>t' this lagoon. The 
bal' b very shoal, and alw:1~.,, break,;. South of the i-,,]p pntd1 off Point Lom:1. the t1.•11-fathom 
c1ir1·e nrn.'I abont two miles oft'-sliore; ti1c lwe11t~·-fatl10111 cmYc 'al•oui fonr mile.-<. Tlie lwttom to 
ten fathoms is hard, tine, gray sand, growiug coarser ami ct1utai11i11g lilack S}ll't:k . ..; a:; ll11· \r;1ter 
deepens, with occasional patches of coarse yellow sand or gran~l 1Yitlt lilaek ;;11eck;;. The aw:lwrnge 
iis good in iiuc weather, ans where !Jet.ween thP twent,\·-fatholll arnl tlle Pight fathom enn·(·s. 

Similar details respecting cmTes of 1.kpth and eL.arac!l'r of lint tom :nP giY1•11 l1y Lieutenant 
Ma11sfiel<l for the reHt of the area umler sm-vey. One fact of speeial interest may lien· he noted-
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tLe di1"cO\~ery off La ,Jolla of tlie montlt of a snllmariue caflo1J. ~"-t the Lead of tllis eaf!ou tlm 
water is n'r.\' smooth, autl a ho.it lnudiug ea11 lw malle saiely in almost au~- wPathc·r. 

,U rlte 1•]0,;;p of ilw :-w:1son Licntenaut :\fan stieltl was detaclwtl fr0m the Jlasslcr ilrnl ordered 
to tlie ('011111ia1Hl of the l-'11tte1·sr1n, Lient. lJ. Dell'L::mty haying bet'll onk1·ed as his relief aboanl 
Uw llasslt'1'. Tlie ollfrer0> att:ieln•d to the Jlags/1'!" were Lieut. t~11.ul'ge JII. Stoney, U.S. X., part of 
tlie s,';t.-.:011, <tt11l until relip,·e1l h.'- Lient. JJ. Il. :\IaLia11, C. S. X.; Ensigns Gny \\'. Jfrown. ,1. l'. 
:\Ie(;1Ji1rn<·~;-;. y1;. L. Dodd, aIHl "'·II. Fousr, r. 8 . .X.; l'a,,:;;ed A;-;sit;taut Snrgeou :.;. H. Drak<", 
C. >::'. ::-.:., aiu1 P,1:;;-;ed A:,>Si,;taut Engi11eer G-. D. Strieldarnl, C. S. :.;, Lit•ntenni1t ::'llansfielll wake~; 
''lH-'c1:d <H:knowk1lgme11t of rea1ly aud aetin· co-operation H'lldcretl lJy tLesP ollicers. 

The 1'.'tatistics of work iu San Diego IIarlJor aml off tl1e coai,;t to tLe northward are: 

Xnmlier of mile,.; run in solludiug ... _ .... _ .......... _ ..... __ ......... _ .. _ 
Sumber of angles mea::;ured .......... _ ..... ___ ................... _ .. _ 
X ll!il her of sou1Hliugs ..... _ .. _ ...... _ ....... _. . . . . . . . . . . . . . . . ........ . 

G18 
!!,827 
G,:!18 

Cmler su1Jse11ueut heatliugs in this section reference is madi: ttl ltytlrography executed by 
Li1·.utewmt :\Iaustielrl rn :-::lau Francisco Har!Jor aml in the 1·ieinity of Uresceu t City, and nuder 
a headiug iu Section XII appears au abstract of his r('port of work iu Alaska "ITliile in eormnaIHl 
of tlie l'attcrsun in 18;-;!), 

E.rte1u<io11 uf thl' top1111raphicol NUrrc.11 (!l the 8outlt coa8f of Cal~fon1ia from Del Jiar to beyond 
Ocr·a118ir7c.-At tiH' lwgi1111ing of the fiscal year tlie party of Assistant A. F. Hmlgers Lad been in 
the field ;-;iuce ::\lay 1, engaged iu a topographical smTey on the soutlt coast of California, which 
had been l'.ommeucPtl six miles north of Oeeanside, Sau Diego County. 

Duriug the seasou the topography was carried twenty-four miles along thr coaRt arnl from two 
to two awl a half miles inland, and on the sonth reached Del ~\lar, at wltich place, in accordauce 
with i11,;tr11ctio11s, tieltl opcratious were closell Xcn-elllber '.!I, 1881:\. 

T11is part of tile coa:;:t is generally bordered bJ· bluffs from ten to one Luudretl feet iu ileigbt, 
imm1t• of whicL are fiat mesas 01· table-lands, sloping gently toward tlrn oceau, Laving soil of re
marlrnl1le fertility, as is shmn1 whereYer intelligent. labor is employed in dc,·elopiug its resources. 
The problem of a. suppl,\- of water for drinking aud for 1mrpoi"eR of irrigation is the controlling oue, 
aud the necessity of immediate expenditure to obtain it Lleten; rapid settlement. .Mr. Hodgei'S 
ob:wnt"" tltat rmture has proYitlerl an abnm1ant interior rain-fall autl convenient sites for storage 
re'ierrnirs in the tlt't'P canons of the foot-hills. The average rain-fall of San Diego County coast 
is about twelYe incl1es, but the Liglt summits of the interior ha,·e a much larger precipitation; 
tl1irts to forty inches is claimed; this fall is upon abrupt mountain slop!ls at elevations of from 
two thousand to five thousand feet aho,·e sea-len~l, and reaches tlrn ocean iu denuding freshets, 
without effect otLer than damage to tlic valleJ·s through which they pass. 

Euterpri::H'S looking· to the utiliz.atiou of this waste water by storage resen·oirs have already 
uee11 i1w11puated. 

Beginning at San )Ia.teo Poiut and goiug southward there are se,·eu streams wllich may be 
c10terl as arnilable for water storage-Ute San Mateo, the Sar• Onofre, J~as Flores, I,a Margarita, 
t!JP San LuiR HPy, Ran DiPgo RiHr (so called), and the Sweetwater. T!Jese streams, iusiguificaut 
iu tue montus of sumuu'r, are ofteu raging torrents iu winter. 'l'wo of these streams are uow 
beiug tle'\'elopell in tlte i11terest of settleweut. A company has been formed to utilize the waters 
of tl1P Sau Luis Jies water-shed. The valley through which this stream finds its way to the ocean 
is notable as the site of one of the principal missions founded· by the Franciscan monks iu 177ti. 
Tlte old church lmildiug witli its dependencies, wbidr t.ook twenty years or more to complete, is 
now little more than a majestic ruin. Its site is tltree mile8 inland from the present town of 
Oeeauside . 

.A similar, but more matured, enter1irise has secured a reservoir site in the Sweetwater Valley 
two lrnndred and thirty feet above sea-level aud fifteen miles southeast of the city of San 
Diego, and Las hmlt a masonry dam niuet,v feet in height. 

Iu1lepeudeutly of these resources, iYhich requires organized capital to deYelop, there are few 
localities iu the country where attempts to get water from artesian wells LaYe failed. 
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_;\fr, Ilodger:-in:marks that tlw (·linrntt: is one of remarkable exeelk11ce. Iel· i-.o rnrdy "''('ll npon 
tlte ::<hore::< of ::laa Dit';p1 Bay iu wintlW, arnl the ,;n1naH·r temperature,; a1e lil·n:1· e'~u·-- .. ,;,., awl 
LU'ely n11comfort;tllk, 11lien protectiou ca11 lit· hall from tile direct ray;. of tlw su11. 

Tra\·el from Ln.-; Angele.-; to :-;iu1 l>ic·go iw,; been greatly faciliHllt'll iJ.\ foe 11e-.1 c•;;;,,:t rniilua<l 
\Jet ween tlJP two pl act·::<, which arc llO\Y hnt fonr 110111·,; 1li,;Lu1t in t inw. It i,; rwt JH>\Y uw.~0:11ia<>1i 

to set> l1e11 ,.y fr(•ight trai us loaded with l n !llh"l' a!Hl <:oal L•ll tl1e w11y frp!IJ San Di1•;.;o to L<is An ge"t·I'. 
and that, to11, in tlw summer rnoutl1.s, 11 l1u1 the audwrage at :::<au Pellt'l>. tlw ]"'rt uf Lu~ _,\JJi.;d•:~: 
is dccmct1 iiaf1.» 

;,\h. Rodgers':; report iucln(leii detail:; of imercst \\·ith reg·anl to tl1e gn•ar Y:uiety a1:,1 ii1w 
quality of fruib grown in t]l(, eou11t,1-. 

111 closing his report lie ack11mvlctlg·e,; tilt· e1licic11t serYice:s of Suli;1s,.;i~r.1111 .T11L11 E. '.\Jc. 
Gmtb, who n•porte<l for tlnty 011 tlit' :.lOth of .J1rne, a1HI who wa1< relien·tl from fort!1('r eo111w<.:tio11 
with tlw ,;outli-coa,;t \HJrk :tf'tel' the return of the pany to Sau Fr:u1ei,.;co ill unltc·r to pn"pare lliw
,;elf fur service in Alaska. 

The results of the season are . .;ho\111 upou three completed plane-table sl1e«t,; au11 npo;i part 
of a fourth, all upon a scale or 1-lUOOO. Tue statistics are: 

Topograpl1y: 

Art•a siun'yed, in sr1narc statute miles .................................... )~ 
1A.~ugt h of µ:-ener~ll l'.oast li1ai., in statute 1niles .. ... _ . _.... ~ ..... _ .... " .. __ .. ;) i 
Lm1gth of ,;.hore line of creek>', in statnte miles ........................... ;)fl 
Leugth of wag<JII i·oads, iu ;;tatnte miles ........•........................ tiH 
Leugth of railroad~, iu statute 1niles ... _ ........... _ - ... _ ................. 3S 

Tht> two ,;beets to the north, :n't to be finished, include some high and Yt:>ry rongh cnuntr.\· 
within their limit8, tile ridges, spurs, autl ontl_ying peaks of tlw San Onofre :\lountai11, awl other 
topography of this character, wLere precise contours will hard!,\· be practicalJle. 

After his arriYal in 8a11 Francisco, and from Dccem ber until May following-, :\Ir. Hod g•!l'S 

'ms engaged at the snbofl.iec in making tracings from his uuinked topographical sheet"', t he;:e 
tracings, as a measure of securit,r, being fonrnnletl to \Y;tshiDgtou, pendmg tl1c completion of the 
rn king of the originals. These originals "·ere tbcn inked and forwarded, accompanied I>.' foll 
dcscriptiYe reports for deposit iu tlte arcliin·s. 

During the absence of Assistant D<widsou, while he was making the measnre111e11t of the Ln:; 
Angeles Base, awl duriug the illness of ,,\.ssistant Sengteller, '"llo lrntl been left in charge of the 
1mboftice, .l\lr. lfodgers performed sucll general duties as tlte business of the snhortlce reqnin'!L 

Gnder instructions dated .April ~O, 188fl, he made preparations to resunw th•~ surn'y in the 
Yiciuity of Del l\lar, from the limits of work of the preceding S<'ason: and ha Ying forwardeLl l1is 
instruments and field outfit he left 8,m Fra.uciscn May 20, and upon readtiug Del l\Iar, l\lay ~3, 
began field operations. 

l\Ir. Rodgers has submitted a report of Lis work to the close of the Ji~cal ,n.>arj at wbich date 
it was in acti n~ progress. 

He olJserYes that in ·dew of the probable fnturc of the area coYered by his surn~y, its spceia! 
inducements to populous settlement when its markPd features of climate and soil are understood, 
aud its really great resources properly estimated, he <li<l not feel at liberty to do less than make 
snch a close survey as would ht~ of nilue for special rcf<•rence, e\eu tllough it migl1t i1ffoh-e a 
greater expemliture of time tlian '"ould ordinarily lie bestowed on nnsettle<l :m•as. 

Mr. John Nelson, Aid, was i11structed to join the party upon its organizatiou, mid rendered 
efficient senice. 

Statistics of the work for the season wilt appear in tbe I1ext annual report. 
Bydrognqlhic sun;ey on tl1e coast of Calijim1in from o.tt' the ea.stern end <~l San Onofre Jlountain 

to Newport Landing, and 11.yrlrograpliic t.mrninationfor a shoal rcporte1l o.f( Point Eermin.-Tlw eom· 
mand of the steamer Hasslff and the cllarge of the hydrographic partr organizetl on hoard of her 
h~ffiug been assigned to Lieut. Dauiel Delehanty, U. S. N., .Assistant Coast an!l Geod<:tie Snn·I'~', 
he was instructed in ::'lfarnh, 1889, to make it hydrograpLic survey off that portiou of tlil' Cali-
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fornia co,ist extending from the eastern end of Onofre Mountains to Ne~port Landing, and to 
examine the location of a shoal reported as lying- off Poiut Fermin. 

Lieutenant Dekliauty Legau work 011 liil'l projecticrns March 28, and being fa>ored by fim· 
11eat.her (the fogs occurring rnostl.\· at night), he finished the hyllrograplly between San Onofn~ and 
Newport Lauding ou tl1e \Ith of April. Tidal olJ,;t'rYatiorn; wPre made during its progress at Santa 
Ana ltln•r at4tl at Nl'\\'pOl't L~uHli11g. 

Dt'tails are giYen in the report reLtti11g to the distances from the shore of the fin:, teu, twenty, 
and 011e hundred fathom em·,·c·.-;. 

l. pou his arriYal at Sau l'edru, April 10, Lieutenant Delcha11ty collected the eYidcnce respect· 
111g· t lie exi::;tence of tlie iihoal reported off Pt1int Perm in, aud upou which the depths '"ere variously 
reporte11, some fisheru1eu g·i \"ing l hem as betwceu lie>en and fourteen fathoms, otheni stating that 
there was not le tis th au teu f'atlwarn. The result of a careful examiuation made by Lien tenant Dele· 
hauty a:-; that lthi sonmliugs <.'lt•arly imlieatcd the t•xistence of a :,;mall ridge, a mile and a quarter 
long arnl a quarter of a milt> wl!1t., with from te11 to twelve fatlioms of water on it, the ridge begin· 
11ing four mile::; east J,y sontl1 (magnetic; from Poi11t .Fermin Light an<l extending southe:u;t l>y east 
oue-half east (magnetic1. As it iwn•r breaks in this \·icinity, it is not prohable that tltere is a Jes<; 
tlPpth than tltat <le\'t•lopt•d hy thto sonndings. 

For the two h.nlrograpliic ::;urwys, the statistics are: 

}.[iles l'llll ill sonudiug ..... " - ............. r •••• - • - •• - • • • .. .. - •••• - • - - - • - •• - 2t7):! 
Angles measured _. . . . . . . . . . ................ __ .. _ ...... _ ............... L 336 
Xnmlwr of sonmliugs .. _ ..... _ ....... _ ......... __ .......... _ .... __ .. _. __ .. 3, 3:.!4 

Towards the end of the fi:,;cal year I.ieuteuaut Delehanty took up, under instructions, the cou
tinuatiuh of the llydrography off Uresceut Uity, Cal. 

J!rn.rnrcmrnt of the Lus A.11_i1t:leN primm·11 l1u.~e.-B.efore11ce was macle in tl1e Amrnal Heport fu1 
J!j;:)(l to tlrn reeonuai::;sanee for the site of a primary base liuc on I1os .Angeles plains li.r Assistaut 
.1. S. Lawson arnl E. F. Dickins m1tler tl1e grneral tlirectio11 of .Assi::;ta11t George lla\-illson, nnd to 
th1~ selel'tion of two sites, the fiual location being subject to .Mr. J)ayidsou's decision. 

, - ~ . ' 
{"utkr iu.structiom; 1late<l early in OetolJer, 1888, }Jr. DaYidson began }H'eparations for tht• 

1m~asnn>.11Hmt of the line, the gcueral Jocatio11 of wliic!t he had decided upon after an exami11atio11 
of tlic report:,; submitte<l hy l\frssr.:3. Law::<ou antl Dickins. His party, as organized to aid him in 
the measurement, cousistell of Assistaut Lawsou, Snhassistaut Fremont l\Iorse, Aid Jolrn Nelson, 
Ferd'.nand \Yesttfahl, drnnght~man, am1 l•'nmk IV. Edmonds, recorder. 

tTpou reacl1iug camp, OctulJer 2.1, ::Ur. D:n-idsou exami11e1l tlle general locality of each end of 
tl1e hase. Tile ternporar,\· marks lta(l hl'Pll 'lestroyecl, and a uew selection was foulHl desirable, 
11iffPring in length nearly t\\·o hmHlrecl nwters from the old liue. 

The general <lirectio11 of the basn Jim• ai:; tinall~· determined upon was north thirty.i:;ix degrees 
west. awl its length, a::; mea,.;un•1l h;.· an hutllhcd metre wire, was found to be 1i1494.:) metres; bJ 
tlit~ rnP11:-;urem(·nts with !lie ha,.;c apparatn::;, 1 /,.·rnr. metre::<; both of these lengths beiug uncorrected. 
are :1 pproxmatc onl,L The line pat;:,;es <n-<·r a generally }Jlain sectiou of Yer_y Yaried 1mil, croisse,,; 
::ieH•ra\ lines of l1rni11ag:e, Sl'Yera1 broad ,;]1allow basins thnt hold watet· oYer the adobe soil, the 
1h•ep cut;; al011g:,;idt> the Sonthern Pacific Hailroa(l arnl the railroa(1 itself, the rmid-l>etl Qf tlie. Sa11t:1 
Ft• Bailroad, tlit• hru:ul alkali plain;; oil each sille of that road, and fiually the slight ridge at tlie 
Xmtll\rest Bast>. Tile line is partly in Los Augele:,; County arnl partly in Orange Couut~·, a 1Je\1· 
('nuuty lately Pstahli,.;he<l in t11e :;outli an<l ea,.;t Jiart of Los Augeles. 

A" in the ea"e of the\ o\n Ha::ie, 110 attempt was llHHle to gracle tlH' liue, except in lialf a dozen 
p!am"" ll'here :-:aJHl or clay hmnmoeks were cut tliron1.J1. The "·ork of clearing the liue from tlw 
tns:-;(Jcks aud coarse gras,ses wa,; a;;siguetl to :'.\fc::;srs . .'\Iorse all(l \Yelker; the work of lrniltling all 
tl1e tre:<th:·WP!k for cro::<8i11g the water-wa.n; arnl the approaches to the SonthPl'll l'ncilic Hai!roa1l 
was :1:-:~igm·1l to )Ir. \Yest1lahl. :\Ir . .Jlorsc lmilt all the IJrick pieriS for comparison of the working 
bars with th<· tlc>ld starnlanl at Snutlwast B~ll'l<', at tlw camp, a11d at Northeast l~ase. The gel!eral 
direction of tile party was assigued to }fr. Lawson1 with cllarge on~r the crossing of water wa~·s, 
brirlgt>s, etc. 

The base was alignl•d hy lkssrn. Havi11sou a1Hl }[orse, two-inch aliguiug poles being placed, 
ahout t>H'r." half mile or more, acconliug to circumstances. 
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Messrs. Nelsori an<l Westdalll mrule tile wire measurement of the hase. and estahlishc(l oue hnn. 
drefl metre stakes which were to elwck the har uwasurement against tlH' pos,:ihili :y of not rearli11g 
a bar, and also as turning poi11ts for the le1eliug, which was llom· witll a Y-leYel by .Jir. :\dsu:L 

Preparator.v to the actual measurement, a se1fr;;; of hourly comparisons of tlie base uars aml 
field standard were made at camp, extending tlirongh the day and night to follow the law of ont
stan<liug want of compensatiou, and as data for any allsolutely necessary reduction.• Tliese com
pari,;ou obsernltions showed at once that Bar Xo. 1 ltad changed its leugtl1 ia tra\·eliug since the 
se1enty-two hours comparisons were made at Sau Francisco. After t11e camp eomparisous. the 
bars and apparatus were taken to Southeast Dase, and an hourly series of comparisons wai> UHHle 

extending through two days and out> uigltt. 
Immediately after thPse comparisons tlw measurement of tile base was begun. Progress was 

slow at tirst, the officers (except .Jir. Davitl'!on) !Jeiug all new to the work witll a primary appara
tus, and tlte men all new except fonr. The weather was also Yery a(l\-erse; on Decembe1· rn a 
hea\·y storm set in, which comw•lle<l a suspeusion of the rneasnrerucnt for six ant] a half •fays. 

l\Ir. DaYidsou's cxperieuce with the apparatus, tlte same he had used iu measuring tlte Yolo 
Baoe, determined him to make three measurements of the line. It happened fortuuately for the 
work that a continueu sea8011 of favorable weather set in after Cliristmas, aml hut thrPP arnl a half 
days work \nm lost (lly rain and wind) until tlle work was done, near the end of Febrnnry. 

The first measurement, starting from Southeast Da8L', was math• iu tm,'ury-011t~ workir1g tlilys; 
the second, hegiuniug at .'.'lortlnrest Ba,;e, in fontteen working 1lays, a11d tile thil'1l, Marting from 
Southeast Base, in elen•n aml three-fonrths workiug <la~-.~. ln this last measnreme11t the w11ole 
sixteen persoas engaged ha,d acquired preci,;ion in handliug the apparatn~, a11d wen~ tlwrougly iu 
aecord in mm·ement and emulation. :\ieasnremeuts Wet'l' ma(le of oue hnm1rell bars in uiucty six 
and one eighth minutes; 0110 hundred bars iu one hniHlrell arnl four miuutes, a1Hl one l11rnured 
bars in oue hundred and one minutes. The onlr opportunity aYailaLle for a test of tile eltaracter 
of the measurements was iu three nH•asnn·mc11t8 of the northeru half-kilometre; the field cowpu
tation showed that all three were iusille one 8ixteenth of au inch. 

l.\fr. DaYidson lrns submitted a full report of tbe measurement, gi>ing details in rcg-m'tl to the ap· 
paratirn, the methods adopted iu tlle work, the comparison of basl' hars with the standard, tahular 
statements of progress during each measurement, and statisties of the thrt>e measnreu1ents. 

This report, accompanied by an illustration showing tlte plan of marking the em ls of the base, 
by a sketch-map showing tlre general location of the line and its direct cmmection with the waiu 
triangulation, aud by a map showing the profile of the line and its location a:- measured, is pub
lished as .Appendix .No. 10 to this yoJume. A tracing, showing the to11ograpliy of the line as sur
veyed i11 .r nne, 188G, has been filed iu the office at. vYashiugtou. 

Mr. DaYidsou colllmemls all of the members of his part,\· k1r tl1eir tlwrongh co-opera tiou in the 
work, and observes tlrnt where all ditl well, it might seem almo8t i1ffi1lions to meutiou .Jlr. l.\Iorse 
for his uuceasi11g auLl intelligent labors, and l\Ir. ~Westtlahl for his diflicnlt mnk of setting the 
tripods. 

The general supenision of the land }larties on the Pacific coast, and other duty assignell to 
.Mr. Davidson, is adnrted to under a subsequent headiug iu this section. 

Magnetic record continued, and absolute Mlurs of the magnetic efements determined monthly at the 
self.registering magnetic station at Los Angeles, Oal.-Assistant l{. E. Haitt'I\ who has been COll· 

tinued in cliarge of tile magnetie statiuu at Lu8 A11geles, has submitted a report of his work during 
tlie fiscal year. The photographic records of the unifilar and n•rtical force Adie magnetographs 
were kept up continuously, and also the bifilar record, with tlle exception of one da~· when tile 
c,yliuder was not properly geared. Absoliite determinations of the rnagnetie declination, dip and 
intensity were made on the lith, 15tli, and 16th of each mouth. Time was determined on or near 
the first of every month. 

On Decem her 20 the usual semi-yearly observations for instrumental scale Yalues were made 
witll satisfactory results. 

Mr. Halter reports that the photographic traces llave all tle>eloped very well, tllere beir.g not 
a single indistinct trace during the entire year. 

H. Ex. 55--5 
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The records, talrnlations, computation~, and dnplieates were t:ept up prouiptly and sent to the 
Office e•ery month. In the rou tille wol'l• aud with the records :\Ir. Halter had the ai<l of Mr. ,Y, 
P. ::\liles. 

Following arc tlw statistic" fot· tile ti::ical ,vear: 

~nmber of olJscrnttious m;H1e for time ..... . 
Xtu11i•er of obse1Tations ma1le for temperature ........................... . 
X uruller of eye obsenatiom; of ::icale rca!lings ............................. . 
Xtrniber of uuifilar honrl,Y scak reatliugs t:tkeu from tlw tnwes ............ . 
Xnmlwrof llifilar houri,\· scale readings takeu from tl1e traces .............. . 
Snwber of n'rtical force ltourly scale reatliug:s taken from the trne('s . . . . . .. 
:Xn111ber of obs1•n·atio11s for ah~olnte 11eeliuatiou .......................... . 
::\umber ofobser,·ations for al1,;olnte dip ................................ . 
:Number of obserrntions for absolute intensity ............................ . 
~·rni her of olJsernttious for al.Jsolu te scale ,-alues . . . . . . . ................. . 

288 
4, tiOS 

~- mo 
8. 'j(j() 

s, 7:lG 

·"· 71j0 
1, ~;f)::l 

3. 4 ,)(i 

1,080 
37:J 

A eoutimwns record, with scarc(']_r auy iuterruptio1rn, of the variations oftbe magnetic Plements, 
arnl also montl1ly determinations of .tlleir absolute ya]ues lrnYing hf'ell olitained at ti.tis station since 
( lcto lwr, I.'38:!, arrangenwn ts are 11ow iu progress for tlie trausfer of the obser>er aud the a 11paratus 
to a station iu Sau Antonio, Tex. 

l'Ntiary tri:mgulation and topography on the coast of Cul(/(m1i11, from Cape San Jlartin 1ccst· 
1Nm7.-lu eompliaucc with instructions issued in April, 1888, Assistaut Sttl1mat1 Fomey organized 
Lis part;-.· for the resnrnption of the tertiary triaugula tion and topography from Cape San .."Hartin 
\H'Stwarll. Au abstract from Mr. f'oruey's report of tl1e progress of tliis work to June 30, 188.'I, 
was given i11 the last Annual l{eport. Cpon its elose, December 11 of that year, he had complt•ted 
the triangulation to :\fau8fiel!1 Coue, 11ear latitude ;),JO 57' uorth, and longitude 1210 29' west, aud 
lJe had couuected it with the primary triangul<1tion stations Santa Lucia, Uocky Butte, and Cone 
Pe11k. The liues to Cone Peak and Santa J,ncia are from couelutled augles, and tliese })ea ks 
sl.Jould be occupied to mat:e tile couuectious perfect witll the tertiary "·ork. 

The topograph~· was completed to Prewett Creek, iu latitude (al!out) 350 5G' north and lougi· 
tndc 12P ::18'.G west. 

Iu this sm»ey the general topographical features are represented by contour cun-es sbowiug 
e•ery ltunured feet difft~reuce of elenttion, and extending to the summitt of the Uo<1st l\auge. 
This range is at an aYerage distance of four miles from the sea, aud rises to an average height of 
tliirt,\--four hurnlred feet. 

..-Htrr eomplrting this work, :\Ir. Forney was instructed to proceed to Washington an<l take np 
at th<' office the inking· of his topograpllica1 s!Jeets. He acknowledges valuable ser\·ice rendered, 
iu the tiehl by Mr .. John Xelson, aid in his part_y. 

Following are tlie statistics of the season: 

Triaugnlation: 
~--'l.rea of~ in sqnare statute miles................................. .. • . 105 
Sig·nal polt's erected, uumlwr of.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2tl 
Stations occupied for horizontal measnres.... . . . . . . . . . . • . . . . . . . . . . . . . 20 
Geographical positions determined . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 4.:! 

To1wgraph;y: 
Area surveyed, in square statute miles.......... . . . . . . . . . . . . . . . . . • . . . 40 
Length of general coast-line, in statute miles-................. . . . . . . . . 10 
Length of shore line in creeks, iu statute miles. . . . . . . . . . . . . . . . . . . . . . . . G4 
Length of roads, in statute miles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

The scale of the two topographical sheets fluished was 1-10000. 

General charge of the lan<l 1cork U]Jon tlie Pac(fic coast.-Establishment of a meridi(;n line and a 
stcwdard of lc11:1th in Golden Gate Park, San Francisrn.-Jlagnetic and tida.l 1rork, etc.-The general 
charge of tlie laud work upon tl.Je Pacific coast, t!Je clrnrge of the main triangulation and of the 
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seYernl operations conneetetl with it, tl1c directiou of \H>rk at tile automatic tid;1l ;,;tatious i:1 Cal
ifornia and iu Alaskrt, and the charge of the Subollke at San Fra1tci,•co Yrcre «onti1111cll \Yitli _\;,;
"istant George Da>id,,;011. 

Under a Jlrectding lieadilig in this section lias lwe11 gin'11 an abstract of ~\lr. Da\·idsuh'" 11·port 
of the measurement of a prim;ny base line on Los Augele., l'laiu1<, Calir'oniin. aml tiw r•'11urt in 
full is puulished m; Appelldi:s: :'.\o. JU to this Yolume. 

During tlte meao;nremcn t n~rtical ani.des w01·c measun·(l to the smTournli11g· mountain pc;tks. 
After its elc•se ::\Jr. Davidson "·e11t l1y was of Sa!lta .Ana as far as Lo:< Bolsa>' ltitlg;>, to ,imlgl' ol' it>' 
rPlatio11 to the triangnlatio11 coming off the lrn.->e. Ile l'xamined abo the .:\l•1qwrt ,1·lwr·r. l'\'('.\'lltly 

coustruet;'d, so a,; to Jian' it pL1ced npou tl:e drnrt. Tliis wlrarf wa" lmilt upun tlw n•nmm11.'lltl<l· 
tion of tlrt' Surn'y in a localit~· at the hcrt(l ilt' rt ,.:ub marine ...-alil',Y, and lrn,., t<tnrnl thi' "wrn1,; of 
winter so well that a railroad is bei1:g· grntled thence to S.rnta ~'uia. 

Vne 111111rfred metre maidian lint.-At the 1eq11e:,;t of t11c Supe1·inte11cle11t. )fr. DaYidiion h<1ll a 
co1dercnc(• with the l'Ommissionn:-- nf thl' (io]d('ll Gate Park, San Frn11cist·o, upon the snhiect of 
establishillg a slwrt bmm line laid off in tl1e trne meridian in rlie I'ark. A H'rbal e}.vlanatiou 
was g·i\'e11 of the allYantages it would afford to the Snrn·~·, ail\l nlso tu State ;,;un,ey(m; aJl(l to l'llg"i· 

nePrs in gPHfl'al. It was l'Jil'eially nC'etle!l for tlre testiug of the two stC'Pl wirC's iitte1Hktl to hp ll>'Cll 
o~ tile Alaska boundary sun·e,Y parties. 

'Yith the autl1orit.Y of the conunission, a base line of one lrnHdred mt·tre,• 'ms laid off in 1 he 
meridian, .'.\Ir. D~n·idson determiniug tht• l1ireetio11 h~' ohse1·Yatio11;.; for azimuth of tl1c sigual upon 
Blue ?\Ionntain, and :.\Ir. :\Iorse Ja~·i11g-1low11 the liue and pfanting granite blo<eks tfl mark it. The 
one hundrfil metres we1e measured with the prirnar~- bast apparatus, Assistm1t La\Y;:;vu, SuL
assista11t JUorse, and Messrs. \Yesttlalil aud Edmomb ai<ling- in the \York. Tlit• line was :;u iJ·rnarke1l 
from the north station by grauite bloclui haYiug a snrfaee area of ten 1iy tl'll iucln:8, a little O\"er 
two feet loug, and roughly aYernginp: twelYe inclles R<1uare t\Yo inches lielO\Y tlle top. The tn1is are 
about an illf'll aho\·e the gem•ral 8rtrface of thf' groulllL Platrs of' brass "·itli Ct>nter marks "-en• 
securel;y fa.stened on tl!e top of each block. 'l'Ley \Yere set at distau('ps from the north s:tatio11 of 
fifty feet, sixty-six feet, one huudred feet, aud fifty metres. ..:.\..fterwar<ls the north end of tl1is kise 
was conuected with tlre triangulation by :l\lr. }forse. 

Alaskn boundary partic8.-Dnring the fitting out of tlrc Alaska bomHlar~- parties, iu clrnrge of 
Subassistants l\lcGrath and Tnrner, l\Ir. Da>idson, in accordance 'IYith iu:;trnctious, rendered tlH'BI 

all the assistauce which his experience eo~1h1 giYe in the matter of outfitting, examining instrn
ments, coufereuces 011 methods. Tlli8 lte cheerfully did, and also placed his manuscript~ at tlH•ir tlis
posal for copying, drilled them in making obser>atious for the magnetic elements, and !!aYe them 
the use of the ohsernttors iustruments and of a special pier for their practi('<' work. At ti.Jc re
quest of the Superintendent, be wrote out his views upon the methods for inaugurating the 
Boundary Sur\·er of A.laska from Portlaml Inlet to the one hundre1l and fort;-.·-firRt meridian umlPr 
l\lount St. Elias. 

Telegraphic lonr1itude. work.-ln the telegraphic longitmle work of .Assistant Sinclair and l\laIT, 
l\1r. Da,-idson g-a...-e them the use of the obserrntory, and assisted them iu whateYer way they de
sired. During the special obsen-ations for the dett>rmiuatiou of the lougitnde of the Chal>ot 
Ohser>atorr at Oaklm1d he made the obscnations at the latter station, and .:.\Iessrs. Sinclair arnl 
?\Iarr at the Lafayette Park Statio11. These obserrntions were continued through six nights, aud 
the obser>ers made obsernitiom; for persollal eqnatiou. 

JJaunetie 1rork, Sa.n Franci8co.__;Iu order to keep up the series of ol1sernitions of the magnetic 
elements which he began at the Presidio Astronomical Statiou in 18.J2, .:.\Ir. Davidson direetell Mr. 
'Morse to observe another of the series in :May, 188!). These obsen-atiou:> had a special Yalue, 
hecanse the maximum declination which has been passed to thC' north aud to the sonth of tlH' 
Presidio has not yet reached that station. The iutlicatious are tllat 1Yithiu fin' yearl' t!Je maximum 
may be reaclied. 

Coast Pilot work.·- Mr. Da>idson has continued the gathering of material for the fourth edition 
of the Pacific Coast Pilot since he sent on in 1888 the original mass of mauuscl'ipt which embraced 
about two thousand five hundred pagc~s mid four lrnndred and fifty illustrations. He forwarde1l 
to the Office iu 1888-'89 about four hundred and fifty more pages, which were largely additions of 
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new material, gathered from the topographical reconnaissances, reports of the I.iight-Honse Board, 
and special inYe~tigatio11s. 'ILis work i~ uow in conrsc cf pn\Jlicatiou. 

Cltarge of the PacUic coast 1cork.-I ii Yirtue of Lis assig11ment to the general charge of tlte 
laud operatious npuu the Pacific coast, )lr. Daxids()!l !Jas submitted ttitheSuperi11teHth•11tgt>neral 
ph1n,- fur the prosecution of tllat work, has ma<lc ont 1let:1iled instruction.s to each cltief of part,\', 
examined estimafps and refrrret1 them to tLe Su1ie1·intemlent, conferred personal]~· with chiefs of 
parties \Ylieue\·er practicable, and has recei,·e·J and trarn;mitted all official correspondence between 
tlw Superintellt]eu t an<l the otlicers of tlie Snrre.'· npon tLe Pacific cmrnt. 

Refereucc will be made to otLP1' 1lnt;r performc11 by .JI r. Davidson in a subsequent heal1ing in 
this sectio11 arnl in a lwadiug nmkr Sectior1 XII. llis charge of the Sub-office will be noticel1 
towanls t!Je close of this part of the annual rf'port. 

011 the ~8th of Eebruary, 188!l, he was apvoillte11 by tl1c President a delegate to attend tlle next 
meeting of tlie lnteruati•mal Ge()(letic Association, pursuant to a joint resolution of the Cougress 
npproYe<l Fel1ruary 5, 1889. 

R.1·clir111[/l'S f!f td1'{1rnphfr sionals Jin longitude betzceen San Francisco and illount Hamilton, San 
Prcrn,.isco wtd Sacra 1J1t1ito, S1111 Francisco a 11d Point Arena, l'o int A rcna awl Sacramento, Sacra 
111e1ito and Jlnrysrille, Sacramento and Los .Angeles, Los .1lngele8 and Slm Francisco, Clta/}()f Ob8crta· 
lory 11t Ouk!iinrl mul San Francisco, Los Ange/ts aurl .. Yccdlcs, and Sacramento, Galiji1rnia, and l'ercli, 
-'Yenulu .-Al8o deterni ilwt ions of latitude awl tlw 111ag1wt ic clements at 8acramento, Point Arena, 1lla rys. 
ti//.:. awl Lo8 An9elcs.-After the compktiou of the longitude <leterminatiou, Ilelena (l\fout.)-Svo· 
kane Fnlls (\Yasb.), at tlte rnd of September, 1888, tLe longitude parties iu charge, re8pectiwly, of 
As>iistaut C. TI. Sim:lair aJHl Subaf;sist:rnt H. A. :Marr, were instructed to transfer their operations 
to San Fr:rncisco arnl. Yicinit.r. At San Frarn•is(•o, tl1e irne of t,hf\ l~afayette Park Obsern1tory Jrn\·
i11:.r bl·t·ll gi_n·n fo1· tl11· lungitndc work lly Assistant Daridson, that station was occupied by l\fr. 
8iuclair. 

P1·(1f. E. S. II olden, director of the Lick Ol1sern1tory, selected a site for the longitu(k station ou 
Mount 1Jmnilto11, alJout fourte(•n hundred metres (ncarls niuc-tenths of a mile) east of the Obser>· 
ator.L Protessol' Holden ai1led materially in the preparations for 1011gitude work, and directed his 
assistaut, I'rofossor Schocberle, to determine the position of all the stars used IJutll for longitude 
aud la ti tnde ohsenations. 

After much delay, owing to the conditio11 of the telegraph linr, wl.Jich needed frequent re· 
l)<lins, Riguals for longitude \Yere exclm11gc(l lw.twPt'll .\Ir. '!\Tarr, at .Mount Hamilton, and l\fr. Sin
clair, at t:;a11 Fianeisco, 011 the nights of October 23, 30, 31, and November I, 2, and 5, after which 
the vbsel'Ycrs changNl places, and a second :,;et of excllanges was obtained No1em ber 23, 24, 2G, 2i, 
nn1l 2-!. ·while at :Monut Hamilton l\ir. Sinclair determined the latitude of the station b,r otser· 
Yation;; on twent,v-11ine pairs of stars OH tlw High ts, and l\lr. l\farr observed for the magnetic ele· 
mentR. 

The 1wxt line taken up was Sau Francisco-Sacrameuto. Through tlie courtesy of the Hon. R. 
H. Waterman, gonrnor of California, ~Ir. Sinclair obtained antllorit,r to_establish a longitude sta· 
timi iu the grounds of tlie State capitol at Sacramento. Clonuy and fogg;1 weather preYailed from 
Dect•mber 1 till tlie 17t11, neither sun nor stars being visible. 

\Yith bnt one da;'" intNrnption tbis weatller continued till the 27th. Exchauges of Rignals 
with ~lr. '..\larr :it Sau Frnneisco were olitained on the 18th, 27th, aml 28th of December, 1888, and 
011 Jauuar_y 4, lSSt•, after which l\lr. Sinclair went to San Francisco aud Mr. :M.arr to Sacramento, 
and in the new }lORitions of the obsen·ers, exc!Jauges ·were made January O, 7, 11, and l~. At Sacra
mento magnetic determinations were made by l\Ir. l\Iarr. Ile then proceeded to Point Arena, a 
locality of importance as tile western termination of the arc of the thirty-ninth parallel. Having 
established a longitude station liere, he began on January 16, an exchange of telegraphic signals 
with .\lr. Sinclair at San Francisco. Other exeha,nges were obtainl•d .January 18, 191 21, and 22. 
The observers Irnving tLen changed places, a second set of exchanges, completing the determina· 
tion, was made on the nights of Jauuary 25, 21>, 27, 28, and 29. The final line in this longi· 
tnde triangle was taken up, Sacramento-Point Arena, and, with Mr. 1\Iarr at Sacramento and Mr. 
Sinclair at Point Arena, exchauges were obtained .January 31, February 2, 3, and 4, after which Mr. 
:Marr went to Point Arena and l\Ir. Sinclair to Sacramento, and a second set of exchanges was 
.made rebruarr 7, 8, 9, and 12. 
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\\'bile at Point Areua, .'.\Ir. :\Larr determine(l the magnetic declination. div, and iutl'H><ity. 
'l'he line Saern1uento-.'.\L1rysvillL1 was then takeu up, :\fr. _:\lari· selecting and preparin;:r Llr 

occupation the' station at the latter point. 'rhic; liuc was (lett:rrni11ctl h:1 cxcliau;.;<'s of telt,:.:rn:ihit: 
signals for longitude Fe1J1·uary :!G, :!7, 28, :::\fard1 1 and :!, after wl1id1, \Yith -'\Ir. Sim·lair at :.Lt~·.n;

yilJe and :Ur. Marr at Sacramento, the Hecoml set of exehauge-'i was made :Uard1 ;J, J, 5, an .. l fJ. 
'l'Iw magnetic elemeu ts were determined by }fr. ::\farr at l\Iary1ffille. 
}lr. Siuclair theu proceeded to Los Aug-eles to vrepare a station for OCellpation ill <let('l'lllilling 

the lines Sacramento-Los Angel1_•s antl Lus Angeles ~an Fra11eiseo. The lir,;t named line wa;; 
determined by exchanges on tile nigllts of '.\larch IS, ~ll, :21, a11tl :2:2, a111l hy a sc>ccrn<l set, after change 
of observers' places, on tl1e nights of ::\hrd1 :29, 30, and April 3 a11<l G, '.\lr. Sinclait· beiug at tlte 
close of tlle work at Sacramento and ::\Ir. :\fai-r at Los Auge le:-;~ wlwre he tktcrminetl the ma;.p1etic 
elements. The npxt line was then taken np, ~.Ir. Sinclair haYi 11g prut;et•(le(1 to Saa Fra11t:isco, and 
exchanges being obtained with Mr. :Harr at Lo::; Ang•:les April L>, lG, 17, 18, awl l!t, a11d again, 
after chauge of places by the obsen·ers, April 27, :\fay::, :;, n, autl 1:3. · 

Advantag·e was taken ]Jy A:ssist:mt Dcn"illson of tht' lH't'Sl'JlCe of the ltmgitlHh· put_\- in s.rn 
Francisco to d(•termine the longitude of Chabot OlJsen·ator,r, at Oal;:\allll, :\lt'. l ><t\·itl:-;u11 Ot'.l'UPY

ing this fitatiou, and exclrnnging with Mr. Si111·lair lo1q:itn1le signals on the nig·ht,; of April Iii. l ;, 
and 18, and with l\Ir. }larr, April 27, :m, awl l\Iay :J. Ile also ob,;erH~d for persoual e<1uation '.Yit~1 

these et1icers. 
Tlic line Los Angelrs-Xcedles ~·as tl1eu L1ke11 up, arnl completed by t".-1·,J sets -of Ps:chan.c;t~-~ n: 

signahl, C1c firt<t set on ::\lay 22, z:~, 2±, ,Jnm• 1 arnl 5, and tlw -;.:•eoud :sd with :\Ir. SiucLtir at 
::fcedles <tml :\Ir. Man nt Lo,; Angeles on Jnue 7~ 8, 1:!, 13, L), allll rn. 

l'llr- }farr selectt>d the location for the station at X eedles; :\Ir. Sinclair Lleterrnincd ih la~it ml:: 
b,\· obsernttious on t1yeuty-oue pairs of stars 011 four 11igh ts. 

The la!'t determinatiuu made duriuir the fiscal year, and finished a few da:n; aftents cl11w, was 
that of tile line Sacramento, Cal.-Yertli; NeY. }lr. i\Iarr established tlle station at \"erdi. ~i,ill 

exchanged with }Ir. Siuclair Juue 2-1, 2.'5, 28, :rnd '..?!/. Tlie liue was completed bj· exch;lllg<-'-' 11ude 
between }lr. Sinclair at Yerdi aud Mr. :Uarr at Sacramento ,Jul.'· I,:!, :-l, and 4, 1:-\.•m. TliP JH>,,.i 
tion of the station at V cr<li ww; ret'Prred to that of' l\Ir. Davidsou's triaugnlatiou and lougitmle 
station of 181:2, thus checkilig the determiuatiou of the one hnmlred antl twentieth meridia,u. 

Further account of the progress of the longitude parties will be ginu in the next Auanal 
RPport. For other longitude tlctermiuatious made by }lessrs. Sinclair aml Marr, see S1!etiou:-; 
XI, XVI, and XVII. 

HyrfrO[fi'apliic c.camination of Hospital Ooi-e, An!7el Island, San Franci~cr> Bay.-In :l('l'Or<lanee 
with iustrnctions dated Oclouer Hi, lSS8, issued iu compliance with a request from the Prc~illent 
of the Commission for locating a Quarautine Station in the Ha.' of Sau }'rauciseo, Assistant Lonis 
A. Sengtellcr conferred with l\lr. John S. llager, Collector of the Port, awl abm l'retiillent of tue 
(~narautine Commission, arnl ha,·ing obtained from him the necessary fucilitie:s, which iuclmled the 
use of a steam-launch [tllll the sen·ices of a rcGordcr all(l leadsman, proceedetl tu make an ex,lmiua,· 
tio11 of Hospital Oo,·e, Aug-el lslaud, m or<ler to determine its iitue»s for the statio11 reqnired by the 
Co:nmission. 

The Gnite1l States steam rcYenne-lanuch Hartley was placed at l\lr. Seugtelli•r's lli>'pusal fol' 
three da:n•, and tlrn necessary signals were pnt np a.ud ,;0111H1ing;:; taken Octulier :!;J, :!6, '.!7. aud 
SO\-ember 1. Upon the completion of tlie examiuation, }Ir. Sengteller retlncetl and plotted tl1e 
work antl furnished a tracing of hi:,:; original sheet to .Ml'. Hager. The sheet itself witli tlie records 
and hi:s report he has since forwar<le(l to the Office. 

'Yi th regard to the suitability of Hospital Ooye as a site for a Quarantine Statiou, :\Ir. Sengtl'ller 
olJsenes that the distance betweeu the two onter point1; of tlle cm-e is auout, three lmrnlred a11t1 
se>enty metres (one thousand two hundred and fourteen feet, uearly). After haying pas~ed thl' 
line of these two points shallow water is reached of irregular depths. The site wrntlll l't" nn 
contract(~(} for the constrnetion of whar\'es, which 'would han~ to he located on the ea,-tem shllr~ 
of the cove, and much dredging wouhl have to be doue of a bottom apparently soft and llllHldy. 
The wharves, be thinks, could not accommodate o·rnr four large vessels at any one time. A seriom 
disadvantage exists in the fact that there is no anchorage off the cove, the waters being deep, foe 
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currents rapitl, and tbr bottom generally rocky, but at Quarry Poi11t, about a mile to the east"\\ard, 
reasoua\Jly good auchorag-1~ m1ly lm fouull. The cove is well sheltered from all prevailing winds, 
aml water can no doubt be obL1inetl from the <lPep caiion which takes its start from the summit 
of .A 11gel Island. 

The statistics of this \\Ork are as follo\YS: 

Xumber of statio11s occupied.............................................. 1!? 
Xumber of stations <letermint>tl...................... . . . . . . . . . . . . . . . . . . . . . . . 8 
:\umber of miles n111 i11 sonrHliug·....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
:\rnubcr of angles measttreL1 ................................. _ ............... l 7!i 
Xnmher of som11lings ............ _ ... __ ..................... ___ ............ u5.'I 

DnriHg· the winter and spring- :\Ir. Seugteller's healtli, \d1ich for some time had been impaired, 
faileti rapidly, :ind ou the :.?:311 of :\fay, 1.:-:;:-;9, he tlirnl. B,v thi,.; 8au enmt the Snn·cy lost an officer of 
trierl fi.lelit~·, wlio':\1; capacit~· as a topogr1tpher was shown by the snperior cltitracter of all the work 
whitli he acconq•li;;ht'rl. He wa,:> appointell on the Survey in 18G::l, ail(l h~lll renclerc>d Yaluahle 
sen·i··e iu the fie!tl on both tllc Atiantic and Pacific coast8, aml in the omce as chief of the 
Engra ,,ing- Di Yision. 

C"utin uation rf tidal recorrl at the mitomatic tirlal .~tation at 811uNlito, Ra.If of Sau Francisco.
Tl1•: S:mcelit.o antomatie ti1J2.gauge, umler tile general supcn·ision of A.'<sistaut GeorgP J)a,-idsou 
aml in immmlia te charge of E 111 met Gray, obseiTPr, was co11ti unell in operat io11 throng Ii on t the ~-ear. 
Tlie recorils \\<WC of a high order of C'xcellencp, \Yitll tlie tabulations thC'y are examined montlily 
by ~Ir. Davi1h;on awl tlll·H forwiLnleu to the Office. 

During the year some repairs were made to the pier to enable it to witltstarnl the winter'" 
storm.~. To ticket auy cba1ige that might pos:-;i bly o<:cnr by the siuki 11g of the pilirig, :\Jr. Da ,-id:-;011 
hail kn:l1iugs nrnd(' two or three timesduriug- the year between the 8taff arnl the two lw11cli marb;. 

The tram•it <,bsern1lious for error arnl rate of tlte tillal cl1ro11onwter were. made by .l\Ir. Ihffid
son a!Hl by Assi:<t1rnt .:\kGrath arnl Sub-.Assi,;tan to; Morse aml Turner. 

[Jy1lrorn·a1;hi1' s1uTr:ys in the l'ici11ity of Crcxl'ent City, Oal.-H.r1lrograpl1ic work in the •iciuity 
of Crescent Oily, Cal., \l<lS begn11 hy Lieut. H.B. c'1Lmsfieh1, r. S . .X., ,c\.s8istant Uoa1<t aiHl Geo
dotic Snrn•;r, commaw1ing the steamer Ha"slc1·, nuder instruction" llatet1 early ia August, 188.~. 
A ti1k-gan; . .::1• wa·; pllt np Angu~t ::o, aml tlie hew:h wark tran':'i'Prrecl to the new wharf. 

On thl' :.!IM tlic fog, wliich lu11l prentiletl duriui:; most of the month, llfted, and Lif·ntNrnut 
1\b11,,fil'lil ,.;farTt·tl thwu the coast 011 tl1e lrnil tn reco\·er some of t!Je trimrg·nlatiou poi11t1;. Bnt 011 
Iii' :11TiYal at tlH• Klamat!J Hh·er Llie fog .slrnt ill, arn1 as it coll tinned tile llt'Xt 11ay he returned to 
Cre..;,('('ll( City. '\Yith the {'XCCjltlOll or August '..!6, when it was clear for l1 few hours, tile fog dill 
not lift. till tli.• morning of tl1'~ ;;Otll. On that date souuding was l1PgH11 in tlu~ gig arnl whale-boat, 
nsiH!.;' rneks t'orsignal,.;. On Augnst :H, a thick fog ;;hnt in, continuing until ~eptember 3, on whieh 
Jay. altlwug-li hazr awl misty, the g-ig aIHl whale-boat attempted to fix iu JJOsition some rocd\:> as 
,.;ig11ak ~cph•mhe1· -! a tl1ick fog prentiled, lifting at last before a.lwaY,Y northwest gale, and set
ti11g· i11 again on tlie 7tlt, when the wiud nroderate11. Dnring this gale the new wharf and mooring 
lm0.\·:; at Crescent Uity were loc:itetl. The 1-tth and li)th "·ere fa•orab1e for Lydrographic work, 
and some pro~Tc . .;s \Yas ma1.1e, but 011 the nig-h t of the 15th the Ha8s1er wai-; compelled to put to 
sea, a, b1:•av~- southwest swell making it dangerons for lier to remaill at the anchorage. On return
ing 11ext day, iustrnctious wt>n• rcct>in«l to snsprrnl opemtioHs in the Yiciuity of Crescent City 
arnl rnkc up a hydrog-raphin sun'(',\' at i::ia11 J)lego and to tLc 11orthward. 

The statistics reported by Lien tenant .:\Iansfipld are: 

.:\Iiles run in sounding .... , . . . . . . . . . . . . . . . . . . . . . . . . . . . ... , , .... , . . . . . . . . . . 24 
Xnmher of sonm1ings ...................................................... 620 

He states that the season was Yer,\" late 011 the C():iSt; the rains extending into July were suc
ceeded b~· nu usually (lense aml continuous fogs. .Tnne and July are usually the months of the 
least fog i11 this Yiciuit;r. 

Li(•utenant l\fansfield having been reliernd from the command of tlie Hassler after finish
ing llis work in the Yici11it,v of San Diego, bis 8UCCessor, Lieut. Daniel Delehanty, e. s. N., 
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Assisrnnt Coast and Geodetic Sun·ey, mis iustrnetcil in April, 18tl~>, tn takt:· tip arnl Jini.~li tLe 
Cre,,cent City \Yorl•. 

Before this \\Ork could be begtrn the Rteanwr h:ul tn il" drs-<loek1'<l at ~.ui Frnncrsco. Slle 
reache(l Crr-:4ce11t City .J nntj s, a11<l next day hyclrogrnpllie ope-ration,; wen~ lwgun. T!Ji~ .;;nr
,-pr "as in progress at the close of the fiscal year, an~l will 1Jc- referred to mon~ full,\· ill tiHc 
next Auuual Heport. 

The following- nametl ofilcer.s "·ere att<ir~lH'll tn Licntr-llallt Dl'kltauty'" party: Lieut. C. ~\. 
Go\·e, U. 8. N., executin~ otlieer; Ensigns Guy \\'.Brown .• T. P . .Jfr(;ninnei'::;, :H. L. Doild, autl S. 
H. Iludliml, G. S. X. 

Followiuh are tlH· statistics up lo ,Tune 30, l:'>S!l: 

Miles run iu sonmling .... _. ____ . _ _ ___ . _ . __ . ___ . ______ . _ .. _____ . ___ ..... ~)'l_.u 
Angles measured._ .. ______________ . ___ . - - _ . __ .. _ . __ ... ____ ..... _ _ . 51.h 

~tun bee of sounding.~ .... - . . . . . . . ..... - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 ~ :_333 

SECTION XI. 

OREGO.'.'> AXD ""ASHIXGTOX TEHlfffl)lff, IXCIXIJ1'.'\(~ COAST, I'.'\TEinOH l'ORT:S A~'IJ HffETIS, sonms 
AXn HAYS. \SKCTCHE-'. l'ios. ~. 11, 1:!, 1.7, arnl 1,.i._, 

To1Jograph icnl rccom1rii8sc111cc If the curut <?f Oregon ucl 1cccn Rogue R ircr a II(] Capr 8c/.;crnf ia11 
completcd.-Topograp!til'ai 81ll'N'!/ '~l the Ore!JOll coast fJct1cern 111108 J:a.'J r1111l the l-!HJ!iJlrnli Hiro-.li11-
ishcd.-The progrf'i:''> of the to11ogrupliin1l recorn1aissatH'r of tl1e coa:<r of Orc•g-•rn, in d1arg·e of 
.d.ssistant E. F. Dickin,.,, np to the close of the fiscal ~-ear, u·a;; statc<l in the la.st .\.nunal l(('port. 
At that date :\Ir. Diekius hall n•ached the mouth of the Rogne Hi\·er, tnweling; on !Jorsc·li:wk 
on•r a rongh mountain trail, liis camp ontlit tra.nsporte1', on pack nni11Jals. Tile r:dn,\- sPason lw<l 
Ja,,;teil this year a month later than usual, an(l the light srwlter tl'ut,; of tbc party atlrm!t>d hut 
little prutection again;;;t tlic herwy rnius, th1' grouml beiug alwa;.-;; 1l<tmp at Hight. Dllt hy rnkiu;: 
adnwtage of e\·ery fan>rable momeut a111l 'rorking bet\H'en sltO\Yers, Cape Sebastian 'Ya,; 
n'ached arnl the rrco11naiss:u1cc• cumplete<l to tlwt poim ou tl!r lfitlt of ,Tul,r, 1."!'lS. 

After spernling a few (lays at Port Urfonl to correer ai1 error 1li:-;c1l\'PH'!l h,\- ':\fr. Dickins ill 

.Assistant ()base's reconnai.~":rnee of i;;;rm, prepur:ltiou,,; "ere l1egun for hiking np th.:.• 'York 
required to fill tlie g:q1 in tile lopography between Koos Ba,\· :tml the Cmpqnah lUn•r. Arri;-ing 
at Empir<' City, ,Jul,,- 23, the camp outfit w:ts un.>l'!rnuled and p.wke•l awl on Angnl-'t 1 thp party 
and paek allimals were ferri(•d across Koos Bay. Camp \\·as Stlllll after pitclwrl at Ten '.\Iile 
Ct'l'Ck, au1l tlrn topogrnplty hegnu, ,ioiuiug \rith U1e ~ork ol' Assistant St>u;::teliPr .inst noith uf rlw ' 
creek. ::\lost of his triangulation stat,iuns \V('l'!' lost, O\Yiug· tu tlrn drif[iug aml ::;llifriug uf sarnl 
aunes; otherR hail therefore to he Lletermiued as JH'C(lt>d. 

By September 1 tile topograpl1y ha!i lieell complt>tf'!l half !low11 the hc>:wl1: camp "as then 
moved to tl1e north shore of Koos Bay, and b~- October lS 1 he gap i11 topogrnph;.- hetweeu Koos 
Ba~' aml U mpqnah Hi Yer wa;c; tille(1, 

The rainy season having then hegim, ::\Ir. Dickin,; dcc111e1l it inexpedient to commcnet• the 
smvcy of Koos Bay so late iu the antnmn; he iiccordillgly ·itored bis camp ontfit at Empire Ciry 
for ti.le winter and returned to Sm1 Frauci::;co. 

l\fr. Dickins will submit with 1ii8 topographic sheets a ilescriptiw report accompauil·d l>y 
sketches illnstrating the detailR of topographical foatm'f•.s. 

A suggestion which he maJws u·itb regard to tl1e location of a whistling buoy to warn the 
coast steamers of a dangerous sunken rock off Hogue Ri\·er Heef will he reportNl to the Lig-!tr. 
House Board. With regard to the channel between the rPef and the nmi11 land, which the small 
coasting steamers sometimes use, l\lr. Dickins obser.-es that he does uot deem it safe until a 
thorough hydrographic survey has been made, as he ha;;; se(•n the hreak of sunken rocks OH eitlier 
hand, au(l thinks that the reef ma,r extend across the channel. 

The statistics of the season will he inclmlell in those girnn for the fiscal year. 
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Dming the winter :\fr. Dickins wa;; Pmplnye.d in the snhoflice at San Fra1wisco, inking and 
tracing his topographic sheet,;; and preparing descripti\·e reports. Tl1ese, with tlle slwets, lie lias 
forw·arde<l to the oflfre. 

lB aceorda11ct.• with a telegra.m from the Snp;>riutendent, dated '.\Ia,Y 1, to Assi::;brnt D,lYidsou, 
authorizi11g Lim to scad .Mr. Dirkius to tl1e fidd as soon as his allotrueut would allow, he was 
instructed to organize a party for the I'CiHun·y of Koos Ba.\·· Arri\·ing at Empire City, May 20, 
h1~ l'('CD1·err1l euongh 11uinb of tllf~ olll triangnLttion to procec11 with the topography, which at tl!e 
etose ot the fiscal year was lwillg pn~lwd ahe:11l ~1s rapidly as po,;sible. 

:\Ir. Fenhnarnl 'Yestdalll ,ioi11ed the l'.•arty Jnne H arnl reutlcrell >a1ualJle se1Tice. 
The statistics for the fl.seal yem are as follows: 

Xtuuller of miles of ,.;hor('-lillt' sun·e~·NI ....................................... 48 
·xu111lJe1· of miles of crrPks an<i rin•r.s 
XumlH·r of mile" of roa<ls 
.Xnmlit.•r of siguals put up fnr triang;nlation ................ . 

~ • . . . . . . . . . . :.!ri 
G 

34 
ArPn surn-;yed (appmxii11ate) in square miles .................................. 4i 

Th·~ progrC'ss of .:\Ir. Hicl;:in,;'s surYey will be again a(herteu to in the next ~\mrnal Heport. 
JJyrlrof!rapTtic 8111'1'1'.IJ fr(!ili Cape 01:fonl and i·icinity tu the 8'!1lfl11rarrl.-The steamer Getlncy, 

Lieut . • T. Jl. riel111, C. 8. X., ,\ssiRtaut Uoast arnl Geodetic Sun·ey, Cl)mmaiiding, haviug h<·cu 
reca1led from lier "·ork in Xantncket Sound and lrnrriedly fitte<l in Xcw York for the Pacific coa:3t, 
left that port XoYt•mher 1:3, 188ti, alid arriYed in Sa11 Francisco, after a :0nccessful a]l(l uue>eJJt· 
fnl trip, on the ~iltlt or April follw,yiug. Sht> hail been intended for Sl·rdce ou tlrn Alaska coast, 
lmt owiu;.; tD lack of fu1111,; it hec;unc 11ece:;sary to postpone her tkpartnre for tha.t coa.st, allll 
i11i\tl'lll'tions wt•rc nccordi11gly i,:sn<~<l to Licnten:mt Helm to take up a 11ydrogrnpllic snrn•y frurn 
Cape Orfonl to HngnP Hin~r Hcef. 

ArriYing- at Port Orfonl l\foy 28, he IJcgan the erection of sigua1,;, ('Stahlislle<l a ti<le-gauge, 
arnl at thP close of ,Tune wa:,; actil·eJy Cligagctl in }>l'<JS!"'lmti11g the 1J;1·,Jrograph,I', haying at tltat 
date nearly completc<l liis fir,;t l1ydrographic ;;:lied, scale 1-'..WOOO. Hefercnce to the progress of 
tl1is 1rnrk 11ill be made in the uext Annual Hrport. 

The otlieers attacltc<l to tlt(• Oedncy "ere Ens1gns H. 0. Bitler, .Joseph Straus:;:, \Y. ILG. 
Bullard, l'. \\-. Jeuk.•n.'>, and l\I. I,. Bristol, l:. S. X. 

For the seasou aud up to June 30, lS::>D, the statistics rl·port(•\l lly Lieutenant Helm are as 
follows : 

1Iy(lrograI1lty 

t\rea co>ered in sqnare geographical miles . . . . . . . . . . . . . . . . . . . . . . . . . . . 10;3 
:Xumber of miles ruui111;oumling ................... ·· · · · · .......... .. 414 
Number of a11gles measured . . . . . . . . . . . . . . . . . . . . . . ................. '..!, 558 
XrnnhC'r of .~oundings ............................................. :>, 52H 

Ul'surrcys and cnrminntion <!( elt1rnge8 in the Goluml>ia Birer, in the ticinity of Astoria, nnd 
l>et11:cc11 To ionc l'oint 1111!1 Tans,11 Poi11t.-Iustrnctions issued to Assistant CleYelarnl Rockwell 
towards the encl of A1wil, 18~!1, loolwtl to a rnsurn'.r of tlte rin~r channel near Astoria, Oregon, 
corering tlw ri\·er ft om T01q.;tw Point to Tan".Y I'oiut, and also tlte areas of Young's Bay aml 
parts of Young·,_ It iw•r, awl of' Lewis atl(l Clarlrn Ri\·er, togethn with a11 examination of tLe slwre
linC's of the \·icinity, and a resmTC',Y of tlIP f:iame wherever necessary. These resurn~ys aud exam. 
matiuns lrntl been ealle1l for hy tlw Astoria Chamber of Commerce, and, at tl1e reqne:,;t of Senator 
Dolplt, lrn11 l>et>n nnthorized by the Sapcrintemlent. A:,;sistant Da>iclson, in 1lis special iustru(:· 
'i<lns ft>r t ltt' work, IJa<l i11eludPtl in it till' (lelineation of the contours and ontliuc (1f tile Jlr:lirit'S on 
s,·a!'lwrn11~;J1 Hill. a1111 tl.tt• fixing of tlrn positiou arnl the general r,outours of Coxcomb Hill on the 
A>'tnri:t !'t•i1i1t-;11Ll, liotli of the,.;p l1ills being noted landmarks for thf' Colnmbia J{i,er entrance. 

l-poH furtl1cr co11sHtl>mt ion of tue scope. of his spet'ial instructions, :\Ir. Hock well <1ceidell to. 
make a <'tJmpktn rcslln·(·_\· of the loealitie:0 con2red hy tlwm. 

At the cml or tlic fisc;tl ,..-ear foe work was S:) nearly C•'1npleted th:tt :t fe11 days more safilced 
to fiHish it. 
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:\1r. Rockwell organized bis party in Portlarnl, Oregon, April 22, arnl in onkr to obtain data 
for iu:serting on the charts of the ri,~er uew wlrnn·eB, cam1erie::;, and landing.~ along the sllorei', 11ot 
in existence at the time of tlie orig·i1ial sun·eys, lie ran down tlie riYer in hi,.; boat, au1l add1•d Oie 
i111pnwemeuts Oil tlie way. The first work of sonrnliug \\·a:s l1om· :\l;iy 13, tlie i11lt•neniug· ti1111• 

ha Ying been oecnpietl in searchiug for the points of the formt•r uiaugulation, ereeti ng llyr1rogra11hit~ 
sig·uals and fixing tlieir position witli llw pla11e table. A plam· 1•1' reft:reuce fo1· the ,.:ouHdi11gk was 
obtained from the. automatic gauge iu clinrgc of ~fr:Loui.~ 'Yilsnu, forrnerl,» tidal olisen·er for the 
Coast and Geodetic Surn•y at Astoria. 'flw taLnlatio;is of tlle gauge records were compared at 
frequent intervals with readings ou the staff. 

The bydrography was finished June 2fi, aml by tlw 10th· of .T nly the topograpli,>· around the 
shores of Yonug's Bay aud Point .A.dams, and tlic "ork aroum1 Scarhoro11gb awl Coxcomb Hills 
had 1.Jeen completed. 

'l'lle results of the snrYey are sllowu 011 one large !Jydrogrnpliic slleet, scale 1-10000. e:s:tPmliuJ.; 
from To11gne Poiut to Tans:• Point. including Youug's Bay, on wluch an· (lelineatecl the nrw 
shore-lines surveyed to :l)l(l around J'oiut .Adams, arn1 also the jetty, tranw;ay~, rnilroads, \l"harn·~. 
etc., comprising the impro,~em~ILb; no'\\· bC'iup: made lly tlle Cnitetl States engineers. 

A second hydrographic sheet, scale 1-10000, sliows tile sonrHlinQ,·s made iu Young's Ri¥er and 
in the JJcwis an(l Olarke I~i\·cr. The,;c isoamli11,::~> were carried only to t:ltl' limit,; of :he topogrnpli· 
ical sun·ey. 

The projection on a swle of 1-:20000 contains only the \TOik aronurl Scarl1orongh UilJ and the 
hills hack of Point Ellice. The prairie uu Scarltornni-Jt Hill is a Yery bright anJ perrnauem wa:k 
as see u from tlrn ocefl. u . 

.Mr. Uock'>'·cll gin•s in hi;; report tuauy tlt'tails of local interest rdafrn: to tlie clrnuge" wllieh 
lie ol>sen·cd and mapped iu thl• course or liis smTe~·. 

lie acknowledges eomtesies extended io the part~-, arnl faeilJties afforded for liis work liy :"lla.J. 
T. H. Ilandburg, wl10 fnrnislied trm1sportation 011 :l tow-boat wl1enen•r desired. Aho b~· }laj. J, 
'r. Blakeney, in charge of the J,ife.s:n-ing 8tation at Fort C:ml·~-, tlil• nse of a lJoat aml. C'.rt'K li:n-. 
ing been placed by 11im at :.\Ir. Hockwclr,; dit'pusal "·hen ueedetl. He had also foll use td' toe 
records from l\lr. L Yltlson's automatic tide-gauge. 

Following are the statistics of the seas011 : 

IJ;ydrograpl1y: 
Number of miles mu in soundiug...... . . . . . . . . . . . . ................ . 
Xnmber of angks nwasure11 ....................................... . 
.X umber of soundings ............................................. . 
Area of hydrography in S(pare miles ......................... . 

Topography: 
Number of miles, area of contours (about) ...................... . 
Number of :niles of new shore-line retraced . . . . . . ................ . 
Number of miles of shore-line examined ............. . 

2. 27t; 
Iti. :J(i~ 

}j 

13 

1.H} 

Exclwnges <{f telegraphic 1>if111al.s for lonuitwle ln:t1ret11 Purl l'u1rnsunl and 8-:ottle, l1etu-ro1 
Seattle and Walla 1Valla, betu·ccn n·alla ffallr1, n·aghi11r1ton Ii.rril 0 r!J, rend Helena. Jlo11ta11a. a11rl 
between Jlclena and Spokane Fallx, Trashington 1'crritory.-Hefrre1we was made ill the last Aumial 
Report to the longitude determination, l'ortlautl, Orpg011-Spattle, \Yash., as h:1Yi11g- lwt•u com
pleted shortly after the close of tlie fiReal ~·ear 1888 . ..t.\ssi,:tai.t Edwin :-;mitli, ,i[w l1:Hl l1een rn 
charge of the party at Portland, then proeecdl'll to Seattle, \Yash., whilt' Sulias~istant H. ~\.. }Iarr 
went to Port Townsend, where he Ht'lecte<l a ltrngit.udc station on the blllll in tlw gardell of the 
liuited States Marine Hospital, aud prepared it for occupation. The Iii:~ Port ToY.-1Jt'('lld-Se<lttl1· 
was determined by exchanges of telegra11liie siguall:l for lougitmle ou "e\·eu uightl'i lJetwet':i ,.l nl~-
14 and 23, the ol.Jsen·crs changing stati011s ,July 18. 

\Yhile at Seattle 1\lr. Smith obsern•d for the magnetic declination dip aud iuteusiry ou tlm'c 
da_ys, and at Port Towuseml ou two tlays. At tlie latter statiou he made a trigonometrical rmi· 
nection l.Jet1Yeen the uew astronomical station and the triangulation. The latitude of the station 
at Seattle was determined by Mr. Marr. 
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:c\lr. Smith then proceeded to l""alla Walla, Wash., arri>ing there Jnly 25. l:'"nwarrantab1e 
delay in forwarding his instruments by ag~uts of the express company delayed the lwgi1mii1g nt 
ex:clianges of signals with Seattk, aml upon tllPir ti11al arrival, ,July ;:a, cloudy weather set iu, s11 
that it was not till Augnst !l tllat work could be lwgnn. Between tl1at date and tlte 18th, ex
changes of signal;; were obtailwd on 11ine uighb, th~ ohsl'JTers ha nng changed places Augui;;t 13. 

Un tlie Ultll, :Ur. J)larr m'nt 1o IIeleua, Mont., wliere he selected a station and prepare1l it for 
loug-itmit• operations, aml on the' :!ht }Ir. Smitl1 returne1l to the stati011 at "-alla iYalla. Succes 
fnl eschanges of :signal:-; for longitude> ·were obtai11erl betwcf'n Helena and \Yalla \Yalla on fh·c 
11iglit:,; in ~m·(·csc,iun, Augm;t :!;i 10 :m inclusin>, nftn which the obscners changed places all(l fiH'. 

morE' uigl1 ts were obtaille(1 hetv; u·n Sept em (JO' l am1 i, i11cl nsi Ye. 
On tlie .'itli of Reptembcr, in accrmlance witl1 his n:qnc·st, Assistant Smith "·as relicn•d by 

As::\istaut C.H. Sinclair. al!ll in co11forrniry wirll in:;tructions proccetled to \Y;1sllingto11 and re. 
ported for duty at tl1e oftlcc. :\Ir. Si11clair lnn-ing taken cliarge of l\Ir. Smith's party at Ifrlenn, 
:\Ir. :\Tarr ·went to Spokaiie Fa11;;, \Yasl1., to s,, ]('('ta station and prepare it for occupation. '1'111, 
ddermination uf tlt(• line lfoh•ua-Spokane Falls \YaS made h;r exclrnngcs of sig1ial;; on eight night,,; 
het;veC>n Sqltl'lll ber 13 aml Sqltem be1· :w, the obscITers Ila Ying cllanged places between the 24th 
awl '.?:>tl1. · 

[n a<:conh111c0 with instructiu11R the 1011gitndc parties were tbcn tran:;;ferred to San Fraudsco 
to make tletermiuation,,; ncedu1 in California. Ht:frre11ce to their work iu tliat State i~ nuu1e uuder 
a lieatling in SectirJli .'.'\.. 

1.:.'.ffrn1inati1111 awl nporl o/' cltangts in t!ie 1cater ji·ont at 1'ie(lft/e mul ricinitp.-Ill accordance 
1Yith i11:-auctio11:;; l:C'ari11g (t:tit· pf ::\Ia1cl1 11, 1S:'!), A1<:-;istant .T. F. Pratt indicated from an actual 
r01·nnnai;:;;a11ce Olla ]llOOi of a pliotolitl1ogr~tpLic chart or 8eattle Harbor, scale 1-'.WOOO, an the 
HJOl't' Jliql0J·ta11t imprm«·llW!lts mad<' along aml in tlie imtnediatt> vicinity of it!' water front up tu 
.April 10, lSSH, aud snhrnitte1l a traciug compiled to show the a<l1litio11al an•:i rccomnw1H1ed to Jy. 
intlnde•l in tlw new B'.ll'Yey and cl!art. 

)Jr. Pr.itt has made a special iepmt 11po11 tl1(, rapid rlevelopn:u1t of Srattle an·l \Y(·St Seattle. 
Tl1e water front pr<1t1t·r has entinly clrn11g('1l in the List tlHJ aiu1 a half ~·ears. 011 June Ga ter· 
rilic ti:-1· ('Oll~llmed tlie e1dire !Jn,..dues.~ poi tiu11 of tlJl' town ~rnd all o!' its wafer front with tlH· 
e.:i.n·pt iou .,.r tl1e 11n· rni1;(•J' w]iarYes 1:<1rl11 oJ tlw l111siue~:-; ll(JI lion. All of tht• wlimTes u-en· 
;m!nt·11iatl,!:y r<'lmilt, a11(l nt tlH' <lat!' of }Jr. l'rart'.s l'(']lOI't, leo::s til<m tlir1•t• 111011tl1s after thr fire, 
t·sten~iow; \r('J(• hriog made to tl1l' li11:it:-: existing clnlle 0. 

:\Ii·. T'rntt dcnus it of gH'at irn1:ortane(' tliat a re>;urn.•y of tlic Seattle "llllter front, with <>xtt>U· 
.<uns en\·l'l'illg Saluion Bar. L11ke i·uion, arnl a por·tion of Lake \\"~sliingtou,shonl<l lw mack withiu 
t!it' Hi·xt t•ighte('ll rno11tli;,.:. Jmrnt·diatC>I,\· t1p011 tliP 'I'erritor_y beeomi11g a State tlie disposal of it1< 
tiik l:im1:-:, which are uow l1eld in trn.~t h~· tlw l'11itcil Stafrs, will 1Je agitatrd, arnl the estalilisli· 
11w11t Pf the wafer front fr1m1 trw•twm tliy :<Otlll(lin):.S rstahlisliing the lines of higL water, half. 
tidt'. <1w1 Jim· \Tater will come within tlie proYincc of tl1e 811ney. 

nw;11;::: the \Yiuter l\Ir. Pratt \Yas e11g-age11 in offke work, am1, as stated un11er a vr<>ce<ling 
headi11;.:. 11rnk thP tiPl11 in :.\larch, 188!), nuder iustrnctions to mak\' an exarninntion of the Seattle 
water i1out. n'SJ1H'ii11g· 1l10 results of wliieh he made a specinl report. 

Iii .:\l;1y Jip was :1t Port Orr·llard, 'Yasb., haYi?Jg bePu rlirec:tNl to organize a part.r ou the 
schooner r11kon, to make a detail Pd ;.;m ,·ey oft hat localit,\' for tlie ns1' of t1w Commission appointed 
to selel't a site for a Nay~· Yai·1l 011 the Pacific coast Horth of tl1e forty-second parallel . 

..:\11 ab;.,tract of :Mr. Pratt'r; report ou this subject >l'iil np11ear uuder the heading, "Special 
Operations." _ 

llyrlro!Jraphic surreys in the rfrinif.lf f!f Cape Flattery and in .Necah Bav, lraslti11gton Territory.
At tl1e beg-inning of tlie fiscal .rr~ar tile party 011 board tlle steamer _,JfcA.rtltur, Lieut. J. CJ. Bnl'Ilett, 
l'. S. -X •• Assistant, Cnast aiul Geodetic Snrn•y, co1mnandiug, ha(l lwen for two months in Keeah 
B;1y, Str;1its of Ftwa, iYashington Territory, engaged in a ·h~·drographic survey of that bay antl 
approaelu•s. The w·ork laid out included also 11,e coast li~·drograph,y in the viciuit~· of Cape 
Flatter,1·. · 

Progress was ver~· slow during August anll September, the fog being so dense outside of the 
Straits 1 lrnt signals could not be recognized nt a di:-;tanee of half a mile. No hidden dangers were 
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founil except those commonly known as lJuntze Hocks, at tlie entrance to the Straits of Fuca. A 
careful examination wa-i m:ule of these rocks, and the le<J.st. dc•pth fonn<l to he aliont thn'e fathoms. 

T!J.e currents in the na1TO\\" passage bet\1-een Tatoo;;;h I slan<l and Cape FlattPl',\ were o11sern~1l 
to be very strong and treacherous, 11e11ce the pas,;:a~i~ eai1 Hot be recommende<l to mi dgator,;:. 

Lieuternmt Burnett reports that he kuows of 110 11oiut at which au aid to 11aYigatiou euuld 
be adYantageously located, except off Cmatilla Uo:ef, where a whistling lrnoy \Yonld he of ;.:reat 
service to steamers bournl up awl down the coast. This reef is ;11Jout tweln; miles south of Cape· 
Flattery and two and a quarter miles offshore. 

In aceon1ance with irn;trnetion:,; frolll tlw llytlrographic I11s1wctor, work was elosC'tl October'.! 
and th1~ party retnrned to San Francisco. 

Efficient sen-ice was rendered by the oltir~er,.; a tt'.lcheil to the party: •Li<•n t. C. ~L Glff1•. 1-. S. N.: 
Ensigns ,J. A. Bell, T. K. II ill, arnl .J. P. '.\foGninness, U. S. :S.: l';ts,,c;l Assi;;taut ~urgeon C'. \Y. 
Deane, aud Passed Assistallt Engineer \Y. D. Duuniug, F. S. N. 

For the season tlrn statistics are -

II,vdrography: 
Area sounded in square geogmphical miles ............................ . 
Nnmber of miles (geographical) nm while sounding ......•......•...... 
Number of angles measnrell ........................................ . 
Nu m her of ~.otmd in gs . . . . . . . . . . . . ................................ . 
Numlwr of t.itlal stations esta1Jlblle11. ................................. . 

o-,.., _,._) 
Gi'3 

·1. 0!)() 
Ii. GO:.l 

1 

ThJ> result.-; nf th<' \Hlrk are showu mi hro Llydrogravhic sl1u·t,;, oue on J-111000 se:,:e-tlll' 
vicillit;; of (\tpc' Fl:ltier,\·: the otlH•r of Ca111.' Flat tcry· antl N eC·ah Bay, scale 1-lOOlH.l. 

1'1'iangulation m1<1 topographp «I' SaN1f1Jga Passaw, l'enn's Core, Ool.- JiarlH>>\ Cn·scud Harbor. 
and Ska[fit Hay, lrashington Tenit!iry.-Fur tlrn seflsoa of lSS-.:, the work assig·ul.'d to .A,:si,:tant 
J. F. l'rntt was the eoutiuuation of the surn•y of Saratog·a Pn><sage am1 the waters adjoining-. 

By April 1'.l, the weather haying become suflicicntly sett1e~l to lwg-in preparaliom for work. 
the scl1ooner rul.on was towed by lier stcam-lamiclt from 'Yi!!ter (jUart~'ro; in Eagle llm'LHH' tn 
Seattle Barbor, nrul was there renorntl'1l, rpfitte11, aJl(l 11ut i:i suitable corn1i1ion for ><enit'e ia 
iulalHl aml protected waters. Le~n-ing Seattle April 23, the \Yorking: gTomHl was reache1l. after 
some nriaYoidable dela,\-s, on }lay'.!, and tlw rukon moored in Utsal.u1,\· IIarhor. From tlw fact 
tliat t.hrre are i10 safe a1u;hor:1g(•s along the \H'St sllor0 of Cama1w Islarnl, aull 011 aeeonnt aJ-;o of 
the character of Skagit Bay, whiel1 io.; an imllw11se ti•k-tL1t, a gr0atr>r pt>rtioH of the work lia,.1 
11eccssaril,v to be <1011e from Fts:1lady Harl1or as a11 auehoragy, although P;•lJu·,- C·we nml O,tk 
Harbor ancl thcirYiciuity were fllll'Yeyed fr<>m au a11el10rngc at Coupc1-ille, a1ul tlw st:1ti1m~ l.i1 .. ~11ir. 
Delta Hoek, and Olney were occupied, allll some of tl1e most northerly si,t:·1ials erected from an 
auchorage. at Ala opit. 

The triangulation wa;,; hcg·nn at Dixoll Station au<l carried nor!hwar1l alu11g tlie Uamm10 hlaml 
side of Saratoga Passage into Pt•1111's Con~. Oak Harbor, aml Crescent liarhor. tl11•11 thrm1gh thL' 
strait leading from Sarato!-':a l'assage into and o,·er Skagit I:ay as far as arnl ine1nt1ing tl1e sta· 
tions Olney arn1 Delta Hock. A connection was made a11'o with tlw triangulation of Port Snsan. 
"·!J.ich had been previously brought across the Stanv, ood Flats to tlie stations Land a11!l Stan
wood. 

From the stations Oox and Delta Hock, the tria11gulati011 deYelop:,; in t\vo liranclu•s. om· goi11g
by wa\' of Deception l'ass to a conuectiou with the tri,1u_gnLltio11 of tlte Strait,; of r'nca, awl tht· 
other l1y wa~· of the Swiuemish Flats to a co1111ection with that of Padilla Ila,\-. 

The topographical snrn•y was commenc<'<1 at the triaugulatiou ;.;t11tiou" Hoek am1 ,Uter. in 
Saratoga Passage; carried around the shore of Camano Islarnl by wa~· of lJti:;,tla<l,\- TI arbor tn a 
connection with fornwr work at the mouth of the west pass of the Stillagnamish Hin•r, an1l also 
along the uast shore of Whidbey fa1arn1 b~- way of Pt'tm's Corn, Oak Harbor, and Crescent Harbor, 
as far as the triangulation station Frostad, in Skagit Bay. 

Owiug to the peculiar effocts of the tides, it was ouly practicable to do work i 11 patche,:; wl1en 
t11e Skagit Flats were reached, and on some of tbe reclaimed portions. 
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In Penn's Cove the triangulation was carrietl to its head ancl the shore-line (~epencling on this 
triangnlation delineated to furnish a Lase for the 11yurograpl1y. 

'rith regard to tl1e topograpl1y of Skagit rn,~er and DPlta, :\Jr. Pratt obsenes that it will be 
slow and ti·dion:l, since tile ''ork can be done only at Iiigh tide; impron·rnents, such as dykes, 
farms, etc., are numerous: tltn·e-fonrths of a mik back fru111 the lrny shore all of its nirious 
hrauc\l('s an' OH'rhuBg_- with (r'i'es aud hushes; the current::> are >ery strong and the rin·r and 
liPlta are lin1•1l "·itlt ~nags wllich are excl•ediJJg]y dangenms to uadgatiou. During Lile summer 
thre<' of the regular i·in'r steam-boats we1·l, smik by l1eing carrie1.l out of tlieir eourse !Jy the rapid 
c111T(•11t au<1jammed agai11st Sllagi:;, wl1ich pm1ebN1 holes iu them. 

f u the courBt~ of the season Mr. Pratt furni•d1et1 Lieut. IT. T. "'.\fayo, C. S. N., Assistant Coast and 
Goedrtic Suryey, cmnmamliug the sdwonrr Earnest, such g·eographieal positions aml trac111gs of 
shore-I i11e as lw rcq nire11 for l1i."l liydrogra phic work. 

By the !!0th of Xm-ernlJer winter IJegau to set in, and in accordancr with irnitructions preYi
ons1y recein~11, arrang\'ments were ma1h~ to close field operationi'\. On the 2-!th insta.nt, the day 
after reaching- St'at tie, :'If r. Pratt 1mule an ex:ami nation ()f Shilsllole Creek, locally known as Salmon 
Hay, awl having fomHl it entireJ:-- suitable for laying up the Yukon, au<l hauling out tlte lauucli 
antl :-;mall hoats, etc .. he llarl the vessel well secured there in winter <]uartcrs l.Jy December 13. 

I~or tlie Rl'ason tlie ;;:ta ti sties are: 

Recom1ai;;sm1ce: 
A re a of. i a ;;q 11a1'1' s ta tn te mi I es __ . _ . ___ ..... __ ....... _ ... _ . _ .. _ _ _ .. _ . _ . G 7 
Liucs of' inten·isil>ilit_y determined a.-: per sketch snlnnitted. __ . _ .. ___ .. __ . 116 

);°11nilwrofp(\i11ts~ekcte(lforschellle ..... ------··-···--·------·······-· 44 
1'ria11gulati011 : 

Area of, in ;;;11nare statnte miles.... . . . . . . . . . . . . . . . . . . . . . . . . ......... __ . 
Sig11al poles erected, num lier of. .. __ ..... _ ... _ ............. _. _.. . . ____ . 
Ollsr,rving· tripo1l;;; hnilt, 11mnher ot'. ____ ..... ___ ............... _. _ ..... . 
Htations Oc('npiell for horizontal measures, 1111mher of. .... _. __ . 
(~eographical positions determined, number of. .......................... . 

Topograpliy : 
"\rea RUrn•ye<l iu square statute miles ..................... _ ...........•. 
Lt·agt h of gP1teral <'oast line iu statute miles._._... . . . . . . . __ .. _ ......... _ 
LPugth nf slwre-li1w uf rin:rs, creeks, and po!llls in :;tatnte mi1es .. _ ..... . 
Length of roads in ::;tatntc miles ..... __ ..... _ ......... _ ........ _ ........ . 

O:i 
~7 

11 
:!4 
53 

37 
53 

[i 

38 

The results of t!te to11ographical sttrYl'.Y are sh0\n1 on t1ni sheeti,;, each on a scale on 1-'..WOOO. 
llyrlrogrnphfr .rnl'l'<'.W, i11cl11tfi11r1 Snrator1a J'assar;e to 8kaf]it Bay, the nortlucest coast of H'hiduey 

Islo 111/, Hosario Strnit, 111111 Bl'llinglwm Ba.IJ.-~.\t the beginning of the th;cal year, as stated in the 
last A11111rnl Heport, tlie part.1 iu e1wrµ;1~ of I1ient. H. T. J\layo, U. S, X., Assistant Coast and 
(h•otlt>tic S1u·,-ej-, commawliug tlw .schoo11er Earnest, lla\'ing corn1)Ieted a hydrograpl..iic surn\y of 
lloh111•i,; Harbor arnl Saratog«1 Passage, Lad taken up the Ji~-drography of the nortlnVf~st coast of 
"'hidlH·y blarn1. Lieukrnmt Mayo had a!Ro in sen-ice tlw l:lteam lauuch Tarr.11 not, but off 'Yhidbey 
lsbud Yery little wind \ms n·qnin·d to make it unsafe to use her, that coast being so open to the 
Straits of Fllca. 

En·r.r opportnuity of :oouutling afforded l.Jy smooth weather was, however, made aYailable, 
an<l by ,Tuly rn, H!88, ::;0111Hli11g·s lta\·i11g been completed off the islau11, the Eamest proceeded on 
tht> 21st to Ol11wk:rn11t Ba~-. wlwrn slw \ras a1wltorPtl, arnl on tl1e 30th instant a bydrographic sur. 
Y(',\ .. of Bt>lliuglrnm Bay 1Yas lieguu. 

On ~'utgllst 12 tlte buih'r of tlrn l'arr!f-not having given out, it became 11eces1mry to send her 
to Seattk for re11<lirs, an<.l she di\l not retmn l•efore September 1. In the meautime, souudings 
were carried 011 fro tu the boats. Thiek smoke caused some tlela,y during the latter part of August 
and t~arly part uf th•ptt-mber. Sonndings in Bellingham l3<1y having been finished September 17, 
Lientemrnt ~layo left his anchorage on the ~0th iustaut for Utsala.cly flarlior, waking that a base 
of operations for execntiug tlle llydro;.;raphy from Sara-toga P<tssage to and inclu1ling Skagit 
Day. StlutHling.-; were hegnn Septe:nll.er 21 and carried 011 till October 25, at which date the-
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J1ydrographic 1vork ball reached. a limit heyoull which it couhl not then he prosecuk!l to ;ul 1a ntngf'. 
Next day, in pnrsuaHcP of orilers from tlte II:ydrographic Inspector. I,ieutcuant .J.Iayu left for 
Olympia, arnl after his arri1·al there laid up tlie Earnest in willter 1111artPri'. 

He has r-;nbmitt.ed fonr der-;eriptiYc l't'ports to accomJ!any hi,; hydrographic sl1ccts. TLesoc 
reports gin~ full !let nil,; of thP hydrr~gr;qlli ic cliaracfl•ristics ol the localitie,; uuder l'lllTP.Y, improYe
ment,s, resources, aml means of communication. 

Em;ign A. C. Almy. C. S. N., was v.ttached to the p1uty tluongl10ut the scasou. 
The statistics are: 

IJ:nlrograpl1y: 
Number of miles (geographical) run while ~ounding _................. 1, ~61; 
N'umller of augles meastue1l .. _. __ - ... _ ....... _ ..... _........ . . . . . . . . u: :;;);) 
Xumher of soundings ............... _._ ............ -................. 23,22() 

In ~Jarell, 188!.J, im;trnctions were recein:d from tl1e Superiutendeut to resume li.nlrograpl1ic 
operations from the limits of work of the preceding: ;.;eason at as early a date as practicaule, aml 011 

the 11th of l\IaJ· the EarneM mt~ taken to Eagle Ilarhor, Uypn•ss Islan!L 1rhere, on :Ma;r :!O. work 
was lJegnu of the hydrogmphie sheet of Hosario Strait, aud was in progress at the close ot till' 

fiscal ;rear. 
On ,June 13, Lieut. .J. X. Jordan, U, S. X., report('d for duty on the Earnest, and on the Hith 

Lieuteuant :Mayo. having been detached, Lieutenaut Jordan was as14igw•d to thP com1m1ml of thf' 
Yessd and the charge of the hydrograph~-. Ile reporti:; that the Hosario Strait work ha:,; to pro
ceed sloY>ly ou accon11t of the extraonlinar_y tidal currents that flow through the Strait to and from 
the Gn1f of Georgia arnl the Straits of Fuca. Tim part of the Strait heing open to the Gulf of · 
Georgia, the northerly "·inds from this Gulf soon make such a sea tllat tile boats "·ere forced to 
seek shelter. 

'ride gauges were established at Allan Island, Chuckaunt Hay, -Ctsalatly, anu Eagle Ha!Jor·, 
Cypress 1slam1. These g-anges wel'e each ob.servetl dn.\' and nig-ht for a luuar month. 

Ensign F. K. Hill, r. S. S., was attached to the party u1Hler the command of Lieutenant 
Jordan. 

For the work of 1889, up to .Juno 30, the followiug statistics are reported (l'.icale of hydrog. 
rapby 1-20000): 

Smnber of miles rnn in sounding .........••..••........................ 
Number of angles measured._ ............. _ ............................. . 
N nm ber of soumliugs ..... __ ................•..... _ ... _ ................ . 

fl3!) 
;>, 1 :)8 

](), 1140 

Triangnlalion and topography of tlie Gu(l <~!° Gwrgia, including Lum mi, Birch, a11r7 ,..;emi nli
moo Bays.-The triangulation aull shore-line resnn-e~· of tlw Gulf of Georgfa and tLe lm.ys col1-
1tecting with it hy tlie party, ill charge of Assistant .T. .r. Gilbert," hich was meutioued in tile last 
Annual Report, made good progress after the hPg'iuning of tlw fiscal ;-.·ear, the m>ather throughout 
the season being geuerally quite fa,·orahlt>. 

Mr. Gilbert established his first camp on tlie north t•n1l of J,ummi falaull, an<l after tinishing 
most of the triangulation within reach from that point he took up the topography. On Sl'ptember 
4, all work ba\·ing been (lone that could Le doue to a<lnrntage from the first camp. the party was 
transferred to Semi-ah-moo, whPre it remained till tlrn close of field operations. 

Early in October l\lr. <Hibert spent two days in making outline sketches of the shores of the 
Gulf of Georgia. These wem inked soon after arnl forwar<letl b) Assistant DaYidson. 

On October 25, after a week or two of stormy weather, further wol'k was suspentletl for the> 
season, and on the 27th t11e scow, w·hich Jiad sen·ed as a means of transportation for the part;-.·, 
was moored for the winter in ridalgo Bay. 

The triangulation executed exteuds from Orcas Island to the lJonndary hetween the Cnite(l 
States and .British Columbin. The topograph~· includes tLe shorns of Orcas Island from a point 
nearly two miles south of Point Lawrence to a point a mile and a half east of Point Doughty; all 
of Clark, Bames, 1\latia, Sucia, and Patos falands; the north end of Lmnmi Islautl from \Tillage 
Point to Lummi northeast; the main shore from Hale's Passage to the BoundafJ·, inclmling 
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Lnmmi Ga:') and ,;lonµ;lis m111 Birch Bay aml Draywu Uarhor, and that portion vf Point Uoberts 
wltid1 i.s ,;outll uf tl11: ho111H1ary. 

TlH· ;;tnristics of tlle sea.sou',; work v.·il! he iuclrnled in tllose g-i1en for th0 11scat .Year. 
During the iYi1ikr aw1 sprinp; :\Ir. I :ill1prt ilnislw(1 the inking ot' 1.J.is topogra11uical sl1eets, made 

1lnplil'<lh' tnll~iuµ;:-; of them, reYieWP<l arnl made fair copies of his computations, duplicated anll en
tere<l skf~tdH·s in his ori;:;·inal ;rnd duplicate deseription..; or stations; made a report with sketeli of 
11 i.s season's work, arn1 prcpmTtl six descripti n' reports, illt!strated with pliotogravl.ls to accompany 
!Le slwets ofliis 81trn·y. 

Ha Ying rc('ein•ll and p1ace\l a m·1Y engine in the :-;tc;ua-l:rnm·h Furn, he ·was instrnctell on ~ray 
~o, rhmngl1 Assi;;t:;!lt DaYid;;on, tn ta!;:l' np til'l•l \H>rk in tLe (inlf of Georg·ia, aml "'ashiugton 
Sonnd, aud heg«lll ar ouee to 111·pp:1n• the stParn-hrn1d1 for se1Tif't'. O!l :\fay '23 he kft Oly11111ia in 
tlie lamwh Jnr tlH' tidd, :twl J1:ffill.!.:. (•,,tahlisl1e1l :1 ca.nip on Slwal Bay arnl hrongl.it tllc sco\\· from 
Filhi1~o 1\:l~- to eamp~ lw \w~an rar\~- in Jmie :1 recon11ais;:auC'1.' oYer Blakt•1y lslarnl am1 about Ob
;-;tructioit l'ns:; and d\'<:ide<l upon a pl au of triangulation. Tlic• topographic snrYe~· was in pro12ress 
at t!H• close of tlH· fiwal ~-ear. 

On <hrne ::.i. l1aYi1Jg deter111im·tl poi11t,.; e11on;.:lt to prncl•l'd witlt the t:ipograpliy, h(· t"ok that 
up in ••1t1PT to ;.;1q1ply the shore-line and vos~tio11s of siguals to tlie Ly(lrogra11lric part.\" then at 
11·ork m·ar Oli;-;trucrion Pass. 

For th1" 11·1iol!· .n•ar tlw ,~fathtics of fit-Jd wnrk are as follows: 

Tria11!.::i1lation: 

X tun lin of :;;i~·iiat" erech'(l. __ . - . - .... - ............ - .. - ... - - - .. - . - . - . - - - . - .. 52 
StulllHT of stations occupiP1l _. _. ___ ... __ . ____ .. _. __ - . _. - .•••... _ - .. - . . . . 28 

Topograph~·: 

Xnmhn of mik:; of ,;\iore-1ille snn·e:n<l. _. ____ .,. __ ... - ........ " .... - - . - . 90 
:\nmbl'l' of lllik•,.; of shol'e-line of sloughs ... __ . _____ ........ _, _ .. _____ . - 10 
:Sum lier of rn ile;..; of roads. ___ . . ______ . _ .. ____ ... _ .... , ....... _ .... __ .. . .35 
.'l.rea oftopog·raphy in square mite;.;_ .. __ . _ .......• ____ . __ ... _ ... ___ . - . .. 33 
~umber of topographical s11eets fmishe11 . ___ .. _ .. - _. - ... - - . - - - ... - . - . - . . . 6 

SECTION XII. 

ALAl'IL\, I~CLrDIN(; THE COAST, INLETS, 80l'NDS, BAYS, HIYERS, Ac-;n TllE A.LEGTIAX ISLANDS. 
\SKETCH ::\o. 1::.) 

Tl,1rdrogmphic s111'1•eys in St1phei1s and in Clereland Pa.~saues, and ricinity au<I in Portland Canal 
and rief.11ity, ,-,·outlu·aRtcrn A laska.-Heference was made in tlte last Annual Beport to tlte oegnrniug 
of ,.;11ne~·1« in sontheastern Alaska, which li<ul been assigne1l by instructions issne<l iu the "Pring 
of 1SSS to Lieut. Cornmanller Cl1arles l\l. Thomas, l~. S. ~., Assistant Coast awl Geodetic SurYe~·, 
comma1uling the Rt<•mm·r l'attaRrm. 

The l'attcnmn left San Fraud:sco, Cal., April 7, 1888, and after a rough passage, witl1 strong 
ht'ad wind;: antl 111u1:h fog, anil·e(l at Yictoria, Britisl1 Columbia, April 1-!. 

Attad1ed to tl.t(· part,\· i11 cl.iarge of Lieuk1iant-l'ommander Thomas were the following-name•l 
ofticers: 

E!! sign .Tames IL Oil >n, C. S. X., eX<'cuti\e ofiicer awl in eharge of tidal obserrations; Ensign 
_.:\.lliert X. "\Yood, r. S. X., 11a,·igator aud in charge of asrr,rnomical and mag1w1ie ohser>atiorrn; 
E1i,;i~tt>< S.S. "\Yood, Albert 31. Beecher, John l\IeDonald, and George H. f'locum, "C. S . .X., watch 
(>tliCl'rs and on gvneral iil'id duty, a111l Pm;se\l Assistant Surgeon Robert \Vhiting, U. S. :N. 
:\I e;:srs. John l\IcHenry, rn t Pd as paymaster'" yeoman, and IIarr,y L. Ford, rnted as waster-at-arms, 
were employed as draughtsmen. 

On .April L} the Patterson steamed to Port Townsend, \Yash., where telegraphic comparisons 
were ol1tai1w•l with the :::>iaval Ooservatory at :Mare Island, California, for a final rating of chro
uometers. After gt'tting signal lumber on hoard, aml coaliug at Departure Bay, tl.!e Patto·s<>ti went 



 

TJXITED STATES COAST AXD GEODETIC SURYE1. 79 

to Port Simp;,;on, British Columbia, where the steam lauucli Co.1mo8 was put afloat. arnl \1Leu· the 
astronomer of the party wa:; left with chrouometern a111l instnuueu ts to get obse1Tatioll::i fu1· ti int·. 

Tlie Patter8o!l then procee<led to tlrn working ground ia tl1e Yil:inity of Ste11lwus Pas.-'.q.ce, 
antl on April :!I reacl1etl Taku Harl)()r, a well k110\Yll aml secure a11el1orage. Tidal oh:-st·rYaliuus 
were hegnn thl' 11ext day, aud ou tlie ;rntll the astro110mer aniq_:d from Port ::5irn11soa i1; tlit· 

Cosmos. 
A reco:maissance for a suitalJ!e h:i;.;e line \\as then l.wgnu, and both shores of SteplH:Jb l';i'!· 

s:ige h:i\"ing lweu tltol'oughly examined witlwut finding um', Liet1tl·11:rnt.Com111a11de1· TLornas \\"a.' 
forced to decide upou a trial of win· nwasnremeut on·r 1YaU'r. 

The place seleded was bet\\'ee11 two small isla1Hb Dlt the westc·r11 sl.wre of Stc'pltl'Jt:< l\1,s;1gL', 
m~arl~ opposite thL· eutra11ct• tu Lime:<t•>:ie Inlet. 1h·t1n·e1i signal,.; establi,;Lt(.·tl nu tltt::"c bhw<l.' :ite 
"-ire 1Yas strdd1etl, an1l at'tt:r l\Yo pn·limiuary measnn•mcub had l1f'ell rna11e, wiiid11n·n·11n1 \Y]1olly 

satbfact1JTy ou aeeonnt of defects in tlle metlim1s of snpp01 ting tlit• >l'in· u1·er \1-ater. <t tl1iu1 u1eas-
11remPut \Y;t,; iwt1le, using all tile hoats of tl1e shi11 as :,;uppurt:;. Tliis plan \\'as (kHu1•cl tlll' 1!10.,; 

sneces,.;fnl, all of the co:Hliti<l!ls hf'ing fan>ralik, aml tlt(: rPsuJr of tliis tltird tm·a~ureme11t .. 3.S7,J.U7 
metres) 1rns adopted as the le11gtl1 of tile base. 

Lienteuaut-Commauder Thomas gi1-es a 1le::;cripti011 of tlie rnl'tltod, as folJmy,;: 
"I<'onr pnlliugl..loats and two skiff,;, Hix in all, were i1rL>pare'l a,; supports for tlw wirr: 11~ t•Ltcrng 

upright stanchions in the uow and stern of ern.:11 uoat, with a ronrnlcd cross-pi(•ce het 1n•c•1J tl1l't11.11la1"·d 
smooth arnl santl·papercd, so as to offer as little friction as possible to the wire. TLe gig >nb U~l·d 
as a ilag-boa:-, Ensign S.S. ,\-1Hhl in charge, a!Jfmt midway lietween the statiolls, a1H1 \\as b'p'. ;u 
position on the line l.Jet1Yeeu staticms liy tl.te nse uf the sextant and l.Joat-sheet; the oilier bo«b ,., l'te 
spaced a;:; nearly as possible :it Pqnal interrnls apart, and kf·11t this alignnH'llt lly I'<Hlf!in;: c•1: tl.Jc 
flag.l..loat aud farther signal. Ensign BeechPr larnlPtl at Kortli Hase SUttiou wit!J on" c•m1 ot tlic 
wire, reel, and spriug.lJalance scales. Ensign OliHr, in the stl'am·lanueh ri.1e11, 1yitl1 thP other n·l·l 
then steamed slowJJ- toward:; S0tltil Base, au<l upon passing each boat pLic, d the 1;·ire oYer the fore 
aml aft cross-piccC', and 011 arriYiug at the station tlw reel wacl placed in positiou \"l'ith axis on·r tl1l' 
centre mark, and en:•rytlling gotten ready for beaYiug taut the 1Yire. 

"These preparations were made o>er an hour before the turn of tlte tide, aud at slack-water the 
1'ig11al was gi>en from the 1'i.rcn's whistle to he;n-e taut the wire, the reel at Son th Ba,,;e hein~· liepl 
rigid an<l the crank-ban(lle of the one at North Base being turned until the \\ire was taut, a111l a 
Jlressure of thirty pounds put upon it, as silown by the scales." 

The employment of boats as supports for the 11'ire, Lientena11t-Comma11der Tltomas ohse1"\es, 
is unquestionalily the liest plan that can be nsetl for base measnrrments under tlrn peculiar eomli
tious of the Alai;kan surve~·, aml by following this plau he olitaiued gratif;ying results in all future 
base measurement:::. 

Dy astronomical olJsernttious North Base station was fonml to lie ia Li ti tu de 57° 5\J' ;;;)11 .8 
north, and in longitude 8h 5{jm 17•.G west. of GreemYicb. The lougitnde of Cape Fansha\Y was, as 

· follows from tlle mean of two determirmtious agreeing closely made in 18::l7 anLl 1888, Sh .Jc!'" rn• 
west of Greenwich. 

A self-registering tide-gauge was put up :May 1 at Takn Harlior, <UHl cun-es of rrcortl ohtaiIH><l 
during a lunar month. These eur,·es agreed remarkably well with tltose ii.lotted from tlie rt·adings 
of the tide-staff. The mean rise and fall of the tides was fomHl to be 1:{.82 feet. 

The following harlior-sheets were plotted from the general wol'k falling upon the projection·Sht'E't 
of Stephens Passage and Yicinit.>: Taku llarlior, scale 1-5000; Limestone Inlet, scale 1-500{); Port 
Suettisham, scale 1-30000, antl OliYer Inlet, scale 1-10000. 

W'"ith regard to these localities, their relation to Stephens Passage, their approacltes, etc., 
Lieutenant-Commander Thoma;; gi\'es full l.letails in his report, bnt space is a >ailalile here for only 
a few extracts: 

"Takn Harbor is situated on the eastern shore of Stephens Passage, three miles to the south
ward and eastward of Grand Island, and twenty miles from the tliridng miuing town of Juneau. 
It is a perfectly secure anchorage, an<l the best harbor of refuge l.Jetween Portage Bay (Frederick 
Sound) aud Juneau, and is free from hidden dangers. 
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"Limestone Inlet is sitnaterl two milei< to the son th ward of Taku Harbor am[ on tlle same shor;> 
of Stephen:;; Passage. It is not a goo<l anchorage on account of the bad l10hling gronud, arnl it is 
opl'll to the we:sterly winds S\q•eping; ae1·oss the passage. • * * 'J'akiug into consider;ltion tlle 
proximity of the excellent a11d10rage afforded in 'l'alrn llarbor, Yessels will seldom llave occasio!l 
h> :"l'ek :,;heltl'r in Limestone Inlet. 

• • • 
·· Oliwr Inlet is sitnatPc.l 011 the 11orthern end of Glass Peninsula and empties into the western 

hrnnch of :Stephens Passage. It is aecetisible only to titeam launches and smaller boats at high 
water, the narro\\ entrance being barred at low water hy a nattual dam formed by a nest of rocks 
m·er which tl1e walt'r tlow;.; lik<' a miniatttre miter-fall <lnring the latter part of the ellh tide. Un 
thL' tnp of hig·h vrnter sn1all 1·rsseb 1lra wing uot on'r tiix feet can pass with safety . 

.. .. .. .. 
'·There is a pnrta;,:;e of abont 01w-half mile in length connecting OliYer Inlet with Seymour 

Canal, :uHl 011 tl1is portage· tlw 1111.liall8 lrn1e placetl skid::;, after the fa:,;llion of laying railroad Hes, 
for conn•1iie11ef• in liauling tl1('ir c:rnoes. By means of tllis short portage tlle Indians li:we direct 
C()lllll!nuication ilt•tween Frederick Son11d a11tl ,J111wau by w:1y of 8e,ymo11r Canal, the portage, 
Oli,·tr Inlet, and Gastiuean Channel, thus aYOilling the large 01wn water of Stephens Passage, 
ex<'ept the short run acros~ the passage between the iulet awl Ga>'tineau Channel. 

'· Ol1wr 111let will have 110 other practical use thau that just described for thB convellience of 
the 1111lians or for 111iuing prospectur::; utiing canoes. 

"Pod Sndfr,Jiam is a larg·e T-shapecl bay on the Pastern shorn of Step11ens Passage and ten 
miles soutll of Gra11d l;,;larn1, co11sisting of the main cut ranee a11ll the north am1 south arms. The 
former is four miles loug and from one to one a!l(l a half mile8 in wi!lt!J; the north arm is ei15ht 
miles i11 lrng'th aml Yarif's in wi<ltb from one an<l a half miles to half a mile; tlrn south arm is four 
milPs i11 luigth an1l in wi1lth Yaries from one and a half miles to one mile. TlJi,; lal'ge IJay is clear 
of hi<ltlen daug1'rs, but is nusuitaliie as a liarhor of refuge on acconnt of the great tlepth of water, 
the only foasible aachorages being found at the head of eitlwr arm in twenty fathoms of water 
closti to the lfatti, which are bare at low water, and at distances from t11c eutrauce of eight and 
twelve miles, re,;pecti \·ely." 

The }Jhotl>graphic Yiews which acc1rn1pa11y Lieutenant-Commailller Thomas's report add much 
to Hie interest with \Yhich his foll tlescriptious of the sceuery aml the hytlrograpltic ('.harncteri1:<tics 
of the loeali ties 11rnler smTey are rea1l. 

Ou ,June 21, !Ja\·iug cornplete<1 tile snn·ey of Port Snf'ttisham, he shifted position to Holkam 
Bay, and anchored iu twenty-li,·e fathoms of water with poor hohliug grouud, so he kept the 
steamer under banked fires ever.Y uight, proceeding· witb her each morning at G o'clock to the 
tid•l, dropping the launches a!" nearly as pos>'ible on the completed sounding of the lines of the day 
l.wfore, picking them up again at 7 p. m., and returning to the anchorage for the nigllt, thus 
economizing Yaluable time, anti e111tbli11g him to finish the triangnlation, topography, and hydro· 
grnphy at thl' same placl', abrem•t the 11orthern point of entrance to Holkam Bay. 

Lieutenant Curnmauder Thomas olmerves tliat the flootl tide enters Stephens Passage from 
l''rederick Souwl aud !lows to the 11orth\Yar1l; it eIJters also from Chatham Strait through Saginaw 
Channel into the WPstt:rn liranC"h of tlrn passage, setting to the eastward, and meeting in tlie 
vicinity of Point Arden, awl as far south as Gra1Hl Island. The action of the elJb is the re\'erse 
of that of the flood. 

8trong tirle rips were observed at the entrances to Port SIJettisham aml Holkam Bay. 
011 Jnne :?6, in accordance with instructions receiYed rluring the latter part of May, Lieutenant· 

<Jommander Tllomas closed hydrographic operatiou8 in Slepllens l'assage and vicinitJ, and 011 

June 30 left Juueau for Port Simpson, British Columbia, in order to prepare for a general sun .. ey 
of Portland Canal, "'ales Passag·e, and Pearse Channel. TlleRe surveys have been askecl for by 
the De1mrtment of State, in Yiew of their bearing upon the location of the boundary lirre between 
.Alaska and British Columbia. 

On Jul;v 3, 1888, lun-ing reachecl tlte working ground, he begun the construction of signals, 
and in the Cosmos made a 1)ersonal reconnaissance of Portland Inlet, \Vales Passage, and Pearse 
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Channel for suitahlP anchorage:> for the Pattason, and also for localities for a shore base Jim•. No 
site on :;hore for a lmse could he found, so resort was made to the method alrea<ly tri<••l with suc
cess, of wire measurement o\·er water. Por this purpu.~u a .~ite wa.~ selecte1l Oll the suut!rn,1ste1·11 
ellll of l'eatse Island between two points, making a long shallow hight in the 8hor(•-liue. wliid1 
afforded a base of about three miles ill leugth, from which could be deYclopl•d wdl·e•HHlitilllw11 
triaiigles for the triangulation. 

On July :i the Patter8on 8hifted auchorage frulll Point Simpson to Sorm·nillt·· Bay, aml 11ext 
day erected tlJe tide-staff awl estalJlislrn11 a sdf-regi,.;tering ti1le gauge for a ltmar montli. Tide. 
staffs were also ereeteu during the remaiwler of tlw season at the following anchorages of thP 
steamer: Hali hut Bay, connected with Sullivan Bay; Forffs Cove and \Yinter Harhor, connl'ctell 
with Halibut Bay. 

Astrouoruical stations were Pstablis!ted at the head of Portland Canal. at the south eutl of 
Pearse Isla111l, aud at the rig4t eutrauce to Halibut Bay, aud at each of these stati')H8 ob,;crnltio11s 
were made for the magnetic deeliuation. 

Ou August 1 the slu\·ey of Portland Inlet and tlie triangulation of tlte northern part of 
Pearse Cl1a1rne1 haviug beeu cornplete1l, the Patterson shifted her anchorage to Ilalihut Ba5· in 
Portland Caual, and from thi8 anchorage work wa,; prosecuted till August rn. wheu a point haY· 
ing beerf reaclte1.l ahout tweln~ miles to the north\l'ard of Halibut Ba.\·, tlte anchorage was again 
shifted to Font's CO\·e, twenty-seven miles fnrther up the Canal. Un S1•pU•mher:: the steamer left 
For!l's Cove for the ht>ad of the Canal and anchored near the fiats at the mouth of Bear Hin'r. 011 
September 1 ~1, lmYing completed the Stlr\'ey of Porthrnd Canal, Lieutenant-Commander Tlwnrns 
left his anehorage at its head for hi,.; final a11cl10rage during the season at \Yinter Harbor, condud
ing his work b~· survey" of l'ear,;e Cha11nd, \\'ales Passage, I•'illmore, 'Villard, and Hidden Inlet/-\ 
anc11'ougass Pass. 

The total lengtlt of Portland Canal from it;; month; abreast of ltamsden Point, to the Bear 
Hiver Hats is sixty nautical miles. 

"\-Yinter llarboris situated at the southern end of Pearse bland, running parallel with ·wales 
l'agsage, and opening 011t into Pearse Channel. It i~ a long nm-rmY inlet, thoroughly proteetl'd 
and offers the safest ancliorage found by Lieutenant-Commamler Thomas in Alaskan watpr,,;. 

Portland Inlet and 1~ortla11d Canal are free from all hiducn dangers, aud the naYigation of 
these watcri:i ii:i perfectly simple if a Ye.;;scl keeps au ordimtry di;;tancc from the shore-line. The 
numerous outlyiug· islets and detached rocks are close in-shore and am well imlicatctl npon tl1t, 
chart. 

Pearse CIJaunel, from its juuctilm with Portlaud Canal to \Yales Passage, is clear t<_, naviga
tion, but south of this point to the end of the Channel near' its junction \l'ith Tongass Pa)is it is 
foul ground. aud the ruost ordinary prmlence wonlcl forbid its attempted n~n·igatinn. 

W"ales Passage, dividing ''7 a.les from Pearse Islarnl, is allsolutL'l,Y free from hi1ltlc11 dangers. 
During the winter mouths, the 11ort!t winds drawing 1lown Portland Canal aud Obsc1Tatory 

Inlet, like huge funnels, blow with great violence through Portlantl Inlet, rendering the crossing 
of Dixon Entrance at this point a hazardous undertaking, except to the staunchest steamers. 

On October 14, Lieutenant-Commander Thomas h:wing ccmpletcd the snrw\\'S called for in his 
instructions, left for Port Simpson, and from tlience proceeded to S<tn Francisco b.r way of Dt•
parture Bay, Port Tow11seml arnl Victoria, British Columbia, arriving at Sau Francisco :Xovem
ber 2. 

The completion of these important sun'ep; was cluly communicated to the Seeretary of State. 
In closing liis Yery comprehensive report, from which tlie extracts here made present hut a 

condensed abstract, J,ieutenaut-Commander 'rhomas expresses his t.horough satisfactioll with the 
manuer in which eHry mcm her of his part;\' fttlfilled the dnt.ies assigueil to him. Por the fine set 
of photographs submitted with his reconls he Wits indebted to Eusiga S.S. "'ood an!l :\lr. Johu 
J\foH en r,y. 

The results of the season's work in l'ortlaml Inlet, Portland Canal. Pearse Ollannel a1111 ,-iciuity, 
are showu upon four hytlrogr:tphic sheets on sc,1les ranging from l-5000 to 1-8000, and upon 
twelrn sllore-line or topographie sheets on scales of from 1-5000 to 1-80000. 

II. Ex. 55--6 
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For the entin' season, from April 7 to So>emlJer 2, 1888, the followingi:; an abstract of the 
stati~tics rPpnrtP1l : 

Triangulation: 
Xnmb!.•r of "tati011:4 oe1mpiei1 with th1•o!lolite...... . . . . . . . . . . • . . . . . . . . . . 625 

Topog:r.tph,,-: 
c\.pprnximate area 11f tl1e cou11[ry "11rn·yed in ::;qua re miles 
Xnml.ier of miles of shore line sun·eyl~ll ............... . 

II,n1 mgra p li y : 

Ju, mm 

J, O.J5 
GGl 

Xnmber <if mili•s rnn in s1nrnding........ .. . . . . . . . . . . . . . . . . . . . . . . . . . • . L 407 
Sttrlll>\·r of augles oliseneil ........................................ 10, 087 
="11111 bl'!' of SOllllllillg",..;.... . • • • • . . . • . • • . . • . • • • • • • • • • . • • . . • •••..•.•.••. 

X11mlie1· or ;,;peeilllellS of bottom o\Jtailll'd ' ....... ' ..... ~- ............ . 
Su1uber ut' olJ"en«ttioas ol' ctttTeut:- .......................... . 

A:-;tro11omical \1·or:,: 
Snmlwr of statiou.s occupied for ob:Sernttiuns of lougitnde ............ . 
Sumber of ,.;t;1tirrns oi~r'.upil'<l for obsetTatious uf ;1zim1tth .............. . 
Xnmlier of tStatious occnpieil for oh,;en-.ttions of latitude, loug:itu1le, and 

azimuth ...... _. _ ............. _. _ ....... -- .. _ ...... : . ............ . 
Xnmher of 11ig·hts wlien ohserTation.s for btitnde Wl're made ....... - .. _. 
Sum her of pairs of star;: ohsi•rn•tl for latitn1le .. _ ..................... . 
::<nm lier of azimntlts ohsern·d .......................... _ .... _ ...... . 

:\Iagnetic \HH k: 
X tllll lwr of magnetic 8tations occupie11 .......... - ... - ................ -
Xlllulier o_!' .~ets of ollscn-atiom; for det:liuation ... _ ........ _ .... - .. - ... . 
Xnmher of sPts of oliscnations for dip ................... _ ........... . 
Xnmber of set,;; of ohsen·ations of 1letlc1·: ion ........ _ .. . 
Number of sets of obsern1tio11s of osciliatio11 ........ . 

G, ~':Jc! 
51 
38 

·1 

3 
rn 

174 
~1 

16 
7 
6 
6 

Duri11;.:· the winter, Lientenant-Uommailder Tl10mas was occupied iu San Francisco with his 
ofticp work, a1Hl 011 April 1 was 1letaclte1l from the co 11nna111l of the Patte1·son and ordered to 
spe<..:ial dnty at the Oflice of the Snrny in \Vashington. On Jnly 1 he was directed to assume 
tlH1 iluties of H,rdrographic Inspector of the Suryey, relieYing Lieut. Oomma111ler \V. H. Brownson, 
!'. s. x. 

In the spring of 1889 Lieut. H.B. )lansfield, U.S. X., Assistant Com;t and GrocIPtic Snn·py, an 
expl'rienced nnd skillful h,\·1lrograplwr, was assigned to the command of the Pa.tterson, with instrne
tiou;; to re,;1une the sun·eys in southea,;;tem Alask;i in Stephens Passage and neighboring waters. 

ILl\'iug1Pt't San Francisco Apl'il 10, awl m;ule the usual stoppings at Port Townsend, Victoria, 
Departure Ba~·, aml Port Simpso11, he arrin••l on the 2itb of the mouth in Clm·ela11<l Passage, a 
brancl1 of StC'phcus P,1.,;;;age, from which it is separated hy '\Yhitney falau<l. A tide-gauge was at 
once put up. astr0110mi(:<tl oliservatious begun at Cape Faushaw, a base line measured, and signals 
for tl1e trianglllatlun t•rel'..ted. From lhis time the survey was ::;teadiiy prose<.;nt<:tl till the close of 
the fi,~cal ~·ear, at which dak the triauguLttion hail co\·erecl an area estimated as of about four· 
hnudn•fl sq11;1re mile=-, tlw shm't'-lit1t~ snrrnys a111l h,ydrogra.p!Jy keeping pace wirh it. 

ThP 8tatistic,; of this work, whicll \\B in acti rn progres:> June 30, 1889, will be given with the 
fuller state11wnt in reg-anl to it ia the 1w.xt .Amma1 Rc.>port. 

Serdt'L' assigned to LiPntcuaut :\fan,.;tield earlier in the fiscal ~·ear wl1ile in command of the 
steanwr 1Jr1sRlcr is adYcrte<l t<J nuder llca<iiugs in Section X. 

Tidal rec11nl continued at the 1wfo;1111tio ti1lal .~tr1tio11 at 81. l'rwl, l((uliak Islmitl, ,tlaskn.-The auto· 
matic ti1lal sr:itiou ar St. Paul1 K<H1iak l,.;lantl, Absk:i, has been ccmtiuueil under tJrn supervision 
of Assistant Georg-e DaYidsou, with )fr. Frcll. Sargent, tidal ohsencr, in immpdiare cbargf\. 

'Vhc11en'l' practicah!P, :\[r. DaYi•bon has se1·ureil tl11• spn·ices of offirt'rs of the N iwy and of the. 
Re,·euuc :\lariue to exami11e the conilitwn of tlie clo<'k and apparatns. Jn l~tl!) Lieut. John Uaut-
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well, of the Revenue }larine, carried a leYeling instrument from C nahlska to Ka!liak, and le\-ele l 
oetween the staff <llHl the heuch-marks. He reported the conneetiou good. Them lrnd been a 
cltange of wlrnrf and a 11eces~1ar:( change iu the po::;ition of tile title-gauge. .:\Ir. J>1n-i1bon ha~ ex
amiueu all the sheets auJ t<thulations as they have reached S;rn Praucisco, and has forwarded them 
to the Cffice. 

Dui'ing the winter there is HO comnHlll icatiou with this station. The S1un·y is in1khte1l to 
the Alaska Commercial C1Jrupany for facilities :ttforded in the trausmission of records au\l letters 
each waJ. 

Collection of data for the Coast Pilot in southeastern Alaska and estriblislunent of a tidal station 
at Unal<lska.-In pursirnnce of the Ullt~- assigne1l to Lilmt. Comm:ltHler II. E. Xichols. L". S. X., 
Assistant Coast awl Geodetic Snn·t•y, in the collecriou of material and the preparatiou for puhli
catiou of a new etlitiou of tlie Coa,;t Pilot or Ala,.;ka, he WclS iastrncted early in Se}Jtemher, 1888, 
to prm;ee(l to ::;outl1easlern AIRska and obtain frolll the pilots atHl others familiar with tlH' \·;arer,; 
of that coast dtlta th:tt woulU 1.Je useful iu regard to steamer rontes, chauuels, aml otln·r matters 
relat1•1l to the work in hand. 

He was au:>eut from San Francisco on this service till Octol>n 19, allll on 11is return t uok up 
the preparation of manuscript for the Alaska Coast Piiot. 

In Jlay, 1880, in accorlla1we with instructions, he made arrangements for h:1Yiug a statf-gauw· 
set up at Unalaska, aml the height>:; aml times of high aud low water ou,;erwd !Lly ac(l uight a.-; 
continnonsl~- a,; possible for uinety dc15·s, bcginniug about .June L 1~6\1. By permissi•m of tile 
Alaska Commercial Cornp<W,Y the tide-staff was located at their ~Yharf in l'nalaska. 

Prcliminarp 81ll'!'C.IJ uf tlw frontier I ine betirt:en A.la:ska and Briti1>h Colum/Jin.-HefPrence more itt 
th~tail wili he made undet· tlle heading " 8pecial Operatiout-<,'' towanls tlw eml of Part II of this 
Yolnme, to the assigmm~nt of Assistant J. E. :\IcGratlt aud Suha::;sistaut ,J. H. Tnruer to tlie charge 
of the preliminary snn·eys undertaken at the instauc<> of tht' State Departmeut for a IH'O\'isinaal 
ddermination of the froutier line between Alaska atlll Britisll Columbia along the one lmud n•il 
and forty-first meridian of west longitude, at or near wllert> it cros::;es the Ynkon .Ri\·er. 

The parties in charge of these officers, haYiug been organized at Sau Frauci~co iu the wint!'r 
aud spring of 1SS9, autl tltted out for au al.Jsence of perhaps two years in Alaska, left the alioni
named port June 15, and on the ~ltl.t of ,Tune arrirnd at Iliuliuk Harbor, uualaskct Island. 

SECTION XIII. 

KENTUCKY AND TENNESSEE. (SKETCHES Nos. 1, G, 1:>. 17, >wd 1~.) 

Geodetic lei·eling,fr1>1n near Cairo, Ill., acrMs uiestern l\.entucky a.nd Tennes8ee.-Heference will b<' 

made under a heading iu Section XlV to the line of geodetic le\-eliug rnu from a poiut uorth of 
Cairo to the southward througl1 western Keatncky aml Tennessee, b,v Suhassistaut faaac \Yim;ton, 
in the autumn antl winter of 188'-'89, this line being intended ultimi1tcl,\ to form a check corrnec
tion between points on th.e line of transcouti nental Ie-veling near the thirty-ninth parallel and points 
on the Gulf of ~Iexico. 

Occupation of stations for connecting the trianyulution of the State '!f Ti:nnt:sMe 1rith the primary 
triangulation in northern Georgia.·--Tlle tl'iaugulation for the extension of geotletic operations in 
the State of Tennessee, and t!Je connection of the snrvey iu that StatP witll the triangulation ir1 
northern Georgia an<l A.lalrnma. was adnmced in the summerarnl autumn of 1888 by Prof . .A.H. 
Bnehauau, A.ctiug Assistant; who w~ts in camp with his party at Ha.rvey Station, Tennessee, on 
July 1 of that ~-ear. 

Upon completing obsen·ations of horizontal and ,-ertfral angles at Harvey Station, Professor 
Buchanan transferred hi~ party to :-1tatiou High Point, a hill iu northwestern Georgia distaHt fif. 
teen miles in a sontl1 westerl_y directiuu from Chattauooga, Te nu., and haying all eJeyation •Jt' ~,.10:..1 
feet. Berweeu July 23 and .Augast 17 obsen·atio11,;; at High Poiut were finished, aud arrauge
ments were made for the occupation of Cohutta :\fonntain, 4,162 feet high, in the uorthea,:;tern part 
of the State of Georgia, and iL\Jotlt forty.ft \'e miles lltte east (nearly) from Righ Point. ·work at 
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ColrntL1 was fiui;,heu SeptcmLer 2i, aml in acconlance with inl"trnctions, P1ofessor Buclianan 
closed Dpl'rations for the seas011. 

lt li:ul been iuternletl tl!at he slionld resnnw field-1rnrk at tlie opening nt tl1e 1<easou in 18"\!.l, 
but, nwi11g to a lack of Jurnls, i11structio11i-; wNe nl'cessarily delayed till near tl!e close of tile fiscal 
;year 

Oee1tpalion r~f a station i11 Te;rnes,~ce for mag11etie detenninations.-Uue or tlle stations occupit>!l 
by At:1::;istaut .Jame;; JL Baylor, in the course of the magnetic tom assigned to him hy instructions 
dated early i11 ,Jnly, lSSS, was at Xashville, Te1111. 

There liatl het:n a m1g1wtic station at Xasl!\·ille iu 18ii, at the Yauderhilt l"1lii'CI!'it~·, buttliis 
beiug no longer availahk, ;t new station was selected but a few feet from tl1e formt·r one. Tlw 
new station 'rn" occupi•~tl Angust 6, 7, and 8, llie mag-Belie 1lecliuatiuu, dip, aml iuteusity bei1.1,g 
determined o:t two days, awl the trne north lly obsenati011s of tlie sun on one day. 

Otlwr mag,1ietic statiom; occupietl by nlr. Baylor are refei'red to under he<Hlings in Sections 
YIU. IX, .\.l\·, X\·, and XYl. 

SECTION XIV. 

U!IlO, l:'\JJl.\.~A, lLLl:\<)l~. MICHIG . .\X, AXD \YISCO:\SIN. (SKETCHES Xos. 1, 14, [;), 17' and ltl,) 

!Jdenni1rntions o( the uiaynetie e/P.ment~ at i;tations in Ohio, Indiana, Illinois, and lrisronsin -Tile 
regular iieltl cleterminatious of tile magnetic eleuwuts WPre resumell h,\· Assistant Jas. JJ. Baylur 
under in.~tructiom; 1Lltecl early in July, 1888. The stat1011s to he occupietl were distribntPd 
tlmmglwut tlH• State-: ht>twe1-m thP Alleg,hauies and tlie :.\Ii,;si;;sippi mnr; between tlle l\lississippi 
aml tlw U1Jcky '.\Ion11tai11s, a111l those bl)r1leri11g on the Gulf l'o:tst. 

At ClPvdant!, Ohio, the station of 1880 was re-1}ccupied, aull the magnetic decliuation, dip, and 
iutl'11sity 1letera1ined 011 .July '..!:3 an1l ~4. ror the trne nortli, the meridiau line established iu 18il 
by Ati:si:sta11t Edwanl Gon!lfrll•rn- in tl1e :Marine Hospital Gronmb was u1;ed . 

. \t Cinei11uati, Ohio, it was founll that the station of 1880 could 11ot be usetl on account of some 
ohstnH·tlou~~; a new station was therefore selected a few feet from it, aud occupietl ,J nly 30 and 
~H. awl August I. The magnetic elenwnts were detprminetl hy ohsen·ations on two tlays, ancl the 
1ine of trne north hr ohsen·atio11s of the sun on 011e <ht~·. 

A.t 'J1prrt~ HantP, Ind., the "Bache Fuud" .~tation of 187-1, which was tlit>n established in a 
Helil in -the prolongation of Fourth Stred, h:ul been built upon; he11ce, a ue'" ;;tation was selected 
atHl lmiatc1l iu an open lot one s11uare from the o!tl station. Two da:vs wcrn oc<;upied for the deter
mination of tl!e magnetic elements and one day for obsen·ations of azimuth on the sun. 

August 1.;, ::\Ir. Baylor left Terre Ha nil', <tll\l 011 his arri,·al at Chicago 011 the next tla_y et:1tablisbell 
a ;;ra1io:1 in the grounds of the old Cbic,1go Uni\·er.~ity, as near tile station occupied by Dr. Tliorpe 
iu 1878 as the clmngetl sn1·1·,rn11di11gs 'nrnltl admit. Ohsen'atious were made at Chicago August 
17, 18, antl lfl; twu 1la.'·" fnr tlw magnetic elenwnts and otw tla~· for line of true nort11. 

At ~lilwanket', \Yi;;., the L:1k1.• Survey st;ltio11>; of 185!) antl 1873 were found to be no longer 
available on account of the erectio11 of new buildings, an.I a 1ww l':tation was sclecte1! near the 
Nortl1 1'11i11t Light Hou-;e in the northea,,;t1Jrn ;;ulmrb,; of the cit,\·. The true north was establishe1( 
b~· ob::;ervations of the snn 011 one 1Lff. and the Yalne,:; of the magnetic elements on two da_yl', 
August 23 to 25 iuclnsin~. 

At :'rfa1fow11, \Vis., I h1•, Uni\'Crsity Farm st;ition was re«>ccupietl .August :10 and :H, the mag. 
netic dt•clluatitrn, dip, awl inten,ity hPinl:" 1letermiued 011 one tl,1y, and the trae north on one day. 

Othl'r statio11s occupietl hy Mr. lfaylor ar~ referred to 11n<ler headings in sections VIII, IX, 
XUI, XY, :111cl X \'I. 

Rcco11nr1iss•11tr:•' 11•1:1 bnilrli1u1 r~l si,17nnls in connection irith the transcontinental triangulation in 
Ohio and /wli1111a.-ln.,;;trnctions gii·en to Assi,.,;ta11t George A. Fairiieltl directed him to take the 
field as t:10,m after .Tt1l,\· l, (,;,;-;;;,a.,; pmctie,ihle, and buihl tlie ;;iguals uceded to establish a connec
tiou between the triangulation near the thirty-uinth parallel which h<trl adn,nced westward in 
chal.'ge of Assistant '.\losm:rn in OJ1io and K~n tncky, a11d that a1h'anci11.{ to the eastward under his 
own directiou in Iwli<rna. Also to make the recoun,tissauce necessary to connect the triangulation 
.of that St,1te with both tile north and south lines of the tra11scontine11tal work. 



 

U~ITED STATES COAST A:XD GEODETIC SURVEY. 85 

l\lr. E. E. Torre_\·, :\Ir. P<lirfit>ld'" foreman and signal-bnilder, ha>ing reported to him 011 July 
2, plans were made for a signal one hmulred awl fifty-two fe(•t in height to be erected at on" of the 
statious. )Ir. Torrey then 111·ocee<led to station Ston·, Switzerlau .. ~ County; ImL awl he;.::inning 
work immediatel.v after hiB arrinll~ completed a signal at tliat point sixty-eight fret hi;:·], ou the 
HJth instant. 

In the meal! time, :\fr. Fairfield had or,lered lumber for the high sig;nal at Green srntiuu, .Jen· 
ning~ Uount.1, awl :\Ir \Y. n. F';1irtield, attacht>tl to the part:• as extrn obsE'n·er, left Bost·m for 
lutliana July 12, to make the neepsi:mry arrangements for pntting it up 

On the 2.Jth in,.;tant Assistant Fairli1•l<l arri,·e1l at :Xort!1 1·ernou, Ind., which place he Iia1I se
lected as his heatlqnarters foe the season, it being near thl• center of the work. and at tlte,iunction 
of se,-eral railroads. 

'I' lie lumber for tile higli signal, two car-loads containing more tllau sixti:'r"n thonsa1ul feet, was 
·"omewhat delayetl iu its arrival, lrnt was al! Oll the gronll<l at Green station .July :!4. The huil<l· 
iug of this sign<tl was begnn at once, and wa-; tinisheil Allg-nst 14. Its ht'ig!Jt, 011e l1u111lre1l arnl 
tifty-two feet, i,; greater than that of auy other signal LmilL liy tlie Snrn~y. 

At Stoat station, ,Jefiersoll County, a sig11al 011e lrnu1lretl aull thirty-six feet in Leight was fin· 
ii,;l!eLl by the Gtb of Septemher, delays ll~n-iug occurred owing to the 11011 arrh·al of lu111her awl tn 
heavy rains. 

Thi• other stations at which signals were erec:etl, \ritlt t[ieir respecti\·e heigll ts, 'lreri:' a>< tulloi\,; : 
At Tripp, near ~ortl1 Vernon, ,Jenning~ Ocnrnty, a sig1rnl oue hundred foet high; at Uulbertso11, 
S1,·itzerlauJ County, a signal 11ne htrnclre'l antl sixteen feet Ligh; at Heiziu station 1war Elrod, 
Itipley Co1rnty, a signal one huutll'ml aucl sixteen feet liigh, and at Patt:h station uear Sa,;\Jville, 
Brown Connty, a signal se\·enty-five feet higl1. The work of sigmtl-\rnilaiug- wa:; completed for 
the season at Patch station, :Xo\·emher 5. :\Ir. Fairfield deemed it i11a(his<1l>le to uudertake tl.H; 

eredion of any more signals tluriug the year, the weather luwing set in Yery rainy, rendering trans
portation difficult and progress slow. 

From :Xm·ember 7 until field operations were finally closed, on December HI, the part~· was \'ll
gage<l in locating a1Hl -.t'dlllO\'ing ohstruetions on the lines between the signals ;dreaily ere" tell. 
Xotwith,..t:inding the great height of the signals about one-lwH of the lines requiretl to be cleared 
of obstructions. 

The work is now in such a condition tlrnt the chiefo of the parties engaged in tile tranc<conti
nental trit1ngulation can each occnp,r three stations at the respectiYe en(ls of their lines. aud while 
this is being done the three other signals can be erected, the renrniuing seven stations c;111 then \Je 
occupietl itn<l the gap between the triangulations advancing east and west can be closed. 

During the se<tson, :\Ir. '\V. B. Fairfield m~ule the reco1111<ti.ssance neeessary to connect the tri
angulation of the State with Assistant Fairfiel1l's work on the north, antl erected small signals at 
three stations to be obser\·e1l upon from \Veed Patch station. Earthenware pyramias were put 
down three feet below the surface, <tnll temporary surface marks were left at these stations. De
scriptions of the localities accompany the report. 

The statistics of the work are: 

Reconnaissance and sigual-building-
1:'.lignal poles erected, number of_ .....................• , • • . . . . . • . . . • . . . . . . 3 
Observing tripods aud scaffolds built, imrnber of . . . . . .................. _. 7 
Observing tripods aud scaffolds built, heights of, in feet.GS, 75, HfO, llG. lHi, 13G, 15:.! 
Days occupied in opening and verifying lines 1 .f sight, num her of.._ .. _ _ _. _. < l 

During the winter and until nmw the end of the fiscal year, Assistant Fairfield was engaged 
in office work, and in Jun+>, l8~W, vrns iustrm:~ed to resume Jic;tl operatiou.-; iu Iudiaua as suo11 as 
funds became available. 

Lines of geodetic let'eling carrierl fro11i near O<iiro, Ill., tmrards the Gulf cf Jle.rico.-Cpon the 
completion of certain work of geodetic leYeliug iu tlte State of Ar~ansas, refere1h:e ttl which is 
made under a heading in Section VIII, Subassistant .Isaac \Vinstou took up, under instructions, 
the extension of the line._ of geodetic le\·eling from Cairo southward, inteuded ultimately to form 
a check connection between points on the transcontinental line of geodetic le\·eling near the 39th 
paralh•l and points on the \tulf of :\1exico. 



 

86 UNITED STATES COAST A.ND GEODETIC SURVEY. 

On October 1, 1888, ii.fr. \Vinston sent forwar<l bis party, consisting of Subassistant P. A. 
Welker, .:\Ir. F. A. Young, recorder, and two rodmen, to Cairo direct, he himself proceeding by 
way of .:\lem1lhis and ,facksou, Tenn., in order to arrange with tlrn Di,·ision Superintendent of the 
Illinois Central Railroad for the stoppage of his trains to put off and pick up the leveling parties 
while engaged in working along the Iiue of the road. Tim official referred to, l\Ir. \Y. H. Clarke, 
with the approval of Mr. C. A. Beel;:, General Superintendent, responded ,·ery liberally to 1\Ir. 
vVinston's request, gi>ing orders for the required stoppages 110t only to his passenger trains, but 
also to his freight trains, altlwugll tlrn freigllt traffic OYer the road was very heavy. To these 
gentlemen the thanks of the Snr,·ey are specially due, the labors of the party having been greatly 
facilitated hy their courtesy. 

l7pou the arrival of the party at Cairo, observations were made to determine the constants of 
geodetic tcrnls Nos. 2 and 3, aud work was then begun from bench-mark z, established by Assist· 
ant J. B. W cir in 1885, at Villa I~idge, Ill., a station ou the Illinois Central Uailroad, twelve 
miles uorth of Cairo. 

Tbe method followetl was that adopted for running the standard le\'els of the Survey, the 
forward meaRnrement being madt>, h~- one observer an1l the backward measurement by another. 
Com1mtations of the results were kept up to tlate, an,! the discrepancy 0etween the two measures 
was not allowed to exeeed firn millimetres per kilometre without remeasurement, in order to keep 
any discrepancy within the limit. 

\Vheu the liues reached Cairo, connection was made with United States bench-marks Nos. 1, 
2, and :3, established in 1876 by Gene-rat C. B. Comstock, U. S. Eugineers. Descriptions of these 
bench-marks had been famished by the Secretary of the :Mississippi Hiver Commission. 

A crnssiug of the Ohio River was made and the line coutiuued across western Kentucky to 
the vicinity of Greenfield, Tenn., where, on Januars 6, 1889, field operations were closed for the 
season, the appropriation having become exhausted. 

Permanent bench-marks, such as stones or brass bolts, secured by lead in brick walls or chim
neys, were establislted in all towns through wllich the party passed, and printed notices were 
placed near them. In count_y towns the bench-marks were established on the court-houses wher
ever it was practicable to do so. 

During the whole of the seitson it was necessary to place the instruments upon the railroad 
track at nearly every station, and the work was con.sequently much delayed b.r passing trains. 
In the latter part of December and in January delay was also caused by the necessity of cutting 
lwles tllrough the frozen crust of the ground for the tripod legs. 

l\Ir. \Vinston expresses his indebtedness to Subassistant P. A. Welker for efficient and faith
ful sen-ice, Also to l\Ir. F. A. Young, recorder, wllo served satisfactorily. 

The statistics are as follows: 

GEODE1'1C LEVELING : 

Number of permanent bench-marks establi6hed . . . .. . . . . . . . . . . . . . . . . . . . . 16 
Xumher of temporary bench-marks established. . ........... _ .. _. _. _... 10.l 
Length of doLlble line of leveling in k ilometr.•s. - _ .. - ........... _ . . . . . . 130 
EJe,·atio11;; determinell, number of. .................... _............... 120 

Conti1111ntio11 of geodetic openitions in the State of insconsi1i.-In August and September, 181i8, 
Assistant C. 0. B1rntelle, in \irtue of his assignment to the immediate supervision of the parties 
engagecl in the Stafo Surrnys, ma.lieu roeonmti8sance in the State of '\Visconsin in connection with 
Prof. J. E. Davies, Acting Assistant, who lmd special charge of geodetic operations in that State. 

This reconnaissance resulterl in renderiug dsible Lowell Rtation from Arlington, au important 
line of the triangulatiou, and in deciding the general character and positions ofa scheme of tri
ang-nlation procee(ling northwestwardl.'i from the stations of the Lake Sun-es near Lake Michi
gan to the }Jississippi Ri\·er. 

Geodetic operations in pnrsuirnce of this plan wi11 be resumed as soon as funds become 
available. 
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SECTION XV. 

MISSOURI, KANSAS, IO\YA, 1'EBRA.SKA, MIKNESOTA. Al'ID DAKOTA. (SKETCHES Nos.1,2.14. t:;,17.aml 1~.) 

Measurement of a ba8e line hi connection 1cith geodetic operation11 in tlte State of Jli1111esota.-ln 
continuation of geodetic operations in the State of )liunesota, Prof. \Y. R. Hoag ~\.cting Assistant, 
ha>ing definitely located a primary base line upon Snelling avenue in the cit,'I· of St. Paul, car
ried a line of leYels o.-er it in SeptPmber, ISSS, mal UJlOll the 21st of that month A:;sistant C. 0. 
Boutelle, in immediate charge of State Stir\·eys, took direction of the nwasnrenwnt, Professor 
Hoag assisting. The northern terminus was decided U}JOn, and an obsen·ing tripod and scaffold. 
sixt;y-four feet high, built m·er it. All preliminary obsen·ations haviug been made, the actual meas
urement was begun October 17. 

The line runs nearly north and south, its direction being less than six minutes of arc east 
of north, and its length is, at mean level of the sea, as derived from t!Je measurement by the 
observer's reduction, 8,724.6\J metres, or about five miles aud four-tenths. The secondary six-metre 
contact-slide hase apparatus was used. The bars, Nos. 3 and 4, were compared at the Office before 
beiug sent to St. l'aul. 

l\Ir. Boutelle was aided iu the measurement by thirteen :roung students of engineeriug from 
the scientific department of the State University. He reports th1tt duriug the entire period of 
measurement, wl1ich occu1}ied parts of nine days~ October 17 to 26 inclush·e, no instance occurred 
-0f a wrong moYemeut or of any delay in tlle measurement through awkwardness or carelessness. 
This he states was unprecedented in any of his previous experience. 

Snelling A\.'e1me is oue of the graded streets of the cit,y of St. Paul, and altlwugh intended 
to be straight it really curves so far to the west that it was uecessary during the measurement to 
make an offset in order to carry the apparatus over the bridge, which crosses a deep cut of the 
SL Paul and Manitoba U.ailroad. 

The southern end of the .. Axenue was not at tltat ti me graded, and was iu the condition of au 
-0rdinary countr.v road, with steep gradients. Ou this account l\fr. Boutelle remeasured the last 
one hundred and eighty bars, where many slopes had from four to the degrees of incliuatiou. ·These 
bars were measured in an opposite direction, with the slopes reversed, and the results of the two 
measurements showed a very gratifying agreement, the difference between them being about one 
millimetre. The mean temperature during the first measure was 66° Fahr., while 011 the remeasure 
it had fallen to 47,70 Fahr., thus affording a fair test of the co-efficient of expansion adopted for the 
base bars, which was 0.0000061 for each degree. 

The whole number of bars in the base was one thousanil four hundred and fifty-firn; and of 
these one hundred and eighty were remeasured, making the whole 1rnmber of bars measured sixteen 
hundred and thirty-fixe; this was done in forty-seven hours and thirty.four minutes, or at a rate 
of 3c!.'1 bars per hour. The most rapid progress made \Yas on October 23, when two humlred and 
sevenLy-nine bars were measured in six hours and thirty-four minutes, or at the rate of 42.5 bars 
per hour. 

At the close of the measurement both ends of the liue were carefolly marked. Owing to the 
depth to which frost penetmtes in Minnesota the lower marks were placed with their tops six fret 
below the surface. UYer these brick piers were laid in cement to a height of four feet, and 011 these 
were placed single blocks of Kasota stone, three feet square and two feet high, the tops of which 
came to tbe surface. Into these tops copper bolts were set, a line mark upou each indieating tile 
terminus. Side mouument.s and piers of dressed stone with the usual iuscriptio11s will be placed 
in position next season . 

.After having marked tlie ends of tlie base 1\Ir. Boutelle returned to \\Tash in gt on and Prd'e.,;
sor Hoag ran lines of L,·els to refer the measure<l base to the leYel of t!Je sea. Its meau heig!Jt 
aborn sea-level is 288.3 metres, allout niue hundred aucl fort~·-six feet. 

Iu June, 1889, in pursuance of instructions, Professor Hoag began a reco11naissance for the 
connection of tbe base with the secondary triangulation of 1887 aud for a final connectiou with 
the primary triangulation. He was occupied in this work at ti.le end of the Hscal year. 
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I>denni11atio11s of the llirtf/lll'fic eleinenl8 at s!ativns in Io1ra, Nebro-~l:a, and Ka·nsas.-Be.tween 
Septem lier :! autl Oct.obcr '.!~, 1..,88, niue statious were occupie:l for detn•minatious of tLe mag
netic 11eclina,tions~ dip, au1l inten:>ity in the State:,; of Iowa, ::-lebraska, aml Kansas by Assistant 
,James B. Baylor. 

At l>a\·e~port. Iowa, a statioII was occupie1l as Hear the station of 1877 as the d1a11ged snr· 
ronnclings would permit. Two 1lays' 0:1srrnttions fini,;lted the '\\Ork at this station, om; for the 
magneti1• elements and one for the true north. 

At Keokuk, Iowa, the station of 1877 wns re-occnpie<l <luring two llays a ud similar ollserva · 
tious 111ai!P. 

At Ottnmwa, Iowa, a station "·as established in the grounds of the Adams High School, and 
the magnetic elements antl true north liue detel'mine1l by ob8en·ations on two days. 

At Des :\loiues, Iowa, it was found that the station of 18i7 was no lon~·pr an1ilahle, on 
account of tlrn 1~rectio11 of 1ww building,,;; another station was therefore established just across 
Ninth street, in the groumls oi' the State Uapito!. The magnetic rlen1ents were determined by 
01Js1'r\atin11s 011 two day,; arnl the li11c of true north by observations of the snn on one day. 

Ott 151•ptemher '.H )[r. Baylor.selected a uew station at Omaha, ~l'llr., the point occupied in 
1·"80 hcrng no longPr :l\"ailable on account of the proximity of electric '.'l'ires. The station of 1888 
1Yas co111H•eteLl "·ith the 1ww astrnnoniical piff, The determinatio11s of tlle magnetic elements 
au1l of the liue of trne north occnpiP•l t11ree 1lays . 

• i.r .Tnnctio11 City, Kaus., tlie location of the i:;tatiou lrnd to be chauii;etl from that of L879. A 
point \Lt:'! tieleeteil :t few yar<fo dislirnt, and obsernttions f(lr the maguetic elemeuts and trne 
n11rtli lint• wc·n• rn~ule on two •Lt~·,;, 

At Emporht, Kan~ .. a station was occupied a few feet <li~taut from tlte ;.:tation of 11'78, ancl 
tlt0 mag1it:'tie eleml'uh determined by ohsen·atious 011 one day aml tl1e true north by obsery;itions 
of oue day. 

At \Yiehita, Kaus., a 8tatio11 1Yas C'stablishe1l in the grounds of the Garfiel<l UuiYersity. Tile 
sun was oliserYt>ll one <1ay for <1zirnuth alHl one day for latitude, a11<l the magnetic elements 
<letermin0d hy oue llay's obsern1tions. 

At J)otlge City, Kans., one day \\"aS o.~cnpied in magnetic d!'terminatious and one day tor the 
trtll' nort Ii line, a ,,;tatio11 ha-dng ueen selecte11 a few fret from tlie one of 1878. 

Otlwr statio11s oecuvied by .:\Ir. Baylor are named under lleadiugs in sections YIU, IX, XIII, 
Xl\~, trnd XYI. 

Occupation of stations for e.rte11di11y tlte tmn8eontine11tal trian[!Ulation near the tltirty-nintlt par· 
a/fr/ to tlw 1cestirnrd i11 llansf'ls.-At tlte beginning of the fiscal :mar the party of Assistaut F. D. 
Granger 1rns in n':uliuess for the occupation of station Adams, \VabaunRee Connty, Kans., 
waiting ouly for fiworable weather to cornmeiwe observations. The continuation of tlie tra11R
conti11m1tal t.ria11gnlatiou to the westward in Kansas ha<l ueen assigned to J\lr. Granger hy instrue
tio11s datetl in }fay, 1888. 

ht addition to the usual ohserYations of horizontal and vertical angle>i, determinations of 
latitmlP allll azimuth were made at Adams station. During .July the atmospheric conditions 
WHl' generally fa1·orable for the work, and obsen·ations wer.~ made npon six primar.r and fifteen 
tertiary ohjeet,,;. 

Toward the ernl of the month Mr. Granger transferred his party to Ulark station, nearly 
thirteen miles in a Ronthwesterly direction from Adams station, and about a mile and a quarter 
northwest of the town of Eskridge, \Valiam18ee County. 

Soon after the establislrnwnt of the party iu camp at Clark station a marked change in the 
weather oceurre1l, follO\red hy a series of violent storms, which interrupted great!~· : he progn'sR 
of the ohsenations. On tl1P 3<1 of Augnst an attempt was made to obsen·e from the forty-1h-e· 
foot tripotl at tl1e Rtation, hut the peculiar appearance of the western horizou, and a fall in the 
barometer of neal'ly three-fourtlis of an incl! in three hours, induced i\Ir. Granger to take e\·ery 
precaution to seen re the instrnmeuts antl camp from what threatened to be a c_yclone. The storm 
struck the camp about 7 o'clock in the e1·euing, and the first g·ust of wind carried away arnl tore 
to Rhn•ds the Hies of f'ight tents; tl1e next gnst, heavier still, pr<fstrated or carried away five 
t•"'ts, exposing tlleir contents to the clrenching rai11. 
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Fortm1ately, none of the instrnnw11ts were 1lamagctl, tliongh en·ry 111emlwr of tlie part~· f-11f~ 
ff•re<l more or less loss of priYa tt• property. 

Another storm, the succeeding midnight., hlew on•r oue teur a11ll ,]amaged other;-, l•m it,.; 
duration was, happily, only a fow minutes. 

Damages liayiug been repaired as far as possihle. oh><enati011s "·et·e re;.;nr,H•d August 7. aml 
continued as the weather would admit till the 23d, sen~n primary a!Hl fonrtt•eu tertiary objects 
haYing been observed. 

Un August 25 the camp and infitrnmenti:; were lllO\T(l to 2\kyer, an interior statio11 in thP quad
rilateral A.dams-Olark-Reinhanl-Zeau Hale. By tl1e 28th the station was ready for ohsenatiu11,., 
which were continued with but little interruption till they were conq1lekd, Septemlier G. Four 
primary aml six tertiar,v objects \H'n' ohseiTetl. 

Station Zean Dale, Rile,\' County, was 11ext occupied. netween September 11 arn1 Octnhc1· fl 
six primar,y awl se\·en tertiary olJjPcts were obsen·c<1, nml an obsen·iug tripod arnl S('.af'l'o!d l'ignal, 
forty feet in lwigllt, was put up at the adYance1l station Taylor. 

011October10 the camp eqnipme11t a11d i11strume11tswere hanlP1l acrosl' tht• <·01111tryto s!atit•ll 
Heinhanl, iu .Morris Connty. This point is situated at the summit of a large rolliug prairiP, a11(1 is 
nearly mitlway bct,1·c<'.ll Dwight, n station on the Chicago, Kausas and Xe11r<t.ska Haihoad. a1Jd 
Jloss Spriugs p()st-<1fli<'.l\ thn·e mil«s to tlie nortlieast. Tl1c locality is ouP w1·ll kncnn1 in tlH' 
dcinity, att1~11tio11 hadng llefl1 ealle<1 t(I it by the discoYery of w1tt11al gns fro1JJ ;1 11·elJ l1ore11 m,;11· 
:\Ir. Hei1il1an1's liouse. 

Se\·e11 primar,\· aud nillc tertiary objects were obsern·1l from tl1i1; statio11. ;11111 \\01k was fi11-

isliet1 hl're XoYcmlwr :t 
The party was tlien transferred to \Yliite Cit~·. :\]orris ('onut:-·. \\'hilt> the station wa" \ld11g 

preparetl for 01;e11patiou the co1rntry rournl about was Yisited on .\tn-emliPr 8 by a 1•L••11m1H"11:ll 
suow storm wliicll last1•d for forty-eight hours, JJearly tw{'nt.Y iuehP . .::: of snow falling. 

Ou the 10tl1 of };oyemlier oliseryation;,; of linri;r,ontal awl Yertical aHgles wPn' b,·gnu. Tliof'P 
for Yertical angles, while the:-· were iuteresting: a" >'howing the change:,; iu refrnctio11 wl1id1 tu:ik 
place from day to <la;> a8 the s1101> gTadnally 11i;;appeared. can not lie relie1l npon for diffrre11q·s 
of heiglits. 'fLe Lori;r,tmtal rneasnre8, lJO\H'H'r, were cornpll'ted. tht·ee priruary and tPll tt'rtiar.v 
objects ltaYing hee11 ohsern<l. 

After finishing work at \Ybite City station, No-.cmher ~:!,field operations \Hn· disc011ti11ue1l 
for the seitsou, and the i11strnme11ts and camp equipnge storP<l :it .Tnnction City. 

Subassistant F. H. Pan;ous was attached to the part~·; lie made the ol>Rervations for iinw <lll<l 

latitude at station Adams aud measured most of the double zenith tlistHJJ('t•s taken (lnrillg tlie 
season, besides reading one microscope of the theodolite tlnrilig the obsnnttio11s. :\Ir. F. A. 
Pulizzi serYed as recorder, and .'.\Ir. A. I>. Barnard assisted in recortli11g, reatliug mkroscope~ 
aml ge11eral office work, and had charge of signal lmilding and camp mon•ments. 

Tile statistics of the work from July 1 till its close <H'e: 

Triangulation : 

Area of triangulation in sf1uare statute miles.. . . . . . . . . . . .. __ . . . . . . 710 
Xumber of 8tations occupied for horiz()ntal meastu<>s ...... _ ...... _...... I/ 
Xuml.Jer of stations occupied for .-ertical measures ....... _._ _ .. __ ... . . . G 
Geographical positions, determined number of . __ .. . ................. _. ~O 

Elevations determined trigouometrically, 1mm!Jer of ...... _... . . . . . . . . . . . . 14 

Latitn<le, longitude, and azimllth work: 
Number of pairs of stars ohsen-ed for latitude ..... _.... . . . . . . . . . . . . . :!O 
A. Yerage m1mller of o\Jsern1tio11s 011 a pair .......... _ ... __ .. . . . . . . . . Ii 

Numlier of nights of olJserYations for azinrn.tl.J. ........... - .... - . . . . . . . . . . :·1 

Daring t.he winter and spring :\Ir. Gnrnger was engaged in office ''ork, and towanl th<' ('IHi 

of ,June was inst.meted to resume fiel<l opNatious on the transcontiueutal triaugnlation i11 Kan·· 
sa-i as.soo11 as fnncls for that work sl10uh1 become available. 
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SECTION XVI. 

NEVADA, UTAH, CO LORAi>(), AIUZO:\A, Al\D NEW MEXICO. (!SKETCHES Nos. 2, 15, 16, 17, and lil.) 

Occupation of stntirms fin· the extension to the eastwm·d in Utah of the primary triangulation near 
tht: thirty-ninth parallel.-In continuatioa of his work of the prev-ious years, and acting under 
instructions dated June 26, 1888, Assistant '\Villiam Eimbeck began all preparations needful for 
the occupation of Ogden Peak, Utah, one of the principal stations of the triangulation spanning 
the Gn•at Salt Lake. 

Upon reaching Salt Lake City, July 26, lie entered at once upon acti,·e field serdce by erect· 
iug i;ignals at City Creek, Antelope, Ogden Obsen·atory, and Nortl1 Ogden stations, by trans
ferring camp eqnipagt> and instnuuents from Salt Lake City to the eastern fiank of the mountain, 
hy locating aud laying oat a pack trail ffre miles long from tl1e e!Hl of tile wagon road to the top 
of the Peak, which has au elev-atiou ahov-e sea-le>el of about 9,600 feet, hy transporting the 
instnuueuts aud equipments to the top, and by instructing, fitting out, and dispatching six par· 
ties of beliotropers to their distant mountain stations. 

The IJreparation of the station, the mounting of the instruments and their adjustment, occu
pied .Mr. Eimbeck personally, the two officers assigned to his party, Subassistants E. L. Taney 
and J. H. Turner, uot hadug beeu able to join him before the end of August. 

Ohservations were begun early in September, llml were brought to a satisfactory conclusion 
on the 15th of the next month, some interruption having been occasioned by the equinoctial storms 
which swept o\·er that entire section of the eouutr.r during the first three da,ys of October. 

foclnded in the work accomplished, l.wsitles the usual extensive series of primary antl second
m-y horizontal directions and double-zenith distance obsern1tions, were lleterminations of the 
.astronomical latitude, a primary astronomical azimuth, a complete series of determinations of the 
magnetic declination, <lip, and in tensity, and a somewhat more extended topograpl.dcal surv-ey of 
the mountain than was 11eeded for a mere description of tlie station, this survey bav'ing been 
undertaken and carried throogh in order to obtain local data for a more detailed study of condi· 
tions affecting the detlecti1m of the plumb-line. 

Nine primary directions were observed at Ogden, all of the longer lines, six in number, upo11 
heliotropes; the remain1ler u1rnn the large target signals, which J\Ir. Eimheck has used for some 
year::i past, and in regar,l to which lie remarks that in point of \·isibility under the ordi~ar~- con
ditions of the atmosphere in summer the~· excel every other form of opaque signal be bas tried, 
exhibiting uo pha;,;e. The,v are also simple and economical in construction. 

The secondary directions obsen·Nl were nn merons, and included all of the principal mountain 
peaks ...-isible within a circuit of about eighty miles radius. As a rule, these points were marked 
by a stone monuJLient or cairn of adeqtmte size, and resembling in shape the frustum of a cone. 
They were obserYed with precision in two, tllree, or more positions of the theodolite, and when 
ultimately full.> determined will constit:1te an extensiYe Reries of well-established second order 
J)()ints, which "-ill 11oubtless prom of great ralue in connection with tlte execution of subsicliar.r 
sur\·eys. 

lucluded in the hn>sometric work at Ogden P~ak, were included uot only all the primary and 
secoudar,y points, btH likewise tl.Je permanent bench-marks which had been established at Ogden 
Obscrrntor,v and ti.Jc public square of HuntsYil!e. Tliese bencl.i-ruarks were snb1Sequeutly connected 
with ti.Je triangulation, and the observatory hench-rnark Yrns referred by spirit-leveling to the 
railway levels at Ogden. All primary zenith distances determined were made to depend upon 
obsern t ions tak.Pn lluring the miclille. part of the ua;1-, or the hours of least refraction, for ten da;n.; 
or mort>. Ohsernttious were made also during tlrn early a11d late hours of the day, and system
atical!,\· carriell out in order to ascertain the average range of the refraction in tlte higlier levels 
of the atmosphere. To get full dat:t for study of the tluctuations of the refraction, the tempera. 
tu re, pressure, humidity, and direction and rl'lativ-e force of the win<l were noted and recorded at 
all of the principal stations, the heliotropers having been furnished for tlJe purpose with the neces· 
sary hlank forms, directions how to observe, and i).lstrument1< 
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For latitude, twenty-three pairs of stars were ouserved on six different nights, special regard 
·being paid in the selection of the stars to the accuracy of determination of their rnean places. 

For azimuth, satisfactory observations were obtained on firn different days on Polaris near its 
eastern and western elongations in the same twenty-three positiom; of the tlleodolite used in obser
vations of horizontal directions. J\lr. Eimbeck remarks that the plan of obser•ing a single clost> 
circumpolar star in opposite positions of its path, which with the larger instruments may be cor1-
Yenientl~· done by distributing the observations ennl~· over the early morning and late e\eniug 
hours, admits of great expedition, aud assures a final result for azimuth which is <'esentially free 
from the effects of the slight errors with wltich the tabular co-ordinates of these stars are usually 
affected. 

Tbe maguetic station, established within about thirty metres of ttrn triaugulation station, wa~ 
occupied o~ fh·e different days, and acceptnhle rPsults were obtained for declination, dip, an<l 
intensity, the line of true north being specially determinecl hy observation;; of the sun. 

At the end of October the instruments and camp equipages were co1ffeye<l down the mountain, 
transferred to Salt Lake City, and there stored for the winter. Mr. Eimbeck then disbanded his 
party, retaining only suclt help as was needed to run a line of le,·els of precision, of about ten 
miles in length, for the purpose of connecting the bench-mark "estal1lished last year at Hooper. 
near the shore of Great Salt Lake, with the transcontiueutal railway le'vels at Ogden, and thus 
obtaining a first approximate cbeck on the bypsometric work of the triangulation as brought east
ward from the Pacific coast, a distance of nearly six lmndred miles. The Hooper beuch-mark ltaY
ing been referred to a similar permanent bench-mark at Grauts,ille, "Utah, by means of tbe lenl 
of the lake, all(} the Grantsville bench referred trigo_nornetricall~· to the triangulation station at 
Mount Deserel:, this central statio11 of the great quadrilateral, Pilot Peak-lbapah-.'.\fount Nebo
Ogdeu Peak, stands connected with the transcontinental railroad le\els at Ogden Cit~-. Perina
nent bench-marks for future reference and ultimate connection with the transcontinental line of 
precise le,eling were establisl1ed upon the abutment pier;; of the iron bridge of the "Utah Central 
Railway across Weber River, near Ogden. 

The field work of the season was brought to a ronclnsio11 finally by connecting trigonometric
ally the telegraphic longit1rde stations of the Survey at Ogden antl at Salt Lake with the main 
triangulation, and by establishing a. meridian line within the grounds of the De~(·ret. Uniw·rsity at 
Salt Lake City. ThiR line was laid down at the request of the Surveyor GPnera1 of Utall, with 
the appi:oval of the Superintendent, the cost of labor and material beiug defn1ye1l hy the Surveyor. 
General. Owing to the character of itR site and surronndiugs it will be well adaptetl for testing 
the surYeyors' compasses used in the GoYernment land s1irYeys. 

· l\Ir. Eimbeck acknowledges the Yery accepta1Jlc and faithful aid receive<l from Subassii:;tants 
Taney and Turner, particularly the latter. l\Ir. Turner, at the close of tlJe season, proceede1l under 
instructions to San Francisco~ and was suluiequently ordered to tal~e charge of one of the parties 
·fitting out for the Alask~i Boundary Snn·ey. 

During the winter Mr. Eimbeck was engaged at the oftice in \Yasbingto11, D. C., in the reduc
t.ion and discussion of the results of his season's work, with the aid of Suba1'sistaJJt Isaac \Yinston. 

In the spring he was instructed to make preparations for resuming fiehl work in Ftah. 
Tllese instructions contemplated the closing of the great quadrilateral by the occupation of stations 
Pilot Peak and Ibapah. In pursuance of this dut.v, he left Vf ashiugton, May 17, and upon arrinl 
at Salt Lake made arrangements for the transfer of his instruments and camp.equipage to TPcoma, 
a station on the Central Pacific Railroad, about tllirty-fi,-e miles north of Pilot Peak. From Tecoma, 
the location and construction of roads and a pack-trail to tlw >1ummit of the Peak, an ele\·ation of 
about ten thousand nine hundred feet, occupied the party till the end of the fisca,l year. The 
unusually ro,cky aud inaccessible character of the Peak presented formidable olJstacles to rapid 
progress. 

Further account of Mr. I~imbeck's work will appear in tl!c next Aunual Report. 
Determinations of the ma_qnetic cleme11ts at stations in Colorado and Nc1ic Jfc.rico.-Thrre statiolls 

in Colorado and four iu :New Mexico were occupied by Assistant Jas. U. Baylllr hl'hn·en Oeto
ber i3 and No,·ember 26, 1888, for the determination of the magnetic elemPnts. 
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At 'Yest Las Animas, Colo .. a station \Yas establi8hetl a short distance from the station of 
1878, which was no longer available, tlie trne nortll being determined by obsenations of the sun 
on oue (lay, and the magnetic elements on one day. 

At Denver, Colo., new buildings had lwen erected on:r tUe station of 1878; a 11ew station wa.;;; 
seleeted, therefore, an(l estabfo;hed in the grounds of the State Capitol. T\rn days were occupied 
in magU('tic ol>servatious and one i11 ,leterrnining the line of true north. 

At Xortli Pueblo, Colo.~ the station lia<l to be shifted from that of 1878 ou accouut of some 
ubstrncti<>ns. One flay was gh·en to magndic obser>ations, and one to fixing the line of trne 
uorth. 

A .-;tatiou \\as estahlislie<l nt Tri11itlad, Colo., in the grouu<ls of the High School, just across 
tlte street from tlle Co:ist arul Geodetic Sun·ey astronomical station of 1873. :Magnetic ufo;erva-
rions \\"(•re rnade on one !la,\·, arnl observations on the sun for azimutu ou one day. ' 

At Fort Uniou, X. :.\Iex., on XoYem ber 11, a Rta ti on was se1ecte1l about tweut.Y ·nine yanfa from 
the astronomical station occnpied by faent. G. )I. ""heeler, U. S. Engineers, Ill 1873. Two days 
\"l•re ginm to magnetic obsf.r\·atious, arnl one to determining the true north line. 

A ;;tation was established at Albuquerque, :N. ::llex., 51,;3 feet dne south of the pier used by 
tl11: Geological Snn·ey at that place, two days being taken for magnetic work, and one for the 
lint· of trne north. 

At Fort Craig, X. }fox., the .~tatiou of Lieutenant Wheeler of 1873 was occnpied <hring two 
•lay:,; for similar determinations. 

,\.t Demiug, :N. }fox., a station \Yas t•stablisherl sonth of 'Wells, Fargo & Co.'s express office 
in tlte open fil•lll son th or the Union Pacific Hailroatl. Latitmh~ wa.-; 11Ptermi11e<l at this station b~· 
ohsen·atious of the sun 011 oue day, the true uortli ou one day, and tl1e magnetic elemt'nts on one 
day. 

Othl'l' station,; oecupietl by ::\Ir. lh:ylor for nrngnetic work are named under lieadings in Sec. 
tions YIIr, IX, XIII, XIV, arnl XY. 

E.n-lulttfW" 1~( tl'iq;rupliic sir1;ial8 fur the dctennination of the longitude of l~er!/i, .1Ywaila.-In con-
1wctio11 "·ith the .!2.'ene1·,tl accuunt of the operations of the longitude parties irnder a heading in 
:-:;ectiDu X, reference was lll<ttlc to the closing determination of the fiscal year, that of the line 
Saeramento, Cal., Yel'(li, XcL, the observers being Assistant U. Il. Sinclair autl Subassistant 
R. A. }farr, and tile first series of exchanges hadng been obtained ,June 24, 25, 28, and 29, with 
)fr. Sinclair at Saer,1me1.1tn and :\[r. \farr >Lt Verdi, and tile secoll(l series July 1, 2, 3, ant~ 4, 18891 
after dunge of plaee.s h;y the obserYers. 

Other 1011gitu<le station" occupie(l h_y the:;;e officer" are referred to under headings in Sections 
XI and XrII. . 

SECTION XVII. 

IDAHO, WY<Hfl:S-1{, AXD MONTANA. (8KETCHES Nos. 2, 17, and 18.) 

E,,·,.hange~ 1~f telegraphfo .~ignal.~for the determination of the longitude of Helena, Jfontana.-Refer. 
cncc has been nmtk nuder a heading in Section xr to the selection of a lougitmle station at Ilelenat 
:\[out., a111l to its occupation for the determination of longitude by exchanges of telegraphic 
,;ignal.s with the station rit 'l\'alla \Yalla, \Yash., Assistant Edwin Smith liaYing charge of opera
tion.-; at \Y"alla "ralla, arnl Sllbassistant R. A. ~Iarr at Bdena. Successful exchanges of signals 
'l't'l"e ohtaiued on the 11igh tR between .August 25 and 20, 1888, in the first positiou of the observers, 
awl aftpy· tltt>y changf>ll places fh·e more exchanges were made between September 1 and 7, com
plt>tiug· thP <lPtenuination. 

:Hr. :::;mith rqiorts that the two new portable trausit iustrumentH which were eonstructed at 
tirn o!lit•t> pro,·etl to be ,-er,v satisfactory botli as regards stability of position and steadiness of 
Y;tlue of the instrumental constant,,, He recommends some slight modificA.tions, which were sug. 
;;ested by actual trial of the trarrnits in the tield. 

After the liue fieleua,- \\' alla W:\lla lrnt1 heeu tluished, Assistant Smith was relie\·ed at his own 
requetit, aml Assbtant U. II. Sinclair onlered to take charge of his party, 



 

CNITED STATES COAST AND GEODETlC SCHYEY. 93 

Tue determiuation of tile Iiue Helena, l\Iou t., Spokane Falb, \\"ash., which \Yas next ta ken U[J, 

has been reported under a heading in Sef'tion XI. 
Ot!Jer longit111l1~ 1letermi1wt:io11s made hy :\Jpssrs. Sinclair and ::\Iarr are n"ferred to rn111er lit«Hl· 

iugs in Secfa~ns X and XTI. 
SPECIAL OPERATIONS . 

• survey fur the Commission appointed to select 11 site .for n Sat•y roni mt the Gu(t'o/ Jfr;·ico a111i 
South .A fl.antic Coasts.-The officer:,; of rl.te SutTey on duty on tile South Atlantie aud Gulf or' :\lexieu 
coasts in tile winter of 1888-'89, were specially iustructetl to co-operate with tile :'.S°aYal Com mis,; ion 
appointed to select a site for a :Ntn-,r Y:ml on those cuast8, an1l tu makt• sueh snrn•:n> as the Curn
mi;;sion might req nest. The me!ll l>ers of the Oomrni:-ssiou were Commo1lore ·w. P. :\lcCauu, C. ::3. 
N., Oapt. ltobert Boyd, G. S. N., and Lieut. Comwauder W. II. Brownson. l~. S. "S. 

Towards the end of April, 1889; Snbassistant P. A. ,y elker took up, UJl(ler iustruction:-s issm•tl 
at the request of the Cuwm:ssiou, a survey of Escambia Bay, Fla. A base-Hue T7ti.9T rnetn:;, 
loug ('.!,54!) feet) haYiug lweu rneasnred with <l steel tape along the line of the PensaeoLl ;1ud At
lantic R;1ilroad, signals wen~ erected antl their position,.; and those of other prominrnt ohjeets wer,· 
determined by a plane table triangulation. Siguab; for hy<lrographic purpose:-s were loeated as far 
down the Bay as .'.\laguolia Bluff, four autl a llalf miles south of DeYil's Point. A complete tOJ•O· 
graphical survey was made on a scale of 1-5000. Oontoul's were run eveQ· ti Ye fet>t np to tlJL' 

twenty-foot cun·e, after that the,Y were run every twenty fed. All of the contour lines \Yere ru11 
accurately with a Y-level. By '.\lay lli, the topograpliy was finished, aurl iu a few tlays, a:-s soon 
as the steam-latinch tendered for the use of the party uy the commandant of the Pem;aeola Xavy 
Yard could be-got ready, the bydrography was beguu. Up to June 13, when it wa,; completed, 
delays bad occurred owiug to rough water arnl fresl.i soutll west or soatheast winds. 

The results of this snn·ey were shown ou 01w hydro~raphic sheet, scale 1-5000, a traeing- of 
which was fnrnished to tlie I'resideut of the Commission. 

l\lr. Yf"elker reports the followiug statistics of the Escambia Ba,\· work : 

Topography : 
Number of miles of shore-line sune.nd. _.... . . . . - . . . . . _ ..... . 
Number of miles of railroad:-s aud other roads sun·eycd ............... . 
Number of miles of creeks aud fences sun·eyed ........ _. _ .......... . 
Approximate area surve.;yed iu square miles ..... _ ................... . 

Bydrography: 
An~a of Ji,rdrograplly iu square miles (ap1Hosimate) ................ _. 
:S umber uf miles nm while sounding .. _ _ .•..... _ ..... _. . . . . ...... . 
Number of angles mea:-sured .. -----· ............................... . 
Nu m l>er of i;oumlin gs .. - ................ _ .......................... . 
Number of specimens of bottom preserYed ... • ................. . 
Number of borings mat1e for obtaining the character of the hotto111 .... 

3 
(j 

i 
•) 

'._?[j(I 

3,5H 
33,4:..!4 

11 
i) 

Suniey for tlte Oommissio11 organized to select a site for a Seti'.'! l'arrl 011 the l'acUic Coast, north of 
tlw fort11-second parallel of north latil ude.-In order to carry out iustructiom; issned towan1s the en(l 
of Marcl.J, 1889, Asi;istaut .T. F. Pratt begau preparatious to put the KclJOOller r11ko11, and Kteam
lanuch No. 26 iu readiness for the m;e of his party in makiug a special snrrn.Y ou a scall' of J-iiOOU 
of the site selected for a Na\',\' Yard hy the Pacific Coast Commissiou, appointed to examine that 
coast north of the forty-secoud parallel of north latitude iu the State of Un~go11 au.l the Tl•rrito
ries of Washington aml Ala8ka for the purpose of seleetiug such a site. The Conuui:,;:>iou, the 
members of which were O•Lpt. A. T. Mahan, U. S. N., Oommauder C . .\L Uhe:::ter, C. S. N., and 
Lieut. Commander C. H. Stockton, U. S. N., after au exlrnusti,·e examination hail selecll'tl Port 
Orchard, Puget Sound, \Vash. as the most snitablA site for a .XaTy Yard. 

Mr. Pratt arrived on the working grou1nl l\Iay 11, aIHI, ha Ying made tl.te neellell triangulation, 
including that required for the water frontage on Sinclair'R Inlet, he pnshe1l fonrnnl tue topog-raphy 
and hydrograpby, au<l IJy the end of the fiscal yeHr had finished the survey, with tlH! ex••eptiou of 
the interior topography in the rear of the sitt~-
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Th· results w·in he shown in two ilheet;; of combine<[ topography rmd hydiography on a scale 
(1f 1-;')IJOO, a, tracing of which is to lie furnished to tlie PresiL1ent of the Commission. 

Following ar~ the statistics of thi,.; \rnrk np to June 30, 188!): 

'friaugnlation: 
Art' a ill square statute miles ................. _ ....... - . . . . . . . . . . . . . . 3 
~umber of signal poles erecteLl...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
~umber of geog-ra1,1Jical positious l1etermiued...... . . . . . . . . . . . . . • • . • . 1\) 

I .Jpography: 
AreasurYe,n,diu sqnare ;;t:itutP mile!'.............................. 2 
Length of geueral coast lirl\' iu statute miles.......................... 20 

Hydrngraphy : 

:::\um her of miles nm in "onndiug ............. _ .•.................... 
.:"tun lier of ~<H1rnli11;.:·t' ........................................... . 

17 
J,9'.!0 

Or;1•rn i ~(' ti<-it <!t' pai·tie8 to nw 1.-c a 1n·tl i mi;wry deter mi nation i~f the bomulary line bettfeeii A.laska 
:ind Jfriti8h Cu/11111/Jia.-The Sumlry CiYil Expernses Ac:t, appro>ed October 2, 1888, liaving con· 
taint•\l a c:!ausL' makiug a11 appro11riatio11 to defray tlie eost of carryiug ou a, preliminary Sllrn"y of 
tlH· frontier liue lwtweeu ..:\Ja:--;!;a a1111 Briti~h Columbia, in accordance witli plans or pr~jects ap
prnn•d l·~, ti.tr Se.cr1c'tary of 8taH•, arra11g;_·ments 'n~rl-' mi11lt• hy the 8upt-riutP11tlent fortlle tktail of 
t11·0 olliel·ri-l of the Surn'y, ;d10 sh<>uld l1aYe drnrge of parties for tlie executiou of the work, an'l 
,1-l1u should lw occn1Jie1l during· t lie \Yiuter in a careful i;tmly of the methods of transportatiou and 
iustrnmental ontfit arnl gt·nt-ral e<1uipmeut ueelled l:o maintain au effective orgauization for a period 
of twdn• 01· ;-;ixtPeu 1110Hths in tlie tiehl. 

Tl1e general cliara<:ter of tl1e smT(,y to l.Je made by these officers is iu<licated in the following 
pr(\ject, appro...-e<l by the Secretary of State: 

"A plau or JH'~ject for accurately and perwaueutl.r locating in latitude and longitude points 
in southeastern Alaska fur tln• tldt:•rmination of a liue not tu exceeu a uistance of ten marine 
lt>.1.~ues from the coast liut>; said points to lw acc(•ss1l.Jle respectinly by tlte Portland Ca.ua.J, the 
Stikint> Hin,r, the Taku Rin'r, al!(l the Chilcat aml Chileoot ltiYers, with sudi otlier points as ma.'· 
lw found to be accessible l.Jy the Coast Sun-ey i•arties in i;outht,asteru Alaska; and also points 011 

tlit• Yukon aml Porcupine RiYers at or near the lHst 1J1eridian of west longitude, aiid such other 
a(·eessible point.> along or near said meril'lian as it may Le deemed by the Superintendent 
uf the Coast awl Geodetic Surny advisable to so locate; such points to be marked by such 
permanent marks or nwnmneuts as may he aYailable; and tlmt iu the Yiciuit,,y of sucll points 
,,;uch rapid topographical recumrnissa 11ce or work !Shall be done as may be practicable anil 
as may st'!Te to ide11ti(\· and reasonably delitwate the characteristics of tile country, su as to enable 
a l1011111lary co111mis;;;io11~ or other nrgotiators of a houndary treaty, to agree upon a boundary of 
straight or othPr intt>lligible and easily d'~scrillerl lines. The results of the field-work thn:-; ont· 
liiwtl to lw n'1i11\•ed aml made aYailable for nse in the definition and adjustment of the bound~ry 
b,\· publicatinn in proper arnl convenient map or maps, supplemented by such report by the Super
iuiPndent of the Coa~t and Geodetic Surn·y as may be J1ece1<1:mr.1· to explain any pointfl not ren
derv•l clearly appan'nt hy such map or maps.'' 

By instructions issned iu the \Yi11ter of 1888, i-iUpplt·wented by detailed instructions in the 
spriug- of l.~89, Sulrnssistant ,T. E. :McGrath anc1 Snbassistant ,J. H. Turner were directe1l te> 
nrgallize parties prPpme1l to start for .Alaska at the Parliest date that arra'I1gements couhl be made 
tiff their trm1sportntio11. Thi:'< was finally pro\·ided for by contract with the .Alaska Commereial· 
Company. Dy tht• tel'ms of this eon tr act, 1Yltich was sigued .May 7, 1889, and made through the 
ageut•y of Li1•nt. Commander II. E. Nicl1ols, U. S. N ., acting ns the represe11tatiYe of the Surveyr 
thP company agT<'etl to ti·a11sport the parties of the Survey, their outfit, equipment, baggage, iu
;;trumeuts, am! g·ennal freight from San Francisco by way of the Jlacific Ocean, Bf'.riug Sen, aucl 
t ht• Y 11 kon aml l'nreu pi 11r Ri nirs to their 1le,.;in'd deRtinatious. or as llt'<t r to them as tl1e utmost 
dilig1•11ee on tlw part of the rompanJ· am\ tlir rn<>ans of tra11sportation at its command wonltl 
n'llfier practiealil1'. 



 

C~ITED ST.A.TES COAST AXD t<EUDETIC St;RYEY. 95 

Duriug the fitting out of the parti~s at San Francisco, Assistant DaYidson rendered to )fr,.srs . 
.:\lcGratlt aud Turner all of the assistance which liis experieuce eoul•l give iu the examiuatiou of 
instrnmeuts, in methods of obsen·iug· and i11 actual practice in the ohscrnu:ory, aml ·at the retflH'l5t 
of the SuperiutC'ndcnt hr prepared a vaver ('lllhodyi11g his Yie\YS as to tlJl' UJt'tli()(]S for iuaugnralill!! 
the propose1l ·holl!ldar,\ surrey. 

All arraugernents ha ,-iug lteen complt:ted, the parties left San Franci,.;co in tlie Alaska Comrner
<~ial CompaHs·,; steamr.r Rcrtha on .Jnnt' l;I, arnl 011 the :!7th of tlrnt month arrin·1l at lliulink, C11a
laska Ishnlll, wLtore tlwy Wl•re trausterretl to the steamer SI. Faul, botmll for :St. :\licliaer:-:, :>ortou 
Sound. 

It is hoped that when cuwum11icatiou Khall have bee11 re opmied with Alaslrn i11 th(• "umm{·r 
and autuum of 1890, favorable aeeouuts of progress iu their anluom; L1bors will lw n·eein·d frum 
these ofticers. 

Ce11te11nial EJ1wsition of the Ohio ralley and Cl'11trnl 8tates.-Ti1e exltil.Jit uf the Coast anti 
Geodetic~ Sun·t'y at the Ceuteuuial Exposition of tlle OlJio Yalley aud Ceurral Stat«s, l1eld in Ci11-
cinuati from July till X0Ye111ber, 181'8, \ms placed in charg<' of Assistant C. 0. Eoutelle. ai<led by 
Dr .• l. .T. Clark, of tlle Office of \Yeig·ht:,: aml l\Ieasnres. 

TLis imlustrial ("Xposition was the largest and mm't yaried in character that had heen hdd 
iu the U1Iited 8t~tte." ,;iuee that of 18iG in P!tiladelphLi, au11 t!H· eo11tribntio11 of tlil' GonTIJuient 
to it was in some departmeHts more exteusin~ than that made in lSiu. 

Assistant Boutelle deYoted the month of June to tLte prepar,1tion of the articles formillg tlie 
exhibit of tbe Sun·e,r, and to the compilation of a pamphlet descriuing tht•111. One tllousand 
copies of this pauiphlet were tli:strilJntetl gratuitously to applicants at tlie Expositiou. 

The space accorded to the entire exhibit of the GO\·erurncnt was far short of titat rPqnirell for 
<l 11roper deYelopment of the mmierons ol~jects, usel'ul hotb in prace atH1 iu war, wllich :Yere :-;ent 
to Ci ucinnati. Tllei r aggrega tf• ya] UL' ,\·as es ti mated at oYer oue mi Ilion th·e lm11d rt•1l thonsa111 l 1lol

Jars. Of the space allottetl to the Treasury Department, the Coa~t a11d Geodl'tie SmTP,Y rP<'ein•.J 
nearly one-half, or i50 s'1uare feet. TJlis ;1rea W<ts entirely filled by tlte apparatus, i11strumeBH<, 
and publications exhibited, aud tlwy attractt>d so much atteution and iu(p1iry as to demand the 
constant a111l close attemlance of two persons from () i u the morning till (j in the en~ui11g. 

After lrnYing arranged all tLe details of the exliibit, AsshHaut Boutelle, ou the 1st of Augnl'it, 
turueil oYer the charge of it to Dr. Clark, liy whom lie lta1l been so ably as~i:;te<l, and, uuuer i 11-

stnictions,. resu;ued !Jis duties in the immediate tlirection oft.he State sun·eys. 

COAST AND GEODETIC SURVEY OFFICE. 

The assigument of Assistaut B. A. Colonna to dut,\· in charge of the Ortiee all(l Toi)(tgraphy 
was continued. throughout the ,\'Par. ilis aunnal report ( Appellllix Xo .. 1 I is accornpauied by 
re11orts frow tLe chiefs of the seYeTai Office Divisious, the Computiug, Dra11·i11g, Eugra,·iug, 111-
fltrumeut, Tidal, :\Iiiiicellaneous, and Cl.uut Divi8iou~, tll~Library arnl Archives, tlie Accountiug 
Dfrisiou, and the Office of \Yeighis arnl ~Ieasnreti. 

Heferriug to the great and steadily increasing demands for tlie chartR aud other publications 
of the SurYey, ~Ir. Culu1111a calls atkutiou 'to the fact tilat all \!t' these deurnuds 1l,1n• bt·eu 
promptly met by incre.1sed labor ou the part of the oflke fore·•·, excqit for a pm iod duriu:.r tlie 
summer, wlle11, 1totwithstanding the utmost efforts of tlw platt> pri11ter~, 11110 11orke<l foil J10urR 
w:tho11t lean• of a useuee1 the presses could not fully s,111,,.fy 1 !Je ret11•e~b f'r<1rn ~ale ag·l'l1 ti,, for 
diarts. He urges, therefore, the ured of a1lditioual spacl' :wd twn 1111J1t· 111esst:s, a~ \l"l·ll a:s force 
to work them. In fact, to enahk tlH; oftice tu utilize fully the v;iluahk material for pnblieation 
uow in its possessiou, he 8tate.~ e11111liaticalir tile need of increasing its cap;;ci1.r by the emplo:r
ment of additional computn~, drauglihu:eil, eug-.;11 ei s, priut•T~, 111tcliai.ic.au.;, labon·r1>, autl 
writers, and the need also of the achlitioual olllct'. r0om that they will rel1nire. 

~Ir. Colonua refe1s t\1 the tho"roug It Yi!Hlica iiuu of .'\l 1. \\'. J>. .'\lurg·a u. J li~bur"i11g Agt'lll oltlie 
Surn~.r for several ~ears precetling Jnly, 11'1.SJ, by the fiual Hettleme11t of his account:>, and h,\· tbe 
action of the 8ecretar,r of tbe Treasms in iiractically nffokiug bis suspeu,,;iou from 1luts :u11l 
acc1·pting his resignation. 
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Ile urges the 11eed of tte appointment of an official of the Survey to act as its Disbursing 
Agent. expresses his appreciation of the able support re1Hlered to the Survey by tlie chiefs of the 
seYeral otlice diYisioll,.; and tlieil' Huhonlinates, and refers to the cordial relations maintained with 
the Ilydrographic lu>;pector and ro hi,: continued co operation iu official busiues;;;, 

Iu Appemlix No. 2 are indude<l the statistics of both otlice and field work of the Snr•eJ for 
the fbcal ,\ear, a11<l ii: ..._\ppemlix "'.S"o. ;; appears a tabular statement of information furnished to 
departments or officers of tbe (~rl\'ernuiem for official use, and to individual,,; upon appli<'ation. 

Tile charge of the Com1mting ])j\-ision was continuerl with Assistant Charles A. Schott. He 
l.rns rli;:trilintt><l, snperYise<L au<l reported tile work uerformed by each computer; aHswered the 
var-iou:; calls upon his di\'ision for information, suppliefl the maps aud cllarts of tlrn Survey witll 
the magnetic tleclmation. and prepare(i a number of special reports relating to scientitic matters. 
::Jome uf the nrnre important of tl1ese reports will appear as appendices to the present Yulume; 
they are referred to nuder the heading, '·Special Scientific \\'ork," in Part I. 

l\lr. Schott has, as heretofore, gi wn special attention to the subject of terrestrial magnetism ; 
lw mlnrnced the discussion of the secular variation of the magnetic declination, haYing collected 
arnl arraIJgL~d tl!e ma~11etie tlecliIJatiuns at 3,'.:00 statious, 1ireparatory to lhe constructiou of au 
isogonie rnap of the United Srntes for the Ppoch 18!!0. Be prepared draughts of iustmctio11s for 
the parti.-;; assigue!l to the preliminar,Y 8tHYey of the llonmlary line between Alaska and British 
Culuml1ia, and gan! profcssioual testllnony for the District of Columbia in a snit invoh·ing tile 
precise location of the Kidwell ~leallows. By appointment of tlle Oh·il Service Commissio11 be 
acted as a mem lrnr of the Board of Examiners for computing anrl for astronomy. 

Detail,; relating to the computations and to the work performed !Jy each computer are giYen 
by 1\Ir. Sehott in hit-i annual report. 

Tue ;rnnnal report of the Drawing Division is submitted by Assistant \V. II. Deuuis, who was 
a,;sigm·<l to i Ls charge May 1, 1;3')!!, succeediug ~~ssistan t E. Hergesheimer, whose death took place 
Apl'il ~:;, The great loss sustained by the Snney by this sad e\·ent is referre<l to by tile Assi:Staut 
in charg1~ of the Oftice in hiB annual report. Not less skilled as a topographer than as a draughts
man, alHl tlwroughly versed in e\-ery branch of his profession, Mr. Hergesheimer was speciall;\
qmtlitied for the duties of his responsible post. 

}lr. Dennis obserYes that, mdng to the short time the DiYision hall been under his chrection 
at tlH· date of submittiug his ammal n•port, the statements he presents arc 11Jostly statistical in 
their character, and that tht1 assignment of work was virtually the same as duri11g the preceding 
fiscal year. · 

Appenrled to his report is a taule sllowiug the number of drawiug::i of charts to be reprouueed 
by photolithography wbich were completed !luring the fiscal year; the number of drawings of 
new editions of charts so pllblished; the nnmber of drawing,; of charts completed for plwtoli tho· 
graphs, but not published for lack of funds; the number of drawings of charts to be engraved 
whieh were finished and the charts published, anrl of rlrawiugs of new editions of charts which 
werp titti;;hed and the charts publislJed from engrarnd plates, and also the number of drawings of 
charts completed for the use of the engr1wcrs. A tabular ~tatemeut is also presented giYiiig the 
titles of the large nnmber of chart:S to the drawings of whicli additions or corrections were made 
during the .vear, with the uames of the draughtsmen engaged upon them. 

Assistant Herbert G. Ogden has cou tinuerl iu charg·e of the Engraving Division, with which is 
combiued the directiou of the electrotyping and photographiug anll pri11Li11g rooms. Ht' reports 
fifteen new charts published during the year from engravings on copper, aml eight new e<litjons 
of charts. The engraving of nine new charts and nine plates of new editions of cliarts was begun. 
"'ork upon fourteen eugraved plates of uew charts and upon five plates of new editions of charts 
was continued. Six hn11<lred awl seventy engraved plates of charts were corrected before beiug 
tient to the printing room. 

In the electrotyping and photographing rooms, thirty·six altos and forty-eight bassos were 
made; also two huudrerl and seventy.four uegatiYes for photog~aphic reductious an<l seven hut1-
dred and ten blue pri11ts. 

The printers took thirty.nine thousand seven hundred and fifts-fonr impressions of charts 
from 8even hundred au<l ninety two plates. 
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Mr. Ogden repeats recommendations made by him in pre"Vions reports for an increa;,,e in the 
force of engr::wers and printers, aUtl giYes in detail tlie reasons for his reco1umemlation,.;. Tin:,;1• 

reasons haYe additional weight, as each year brings increased demands for the cllarts of the 
Survey, as tile number of 1>late,,,; requiring corrections of aids to na,·igatioll inereases eaeh .n·ar, 
aml as tile JJumher of engravers needed to keep the corrections antl changes oii the plates up h• 
date must be increased also. 

Mr. Ogden allutles to tlie impro\·emeuts introduced into the processes of electrotyping aud 
photographing tllrough the skill and experience of ~Ir. D. C. Cltapma11. Ile obserws th<1t the 
system of mounting photograph retluctions to scale recently introduced is pro»ing- more valuable 
with each new trial. )[r. Olrnpman has succeued in presen-iug the cun-ature of the 1irojection~ 
in reducing to small scale, auu can now make as perfect a reduction from a printed cllart with 
distorted projection as could formerly lie made from an accurate drawing . 

. Hr. F. l\Ioore continued to serve as foreman of printing. :\Tr . • T. H. Smoot has performt::•l ti.le 
duties of clerk to the Di\"isiou in a manner highly satisfactory to his chief. Tl.le a,.;;.;ig111m·nt of 
another book-keeper is requirell, ::\Ir. Og<kn states, to euaule :\Ir. Smoot to µ;i•1• more tim1• to hi::-. 
important duties of proof-readiug and \"erification. 

Tim usual list of chart plates completed, continued, and commenced during the y<"ar i~ 

appended to the report. 
Assistant Aud.rew Brai1l has remainecl in charg... of the lnstrurneut Di \-isiou. )lr. E. G. 

Fischer continuing to serYe as chief mechaniciau, and gi\·ing his pen;unal atteutiou tu tile detail,, 
of work i11 the instrnmeut shop. 

l\Ir. Braitl submits a list showing quite a large number of riew instruments cornpletell or rn 
course of coustn1ction during thP ye~n; amoug tlrnill six eigllt·iueh repeatiug theodolite::;, f!:radn· 
nted to ti•e miuntes of arc anll reading by three \·eruien; to ti Ye seconds. Great care was tak(•ll 
in tile eoustrnctiou of tllese tltt>oJolites to secure a higL staudard of accurae,1-, 'd1ile at tl.te "aml' 
time tLe cost was kt.•pt withiu tht• amount~ for whieL similar instruments coul(1 be hall l1y pm· 
chase. In Appendix .:-lo. 9 to this volume appears a description of t\\"O new portal.Jk transit 
instruments constructed in 1888 for tlie longitude parties. 

Detailed statements of tile work perfonuptl by each iustrnrnent·maker are g-i•en b~· .:lfr. Br;litl 
in ltis report. He mentions improved eq ni pmeut iutro11 ucetl iuto tlH' inst rn men r shop d 11d1i g t lit: 
ye;1r, and states that two a1l1litional mel:hanicians are gre:itly needed. 

i\lr. H. 0. :French continued to sern• at:! chief carpenter. Tlie duties of property l'krk WL'l'l' 

perf,>rmed l>y Mr. K C. Glascock. 
Mr. A. S. Ohristit>, in charge of tlrn Tidal Di'Vision, in addition to hiH wmal duties of .-rnperYi.'>· 

ion and reYisiou of wOl'k, prepamtiou of Tide Tables, etc., gave special attentio11 to a collatiuu, 
comparison, ;mll a1lju::;tment of all tidal data, aYaihtble relating to tl1b Atlantic cuast from tlle 
Strait of Belk Isle to Hi loxi. aud to the Pacific coast from soutla•rn Califl.lrllia to the Alen ti an 
Islauds. Tltc reliults of this i11n:stigatioa were iucorporated in the Tide Tablt's for tlm .\tlantic 
a1Hl Pacific coasts for 18HO; the manuscripts were Rent to the printer before• the end of tlle fiscal 
year, to be published in two "Volumes, large. octavo. 

Both of these volumes wPre enlarged, the one for tlw Atlantic coa;-;t luffing heeu extended 
to include two hundred and six subordinate stations on the east coast of .Dritish ~~werica as far 
as the Strait of Belle Isle, aml that for the Pacific coast made to indnde eig-lity·fiYe snbon1i11atc· 
stations in British Columbia. The number of stations in .. Alaska was increased fro1_11 t we11t.1-·t\Yt) 

to thirty-three, aml full predictions were mude for Sitka aml St. Paul, Kauiak Island, as prim.i
pal stations for the first time. 

The usual tidal notes were 1nepared for publication on the charts and in the Coast Pilot Yol
umes; descriptions of tidal bench-marks and other tidal data were foruisllPd for the nse of tield 
parties, and information relating to tides was supplied in response to requests. official and personal. 

The annual report of the Miscellaneous Di,·ision is submitted by l\Ir . .:11. ,V, "'ines, g-eueral 
Office Assistant. He report:•; tlte number of charts sent to agents for sale dnriug the year a;; 
twenty-six thousand six hundred and seveuty-six; the number of a~rmal reports distributetl, two 

II. Ex. 55-. -7 
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thousaml three hundred and niuety-th·e: the numlin of copies of Tide Tables issued three tlion 
sand tl1ree hnndred and eight; the numlwr of Yolume,; of Coast Pilots issued. including sub >ol· 
nmes, four hurnlre<l <11Hl ninety-ti\·e. 

Refrrpnce is made by :\fr. ,,-it1r•s to the increase in tlie demand for dmrts by mariners aml 
nthers who aetnally use tlwrn in 11:n-ig-ario11, two tl10nsaml four lrnudred and three more copies 
l;aYillg he~n ,;cnt out to nH'«t n•qnt>,;ts from sale ageuts than lluring tl1e prece(ling fiscal year. Tliis 
ll;nnher wa" uot eHongh to s1111ply tl1t· llemaIH1, hut it was as many as tlie mean.~ afforded h;\- the 
apprnpriatiouf' wonhl admit of. Dnri11g the past fonT ;\·ears tlie i!'sne of charts to ,;all' agent;; ha8 
increa,.;ctl nearly (•Ht, hnrnhc.I per Cl'llt. 

l>istrihntio11 1ya,.; 1mule as usmd of tlie Amrnal Reports, the appendices thereto priute<l sepa
I"ittel~-. tl!e Hnllt•tiu,; aml Ow :Sotices to ~fariners. :\Ir. \Yiues include:; in his Teport statemeuts l)f 

m·w pnlilieatious issned arnl the munhc-r of each recei ,-etl from tLe 11rinter dnri11g the yt>ar; of new 
irnl 1] ieations scat to pn·:,;;;, arul of the <listribution of the A mm al He ports. He corn meuds the !'en·iees 
or '.\Tr. Fl'Pl'I1Ja11 IL (iret'H, wlwsf• clt>rical work has been highly satisfactory. 

On tl1e l st of :.\lay. 1:'-i.'HI. Assistant Gershom Brarlford was assigned to tlw l"liargP of the Chart 
Bi,-i~i,m. rdie\·inµ; Assist.mt W. IL Dennis . 

. All chart,.; j,.;,,;1wd tome from the printer to this Di dsion for correction of aitlF> to 11a dgatiou, the 
culori11g of lig!Jt,; nrnl bnoy,; a11tl of light-sectori:i, and for stampiug with tlw date of correction. 
:::\a nil ye:,;seh; an<l hraneli hydrographic oflict·s of t lie ~ ayy are now supplied with t be cliaits 
"hich JHl>'S thro11;.;·li the Otlit(~ direct.1,v from this Di·dsion, i11stead of beillg supplied as former!~- ill 
huik through tlw H,\-.lrogTapliic Otlke of tlie Xay;1· Departm1•11t. 

ThirtecH HP\\" charts from engra n·tl i1lates were ad dell to tlw Chart Catalogue during tbe year; 
abo thirty-six eharts reprodncPtl h;\' pl1otolithof;rap 11~·. :Mr. Bradford gfres the titles of thest• 11Pw 
d1:1rts iu his n·pon, aml fnrnii,;l.tes a tabular st:Jtement of the yearlr receipt, issue, aJHl ger1t·ral 
di,;trilintion of t:liart:-; . 

. \Ir. Ai-ten1;1s _,Iarti11 was conti11uetl in chargt> of tlH· ArcliiYcs and Library, and presentR iu Lis 
a1m1rnl rq1ort th.: n,.;nal statement~ of the receipt a ud registry of original and dn11licatc reconlF>, 
1·u:1q1nLt:ions, illlll of l1:1·llrog-raphie an1l topographic sheets. Also of the Looks and pam}lhlets 
iel'.ei1·t,(l itt tlw Lil1rar.1· dnrinµ; thl' !heal year. 

,\. c:ml car alog·tu' of the uonml books i 11 the Library was completed. ~fr. J. ~I. Dnesberr.r served 
a" e](,rk i111ring· tlie yp,1r. 

The a1rn11al J'\•Jlort of :\fr .• Joh11 \\'.Parsons, who, as Accountant in charge of the Accounti11g 
1Jivi-;1u11. h tlw n·11reseutati1·(· of :\lr. George_,\., Bartlett, Disbursing Clerk of the Treasury DeJHLrt· 
m1•11t. a111l '1"ho has i1n11w(liat.1 eliarge of the books arnl :wconnts of tlie Survey, indicates close 
:.' 1 »11ri<>1J ti) till' <'''<llllill<llion and ail.instment of thf' tl1onsa1Hls of aC'eonuts 11assing through the 
l>i1·i,.;j,;11. 1tnd an t·-.:actiu::s-< and 1'1Iicie11cy in rnethods of busiuess which :ire higlily comnww.lable. 

1..h .hrnv l l. 1~, a11•.l l:3, 1:-;S\l, the anuual Px.amination of the account:s of 1ht> SurYc~· lly a special 
co:u: ii; t; \'t· of tlit.' l>t• partn wu t, nndm or11ers from the Se0retary of tlie Treasnry, took place, eYf'ry 
it•.·111 or apprnpri•1tiou arul ex:pernliture being pron~ll awl e\·ery balance checked. The results of 
tlii~ vxarniuation 11·er1• Jlf'rfectly satisfa(:tor~· 1o the eommitte.:, aud wern so n•ported to the Secre
tar~-. 

:\Ir. E. !:. \\°ill..; s1·n·p,] ns .c\e('onntant uutil .'.\la~·, 188\1, when l.J.e waR transferred to theOtlice of 
tl1e A~,;i,.;ta11t in diarg1°. :\Ir.\\-, ll. Lanma11 rmulerc<l faithful and intcllige11t 1'CrYice during the 
.\"('<II' as 1-!"l'llt·i:al liook kl'<'l)('r. ::llr>:<. S. B. Taliaferro aided iu clerical dt>tails till October lu, 1888, 
wht'l1 :-;he wa,; trnn:-;ferrctl to the Sixtli AtH1itor',.; Oftice. )Iiss Paula E. Smith serYed acceptably 
a,; g1·1wrnl l'.lcrk dnring the yPar. 

Thl' Oftfrt• of "'eights an<l .'.\leasurt>:s has bPPll continued in charge of .Assistant 0. H. Tittmanu, 
U!l(l1•r wlrnsn direction the mea11s an1ilable for the eonstrnction and cum1iarisou of ti.Jo standartls 
nfwdght an1l mea;;nrP 1..iave llee11 largel;\· added to, an<l inyestig:ations cowlucted which have hronghr 
into closer rt0 latinH the meti·ic staudards of the Coast a11d Ot>mletic Snrvf'y a1Hl of the Lake Surve:--. 

nr. .T. J. Clark Sl'rn>d as \·erificr aud a1ljuster duri11g tlie yt.•ar, "·ith tlil' exception of tlie 
peri0<l lwtwf·en <July 1 and Xm·ern ber 22, whe11 he wat; on duty \¥ith tlJG exhibit of the Survey at 
Cincillnati. 
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IVith Ute aid of Suhassistant P. II. Parsons, who was attachetl to the \i'(,iglits arl<1 .'.\lea:sures 
Office lletween April 13 aml ,Jnue 30, the records arnl papers on filp lwn· lwe11 tboroughl.\· f'ystem
atizeli, aJl(l a card catalogue of obsen·ations and computations prepared. 

Other otfiC"er>' wlro renuered acceptable sen'ice duriug brief assignrne11ts were ~-\.ssil'tant'< A. T . 
..'.\Iosma11, F. D. Gr:rnger, and .fohu H. \Yeir . 

.'.\fr. Tittma11n gaYt' his personal SllJICl'Yi:sion to the eonstrnctior1 of a f'.Oll1J1aring Y:rnlt :11''1 uf 
a comparator capable of comparing e1tlwr line or erH1 measures up tu six nwtres in J.;u&rtl1. This 
yault will lw testt'd nndcr witlelv diffen•nt co!l(1itions of temperature aud for t1itl'erent classe:< of 
wOTk, and ''"ill tlten lie' made th~ i<1tl 1ject of a ,;pecial report. 

C rnler t lie im meLliate direction of the Assistant i u ebarge, in the OftiL-1· I )i \· isio11. tlw fol l<1\Yi11g
named verso11,; haYe llL'ea employt>1l: 

Dr. 'iVilliam B. rrencll has continm•t1 to aet as tlie imme1liate assistallt uf tlw As1<istant in 
cllarge in matters of 1•xecntiYe detnil. He lws !rail >'Ileeial eliarge of tilt' adjustment aJl(l sHtle
ment of Office accounts, and it is worthy of ante tltat an <'xamination of his hook,; after a JH·riotl of 
three years and a half, cumplete11 in .ApriL 188tl, showe<l a <liftere11ee of lmt two cents i11 tl1e tillal 

balanee. 
::\lr. H. }[. Han·ey se1:ved as fill' clerk. ..'.\Iisi' S. l' . .Ayres was 1'ngage1l on Ofl:lee eon'\'SJ1om1t>11<.'e 

till her trnn,;fer in N~J\-ember to tlw Pe11siou Otliee. ..'.\liss F. H. Bailey. ::\lis.~ K. Lawll, aral ::\Iiss 
F. Ca11el rendered faithful am1 etlicient :scrYie0 as ,.,teuographers or t.vpe·writer;-; 1luri11g the year. 
Miss C. J:. 'farubull am1 ..'.\lrs. ,J. \Yadill wtre employed at< <.;opyistR; also :.rr. Xt:il Bryant since 
Octol,c·r 1. 11).'l.-l. 

In tilt> Oftiee of the Superinternknt ..'.\Ir. \Y. H. Uhilto11 continue(l to sern· as ('krk. Duriug 
part of the year lw ai11ed i11 tlJe arrangement of manuscript arn1 in the 1Jroof.rea11ing of the fourth 
edition of tht l'acitie Coast Pilot. 

~CIHlFFICES, U. S, COAST AND GEODETIC SCRYET. 

Sub-o.tllce at Pkilnrlclpltia.-Tbe sulJ-office. of tlH' Surwy at Philadelphia was maintailled 
througl10m tlw year i11 charge of Assistant S. C. )fc.Corkle. 

Information wa;; supplied in response to requeRts from the followi11g-11ame<l Gon~rnment 
orgauizations m oftieials: TlJ1.• CT. S. Geological SmTej·; tlIP United State" Light-House Inspector, 
Fourth District; the U.S. Corps of Engirwers; the 17nite(l States Advisory Comrnissiou for the 
Port of Phihtdelphia, and the l;uited States Commission to examint' the J,t'ague falarnl XaY.''
Yard. Also to the following-named local ol'ganizations: The Philadelphia ..'.\1ariti1111·. Exel1angc, 
tbe Engiueen;i Cluh, tit(' Bureau of Surnys, the Historical Society of PemisyJ,,rnia, and tlJe Oilice 
of the City Ice Boats. 

Astiista11ts lL l\Ieade Bacltf', II. L .. Marinuiu, aml C. }f. Baclw aYailc1l tlt(·rn~eln•" of tlJt:' facil
ities afl.'onlctl lJy the sub-oflice at yarious i1crio11s dnriug 1!1e F'ar . 

.:\Ir. l\lcCorkle sened as a mem her of the Commission ad Yisory to the Harbor Commis;;ion uf 
Pbilrulelpltia from A ugnst 21 nntil tl1e Commission 1rn;; di.~suln'd l1y ord('r of tl1P J'r('sidl'nt of tlic 
United State,,, FelJruary ~3, lSStl. His service ill n~latiun to tl11' obserTation of the uw1·eme11t and 
lo11gment of ice iu Delaware Hi\·er a11d Bay duri11g tl1e winter of 1888-'80 has liL'en refent>d to 
n11der a heading in Section II. 

8ub o.flicr al San .Franciscu.-.A::;sista11t George lhn·idson, in additi011 to the dntie:,; i11n•lvcil in 
the general charge of tlie laud parties upon the Pacifie coast, aud alread,Y referred to. has co11-
ti11ne1l iu charge of the Sub-ofliee of the StirYL•y at Sau Frauciseo, and 11as a11swere([ all calls for 
iuformatio11, \rhether from officers i11 the Held or from nr~nuizatinns or JHT'iOHs 011tsid(; of tlw 
Stun•y. 

In tl1e matter of the examination of tlle bonndar~·-Ji1w h£>tween l'alifornia allll ~c,·:11la, ordefl'(l 
by the State of California, l\Jr. Davi,1r,;on kept tl1e S11peri11 temle11t fully :Hh·isetl of all data 1wr
tainiug thereto, and communicated all information iu iwssel!l1>ion of the Suli ofike to the Snrn'yor
General of California. He also couforred perso1ially with the Surwyor General and 11is dqmtit·:-; 
in relation thereto. 
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Ile misisted tlJe L:'nited States Quarantine Commission by communicating to them his \iews 
relative to tbe San Francisco and San Diego sites, and lJ~· supplying the memlJers with charts, etc. 

The Chamber of Commerce of San l?raucisco took occasion to express its sense of Mr. Diffid· 
son's public sen·ices by electing ltim its first ltonorary mem uer. 

nir. Ferdinand \Vest<lahl sernd as <lranghtsman in the Sub-office arnl was assigned to duty 
for four month,.; in :\Ir. Dadtlsou's party engaged in the measurement of the Los Angeles Base. 

l\Ir. Frauk \'tr. Edmonds was attached to the 8nu-oftice as Clerk, and for fonr months rendered 
'-:\Cr>ice as recorder on the Lo::; Angeles Base. Vicente Denis serYed faithfully as heretoforf\ for 
rnauy years, having the care of instruments and camp equipage and doing dut.Y as messenger an<l 
porter. 

COXCLU8ION. 

Cutler the llirection of the Superintendent the following-named officers hayc been specially 
employed: .A.ssistaut Charles S. Peirce iu the redaction and tliscnssiou of Lis pendulum observa
rious; AssiHtant CharleH 0. Boutelle in the immediate direction of State Surveys, iJtYoh·iug the 
preparation of instructions for and the correspomlence with Acting Assistants, anll the personal 
inspection and charge of field oper:itionH wheneYer required; Assistant E. D. Preston iu the 
pr0paratio11 for publication of papers and reports embodying the resnlts of his determinations of 
latitude alll1 graYity in the Hawaiian Islauds, in San Francisco, and in \Vashington, D. C., and 
A1<.-;i;;tant Ed ward Goodfellow in the preparation for publicati011 and the editing of the Annual 
lh•1,ort:,; ar11l the Bulletins of the SnrYey. 

During the year ~Ir. Uharle8 J nuken was specially emplo~·ed as a ci\·ilian expert to compile 
tlata a11tl de1luce results from recent sn1Te_y$ in southeastern .Alaska, in order to prepare a map 
whil'.11 i:;honlll become aYailable for exliibitiug the preliminary survey of the boundary between 
Alaska aml British Colt1mllia now in 11rogress under act of Congress. 

:\lr. J n11k en \ms tcn1porariJ~· aidetl ill thiR work hy Assis taut Gernhom Bradford. Ile haio; imlJ
rnittl·d a foll report of the results whicl1 he had reachec1 at the eud of the fiscal year. 

[u tra11:,;mitiug to the Department thi;; report of the progress arHl state of the SurYey for the 
fiscal yt·m· 188\J, during which it wn;; untler the direction of m:· predecessor, it is not my intention to 
TecomnH·ml at pre~ent any marked changes in the scope of the work or in the methods hitherto 
adopte1l for its deYelopmellt. 

An examination of Hie ;;elterne of operations ontline1l i11 the Report will show that the SnrYe.Y 
has ]J(•en prompt to recognize the larger requiremeuts of naYigation on both the Atlantic aud 
Pacific coasts, the expansion ofitl-; work dernamled by the acqui;;it1011 of new tnritory, and the need 
ot rapill preliminary snrYeys to meet the wants of trade aud commerce where the de,·elopment of 
these interests has hf'ell i,;o unprecedented m; on the coasts of Califomia, Oregon, vYash ingtou, 
and ~\..laska. It will show also that while the importance of this branch of the work has been 
kept closely in Yiew and its results presented to the 1mhlic IJ~· Charts, Coast Pilots, Notices to 
.Marincri<, and Tide Tahles, ample recognition has been ginn to the demands of geodetic science by 
extensions of 1itH•s of leYeliug of precision, and lines of telegiaphic longitude determinations; L_y 
i11nstigatio11s in terrestrial magnetism; by the measurement of arcs of the meridian and parallel; 
hy 1leterminatiomi of local 1lt>tlectiou of the plnmb-line; by olJserYations of the force of gravity, 
and b~· co-opnation with the Iuternatioual Committee 011 ·weights aud Measures and with the 
Iutematioual Geodetic .. A.,:;soeiatiou to 1mwide for standards of weight and measure of the highest 
attainable. aecurae~·. arnl to e~ta1}lisli, a,; far as practicable, u1)Qn a uniform basis the operations 
intenlled to determine the fignre of the earth. 

Re1;pectfully submitted. 

Hon. \VILLU.lI \YI:-iDO:'<I, 

Secretary of the Treasury. 

T. C. MENDENHALL, 
Superintendent. 
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APPENDIX No. 1-1889. 

DISTRIBUTION OF THE PARTIES OF THE COAST AXD GEODETIC SCR\'EY CPO~ THE 
ATLANTIC, GULF OF MEXICO, AND PACIFIC COASTS, A~D IN THE INTERIOR OF THE 
UNITED STATES DURING THE FISCAL YEAR E~DIXG JONE 30, 1889. 

Sections. \Parties. Operation•. Persons corn.lucting operations. Localitie• of work. 

SECTION I. I 
Maine, New Hampshire, J Xo. 1 Reconuaissance C. IL BuJd, assistant; R. Il. Day. ! Colltinuation ofthetrian:;wiation of tbe~r. Croix 

Vennont.Massachusetts,; and triangula- ard and E.C. Lyle, recorders Ri>i·r, awl of HlP Iakt:>s ne.'H' its IJead tow.1nI,. 

tht' northcasttrn UoulHlary. {See .ab.tt ~~;t·r:tfon an<l Rhode Island, in- j tion. 
eluding cua:1t anll sea· 
!>Orts, hBy8 nnd rivers. 

2

1 

Topography 

3 ; Topograph;-

1 

41 IT ;·d rogrnph;· 

VIII.• 

I 
C. M. Bache, as3istant. ........ -·-- -' Comp1etion of the topogr,111hical S\lfY(·y of the 

J. H. Gray, aid ...••..•.•.•.• 

w .... ·st hank of the St. cr,)iX l~frcr li<'tWt::L'Il 

Plt'asant Point and Short1auds Station. 
Toµo~rapllical survt',\' of the uorth l1rancl: of 

Cohseook Buy, Maine·. (8t·(' nlso Su·til'll ~I.) 

Lieut. F. H. UroslJy, l~. S. ~ .. as- i Complet:on oftiiehydrograpliY ofCouscook Bay. 
sistant; Lieut. J. Y. Helm, U.S. ]Jaiue. <:5ee afau ~cetion X:I.) 

N .. assistant: Ensigns: R. 0. Bit-

ler, J osepl1 Straus<, and D. S. 
N( .~. L. S . .N.: Xaral cadet 
Philip .Andrews, l"'". S. X. 

Topography..... :Eugene EJ1irott, assistant.._." .... : Completion o( the toi1o~rapl11ca] survey of CoU:: 
c1H)1: Ba.y. (Sec abo ~ectioll Y.1 

6 Hydrographic ex- Lieut. J.E. Pillslmry. tr.!-;. N., as- 1 Hy<lr-0graphie P"'.'\aminatHJJH on tho coast of 

; 

amination~. Ai~t.ant: EnsignsH..Y.Hn,!heB. Maine- in the vicinity oi Xas.h Hock, awl h"'-
C. S. StanwoltL .. J. E. Shindel. tween ~[.:\tiuicu::i Ho<.-'k a111l Segufo I::ihud 

aud P. Andrewi:i, l1'". S. N. Also off tlie coast of :Ua:<;saclnb'ett~ from Xau 

tncket ~hual~ to thP ea:3tt:rn limit uf Geo:'gt•~ 

13an1L (Se-e al~o 8ectionj III arHl YJ. 1 

Ph,,sical bytlrog- IlPnr;\ L. Marindin, as-ihtant; E. I'hysica1l1ydrogra1)h.1:. Cirntmuationofthesur. 

rnphy. E. Haskell arnl H.P. Hitter, ex- Yey <rf tlw ('ortf:t of Capr Cod Penin~ula f.rom 
pert obf'e1 ver8. 

Special surv~Y- Uenr,} I~. \Yhiting, nssistant: C. 

.II. Van 01clt>n, a~sistaut. 

thf vidnity of Challiam to th~ northw,trd. 

Continuation of thP ,1eh•rmina1hm.:; of town 

bonmlary }iIH'l-3 iu tlw State of ::\Ia~sacbusttt~ . 
9 ' 'fupo~rapl:ic.1.l r~· i HPnry L. Whit in;:;. assi:staut ... _. _ Ue:·qn·YPY of the lJ{ w inlet into Cotamy Bay 

:Mnrtha·li Yine:;.aril. 

10 

11 

12 

SUlTt!y, 

~npPn-ision aml 
in~pection of to

po-grapbical re

surrey.-,. 
T()pographica.1 ad· 

ditions to origi

nal surveya. 
Hplrography ...• 

Henry L.1.Vhit.i.u;,a.~sislant ..•.... Supervisi(/nau<l iu~rHcti011 nf topograpltical l't· 

snrn·ys OU Martha:.-i Tint"yartl, x~) )[au·& 

La ml, Kanshon. in th~· dci11i1s flf ,\~ood':-. Holl. 

arnl on the southeastt.•rly part of Lon.-:- ls}ant.L 
Henry L. "\~iting, assistant ....... At.lditiou~of topographical de ta Us tn tht~ original 

snrvey~ of Nantucket and l[artha'R '\""ine~~ar1l 

Islands. 
Lieut. J.M. Ue1m, U.S. N., as~ist- Hytlrop-aphit· survey iu Xantt1~ket Sl1un<l. (See 

ant. also Section XI.) 

13 H5drograpby ... _ Lieut. S. C. Paine, U.S. N., assist- · H~·drographk resur~eys in ~anturket an<l 
ant: Ensigns L. M. Garrett, L. \inttyard Soarnl.:;. 

S. Van Duzer. Franklin Swift. 
W.R. M. Field, G. E>ans, andR. , 
D. Tisdal<•, tr. S. N. 
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Hection:-<.. 

SElTlOS Il. 

Counf'ctiC'UT. 'Xew lmk 
Xt·w .T'-'rsry, Pnlll1"y:i 

-r<mi.1, and Defawart>, i11-

cludllig co:ii:;t~. Ua.y~, au,1 

r-iYer.e. 

Sx<T!O>l III. 

lfa.r: larnl, !)i~tri<:t of Co
lumbia, Virginia, n.11 d 

West Tirgiuia, inclu<linl? · 

bayEt. seil·ports,and riT'erF<. \ 

Partief"i. 

15 

APPENDIX );o. 1-Continued. 

Operations. J 1ersonR conducting operations. Localities of work. 

Lieut.J. F. Moser, r. S. N., assist· : ~ydrographic rf'sur~ey of tlie approaches to 

ant; .Ensigns '\V. :M. Constant, 
H. .J.. Bispham, J. E Shindel, 

W. E. G. Bullard, and S. ~

Strite, L. S. N. 
Lient. ·w. P. Elliott, U.S. N., as

sistant: Ensi ns L. S. Van Un
Zf-r and. E. A . .A.udcrsoo, L. s.~~- I 

Martha's Vineyard and Nantucket, avd re
•nn·ey of Mnskeget Channel. (See also Sec
tions VI and VII.) 

IlyUrogrJlpL.ic surTf'J'S&nd examinationR in Nan
tucket and Vineyanl Sournls. (See also Sc-c
tion II. I 

16 Topography·- ___ John W. Donn, Msistant.... .•.•.. Tupoi:raphic 1esurny of pai·ts of the north and 
.south l'hures of Murtlrn 't-1 Vineyard. Al.so Df 

the shore-liue of Xo lfan' . ..:i Land. (See .nlso 

Section Ill.) 

] 7 Topography . • . . . . \l. I. Vinal, aseistan! ............ - . . Topographical re~urv-t'y of ~110re-Iine and aclja-
rent details in \Yood's lloil. and on the is1nn'1R 

111 its immediate ·viciuity. 

V'.' Topo,L:rap'.:y .•••.• E. L. TatH'j', sul.tassistaut. .......... T<lpographical resutTey of the Eliza he-th I!:!.1-
.ands. (Su• also Section VITT.) 

Hl Triangn:ation ..... A. T. Mosman, assistant .......... Determinalwn of the geograp1Jita1 positions of 
]ight.·h{llues in Narr\2'anactt Bay an<1 np
proachrs. (8€('; nl~o 8ectio1.1s JI and VII.) 

, Triangulativn A. T. llosmun. a8~i~taut . - .. .• . . . Triv.n~ulation on the south coast ot Long Ishwl 
completed from Great Sonth Rny t.o Nape.ague 

Bay. (See also Seclions I and VII. l 

To1m~raphy c. T. Ianlf:lla. assistant.......... Complenon of the flhorn-Iine resurvers ot 
Three Mile .Hatbor, Morichcs Bay, nnd the 

outH beach, Long Island. 
Hstlrog-rapbic ex- J. Jlergeebf'inwr, ae8istant ..•..•.. Hydrograpllic exan1ination of the entranc£ into-

amination. Ja1uaica Bay, son th sido of Long Island. (See 
also Section VI.) 

Hidrograpby ...•. Lieut. W. P. Elliott, TT. S. N., as
~h11tant; Ensigr.R L. S. \un 

i)uzer and E . .A. Anderson, U. 

S.:N. 

Ohservation of cnrrents in New York Lower 
Hay, (See afoo S~ction J.) 

M~r1<lian li.ne~ and 

standar<lH of 

length. 

J.1~. Baylor, assistant. .............. EstalJ\ishroent of meridian lines antl standards 

of lrngth at Binghampton, N. Y ., arnl at 
Montrose, Pa, (See nlso Sections VIII, IX, 
XIV, XV, and XVI.) 

Tidalol1sen-ations J. G. Spalding, obsernr; D. E. C<>ntionation of the tifial record by me.ans of 

Snead, obserV"er. automatiu title-gauge at Sandy Hook, Ntw 

Jersey. (See also Section V.) 

Geodel ic op<' r a- F. '\Yalley Perl<ins, assistant; Continuation of the triangulation in northeast-
1ions. 

Topography an<l 
hydrography. 

!i ; Topography aull 

hJ•lrogTapby. 

IQ , l'liy•ical hydrog
r:rphy. 

l'rof. L. II. Baruanl, aclin~ as-

sistailt. 

R. ~Ieade Bat· he, assistant; Nt'

' ille B. Craig. 

en1 Peuns_ylvania re(1uired to com11lete the 
Pamplico.Che•RJleake-Lake-Ontario arc of 
the meridian. (See also Section VIII.) 

Corr~ction s in aud additions to the topo~ra:phic 
and hydrographic suneys of the Delawme 

Ri-rer, made ne-0essary l1y changes which had 
occurred since former surw•ys. 

J. Berge>sheimer, aesjeta11t .... _ ·-. ResurYeJ~ on the Schnylk il,l Rh·er, ahore-line 
and by<lrograph)·. (See also Section VJ,) 

S. C. 1d cCoTkle,aos\otant ••. , •••••. Continuation of tbe obseTvation of ice forma-
tion and movPment ln Uelaware River and 
!Jay. • 

Topography ....... tTohn \Y. Donn, AA:t-istaut ........... Topograpbic:aJ resur~ey of .Anna.polis llarbor-
and Road•. (SeA al•o Section J.) 

Geo<letic lenling. Andrpw Braid, aBSistant .•.••••••. Connection by geodetic levelinll of tlJe tidal 

b•nch-rnarke at Annapolis, 
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Sections. Parties. 

SECTION III -Continued. No. 

" 

APPENDIX No. I-Continued. 

Persons conduciin~ opC'rationl' LocalitieH of work. 

HydrograpLy. _... Lieut. M. L. '" ... ood, L. S.. N., assist-
1 

Hydrograpbic resurv("y of Annapoli"' Harbor 

ant; Emigns Ed"ard Lloyd and approache•. 
and E . .A . .A.rnlenmn, U. S.N.; 
\Y, C. \Yill~nbucber, obser~er 

an<l draughtsman. 
Topograpl1y ..••... John W. Donn, assistant ....... . 

I 
l 

Topography •..... \ D.13. Wainwright, assistant. 

Topography .•. . . . W. C. Ilo<lgkins, assistant. 

Continuation (Jf tht: detailed topo,craphical sur· 

'\'"f'\Y of the District of C{Jlumhia. (SN• also 

Section I.) 
Continuation of the detailed topogra1)ljical sur· 

>ey of the District of Columl>ia. 

Continuation of the detailed topographical i::ur-
~cy of tlrn Distt·ict of Colnru hia. 

Topographical J. A. Fle-nit>r,aid; Atll'f' .Tohnson Establishrnentofpermanentbend1-mnrk8t0rthe 
bench· mark ~ aIJd Peirce Bri~t. topographical sun:es of the District of Co-
and tovography. 

Topographical 1 B. A. Colonnn, a~sistant in cbargt· 
additions. of office-. 

Hydrography .... Lieut. M. L. ~·oocl, L'. S. ~ .. as"ist. 
nut; Ensigns tt•. M. Constaut, 
Edward Lloy<I, an<l E. A.. A.n
t!Pr•on, T'. ~. N. 

lurnbia, nnd continuatioll of <letai1-ed topo
graphical survey. 

Location of wharTei<. on tbe Potomac River for 
additions to the charts. 

Ily<lrographic surreys and examination~ rn the 
Yicinity <Jf Cape Cl.H.rle~, \irgiuia. 

IO PlJysical hydrog· Lieut.J. E.rillslrnry, L. fi. :N., aR- OliRervatio11s of ocean currents ot:' tl.1t~ eavet:o. of 

SRCTION IY. 

North Carolina, including 
coaf!t~, sounds, sea-ports, 
awl rh·p,rg. 

SECTION\. 

Sou th Carolina and Georgia, 
includin~ coast, sea-! 
water channels, sounds, 
LarborEI, and rivers. 

SECTION VI. 

Peninsula of Florida from 
St. :Mary's River, on the. 
east coast, . to and in· 
eluding Ancloto An
chorage on t be we•t 
coast. with the coast 
approaches., reefs, key6, 
sea.-porta1 and rivers. 

rapby. Risfont. Virgiuia. nnd L<'tween :Xantud:.et and Ca11e 

Ilattera•. (See also ~ections I ancl VI. 
Special bydrog· Lieut. F1ancis \\'inslow, l'. S. N .. Sup-p1em.entary work incidental to th't' spedal 

hydrog:ra.pby for the State of ~ortb Caro1inn. 

Sur'\""eys and iDT(·sti~ntj0ns of o:n1ter beds. 

rapby. assistant; Ensign J.C. Drake, 

U. S. N., assistant. 

1 

Triangulation 

Triangulati<m 

C. 0. Boutelle, assistant........... Reco)er)· and tt>·est-<lblisL.nient of "tat ion a of 

the triangulation in the Yieinitv of Charles
ton, S. C. (See also Ser-tion~ XI\ sud XV, 
aml "Apecial operations." 

Eugene Ellicott, a.sistant. ..•.•••. : Triangulation of tte Cooper, .Ashie.'· a11d 
\Yaudo Ri"•ers, Stiuth Carolina. (Sf'e also 
Section I.) 

Ticlal ob s.:-r" a- ', J. G. Spaulding, tidal obsen-er. .. Sf•lection -0f a station for an antomat.ic tide-
tions. gauge on Tybee Islanrl, Georgia. (!Sf"f'" a1.-;o 

Section II.) 

Physical bydroi;- Lient. J. E. Pillsbury, 1::. S. N., Gulf 8tream explorations, 1889. Continuation 
of obser'f"ationR of current.a in the Windward 
lslaml Passages. (See also !Secti<lns 1, II, 
and ITT. I 

raphy. assist a n t ; En • i ~ n s R. Jd. 

Hp'rography .. 

Topography 

Ilugheo, Barry Kimmell, C. S. 
Stanworth, J. E. Shindel, and 
Philip Andrews, U.S. N.; .As· 

sistant Sur~n Thomas Oweus 
and Aseiidant Engineer W. 
W. White, 1T. S. N. 

Lieut. J. F. Mose,., U. S. N., as- H) drographic surveys in the Bay of Florida, i[I 
sistant; Emdgne Franklin 

Swift, H. A. BiBpham, S. M. 
Strite, and R. D. Tisdale, t:. 
S.N. 

the. approaches to the Florida ref>f~. and on 
the Northwest Cbannel Bar, Key West. 1See 
also Sections I and \IL I 

J. Hergesheimer, assistant; J. H. Topographical sun-ey of the west coast of 
Gray, subassiatant. FJorida between Cape Sable and J>a,·ilion. 

Key. (See al•o Sectioo II.) 
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' 
Sections. iPartiee. 

SBCl'IOll VII. 

Peninl't.ula of Florida, west No. 1 
coast, from Anclote Au. 
cborage to PerdidoBay, 
including coast a.P· 
-proacbes, h a y s, and 

.rivers. 

APPENDIX No. I-Continued. 

Operation3 l>ersons conlluctinl,{ operatiuus. 

Ilyurogrnpby ..... Lieut. J. F. Moser, U.S. N., as
Ristant; Ensigns Fran kl in 
Swift, H. A. Bispham, S. M. 
Strite, and R. D. Tiadale, U.S.N. 

Localities of work. 

H.rdrographic 8tuvey (off.shore} between Cedar 

Keys and J,ight, Honse Point, west coaet of 

Florida. (See also Section• I and Y 1.) 

2 Trian,'?11lation. .•. A. T. Mosmnn, a':lsistaut; F. H. Triangulation of Perdido Bay, and itd connect

ion with the triani::ulation of Pensacola !lay. 
(See ah~o Sections I and II.) 

SEC'TIO" VIII. 

..A.laba,rua, Missi~sippi, 

Louisiana, antl Arkan

•a•, including Gu If 
ooasts, ports.and ri,rer:). 

~KCTIO~ IX. 

Te:ta3, inclu1Hng Ga 1 f 
coal'!t. port8, antl rivrr.-1: 
al~o the Indiarr Tt•rri 

tor.r. 

California, incl.u~Im~ the 

c'o~i~t. hay:i.. h.lrlJor::>. and. 

rivers 

Parsons ancl P.A. Welker, sub· 
H1'Sistant~. 

Triangulation, to- P . ...\._, \Velker, smba3Sistant 

pography, aml , 
hydrography. 

Triangulation, topography-, au<l }1y<lrography 

in 1'ensacola Bay and branches. Trfanga}a. 
tion between Pensacola anll Perdido Bay,.,. 
(See also ' 1 Special operations.'' 

Triangulation . F. W. Perkins. ass[staut; W. U. Occupation ofst.ations for the extension of th.e 
Fairfield, extra obserYer. 

Geodetic le'"'elin~. Gershorn Bl'atl forll, as~ id tau t; 

Isaac \Vinston, F-Ubas.sistant. 

primary triangulation in Alabama towartle 

the Gulf. (See also Seet_ion II.) 

Extension of the line of leve]i of precision fro~n 

Littlo Rock, Ark., towards the western 
houndary of tbe State. (::;ee also sectioni:i 
XIII and XIV.) 

Magnetic ol)~f:ff- J.B. Baylor, assi&t.ant. __ ...•. ·--- Occupation of a 3-tati?n in Louisiana. for mag. 
vationf4. netic observations. (8ee also Sections Ir, 

1 x, xrv, xv, antl xvr.) 
Tria!lgulat1on _ .. _ C.H. li\>)'d, assistant; E.L. Taney, Triangulation of t11e .A.tcbafalasa River, Lou::o;. 

su ba~si~tant; C. H. Stone, re- isna. (See also Section L. f 

Triangulation and 
measurement of 
!Jase. 

H.vdrography 

· corrlBr. 

J.'. W". Perkins, as•istant; W. B. 
Fc,irfield, extra. ol)Sf!r~er i C.H. 
S:one, recordel:'-

Jt..:nsign J;. M. Garrett, U.S. N., RB· 

si~tant: Ensign~ Jobn F. Luby 
andG. R. Evans, U.8. N. 

Magnetic ohst-r- tT, H. na;-rlnr, 33'8iMtant_ ....... .. 
-i;atiou!'. 

Measurement of hase and verification of trian. 
gnlation on the coast of Louisiana. (See ah~o 
Section lI.) 

Hydrojtraphic surveys on the coast of Loui9-
iana west of the Passes of the Mississippi. 

(See a!s1J Sectiott !.) 

l>cterrninations of the mapietic elernents at eta. 
tions in Tnxa~ n.n1l at. a station in tlw Indian 

Territory. (i\ee also Sections II, YIU, XIV, 
XY and XYI,) 

EstalJliHhment of 
station for Sfllf

re-gi~tedng mag

netic apparatus. 

Isaac 'V-inston, suba.ssistant . __ . _. Construction of buildings for the self-rngiRter. 

HydNgraphy.... Li<eut. H.B. Mansfield, U. S N., 
assistant; Lieut. George M. 

Stone~·,U. S. N. lpartofseason), 
and Lieut. D. H. Mahan, t:"". S. 
N.; Enoigns Guy 'V. Brown, .J. 
P. ~IcGuinness, W. L. I)od1l, 
and ,V, H. Fu1ldt, U.S. N. 

1'01>0.graphy ·--~-.,' A.. F. Rodgers, assistant; ~T. E. 

McGrat!J, suhassistant; John 
Nelson 1 ai<l. 

Uydro!(l'aT•hy ..... , Lieut. Daniel Delehanty, U.S. X., 
assistant; Lieut. C A. Go,·e, r. 
S. N.; EusigM Guy W. Brown, 
J.P. M:cGninne~s. W. L. Dodd, 
and W. H. Fonst, U. S.N, 

ing magrrntic apparatn~ to be set llp at San 
Antonio, Tex. (See also ~~kction::i XIII and 
XIV.) 

IIydrogrnphic surveys on the coast ot' Califor. 
niafromSan Diego to Oceansidt;i and vicinity 

(See also Section XII.) 

Topographical .RUT\"'t\Y~ on tlrn smnth coast Ctf 
California m foe .-icinity of Del Mar, Encini· 
tas, Carla baa, and Oceanaidt·. 

Hydrographic sur·.-ey on the coast of Califor. 
nia from otf the ea.,tern end of San Onofre 
Mountain to Newport Landing, and hydr<>
gra1•hic examination for a shoal reported off 
Point Firmin. 
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APPENDIX No. 1-Continued. 

Sttctions. Operation.'!. Persons conductinK operations. Localities of work. /Parties.) 
___________ . ___ ! 

SgcTION X-Colltinned. 

SECT!OX Xl. 

Ore.:on and Washington 
Territory, ineludin~ 
Ct>iJ.8t, interior sounds 
and bays, ports, and 
river a. 

.! 
No. 4 I Measurement of George Davidson, assistant; 

! l>ase. James 8. Lawson, assistanti 
Fremont Morse, subassistant; 
J obn Nelson, nid ; :Pet'dinand 
·west1labl, !].raugbtswan and 

engineer; F. W. Edmonds, re- ; 
corder. ; 

Magnetic obser- R. E. Halter, a5Sii:!tant ............. .f 
vatious. 

6 ·j Tertiary triangu- , 
I • 
1 lation am1 to-

pography. 
General charge of 

work. of the land 
parties o-n the 
Pacific coast: 

connectjon of 
primar:,· base [ 

line with the tri- 1 

angulation, etc. 1 

Stehman Porney,as~istant ...... . 

Georgp, DaT"idf;!)U, assi8ta11 t; 

,Tanies S. Lawson, assist:lllt; 

1',remont Mor3e, suUa5sbtant. 

Longitudt' deter- ,
1 

C. IL Sinclair, a::ieistant: R. A. 

minations. Marr, subaesistant. 

I 

Memn1rement of primar~- ba.st· Iine near Los 
A.ngeles, Cal. (:-iee a)so Section XII. i 

Ma.;netic n'.cord continued antl absolute .-alue:o. 
of the magnetic elements determin~d monthly 

at the self-re)tistering magnetic station at Lo:3 
A.n!(ele", Cal. 

Tertiary tria.ngu1atiou aUtl topography- on tilt' 

coast of California froru Cape San :!tlart11: 
westward. 

8nperd13io11 of work 011 the l)arific C'oast '£ .... 

tahlishruent of a meridian line aml a standartl 
of leng:th in Golden Gate Park, San l,ranci5co 

:!tlagnetic am] ti(hl work, ete. tSee alsu Sec. 

tion X£I.; 

Exchanges uf teJeµ:raphic sig-nal~ for long:ltuJ.,_· 
between Sau }'ranciae~• (Lafay('tte Park OlJ. 
scrT"atory), Mt.iunt. Ilamilton, ~atramento 

Point Arena, Chabot ObserYat-0ry, at Oak

land, aud Lo~ _\..11gt•le:s . .Also betwel'n Poiu~ 
A.rt:'ml and Sacrnill('nto. Ma.rysYiI!e and SJ.era· 
mento, Sacramento and Loa Ang-1c1les, and Lo:i 

An;!;elea and X ee•lles, Cal. (See also ~P('tion~ 
X!,XVl,anu .XVII.) 

Hydrograpby .... -I 
I 

L.A. SengtellBt', a~sistant. ..... __ .
1 

Hydrographic t>xmniuation of Ho"'pibl C<n:e. 

Angel Island, San Francisco Bay, 
10 Tidal observation~: George Da·dd8ou, a,:;.8iBtant: Em· Coutiuuatio11 uf tidal r~cort.1 at t11e antowatic 

11 Hydrograp by .. 

met Gray. ohser"t""er. ti(lal station at Saucelito. Bay of San Fran 

Lient. Il. II. Manofielu, i-. S. N .. 

assistant.; Lieut. G. M. Stoup.:'-·· 
U.S.N.(partofseason). Lieut. 

D.R. Mahan, U.S. N.; Ensig-ns 
n.11y }f Rrown .• l. P. MctfuiIJ. 

n(<S.'i, '"'"'· I). Do1ltl, Ullll "r· ll. 
Fuust, U. S N. 

cisco. (See ahw Sertion XII.) 
llydrographlc surreys in th~· ·dciuit,\ 11f Crt'"' 
c~nt City, Cal. (See also Sn•tion XII ; 

, Topographical re- ; E. F. Dick.lns, assistant .... _.. __ 
connais:.,ance. 

Tnpographical rec-01rnai8sanct> of the coast of 
OH~g:on bctwet~n Cape Seba~tian aIJd E.tigo.t~ 

l~h:t>r t•ompkt('cl; al~o topographical ~un·t',\ 

bdwe-en Koos Bay m11l l'mpquah H ... iH1 r. l~t." 

TriaDj!U] a 1i011 

and topography. 

2 llydrograpby ... 

3 Topography anrl 
hydrography. 

Lieut. J_ ~I. Helm, 1'. S. N., a•

sistant: Ensi:.!JlS ll. 0. Bitler, 

Jo•. Straus•,"'· IL G. Bullanl, 
and F. W.Jenkins. U.S. X. 

surn::r of Kuos Bay Legun. 

Hyclro;:?raphic surnriy from Cap(• Orford an.l 

Yicinitytothf'~oathward. {Set· nl:5ot5t'cti<!Ii 1 ·) 

CleT~land Rockwt:'ll, as:dstant _.. l{('sun·ey~ aud ex8mi11ation {If l"l1angt .... w tl.k 

Columbia llin:r in tlrn vicinit;r of A~toria and 
hetwePn TougtH' P.()illt and 'I'uns~· Point. 

4 Longitude deter- Edwin Smith, assistant; CJ. U,. ,ExchangeR of tele~-r.iphic signals for longitu<le 
ruinations. Sindair, a.ssistant; IL A. Ma.rr, between Port Towns1..·nd aud Se~ttth~, b~t,-., een 

snha.s"i4ant. Seattl~ aml \Vall~ \\'"alla, hri.h,·N;ion 'Yalb 
Walla, \Yash., aml lhlei1a, 1\[unt.. an.~ 

between 
Wash. 

XVII.) 

Ht'lena. :Mont., and ::=.pokane 1-"""'aH-". 

(See aho S~ctions X, :X:>I. acrt 
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APPENDIX No. 1-Continued. 

Operations. 

-----;-

Persons com1ur.ting operations. Localities of work. 

SECTlO:S XI-Continued. No. 5 Exli.mination of J. F. Pratt, assistant .. . •. • . .. .. ... • . Examiuntion anc.1 report of changes ii&. the water·. 

SECT!O!< XII. 

Al::u•ka. in cl u tl j n:=: the 
cnast. inlets, sounds, 
hays, riz<'rs, and th<" 

Aleutian l$larn.ls. 

SECTJO" XIII. 

Kentucky and Te11nessee .. 

SECT!()S XIV. 

Ohio. Indiana, Illinois, 

Michigan, and Wiscon· 
iln. 

c ha n g es i u front of Seattle and vicini.ty. 
water-front. 

IlyUrography Lieut.J. C. Burnett, U.S. N.) as- llydrograpbic surveys iu the ,·icinity of Cape 
sistant; Lieut. C. A. Gow, "C. S. Flatt<>ry, am! in Neeah Bay, Washington Ter . 
.:I.; Ensigns J. A. llell, T. K. ritory. 
Hill, and J. P. McGuinness, 

V.S.N. 
· Trian guJation J. F. Pratt, assistant............. Triangulation and t-0pograpby of Saratoga, Pas· 

aud topograph:·. 

Ilydrograplly ..... Lieut. H. T. Mayo, U.S. N., assist· 
ant; Lieut. J. N. JordaD, "C. S. 
:N., assistant; Ensigns A. C. 

Almy and F. K. llill, U.S. N. 
Trian guln ti on J. J. Gilbert, assistant ..... 

and topography. 

llydrograpltic, Lient. Com. C. :11. Thoma,s, 
!mr,.ey. ' L. s. :N., assi~tant; Lieut. H.B. 

Mansfield; U. R. :S., asf;istant. 
Officers attachetl to party of 
I~icntenant-CommanderThomas 

in lSF-8: EnP..igns, J. N. Oliv-er," 

.A. N. Wood, S.S. Wood, A. M. 
Beecher, J. I). McDonald, and 

G. R. Slocum, U. S. N. Offi. 
cers attached to party of Lieu. 
tenantMau~:field inl889; Lieut. 
E. G. Dorn, I-ieut. A. N. 
Wood, Ensigns A. C. Almy, .A. 

M. Beecher, J. G. McDonaM, 
G. R. Slocum, and"\\". I-I. Foust, 
r.s.N. 

Tidal <>l1serva-. GeorgeDa~iU1on.assistent: Fred 

tions. Sargent. ob,::er•er. 

Hydro.i;raphic re. Lieut. Commander H. E. Nichols, 
connaisF<ance U.S. ~.,assistant. 
and establi•h· 
ment of tidal 
station. 

sage, Penn's Cove, Oak Harbor, Crescent lla.r 
bor, and Sk'agit Bay, Washington T<>n·it-Ory. 

Hydrographic surveys inclu1ling Saratoga Pas· 
sage to Ska.git Bay, tlie northwest coast of 

Whidbe~· l•lanol, Rosari<> Strait, .and Belling. 
ham Bay. 

Triangulation and topogTapby of the G11lf of 
Georgia, including Lnmmi, Birch, and Semi· 

ah·moo Bays, and of Washington Sound. 

Hyclrograpl1ic surwys in Stephens Passage and 
"\"icinity, and in Port1and Canal and. vicinity, 
Southeastern Alaska. (See also Sel!'tiou X.) 

Tidal record continued at the automatic tidal 
station at St. Paul, Kadiak Island, Alaska. 

\ (See also Section X.) 
Collection of data for Coast Pilot in Southeastern 

Alaska. and establishment of a tidal stati;;n at 
Unalaska. 

Preliminary d t' • 
termination of 

boundary line. 

J. E. McGrath, subar.sistant; J. Preliminary survey of the frontier line between 
JI. Turner, subassistant. 1 Alaska and British Colnmbia. (See also Sec. 

tionX.) 

Geodetic leveling Isaac WinstQn, subasaistant ••• .... .. Geodetic le-:elin~ from near Cairo, Ill., ncrosR· 
western Kentncky and Tennessee. (See also 
Sections IX and XIV.) 

Good(·tic opera. ! Prof. A.. H. Bu~hanan, acting ae- i Occupation of stations for connecting the trian-

sistant. / l(ulation o: the State ~f ;ennessee wit~ the tions-
primary tnangulation ID Northern Georgm. 

Ma,gneticobse,-ya. J&m<>a B. BRylor, assistant •••.•••. 1 Occupation of a station in Tennessee for mag. 
tiODP. 

Magnetic olll!en-a. .J.B. Baylor, assistant ........... . 
tions. 

Reconnaissance. George A. Fairfield, assistant; 
and signal build· : W. B. Fairfteld, extra obeerver; 

ing. II E. E. Torrey, foreman. 
Geodetic lev.,ling. Ieeac Winston, assistant; P. A. 

Welker, subltllsistant; F. A. 
• Yonng, recorder. 

netic determinations. 

Determi.Dation of tbe magnetic e1ement.a at sta.. 
tions in Ohio, Indiana, Illinois, and Wisconsin. 
(Seeabo Sections II, VIII, IX, XV, and XVI., 

Reconnaissance and bnilding of signals for the· 
transcont.inental trian11:ulatlon in Ohio and In· 

dlana. 
Linea of geodetic leveling carried from near 

Cairo, Ill., to·•mrds the Gulf of Mexico. (See 
al$> SectiJ11• IX and Xlll. 
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Sections. Partie~. Operation:;. Penwns. conducting operations. ! Localitie:" of work. 

8Rcno:o; XI'V -Contiuueu. 

Qhio, Indiana, lllinoid, No. 4 i Geodetic opera· C. 0. B.outelltJ, a~sistant; l'rof.J. 
Michigan, and Wisconsin. tions. E. DaYieR, acting assistant. 

Jlecunnaissancl· fore.'..teutling- ~toiletiL 011t: 1ati(1JJ"' 

in tlH• St:tte Gf V!Tiscot.ui!in. (Sef> ahw Sc>ctior...; 

"\"'",XV, aml ''Spcdal operation3 ... J 

SRCTIOl' XV. 

YistiOUri, Kansas, Iowa. 
~.,..ebra.~ka, Minnesota, 

aud Dakota. 

SECTION XVI. 

N"evada, Utah 1 Colorado, 
Arizonv., and New Mex. 
JCO. 

SECTIOX XVII. 

Itla.110, Wsoming, ancl :Mon
tana. 

.SPECIAL OPE«ATIOXB •.•• 

Geodetic opera- C. 0. Boutell(', as::ibtant: Prof."~. Measuren1eutof ba~e in connection ~it~l .:!;eodetk 

-Operation:; iu tile ~tate of llinne3ot~L (S-e•: tions. l!. Hoag, acting a~sistant. 

' 
alsoSccUom~Y. XV, nntl "SpedaloptTations. " 1 

2 Magnetic obsen·a-. ,T. B. Baylor, as.~dstant ........ . I Determiuatious of the magnl::'tic eJemeHt~ at slii.· 

tions. 

3 Triangulation 

tions in low-a, Xebraska, aml Kansas. 1Se1· 
al•o S~ctions If, Y[lI, 1X, :}:UI, Xf\, ami 
XYI.) 

F. D. Granger, assbtant: :F'. H, ; Occupation of stations for extemlini: tlit tran::'! 
Par.sonti, subas~istaut; '1'. 0. 
Pulizzi, recorder; A. P. llar. 

n~1rJ, foreman and recorder. 

continental triau,:.::nlatiou to the wc~twartl m 

Kans;is. 

Triangulation . . . . Witiam Eimheck, a."sistant; E. L. 5tatiun-. ocntpit-d for thl~ f':-..:ten:-1ion to the ea.~~. 

wanl m l~tah of the primary tri:mgulati··n 
H!:ar the thirty.ninth 1,arallcl. 

Magnetic 0Usern1 

ti on~. 

I.ongituUc deter 

minations. 

Tane-y anJ J . .H. 'Iarnf>r, snli
as~ista.ut :-,, 

J.B. Baybr. a.~sistant ..•...••..•.. 

C. E. Sinclair, assistant; I~. A. 
Marr, ~uba.5si8tant. 

DL'tt:rminationi;,i of the magnetic elemenb at ~Li.

tions in Colorado aud Xew )It"xico. {~ee also 
Srctions II. YJIT, IX, XII."', and XV.) 

E-,;:ch:n1ge:-. of tPle,?:rapliil' s\;.:nali'! fo1 the deter. 

111iuation of the lou.r?:itucle (•f Tel'tli, ~L~,·. t~et: 

abo Se·..:tion~ X. Xl, antl X \~II.) 

Lon~itmh1 tleter- Edwin Sruitli 1 as3i~tant; C.H. 8in, .E1.d1au~e."' at teleg-raphic slg1w:~ for tlw dt'!L·r. 
mination. dair1 as:sistanl; R. A. Marr, i:-uh- mi11ati0u of the long-itn1h of lldenJ, ~ont 

az.i:>istant. (~ee rll30 Section~ X, XI, :uu1 XYI 1 

i P.A. \Yl'llit:r, suhas.:-::11!:ltant. .....•. , Surn:y fo1· th~, Corumi~~ion appoink.1 to ~("ltct a 

:;i,itt•'for a ~a~·.\·-yan1 on th.• Gulf of ~h•'\ ic11 a11d 

8outh Al1m1tio roasts. 
,J. F, Pratt, a~si::itaut .•••.•.•....•. Special :-an·t'I;> 1rnu.k~ for th·.: Con11ni~~if•:1 ori;<u,. 

izt•'1 to examine tiie Prrl'ific cna~t r10rtL of th(• 

forty-second }>arallel 'lt"itl1 re1en·111·l' h\ a site 

. J. E. ~1cGrath, suba.s~btant: J, 

ll. Tut n~r. suba$to18taut. 

C. 0. Boutelle, assi~tant; Dr. J_ .J. 

Clark, 

for a ~a•;r·,Yarrl . 

Organization of partiP'"' to m:tkr- n Jirl'limmar."

tktermiuation (Jf the bournlary line br•t..,,·et"ll 

.Ala~ka an•l B1iti:-1h Ci1lmuhb.. 

Cb.1r)!f' of tht~ exliihit oftl1t~ Coas.t and Geodetic 

S1nYey at lllt' Ciudunati }:xpo..:;itiou. 

---~~---~·-·---- -- ------·--------------
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App E N DI x N 0. 2.-1 8 8 9. • 

STATISTJCS OF FIELD A~D OFFICE WORK OF THE COAST AND GEODETIC SCRVEY FOR 
THE YEAR EXDI~G JU~E :10, 188H. 

Area in square statute n1iles ------------- ---- ---· ________ 
1 

Parties, numbe1 of------------·_ ----------- ------------: 

lJA.SE Ll).;ES, 

Pri1nary, number of----------------- .. ---- --------------\ 

Priinary, length of, in statute miles-----------------------! 
1 

Subordinate, number of_ ______________________________ • ___ ' 
I 

Subordinate and beach measures, length of_ _______________ -] 

Tl\.IA;.;t_;[L.ATJ(~:\'. 

Area i11 sqnare statu~e mik>-----------------------------1 

~tat1ons occt1p1ecl for horizontal measures, number of ____ ----1 
Geographical positions detern1ined, number c1f_ _____ ---·--- --\ 

Stations occupied for vertical measure:;, nurnb:r cf _________ -( 

Elerations determined trigonometricully, numiJCT of. ______ -· I 
Heights of permanent bench-marks by spirit-kveEng, number of, 

Lines of spirit-leveling, length of. in statute miles _______ ···--'. 

Total to 
June 30. 18S8. 

383,531 

------ ----1 

14 

90 

133 

Triangulation and leveling parties, number of ______________ ' ____ ---- ___ _ 

.\STRO:\(>~l!CAL WORK. 

Azimuth stations, number of_ ____ ·-- --------------------

Latitade stations, number of ________________________ _ 

Longitude stations, telegraphic, nnmber of_-------- ---------1 
Longitude stations, chronometric or lunar, number of_ ___ ----) I 10 

Astronomical parties, number of_ ___ ----------------.-----!----·--. __ . __ _ 

Stations occapied, nnmhcr of ______ . ___ .• -·--
I 

! Permanent n1agnetic station:-., raunber ol ____ ...,. ____ ----------! 
759 

4 
}.lagnetic partie:-, number uf_ _______________ ·------------! ... ______ .. ______ \ 

1..~RAVITY ).lEA~l'"RE~. 

Total during 
!iscal year. 

Tnt::d t....1 

June .-;o. 1 889. 

3 --------------

!I 

3 

2, 320 

178 

337 
20 

48 

36 

165 

16 

*8 

232,282 

12, 578 
24,046 

S9S 

2_. 229 

756 
3,965 

-------------

221 

qi' 

llO 

s --------------

4 

Home stations occupied, m1mber of_ _____________________ _! 

Foreign stations <>Ccttpied, number of_ ____________________ _) 
19 ;---·-- ---- -

15 ----------: 15 
i Parties,numherof ____________ -------------- - - - - - - - - - - - . - - J - - - - -- - - - - - - - -

TOPOGRAl'llY. 

Area sun·eyed';'in square statute miles.-~- _____________ ---· · JI,jOj 

Length of general coast, in statute miles. _________ _ 

----------------- ---~---

* In addition to these eight new stations, five old stations were re-occupied. 

1,364 

1,081 

1 

t In addition to these twenty-seven new stations, there were twenty-one old stations re-occupied. 
i T"-o previously occupied. 

33,071 

8. 770 

Ill 
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I 
Total to i 

June 30, 1888. ' 

------ -----· -

T~1l'(iGKAI'H Y-cuntinued. 

: Length of :shore-line, iu :,latute miles, inclu\ling rivers, creeks, 

and ponds----------··--------------------------··------
Length of roads, in ;tatute mileo ____ . _________ --- ---- -- - -

Topographical partie::.., irnmber of___ _ __ _ _ __ _ ______ _ _ _ _ _ _ __ _ , ______________ _ 

IIY!JRIJCRAl'HY. 

Parties, number of _______ ----------------- ------- ----

Number of mile;;; (geographical) run while sounding ________ ~_· 

Ari:a ,:;oundecl, in s(1uare geogr:iphical 111iles ____________ -----

~1.ile:.; run additional of outsi(_~c or d~ep-sea som1Lli.ngs _______ _ 

.?\umUer of soundings ___________________ ·---- ___________ _ 

I >c~p-"'ea soundings __ :. ________________________________ _ 

Deep-sea temperature observations----------------------

Cnrrent st:i.tions, number of, fJCCnpied hy hyclrographic parties_ 

l)e(!p-i',ea currl!nt stations~ nuniber of_ ___ ------------------

J)t:l'p-:".iea subcurrent ob5ervations, nun1bcr of ______________ _ 

lJccp-sea .":iurfacc current ub~ervatiun::i, nu111Ler of--·_ ------

:-pecimens of bottom, number of_ _____________________ ·-_-, 

430,626 

131, 442 

85,272 

18,846,881 

13, 205 

12, 920 

} ----~-- ·----

13,230 
.\utc>matic tide-gauges establishe,] ____________________ --- _ 88 i 

Total during 
fiscal year. 

15 

18, 787 

15, 428 

146 

599,009 

9 

2, 535 
18 

39 

2, 577 

190 

A._utomati-c tide-g::tuges di~contim1ed __________ . _ _ _ _ _ _ __ __ _ _ 84 \-- _ .. __ -·· 

Parties doing ti~lal work exclusively-------------·------- __ , ______ ·-- ____ _/ 3 

P,trtics doing tidal work in connection \Yi th hydrographic v;,·ork __ . ___ --·--- ___ _ 

Staffanrl box gauge;, estahlisl1ed _____ -------------------

~taff arnl box gauges discontinued _____ _ 

RECORl>S. 

Triaug-ulatiou.--, uriginab, ntuuher of \·olmne::, ________ ·------

~\.::;trunon1ic::tl olisery~tions, originals, nun1.blr of volun1e~ ... ____ , 

)fagnetic ohserratiJn.s, original~, number of rolumes _ 

1,944 

I, 937 

5,359 
I, S9; 

672 
.:'\In.gnetic obserrations, originals, number of cahiers _________ 1 _____________ _ 

l'enJulmn obserYations, originals, number of volun1es ______ _ 

Vuplicale> "f abo\·e, number of volumes ________________ _ 5,791 
lJuplicates of abon, rnimber of cahiers ·----------- --------

Computations, number of Yolumes ____ --------· ___ _ ___ _ ___ 4, 183 
Computations, number d cahier> ________________________ j. _________ . __ 
Flydrographic !'.i.nurnl!ngs .and angles, originah, nun1ber of vols_] 

H ydrographic soundings nn.1 l angles, du1 ilicatcs, number of ·vols_ I 
1 Ti Jal an~ l current of;snTations. originals, number of voltune5 __ 

Tidal an<\ current observations, duplica.tes, number of Yolumes __ 

I Aggregate years of recor<l from automatic t:<!e-gauges ______ _ 

i Tidal stations for which re<luctions 11a1"e L•een made_ .. ____ _ 

I .
1 

Aggregate years of record reduced __ -· __________________ _ 

l MAP~ ANJJ CHARTS. 

\II Topograph--ic--m· aps, origina-ls _ ·_--_-_---- -----------·· ______ _ 
Hydrographic charts, originals _________ ---- _____ ---------

/ 

IO, 743 

3,026 

4,208 

2,742 
262-,b, 

I, 183 

239 

I, 856 
2,024 

20 

75 
71 

250 

25 

2 

68 

247 
66 

II 

220 

499 
238 
146 

107 

JH 
222 

23 

42 

92 

Total to 
June 30, I 889. 

449,413 
146,870 

85,418 

19,445,890 
13,214 

15,455 

1--------------

1 ··--· ---------

' ' ' . --------------· 
2,019 
2,008 

5,609 
I, 922 

674 

-···----------·I 

6,038 

, ____ ---·-------! 

-- ~~:~~---1 
II, 242 

3,264 

4,354 
2,849 

266yi;-

1, 405 

26:: 

I, 898 
2, II6 
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Total to ; Total during Tola! to 
! June 30, 1888.; fiscal year. June 30. 1889.: _________________________ \ ___ ~-- : 

t:XGRA \'JN(; AN!J l'RlNTl);G. i I 
Finished charts publishe1l from e;1graved plates, total number of_\ 4471· 
Engraved chart>. withdrawn from circulation __________ ..... J

1

. 153 

Engraved plates of preliminary charts and diagrams for the , 

Coast and Geodetic Surveyreports,numberoL ___________ , 668 -------------- 668 

15 
7 160 

Electrotype plates made ____ ...... ____ ---- ________ -- .. _____ I 2, 020 \ 84 2, 104 

Charts published by photolithography,number of_ ___ -- - _ - --- --- - ---- -- ----\ 36 J. -- ---- -~-- --- -

C~::~:,~~~~i~h~~l-~~~-o:~~i~~~~~a-~~~ ~~i:~~:~'~:--f~~~-~~r-c~~- ·----- ---- ----1 15 ; ---- ___ --- ----
Engraved plates of Coast l'ilot charts ________ • __ ,,__________ 8o )---- ---------- 80 

Engraved plates of Coast Pilot views_______________________ 98 :------ -------\ 98 

Printedsheetsofmapsandchartsdistrihuted_______________ 670,154 •, 49,312, 719,466 

Printed sheets of maps and charts deposited with sale agents__ 309, 722 / 27, 676 ! 337, 398 

B.Ex.55-8 
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INFORMATION FURNISHED TO DEPARnlE~TS OF THE GO\'ER~MENT IN REPLY TO 
SPECIAL REQUESTS, AND TO INDlVlDLUS (PON APPLICA'JIO~, Dt;RD'G THE FISCAL 
YEAR ENDING JUNE 30, 1889. 

Dute. Xame. 

11388 • 
. Ju1y Mcl>oug:all, J:. M., 8ea1·sport, Me ............. - .......... , ..... Distance betwe~n prima1·y stations IIarri8 :M.01mtaiu aml Ragged ~ou11t-

\ ain, 

10 , Chapman, H:.1>., Hartfor<l, Conn ........................... . !nforniatfon ns to measurement of an arr: of parallel. and formula for 
computation of length for auy latitude. 

11 \Voutl, Il. B., Bo!;to11 1 Mass ................................. : Gt>l)£r.:1p1ii(·a.I position~ in Mnssadn1setts anti .Rhude !Eifand, and 

j i m1:tl1ocfa for romputin~ latitmle, lo11gitutl.{', ar.d azimnth. 
17 : U.S. G<•ological Survey ..................................... \ Positions aml heights of fonrtee.n hig:onometrical sh.tion~ in Virginia. 

17 ' Woad, II .. B..130.sto.11, Mass ........ ____ ......... ----· ...... i DPscriptiOJlli of stations b1 Boston I~ay. 
21 ' r. S. Geological Sun·ey ............................•.... i I>ositions of ninet.y-eight stations in 'Xew York and New Jerse:i--·. 

21 Sttlnton, W. S., Major of Euginee1 s, U.S.~\, First and Sec- 'lJt'~Ct"iption of tidal bench-marks at Pt·ruaquid and I'ortlam1 Harbor"', 
orn1 Light-House I>istrkts, Boston, !\fasa. ::Maine. 

27 Morse. Fred. S. 1 Mia.mi, Dude County, Fla ........•....... ! Magnetic declination at .!;,Jiami for 1846 and 1888, and annual decrNBfl 
j , cf declination nt thest>. epod1s. 

31 j 'YriJ.{ht, E., Ch·il En~inecr, Atlantic City1 N.J .•••..•..... , Geo~raphicalpusiti{)H of the ligl!t-hon:'e at Atlantic City. and inforrua
tiou about magnetic <?edinntiol1 at t1rnt place. 

31 Branner, J, C., State Gt!ologist of Arkansas............... l{esnlt of spirit le,·e1s of precisiou Let WN'H Arkansao. City and Little 
Hock, Ark .. with <lescri11tiou of heuch-marks. 

31 Cook. Gt>:orge .H., State Geolugi8t, Xew Je15ey --· ·-· •..... ' Iuformatitm about position of old triangulation station :uorµ-an en. 
A.ug. 2 : Ilarkoess, William, PrufeKsor Mathematic1-; U. S. N ...... 1 'l'wo comparis0-us of 10-foot rod. 

2 : IJavid:;on 1 George., Atlsistant U. S. Coast and Geodetic ! Com11arison of two thermometerti tend a small s(·nle. 
, Survey~ · 

2 , Director, U.S. Geological Sul'"'ey .. ·····- ---- .. --- ••.•....• A list of geographical positious. ptimary antl f.n1..tor<1inat('. lfoH· I'..!d~~
triaugulatfon, Y1rginia. Description of tri~tmometric;il f'td.tioa ... arnl 

geographical posith,ns of thf' Capitol 1 Baptist Colll'g~ aml St. Paurs 
Church, Richmond 1 Va. H€igbt13 of l'iglit secondary stations. s:urvt'y 

of Blue Ridge. 
Cook, G. II., State Geologist, New Jersey ................... Positions and descriptions of three pointR in Sew York aud Sew Jers.ey. 

16 llil11 Alford .r., St. Paul, llinn ...... __ ........ ··-· lfagnetic de('lina.tiou at month of Scioto Ri~er. Ohio. 

20 Farrow, \Y. C., Surveyor, Sny<.1ertown, Xortbumberlanll Magnetic {leclination at Sunbur~· and secular variation at that pla\..'.t:. 
County, Pa. 

2), Grant, W.H.,Washington,D.C ................•.......... 
21 ' llood, Robert, C. E., Livingoton, N. Y ...........•.....•... 
21 ; Bauman, ,V., Ci\"il Engineer, Waohington, D. C ••...•.... 
27 '. Stanton, W. S., Major U. S.Engineers ........•.•......... 
:!7 Starkweather, G.D., Washington, D. C .•..•• · .•.•••.••.... 
28 Stanton, W.S.,Maj<>r"C.S.Engineers .••.......•....•..... 
29 . Grant, William H .. Civilancl Topographicnl Engineer, 1828 

,Tetiersou Place. Washingtm1, n. C. 

Height of tl1ree bench-marks, ·dcini.ty of New York Ci.ty. 

~cnlar variation of the magnetic d~c1ination in Golurnl>iaConnty, N, Y. 
Magnetic variation at Hog Ialand, Vir~inia., for 1888 aud 1889. 

Magne.tic derlina.t.iou at. Moose- Peak Light-Honse in F~~h1uars 1 1826. 

Magneti0 declination at a place in the city of Washington. 

Magnetic declination at Grindel's Poiut 1 ~aiue, in S(•ptt·mbf•r, l8l:l8. 

~e8C'.ription of bench-marks at Verplitn<~k 1s Poiut. Dobb's F('rry, a111l 

Polhemus Doek, New York. 
Sept. ! Powcll,J. \\ ... ~ Ditect-or U.S. Geological Sur\"~Y .••.•...... , Thirty-fivt geographical poaihons and deacription:s of etntiollt'. vkiuit~· 

of Portitmoutl1, N. H. 
TinJ:;le~·, George C., Civil Engineer, Providence, R. ! ....... Magnetic dechnati(!ll at Monnt Yernon 1 Yirgiuia, for 1888. 
Stanton, w. s.I Major u. s. A.,EnglDetT First and Second ; De-lictiption of bench-marka,8tf'el'~ Ilarlwr, Maine; Gloucester i,arbur, 

Light-House Distri.cts, Boston. Mas•. llfassachu•elt•; Newburyport Harbor, liassachusetts. 
5 Honstoo, D. C., Lienunant-Colonel U. S . .A., New Tork, De•criptl<:m of bencb-markll. Wilsou ·s l'oint and Daritu Harbor, Con-

N. Y. uect.icut. 
5 Atkinson,L.,Snrveyor,CottouHlll, W.Va •..••.... _... 'Table -of the s-e-cmliu· ,-~riation ot tbe inag:netic declination in \Vest 

Virginia between IISU and 1895. 
115 
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Date. Name. I Data furnished. 

--------------- /--------
1888. i 

S•pt_ 
14 

17 

17 

18 

Powell, J. W., Director U.S. Geological Survey .•.•...•... 1 Two geographical positions in New Hampshire. 
Hanni~.S.G., We.stNcwJersey .• _ ......•••.•...••••••.••. 

Witt, II. C., Surveyor, Taneytown, Carroll County, .Md .. . 
8kinner1 F... }-) , College Springs1 l)age County, Iowa .... . 
Pond, Charles F., Lieutenant U.S. N., .Mare Island Navy. 

Yard. 

Ditfertmce in data of geographical positions near Great Egg Harbor, 
Kew Jersey, as used in the sur~eysof 1841-'42, undat the p1·esent timt-. 

.Magnetic declination at Taneytown, Baltimore and Washingtou. 
Geog:rap11ical llOSition of Omaha, Nebr. 
Desc1·iption of magnetic station~ in I~ower California, on coast of Mexico, 

and at San Diego, Cal, occupied by the U.S. Coast and Geodetic 
Surver. 

21 ' D.S. Geological Sur"V"ey ......................... --- .. ------. -- . Geographical positions and desrl'iptions of five principal triangulation 

stations in Maine • 
...,., Livermore, \Y. R., Major U. 8. A., Newport,, R. I ............... ; Description of bench-marks, Vineyard Haven and Cottage City, .Mass. 
29 l~iebeger, G. J., . .First Lieutenant U. S. Engineers, Nor- Description of 1Jeneh-m:1rks, :X-orfolk, Va., 1866and1882 .: Berkley, Va.; 

folk Ya. Elizabeth River, Virginia; South Bridge, Elizabeth River, Virginia; 
South Bddgc, Craney Island, Virginia. 

Oct. 2 Pov.~1's, J amcs K., l'resident Alabama State. Normal Heighb of fifteen "'tations. in Alabama antl one in Tennessee. 
:')cbool, Florenct\ Ala. 

_::; D~ Conlemoy, Eugineer. 7 Rue de l'A.bbib de l'Ept.16, Paris, Upon the diurnal ineqna.Jity and other characteristics of the tidea on 
}'ranee. the coast of the United Stat.es. 

"~arren, .Monroe., Pulaski, Oa.wego County, N. Y ............. ' Information as to th~ method of computing the secular variation of the 
magnetic needle for places in Oswego County. 

Tnr:l~ . .T. E., U. 8. Assistant Engineer ........................ Geographical positions and g13odctic da.ta of twt:.lv-e stations ou St. 
Antlrews Bay with <lescription of stations . 

. 5 l--:--. S. Geological Sur\·oy ............................................ Geo~aphica] positions and geolletic data for thirty-four trigonometrical 
station::i in eastern Colorado with their descriptions. 

9 Austin,'\\ ... W.,Vinela.ull, N.J ............................... Geugrapbieal 1)Qsitiona of two pointis in Vineland. 

10 Abt11, l!cv. J.J., St. John 1s Co11eJ!e, Bardstown, Ky Geographical positioni and azimuths of fonr trigonometrical stations. 
10 , 1f elson, W. G., Fort Lauding, Tyrrell County, N. C -.. .. .. . Table of magnetic declinations for Tyrrell County between l 700 and 1895. 
11 Fuerte8, Prof. E. A., Director N-ew York State Weather Information&~ to selection of met-eorological stations in the Statij, 

Serdcr, Ithaca, )l_ Y. 

11 Guest, J. II., BelleYUe l'. 0., Del ....................... -... Present value of a discovery of an old triangulation station. 
12 Pow{·ll, J, '\r., Director U.S. Geological Suryey ................. Description of three stations in Rhode Islan<l.. 

1:! · Bourne,J. M., Ila.r1au Court-Rouse, Ks·-········· Table for central Kentucky of magnetic ~ariat.ion hetwAen 1800 and 
1895 with instructionR how to use it. 

15 : Craig, N. B., Philadelphia ........................................... 1 Gc11graphical 1rn.:;itions and :z-eodetic informat,ion of three trigonomet-

18 Fuertes, Prof. E. A., Director Now Y"rk Stat<> Weather ' 
Service, Itbal'a, X. Y. 

rical points near Ph.iladel1Jhia, and descrl1•tion of one statiou at tlrn 
Navy-yard. 

A. list of sixty heights in the State of New York am! the geograJ>hical 

position of all station• trigonometrically determined in height by 
the C()ast :md Geodetic Survey. 

19 , 1"owe.ll, ,f. W., Director U. 8. Geologkul Survey .................. : Geod~tic elate. for forty-throe trigono01ot1ica.l points iu Nevat.la and 
Colorado between latitude 37° and 41 o and longitude ll ;o and 1200. 

19 : DJer, Lieut. G. L., Hydrographor U.S. N .................. , Magnetic declination at Hanover, N. H., and secular variation of the 
same. 

27 Dnnstan and Wingate, Roanoke County, Va. - ............. Table or semlar variation of the declination between 1800 and 1895 for 
Roanoke Count;y and directions for 1.lSing the table. 

::?j : Cook. Prof, G. H .. State Geologist, New Jeraey ................ ' Geographical positions of five stations near the New York and New 

! Jersey boundary, vicinity of Staten Island. 
27 i Kulw, J. l~-, Ci,-i! Engineor, Valparaiso, Im!.. ......... -..• ! Magnetic declination at Valparaiso in 1865, 18dO, and 18811. 
2Q, Dyer, G. L., Lieuteuant U. S.N., Hydrographic Otliee ...... ) Latitude and long'itude of astronomical ob ... er\"atory at the mouth of 

i the Rio Grande. 
Jl D~ Cordcmoy, Eo~ueer, 7 Rue de l'Abbb del'E1le6, Paris, \ Upon the diurm.11 in64luality and other churacteristiott of the tides on 

Fra11~•::. I the e,-0aats of the United States. 
Smit!•, Jared A., Licuteuant-Colonel U.S. A. Corps of En- Description of bench:ruarks, Bar Harbor, Maine. 

gineers, Portlaml, Me. 

Pratt .• John P., Ch·il Engine.er, Green Cove Springs, Fla_ 'fidal data, Palatka, Fla. 

5 , llerh.v, George McC., Captain U.S. A. Corps of Eni:ineers, Description of bench-marks, Verplanck's Point, Poughkeepsie, N. Y. 
New York, N. Y. 

5 Green, F., Colleg11 Point. E.ouisiana...... ..... • . ..•.. ...... Height of bench-marks at Jefferson College, above the Gui!'. 

5 Brown,:E. L., Civil Engineer, Brockton, Mass .•••.•.••.•••. Geodetic information about the triangle side, Prospect Hingham to • 
Il!ue Hill. 

6 : Edwa1 ds. W. B., Sllrv«yor, Penick, Marion County, Ky.... J'tfaguetie declination at Penick and aunual change. 

N<>v. 7. i Black, W. M.., Captain, U.S. Engineers.................... Geo1letic data of th<' tri•ngulation between Six·mile Creek.and Sister's 
Creek, St. John's River, Florida. 
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---------·------
1888. 

Dec. 

7 Warner. M., P•laski, N. Y •••••• .•.•.. ....... .•. . ....•... Probable error of the computed magnetic declination at Pierre1iont 
:Manor, N. Y. 

8 Paret, M. P., Engineer, Brunswiek, Ga. __ ........ -- . _.... Geogr2phical positions of triangulation points at and near .Bruns\\'"ick, 

Ga. Table of times of efoni;:ation of J>olari• an<l of azimuth of star 
when at elongation. 

9 Feldpauehe, A., Engineer, Philadelphia. Wilmingt-On and Heights of bench-marks on the line of spirit-level• loetween Hagerst.owu 
Baltimore Hailroad. aIHl Washington. 

12 Cook1 G. II. 1 chairman or Joint Boundary Commission, G~ographical positi<>n of one hunclrefl and fi~e trigonometrical points 
'New York and :New Jersey. near the New Yoz·k and Xew Jersf'y boundary, vicinity of Stat.en 

Island and of Raritan Bay. 
12 Craig, N'. B., Philadclpllia, Pa. ................................ -- i Gt"Ographical position of ~ix_ triaugnlation point6 in tile vicinity of 

· PhiladPlphia. 
13 Olney. GeorgeW.,EditorWorld Almana.c, New York, N.Y ' Tidal •Lita for tho \\orld Almanac. 
15 EU.wards, ,V, B., Sul"l"eyor, Penick; Ky..................... ... . Time of chang..._ in Central Kent.ncky in the tliret;tion of the secular 

mm·-Ament of the magnetic needlf', ancl tahle of t.imei4. of the elonga. 
tion for 1888~ '89, and for latitude 35c t-0 40°. 

15 Biddle, John1 LiE>utenantU. S. Engineers, We~t 11oint, X .Y.' G-eCKletic data of three trigonometrical stations near "\\T e!;t Point. 

15 ' :Morenux, ll1., Magnetic Obserrator)·, du Pare St. lllaru, Magnetic pamphletH-~pp.14. Report 1872, Appendix 22, Report 1862, Ap. 
i Paris. !"'ran ce, 

16 ! Km·tb, A.,Ci't'il Engineer, BrooklyD, N. Y ·-···· -~---· ... 
i penuix 9, Report 1874 and Report 1869. 
1 Thirty.five geographical positions "'icinity of Cone-y Island au<l Gra'9e-s

end Bay. 
10 For~yth, W., CitySur"\"eJor, Wa~hington 1 D. C .............. Change iu the hearings of two line~ in the District of Columbia be-

tween the years 186Q and 18Sil, and tbt• presc•nt beaiing t,f objects. 

21 Curtis. G. E., 1Vasbburn College, Topeka, Kans.-~-· ....... ! Works rBcomn:iended, bParing ou the distorlio11 of Yari<·u~ projections 

of maps und clmrts. 
'21 .American Metre Company, Pbiia<lf~lpliia ....... ---~-- --~--.' Testing cubic foot measurf". 

21 · Fairbanks Compaur. St. J ohnshurgli, Vt .•.•••.•••.•.••.•. ' Verification and atljustuwnt of two small weig-hts. 
De Camp, E. A.1 Los Angeles, Cal. -- ............................ , Geographical po8itions and ~eodetic data of fift.y-niue point~ betwe>"l.J 

I P<liut Dume and San Petlro. 

13 ; Fern~ll. George W., Civil Engineer, Farmington, N. R .... Geographical positions of lllue Joh and Garrism1. 
14 i Gilles1)ic, G. L. 1 T .. ieutrnanf,.C'olonel of Engineers "'G. 8. Des<'ription of tidal hench-nMrks at Chatham No.rth Li,zht-IJou:-;.e mid-

. Arm\, Boston, 'Mass. at Hardiuµ:'s BPnch, Massa.ehuset.t~. 
'2i j Hamil~on, T. A .. Birmingham, Ala .............................. ! ~ecular Yariation of themagnHic cleclination, Report 18~6. Appendix l·! . 
.22 Ford,A.M.,Salem,~.J .......................................... ; Desc1·iption of tidal bench-marks at Absf'oon I~igl1t and at .Atlautie 

City,X.J. 
~3 · Hipple. W". P., M<".dia, Pa ..........•....•.•.••...•...•..... Height of etatfon Yard. 
23 ; Bou rue, J. lJ .. Harlan, Ky ........ -.................... - .•... : Table of the steular Y<Uiation of the magnetic tlecliuatiou for tltt~ f~' 

i gion of CumUerhnd Gnp. 
23 Verrueulie & Bien, Ci'r"il and Mecho.nical Engine(lors ......... l J .. "i~t of geo~raphh:al positions, azimuths, distanr.f'os. e1c., of thirt;·-nine 

· trigonometrical points in N€W York, l>dweeu the Hudson all(l th('> 

1 Conner.ticnt :md !\.faa.~arlmsett~ honndari1>,q_ 

25 Vermeule &. lHen, Cl~H and Mechanical Englneel's, New ! Descriptions of trigonometrical stations Ilrnlson Rh·et t11 Connecticut 
I 1· 'York. . . I m~. 

26 I owell, J.M., Director U.S. Geolog1cal Survey ....•. ······: Longitude of Helena, Moll!. 

26 , 'V'illanl, J. H., TI. S.Engineers .......................... ···-. ·\ Deseription of llclt:a basl!·liD{\ Louisfaua, and 1engtl1 of l1a~e, 
26 1' ti. S. Geological Snr~es .. --·~ ..... -· ....... -~· -·- ........... ; Geogra,phicaJ positfons of 1.ittfo Rock antl Fort Smith, Ark. 

~8 .Borden, P. S., jr., City Engineer, :Fall River ................ ~ Grographical positions au<l description~ of ~eY~n t.ri~onomt1-trica) ~ta. 

31 

31 

31 

31 

tious at Fall Rh·er. 
:Marshall,\\"_ G ....................... - ....... ···-··· ............... i AJiprox:imate height of Capltol at Nash\~me, Tenn .. abo-n: thC' f:('Q,. 

Geological Survey .•...•••••..•••...••••..••••.•..•.•.•• ·-'\ Comparison of tap6-lin~. 
8o1tmaan & Co., New York ........................................... 

1 
Comparison of two t<·n-foot rods. 

r-. S. Internal Reveuu~ Bureau .............................. ; Comparison of one therrnotut>ter. 

1889 • i 
.Jan. U.S. Geological Surve_y ....••...•••..••••..•...•.••••••.•. ! The geo::;rapbical po"ition of Ellsworth, Raus. 

Cri1field1 A., Library of Congress .. -.................... ······\ ~lngneticdecliul\tionn.tsQmeplaces iuRentCounty1 lld .. in 1~02;\nd H?40 
7 Mansfie1{}, S. ll., Lieutenant-Colonel U. RE11gineer.tl. Bo~- j G-eographical positio~ of Gn•en Isla.ml Station. 

ton, Mass. I 
7 Howell, George I-t, Librarian, General Librar_y1 .Alf>a.ny, 1

1 Results of magnetic ohsen·atioas on Ea .. tern Loll_~ Is'anrf. x~w York 

N. Y. i an1l secular variation from 172() to date. 
I 

12 Cone,J, P., C,anute, Kans .................................. ······\ Mag~etic declinatiou at Canute iu 1889. 
17 U.S. Geological Sttrvey ....•.•.••.••.•••••.•••••.•••••.... 

1 

Descriptions of stations in Nevada. 
111 Stra.dling, G., Baltimore, Md • •• . . . . . . . .••••• .• • • • • . . • . . . . . Diurnal variation of th<> '.'1a:~~etic horizon•al for,,e at Balt:more. 
21 U.S.GeologieatSUl"'f'ey~ .......................................... _. n~1ghtMfromsp1rit lev-elmg ln Arkan,;;:«1S. 
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Date. Name. Data furnisbed. 

1889. 

Feb. 1 Rines, E. D.,Salem,~fas, ............ ---- .. -- --·- --·-· - .. - ' Ile.cription of station Folly Bill, aloo geographical position and height 
, of the same. 

4 Borden, jr .. C. P., City En;:.;ineer. Fall Ri~·er, Mass 

Shedd, J. Herbert, Civil Engineer, Pro\""idence, R. I 

1 

l\>sition.i of corners of townships, ~icinity of Fall Rh-er. 

Description of henl"l1-marks at Wick ford and Newport Harbor, Rhode 
I.slancl. 

7 Rolison, H. A.., Cotton Hill, I\. Va ...... __ ..... _____ ...... Clrnnges of magnetic 1leclination in West Virginia Let ween tho year 

11 

13 

13 

'.21 

!850 and the pn-1:sent time. 

Pt\\tint", 1.J., '\Yashington D. (; .. __ ....................... : Ma:pietie declination at .Aquia Creek, -Zirginia, bdween the yea;s 1860 

I anti 1888. 

l!. S. Geological Surtey _ ......... __ .. ___ ..•.••.•........ _.: Ileight of b~nch·m.irks ()n line of spir:it-le...-els l,e;i ween Ne\\' Haven and 

SLeJ>erd, John. Bri<t<Jl. ~l•I. 

'C. ~. Geolog;ical Snn·1':..· . _ ...•. _ 

J Bfiernon, :\lo_ 

Heights aUO';'"c tbe arcrrtgl' lt:'Tel of tlw Gulf of ~lexic1l of p1ominent 
plac('.:, alung the .:l.Iis,.;is~lppi ltetwet:n K cw Orleans and St. Louis. a.ti 
re:-.u1ting from lim 'N of spirit-h•Yeh~. 

·········-~·-····' OU~en·etl dedinatiun at "rasbington, D. C., from thP earlfr:o;L to the 
pte<'lCU t tirnc. 

Cllp:f of manuscript. tidal Pf{•tlictio!u-! for l'ortlarnl and Boston tot .Ltn
uar,y, l''l'\1n1ary, }tllll hlard1, 10!30. 

C(>py of Lirntemrnt Ver,y's magnetic ob::>eITatiuns at 8;:lnta (;ruz, Petta
gouia, 1S8.:2. 

Tlnte g-··op ,t11lHcal pm1itions. Oli .Fil'llitn_.:; hlan•l. N t'.W York. 

Ma.r. , ""\\ ... h1tetwad, P ... \ ~a1Hr~r C0urt-H:nist>, Ya _ ....... ·-· .• . Heights ui' ci,:."!,ht ]H'Gmmeut stationn in Yi1-giniri. 

Apr. 

~ G:~1qµ, IIon. P. T .. . . . .... •. ... . .• . .. .. . Gco~ra!1hkal po.:i.itious of tl11j J)Ltces where the northern anc1 soutlwrn 
S!alc lt11i·.-; of Tt·11uessec i11ter:w1·t tlie .Mb1'is.<sijl})i Rin_•r. GcograpL

ital po:;;Jti1m of C,liro, _Ill.. of Columb11:i1. Ky., of Hickma.u, Ky., and 

of .llern11his1 Teun., also information about Chic1::as1w Rium", No~. 
a!Hl 2. 

2 ll~tgam,'\D. S, n., Ri.ltY(')"OT, Ea.~t Fe-hciana I'arish.La ...... ' Cv1~s of~\ r~pentlh-0, Reiport for 1881. 

16 

21 

23 

30 

31) 

20 

30 

l 

Gan-iii, J. 'Ii\'., Santa Ana. Lo~ ,\ngt>li;S County, C:d. _____ Explau11tw11 of Titlc-Tal>:e.;;, Pacilic Coa::iti 1~80, 

l•'orLl. ~\.~I .. Salem, N. J .................................. luforwatiou conc;~ruiug benc:L-mm·k, .Atlantic Cit~\-, :X. J. 
Hulmes

1 
.A.. C., Hickmau, liy ...•.......•. ··- ............. ~: Change of 11rn,gnetic decl~nation near .Hickman 1 Ky.) be-twef'n 1830 and 

thl' pre.:;HJt tiuw. 

Diatauct':;, azimuths arnl !Jack azimuth~, hetwt~en ~tatious Ossipee aurl 
l1H!epfll11frnce, and stati01rn 0.-sipt>e and ~1mrnt PJea~ant, .Mc. 

w·harton, \\~. J. I.., ('nptnin IL ~. H.r<hograplier to t!in ' Tide-roll.i fl"JIU a:nornatic gauges at Saucelito, Cal., antl Kadiak lsland 
.\!lmirnlry. London, :-:;. \Y. ...\la.>lk•t, for Marcb, 1888. ' 

Jlow£'ll, 1T. \\~ .. Director L. S. Geological SurYC'Y ....•••. _. 

Black, George .. A., Cotut.:'iel,)r at Law at'll Proctor in Atl- Timt·H and heig,:hts of high and low waters, Got"C·rnor's Islan<l, }.'ew 
mh:alt~-. No. 71 "\\'"j\\1 ~1rP1'1, New York. York, am1 Sam\~· II01Jk, New Jtjrsey, May 24, 188'7. 

Baldwin, Il. L., Geological Surrey ........ ,............... .Position of a~trn11oruicul station at Ellsw ntll, Kans., awl rt:1frrence to 

1 two othd· IJOints. 

Plrwell, .T. "r·, niri~ct'1•l' r. s. Geolog'!ral SrlrvPy _ ..... _ ... I Dcseriptiou of three geodetic stations, anll geographical positions of 
j eloYen trigonorndrical statioui:; in Maine. 

1lain8 , P. C., Lieutenant.Colonel IT. S. Eudinecr,:, ...•. ·-. _ ·1 I-"'ift.r·one. ger)gra11hi<:al vo.sition8 aml triaugu1a1ion data fo1· region b-B
t·''"eeu A~r1neduet Dritlge, Georgetown, and 1Uount Venton, Virginia. 

~poffor!l, X., CiTil Enf!,"ineer! Haserliill, Ma~-" .•••.•...... J Mllgnetic tledinat•on at London, Eugland, 1740. 

B-lakmau. U.. L .. Danville. Bo_yle Count.y, Ky···-·· ....... __ ,. Se.._·n!ar variation of tlle ruagnrtic dt•diuation iu IloJlc County, between 
18 IO :>rnl lSUO. 

Burµ;·:~~, C.R., Clt~xt•laud. Ohio ....... _ .....•.•••....... .\ Co·m1rn.1·it5un.ofeop11c1· tape-lin{!. 

P(.n\'t•ll. J. \V., Diredor L. S. G1·olo~ical Survey ........... f Gt ugraphieal positions of sta.tiun~. York and Bradlmry, }fe., and of all 
.. i 1)rinl!ipal trigonomctrkal poiutt; in th.\· State of Connecticut. 

Clark, .Toho W., Supt'riutcmlent Hocl\1la1e Public School, J .Mu.g:uetie declination map for 1885, nnd Appendix 12, Report for 1886. 
Milan Count:·. Tex. : 

J 1.'Ullin~s. J. n .. 1), 8. Gl·Olug-ic-a1 SurV"e.\ ... - -........... - . . Geo;rapbical positions of Bel'"{'l"lll points in Connecticut. 
. Ohluerg. John, \Va~bington, D. C. _ .•.. _____ .•...... _ ... ·-/ Geog<'phical position of Fort Swith, Ark. 

12 Swinlmrnf'. G. W., Enghwer, 'E!tMby. Ala ............ __ .. ·I Magnetic declination at EasLy at present. 

12 Stanton, ·w. S., Major of Engin«ers, U.S. Army ... _...... Magnetic declination o.c Great Duck-l•lanu, Maine. 
15, .Jane.s, Cl.mrle~ F., l).r0Yi<lence1 Jt.1. ........................ j M~a-D ri~eantl fall of tides at Dutch Isl.and, :XarraganaettBay, Rhode 

· 1 bland, w itb bench-mo.rk <lnta. 

18 , Willartl,J. IJ., Captain U.S. Army •••.....••••.•••.•••••.. i Length of ndta l>aso, Louisians, as measurc1l anu as referred to the 
I aea Je..-e!. 

19: Durham, M.V.,No.lOWarren •treet,N.Y .............. . 
20 i Powell,J. W., Director U.S. Gooloi;!cal Surrey ..•••..••.. 

j 

Tide Table for Canarsie, Long Isl&n1l, New York, with explanation•. 
Geographical positi<?ns, heights and descriptions of a number of trigo· 

nometrical stations in West Virginia. 
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I>atc. Name. 

18~~-

A. pr. 20 , .Jones, Chm·lPR F., Cizil .Engineer, Pro'\""ide11c1:., R. I. ___ .... , Length of trian~lc-.,.idf'. \Ii·Sp:nran (186B) to HaE 
:20 

1 
Boyd, F. II., CountySur't'eyor, Marshall, :\Io ............•.. , Magnetic declination :J.t liarsliall. llu. 

2;~ [ T:der1 A. V., Damascus1 \VayneCounty, I'a ...•..••••... --·, Pamphktuusecu1~1.;' variation ;01i1 lunpof !u.-t:~nHn.-' dt·c11n.'.ltinn for 13::<.··. 

2;:: i Taytor, T. X.,AuHtin, Tex··--··----·····-··········-····· Geographical position of _\._ustiJJ, Tt''-
24 W"illard, J. H., Carita.in C'". S. Engineers, "'Vicksburg, Miss .. l~esults of spirit-lt:\"eliug for lH·11th-ri1arks at St. Lu-:..1b. ~n .. at D~·t:.~ 

La., antl at Red Rfrcr Law1iu~. 
27 : Newbrough, W., Lex.in~ton, Ky_ ................ -.•..••.••.. )[agnetic ~nap for lB-85. antl annn:1l d;ange of 1lt·r1iHa1ior~ 
27 : Haupt, LewiR ~I., rrofrssor of Ci\il Engineering, Uni- Tidal data on coast of the enited :Statt~~ at molit1H pf ll1l.t: ! :'e:. 

Yerf:lity 1;f Jl~nns:olvnnin, Philaddpbi1l. 

27 i Autlrews. Horace., Enginet~r. Alhau~· ....... _ ...•.......... Com]tari~on of steel tape. 

~Iay 4 G;umt>tt,:;.s., U.S.Geolo~ical~un·ey ....................... Gco~raphical pu:;itions a111l •h:·scriptioni' of tri~onom~triea: ~~.Fion"I 

June 

Ea.i;;ter11 l,e1msylnn.da IJHJ'l}; of Pott..:;..-ill1·. 

4 l'iercc, Eugene E., A.ssiatant Massttchusettl!t Topo£'raph· Corr4.?cted positjou of J>uw{JW Statim1 tBortfoni. 
kal Commissim1. 

Gannett.. S.. S., r. S. Geolo_gica.1 ~un·e_y ......... ···- ...••.. Position~ nnd description of thtN' station~ in \-..,r:llOtit. 

10 Powell, .J. \V .. Dil'ector U.S. Geologic,tl .Snrn:-:'o-- .••.••.••• i Triangulation data in Eastc.ru Pt'llll.\Vlvauia; tweh·e ;.wu.zrnphicai 1 
I SitiOll:1 aDJ dt"SCI"iptiOil or ~tati0>.18. 

11 Tt1lly. Kh«1s., St. Lt nis, Mu_ ___ -----·······------'. DirectLonsforreadrng l\Ud I\~l~1H:iug tit.la! <·mze.-,. 

l"' Eal1h.l\T115 B., Bo,ton,Ma'·' ...... ·····-··············--( T1>ent;·-six1'eo~raphieal po><itiorM ot triangulation 101iuh iu ,.i,·!nir;-
I of Camden, )le .. "·itll <lcl'.lcripti«n of &t.ltimi." 

14 Tt'H Eyl'k, E. Y .. Xew -Ynrk ____ .....•.•...••• -----· ____ ..• j Maglldi1· chnt for 188.5 anrl Appem1ix Xo. J'.'?, TIP port f\lr 1('\~G 

14 Blaek. \l". lf., l-1ajor i.·. S. il.rmr, St. Au,.'.U.,tirn_~, Fla-·--·· i Geogr;1phlc.1lj1ot4itwus, 'llonnt Cornl'ib awl t!Jf' ~'. .. J11lm ~ l~i\~~: Li~lit. 

au1.l 1lhta.uce between tlwm. 

Hi : .fon1_•s, ,J. H.B. SmTt·yo;·, Browrnd.mr~, Yt1 ·---· ..•••.. _ .. • lfa~ut>ti1~ nuq~ fo1· 1885 nrnl pamphk1 on ~'CU1ar \·ariation of tl)e up;

) nrtic 1lerlina.tion, with rcfer1.•11'"' to LPxrn~t1Jn, Y;i. 

11": : ~1an.:-ficlcl 1 S. ~L. Lieutena.nt·Cohmel L. S. Army, Boston 1 ; Description of tti~onou1enical ~tatiou."' M:uru llt·:l•\. ~quaucmu. ,'\i:i.l 

2t 

24 

1\l:t8"\.. Thompson 'R faland. 

}fr Millan, A .. L, Empiie City, Oregon ........................ Magnet!1· 1lec1iuatio11 at Ya1p1ina Head. On•gon, daiJ.\· 1-a;1~,, (if di:>c!:.cu 

lteichert, Tb., S111Teyor·General of California ....•• 

: 
i 

tion :rnd .-uwual c111w~c. 

Gho1le:tic datn betwe1:11 Verdi, Xr-1-·., and l.akt· Tahot> al-011.!2 111t· ho:m11-
ary hetwec11 California arnl Xe,·ada. also 11eseriptiouB ~·f ~tatio11.3. 

sketcheR, n.ncl other infon11atiou. 

27 Rmitb, It. H .. l_:niverslty of Yir.!!'inia ........................... Magnetic il.t.'cliuation uhsr-rTed at ~tauutou. Ya .. hPt\\"een ~~:.'.:; nw.l th·· 
JH"esent timt<: 11ositiou of the ag:onic lilw l>\~twetn J... 1'. 15\'J awl 1:1t1, 

2i M:u:~on, F. 0., Ci\il J.:ng:inl"PI' {':'. S. Army . --- •...•..•••. ' Com1lari:-.on of out> h1uidrl'd feM steel tape. 

27 i Colwell. W. E., ~uperintend~nt Ammonia and Clleimical Information f11rnisheJ ai-:i tn tlw \·aluc of et:rta.iu weights awl n:W,t:"Ul'•'· 

I Company. 

27 I \\'aJt.un.,J.P.,Lincolu,Xehr -----·········---····-········i Do. 
3 J P;1ine, Cliarles JI., Halifax, Masa . -· ....................... ! Description of bench-mark. Mappoisett, Ma,s 
5 J BrooJ..:t.\ 1'. M., Philadelphia, P.i. .............................. ! Ht'ight~ of stat.ionti- Ya.rd awl Bethd alioYe the m~·au le~l'l of thl' on·a1!. 

10 I J:n1es. C. F., Civil EnginePr. Prm·ideuee, R. I ............. _. i Description of seYeral trigon0-rut-trkal station~ al.1out Point ,J nd:t!J, 

J lthode Island. 
131 Brice, II. C, SurYeyor awl Engineer, La Crosse, Wis .•..... ' 1 .. atitnde and lougitnd1..· of as1ron0miral station at La Croisse, aud llt'-

srription of sanw. 
13 { Lutht:r, P_rof. S. F. 1 Hartford, Conn . . . . . . .. .... •• . . . • .... . ... . . . Copy of prf'tHctinn1', ..\ s.t~ria and Port Town:'iend, l89tl. 
21 ! Schenck, D. \V. 1 01\k Tr~~e, York Couuty1 Va ...•.......... .Magnetic declination and anrntal ctlangG in }Ii1J1llt•se:x: County. \;c 

21 I Pa.~e and 'Ellis. San Francisco. Cal .... ~- -·-··· .............. , Uop,'\-· ()f meteorological nbstract nntl half-houl'ly ordinatl'i;, SauC"•·Eto 
CaJifornia, October. 1R88. 

2~ Ingersoll,. W. H.~ Pautnxct, It. I ....... --·-· .•.. .. .• ... ... . . Tidal data in .Narragansett Bay1 Hhode Is1.rn.d 
29 i A1lamFJ, Edwaril P., Surveyor Fir~t arnl Second Light- l>escription of hench.marks a.t Cap<~ Poge

1 
l1.a8sacJn::sen ... iu 1t5A an1l 

I 
house District, Edgartown 1 ~[a~s. 1~88. 

29 • ]3,la.ck, William, Capt. U.S. Enginoor$-, St. Augustine, Fla .. ~ Information furnitihed relating to weif:11 t~ ~ud mi':\~Utd. 
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A p p E N D I x No. 4-1889. 

REPORT OF THE ASSISTANT IN CHARGE OF OFFICE AND TOPOGRAPHY FOR THE 
YEAR ENDING JUNE :30, 188f~. 

U. S. COAST AND GEODETIC SURVEY OFFif'E, 

Washington, D. C.~ October 17, 1880. 

Sm: I have the honor t.o submit my Annual Report for the Office for the fit:cal ~-ear ending 
June 30, 1889, and along with it the reports of the various divisions thereof submitted by their 
respective chiefs, as follows: 

The Computing Division, by Assistant C. A. Schott. 
The Drawing Division, by A.ssistant W. H. Dennis. 
The Engraving Division, by Assistant H. G. Ogden. 
The Instrument Division, by Assistant A. Braid. 
Tile Tidal Division, b;y Mr. A. S. Christie. 
The Miscellaneous Dh·ision, by Genel'al Office Assistant .'.\I. W. \Vines. 
The Ohart Division, by Assistant G. Bradford. 
'rhc Archivl'.s and fobmry, b~· l\fr. A. Martin. 
The Accounting Division, by l\fr. J. "''· Par:>ons. 
The \Veights and Measures Division, by Assistant. 0. fl. Tittmanu. 

\Ve have continued to aclvance the interests of the pnblic sen·ice b~· promoting the efficiency 
of the :::;nney in such directions as practicable. Thepnblic itself has quicklj· felt this, as imli· 
cated by the grea.ter demand for our charts and other publication;;, and the increased calls for these 
ham necessitated more labor, both skilled and unskilled, to supply the demand. In the item of 
charts deliYered to our agents, which has increased by two thousand four lrnmlred and three l'l1eets, 
I estimate that there would have been an increase of three thousand fivt>·hnndrP<l sheets at least, 
had we been able to print the charts as rapidly as they were ealled for. Our plate printers and 
their helpers were denied leave of absence and worked full h0tm1 throughout the summer months, 
aud we started an additional press 011 contract work, but we fell bel1ind steadily during the summer, 
that being the season in which there is ge11emlly the greatest demand for our chart;;. 

Along with increased proficiency aml business comes increased labol' of all kinds, arnl the office 
has 11ow about reacbed the limit of its capacity with the present force. The uumber of letters 
written and press.copied at the Office, including all t>Xcept the Hytlrographie Inspector's correspond
ei1ce, was nineteen thousand sernn hundred and five during tbe fiscal ~-ear, or sixty-three for 
every day on which the -..!ffice was open for the tramuction of lmsi11ess. O\er ffre-h11111lre1l of these 
were pre1•ared in furnishing specific information called for by parties ontside of the Surn\v, i11for
mation which was in onr possession but not published; the preparation of these letters consumed 
a considerable part of the time of some of our best men, for being on technical questions, they 
could not be replieu to in a merely clerical manner. 
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The production of new cbarts and mclpil w11s \'ery luge dari11g the year, many times larger in 
fact than during any previous fiscal year, viz: 

Photolitllographs: 
!'laced ou shelves in Chart Room........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
Placed in Atlas of Washington, D. C., etc. . . . . . . • • . . . . . • . . . . . . . . . . . . . . . 24 
Could not order priukd for want of fonds........... . . . . .. . . . . . .. . .. . ... 8 

Mah iug a total number of drawings of charts completed for publication 
h.r photolithograpby.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 

The number of uew charts i>'sued from copper-plates was...................... 13 
Printed fro111 trallsfers fron1 copper to stolle ....... _ .... _........ . .. . .. . .. . . . . .. . .. .. . . . . 2 
New editions of Charts.... . • . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . !) 

:\laking in all from Engra'i"ing Division............................ 24 

.A.\thongh >Ve have ma(h• 1'ome progre8S in bringing up the bac11: work for publication, there 
remain<: a large amount of \"aluable material, such as magnetic, tidal, current, liy(lographic, topo
graphic aml geo(letic information, that has l>een gathered with muc!J paius aml expense auu that 
we an· 11nablc to preseu t to the pnblic for want of ::;killed lJelp. To enable us to utilizfl it., additiou:il 
computers, tlraughtsmeu, engra>ers, printers, mechanicians, laborers, and writers are urgently 
needed, au<l ior them <t(ldi tional room i:-; required, as well aR for storage of ,-alnahle matter l.Jeloug
ing to the Snryey. I then•fnre re('.omme1Hl the procuring, hs rent or pnrdiase, at least the middle 
hcH1~•· of the Butler Building ant! the whole of the space of the bri<'k l>nildingR in its rear now use1l 
as ollitl'"-

TliP 01liei• of Construction of Standard \Yeights and Measures is rapidly adrnncing iu profi
cil!1w~- .rnd n,;efnluess. In order to compare the Standards belonging to the SurYey and the base 
bars nsetl iu measuring its geode,,ic bases tlie Office constructe•l a comparing room in o.ne of the 
large .-anlts nudt·r the 1nn-emeI1t"in front of the Bichards Building. It giYes satisfactory results 
awl wil\ be fully described in a subsequent paper . 

.A 1 >i~hnrsing Agent is uadly nee<lcrl for the Survey. l\f r. Geo. A. Bartlett, the Disbursing Olerk 
of theTn~asnr~-. upon whom the dnt,Y of disbursi11gfo1· the Sun·e.r is now placed, is uniformly courte
ous arnl obliging, hut it is a great inconvenience to us, arnl especially to our field parties, to ha Ye 
hinuw far awa,\· from tl1c Office, aml I respectfully recommend the designation of some one in the 
employ of the Survey to disuurse for it. 

The form of the present appropriation for the maintenance of the Office force is too rigid and 
11ee1ls remo1leling. .A8 matters now stand there is uo oppurtnuity to adjust the salaries to the in
di Yitluals except through the action of Congress in the appropriation bills, or by resignations, deaths, 
awl dismissals occurring from time to time. These means of adjustmeut are ent.irel.r too slow to be 
eftt•ctive. 

Tht> most gratifyiug occmTence of the year bas been the iinal };ettlement of tho accounts of our 
late Di::;lmrsing .Agent, l\lr. \'.'. B. l\lorg'.lll. The many thousands of dollars at first disallowed in his 
accounts were rcRtored from time to time, after a most tltorough examination in each case, until 
the amount was reduced to the small sum of $433.64; on reacl.1ing this point the Hon. C. 8. Fair
child, Secretary of the Treasury, 1 e-instate<l .M.r. l\Iorgan asi)islrnrsing .Agent, to date from July 24, 
1885, granted him 30 <lays' lea,·e of absence with full pay, and accepted his resignation when the 
leave expired. This was not only a triumph for Mr. Morgan hut more, for it was a vindication of 
the Sun·ey as a body, after it had be~'ll most soreJ:; tried and cruelly persecuted for three and a 
half years. · 

During the fiscal year ending June 30, 1889, the following named persons were employed under 
my immediate direction: 

Dr. Wm. B. Frencl1 has continued as heretofore to act as my immediate assistant in matters of 
executin detail, to recPirn and account to me for all moneys from sales of charts, publications, 
-old property, and other sources. He bas aided in tlle Office correspondence, received all Office bills, 
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~<ljusted and arranged them on "\'ouchers in proper form for my appro.-al, an<l tiled a copy of each 
bill. I wish to express m;y thanks especially to Dr. French for the satisfactory marmer in which 
be has performed his duties and to commend him to yonr fa\·orable consideration. 

Mr. R. :U. Ilar"\'ey has filed Office corre8pondence and arrauged it for binding, and attended to 
the shipment and receipt of express matter and registered mail. 

Miss S. C. Ayers was engaged 011 office correspomleuce until NoYernber rn, wlien sbe was 
transferred to the Pension Office. 

l\1iss .I!'. B. Baile:;· reported for· duty .July '.!Oas stenographer and type-writer, and bas l>eeu 
engaged constantly since then to the close of the year on Oftice correspondence, noting- letters sten
ographically and reproducing them on the caligraph. She has ;1Jso kept the lean:l of absence ac
·count aud pro>ed diligent and efficient at all times. 

Miss R. Lawn has continued to use a type-writer in miscellaneous copyiug during tbe yt•ar, 
and in the preparation of copy for the printer and a >ariety of curre11t work rrquirerl of lwr. a11<1 

tabular statistical statements, etc. 
Miss F. Oadel has also used a type-writer iu miscellaneous copJing <luring the year, in preparing 

circulars to sale a.gents, and in current work, sucll as reports from various sources, tn hular state
ments, etc. 

Miss C. B. Turnbull has been engaged on miscellaneous copying, addressing ell\-elopes for 
Xotices to )fariners, and bulletins, during tlw year. 

Mrs. J. \'\'"a11ill copied field records during tl1e year. 
l\lr. :Seil Bryant began work Oetober 1, in rniscellaneous copying for tbis di\·ision. aml on 

No\-ember 12 was assigned to the Computing Di,·ision, where he remai11ed as cop,••i~t nntil ,Jann
ary, wllen lle took np some special copying at the Columbian Cnin:r8it:;- for tliis Office. Ile re
turned to tl!e Office April 11, remaine1l to the close of tlie month, alHl then reported to the Chart 
Di\·ision. 

The duties of Clerk in the Superintendent's Office h~we been iwrfornwd hy :.\Ir. "-· B. Chil
ton and have included the usual correspo]J(lence with field officer:;;, \Yith the Departments and Gcw
ernmeut officers, aud with printte indi\'id ua ls; in1<trnctious to field parties; the preparation of <>s
timates of aunnal appropriations and of statements required by tlw Trea!-mry Departmeut, and hy 
Congress, respecting the nurn hers, grade~, and compensations of persons employed in the SmTey; 

• the care and preservation of the files and pre para tiou of Yoln mes of correspondence for binding; 
record of oceupation of field officers, record of ]Pa Yes of absence granted hy the Superintendent. 
and record of changes in the Office and Field foree; press copies of correspondence, imlexing· h't
ter-books; and, during the past. three montlu;, thn reading of proof and insertion of mmmscript 

-corrections in the Pacific Coast Pilot. 

The statistics of correspondence for the yPar are as follows: 
Letters WTitten-page·s press copJ· .... _ ....... _ ..... _ .. _ ........... __ .... . 
Instructions ..•. _ .. - - .. - ..... __ ...... _ .... _ . _ ...... ___ . _....... . . . . . . . _ . 
Acknowledgments of monthly reports . __ .... _ ... _ .. __ .. _ .. - .. - - - ...... - - .. 
1\iiscellaneous ........ _ : ....•... _ ...... _ .............. _ .... _ .......... _ .. _ 

'.!.G:!5 

urn 
1, 083 

38H 

Total ........ : . .... _ .............. - •.......... _ .. ____ ... _. _ .... __ . __ . 5, iH3 

Mr. E. Willenhucher, Mr. vV. vVillenbuc!Jer, 1\Ir. Frank Donn, and Mr. E. Hergeslleimer, 
-draughtsmen, and Mr. J. II. Boeth, clerk, have been on duty nuder the Hyul'ographic ln;;;pector 
during the fiscal year just ended. 

Assistant E. Ilergesheimer, Chief of the Drawing Di,·ision, died April 23, 1880; of paralysis, 
·after an illnesss of a few days. In him tlle Surrny lost oue of its ablest officers, arnl topo
graphical science in this country one of its most talented and respected members. Officially he 
was entirely devoted to the SurveJ'. In all things he emleavored to he just and ltbove reproach; 

'.personally no man ever had a more sincere and de,,oted friend than I found in llim, and I neTer 
:fllore regretted the loss of one. 

Mr. HugoG. Eichholtz, clerk in the Chart Uoom, died June 18, 1886, from the effect of wounds 
'lf"eceived wtiUe in the discharge of hls duts in tile U. S. Army during the war of the rebellion. 
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.Although a great sufferer for years, I do not thiuk that any one ever heard him complain or knew 
him to lose his temper; faithful to himself, his family, his friends, and hiR official duties, the 
memory of his virtues will remain with those who knew him as loug as they liYe. 

In conclusion, I beg to express to the Chiefs of Divisions and the employes of the Office in 
general my appreciation of the able support whicll the;)· lla,·e rendered the Survey. 

The relations between the Hydrographic Inspector and the Assistant in charge of the Office 
have continued most cordial, and our co·operation has continued to facilitate the business of the· 
Surve;r, both in the fiel1l and the office. 

Yours, respectfully, 

Prof. T. c. MENDENHALL, 

B. A. COLONNA, 

Assistant in charge of Office and Topograplty .. 

Superintendent r~. S. Coast and Geodetic S1crvey, 

REJ'()RT OF THE COJIPUTLYG I>IIJSTOY, COAST AND GEODETIC SURVEY OFFICE, FOR THE FISCAL 

rEAR ESDLY1; JUSE 30, 1889. 

COMPUTING DIVISION, COAS'l' AND GEODETIC SURVEY OFFICE, 
June 29, 1889. 

DEAR Sm: In conformity with regulations, I have the honor to submit herewith the usual 
annual report of work done by t:he computers aml cop)·ists of this Divisiou during the fiscal year 
ending .Jone 30, 18S9. 

Tlte charge of the Computing DiYision was eontinued with the undersigned. The only change 
in the personnel was the transfer of Mr. F. l\I. I,ittle to tlle Tidal Didsion on December 1, 1888, 
and the filling of the place on the same day by Mr. J. Page, who, after having served satisfactorily 
(lnring a six mouths prohationar:r term, was giYen an absolute appointment in tliis DiYision. Lon
gitmlt> computations were temporarily provided for by assigning Assistant E. Smith to duty in this 
Division 011 November 2, 1888, and assistance was rendered by Mr. N. Bryant, as copyist, between 
,Jul~· 6, 1888, and .January 22, 1889. The present force of computers is too weak to take up and 
complete the reduction of the magnetic record8 at Key West, J<'la. (1860-'06), and at l\fadison, Wis. 
(I87G-'.'-\l), a1ul to commence the reduction and discussion of the observations at the magnetic 
ohsen-atory at Los Angeles, Cal. (1882-'89), 11ow about. to be transferred to San Antonio, Tex. 
Competent temporary help woulcl he highly desirable, if no permanent con1puter can he provided. 

Besides directing, distrihnting, super..-ising, and reporting the work performeu by each com· 
pnter, matter,; relating to ofticial correspondence, professional or scientific, were promptly attended 
to. Among the nnmPron!l report!l made hy me, the following may he specially mentioned as requir
in~ morP than nsual labor in their preparation: Uesults of spirit-leveling betweeu Arkansas City 
and Little Rock, Ark.,.1S87-'88; Hesults of spirit-Je,·cling between l\Iobile, Ala., and Okoloua, Miss., 
11'.184-'Sfi-'Si; A supplement to report on spirit-iernls, Yiciuity of New York, relating to hydrolog
icn! prohl(•llls in New York Bay and Harbor; Paper on the geographical positions in the State of 
Counecticnt, determined by tri:tngnlatiou (uniform with a Rimilar paper for MassachuRetts and 
Rhode falaml, in Coast and Geodetic Surwy Report for 1885, Appendix No. 8); Report on SJlirit
lfweling betmwn Annapolis, l\fd., an<l \Yasbiugtou, D. C., 187.'i; Report on the adju~tment of the 
primary triangnlation of West Virginia (1878-'81); Ueport on tlle adjustment of tlrn American 
Bottom base figure (Illinois and Missouri); Heport on the adjustment of the Olney base figure; 
Illinois, and incorporation of the Lake Survey base into the Coast and Geodeti~ Snn·ey transcon· 
tinental triangulation (this involved the solution of thirt~--two equations, with as many unknown 
quautities); Report on the adjustment of the primary triangulation between tbe American-Bottom 
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base and the Olney base (this invoh·ed the solution of thirty-three equations, with as mau.v unknown 
quantitiesj; A series of reports on resulting telegraphic longitudes during the years 1885 allll 1886, 
and oue on the longitude of '.\fount Hamilton, California (Lick Ob:servator.r). 1888, and a joint report 
'by myself and Assistant 0. H. Tittmann on the relation of the metric units of length of the United 
States Lake Survey and the Ooast and Geodetic Survey. I also found time to compute the astro
nomical azimuths at Hart, Fla., 1885; Sloop Point, North Carolina, 1SS8, and Bridgeport, Fla., 
1885; prepared drafts of instructions, astronomic, geodetic, an<l magnet.ic, for the party or parties 
to make a preliminary survey of the soutlleastl·rn bouudary of Alaska; and of instructions, astro
nomic, for the Yukon U.iver and Porcupine River parties to locate the one hundred and forty-first 
degree of west longitude; also advanced the discussion of the secular variation of the magnetic 
de.clination, and collected and arrangell by States and by latitude the maguetic declinations at 
three tl:wusaml two hundred stations, preparatory to the construction of a new isogonic map for 
the United Stlltes for the epoch 1890. Professional testimony was given for the District of Colum
bia in a suit involving the precise location of the Kidwell Meadows. Proof:reading and annual 
statistics were atteudell to, as well as the examination of the astronomical, geodetic, and magnetic 
surrny records for completeness; and the nuips aral charts of the Survey were supplied witll the 
magnetic declinations and other information. On Augllst 23, 1888, I was appointed by tlie Cidl 
Service Commission a member of the Board of Examiners for computers, and on June 28, 1889, on 
the Boanl of Ex:aminers for astronomy. Tile duties couuected with these positious were faithfully 
discharged. 

The work }lerformed by each computer during the fiscal year is herewith presented in detail, 
irnd is made up from the daily and rnonthl,y reports. 

Edward ll. Oourtenay completed the final adjustment of the triangulations in the State of Con
necticut between 1833 and 188G, inclusive, an<l supen·ised the manuitcript copy of the results 
made for the printer (the number of geographical positious is eight hundred and seventeen); ad
justed and placed on uniform data the tertiary triangulation of the western coast of Florida between 
Charlotte llaruor and Pensacola Bay, developing the same on the surface of the Clarke spheroid; 
prepared the abstrncts of angles and horizontal directions at primary stations in the vicinity of 
St. Louis, l\fo., 1871 to lSSO; made satisfactory progress with the final adjustment of tbe triangu
lations of the State of New York ; supervised tile work of Mr. J. B. Boutelle, aml su pplietl in part 
that for ~\Ir. 0. H. Kummell; directeu the work of Mr. vV. U. Maupin, and arranged thirty Yolumes 
of manuscl'ipt computations for IJiuding. J\fr. Courtenay also had charge of the geograp.hical 
registers of the office; assisted in preparing data for field parties and collecting geodetic informa
tion needed in connection with the general conesi1ondence of the office; had charge of the duplicate 
records-astronomical, geodetic, and magnetic-of the Suryey; took charge of the Uompnting 
Di vision during my brief absence, and assisted in the preparation of the annual statistics for 
Superintendent's report. 

Myrick H. Doolittle, after returning from leave of absence of two ancl a half months, computed 
the tertiary triangulation of the coast of I,ouisiana between Calcasieu I,igbt and Vermillion Bay, 
1884-'85-'86; adjusterl the coast. triauglllation between Cedar Ke.rs arn1 St. Blas, Fla., and com· 
pllted some supplementary triangulation and a base measured iu North Carolina in 1888. l\lr. 
Doolittle then took up the station adjustment of horizon ta! directions of the tri:rngulatiou in Illinois 
anll ,Indiana between 1880 and 1887, inclusive; adjustml the base figure introducing the American 
Bottom base, Illinois and Missouri, into the main triangulation; also the hase figure incorporating 
the Lake Sun·ey or Olney base, Illinois, into the Coast and Geodetic Survey work, the one com
putation involving tliirty-two, the other thirty-three, comlitions to be satisfied; adjusted the second 
figure of the main triangulation of West Virginia and that part of the transcontinental triaugula
tion lying between the American Rottom and tl!e Olney base, Illinois, involving thirty.three con
ditions to be satisfied; made satisfactory progress with the local adjustment of horizontal <lirectiomi 
at primary stations in Ohio ancl Kentucky, 1883-'87, and assisted in the preparation of the annual 

• statistics. 
Charles H. Kummell was cbiefiy engaged on the solution of equations in connection with thf' 

adjustment of the triangulations of Connecticut; attended to geodetic revisions and check read
ings; computed the tertiary triangulation coast of Louisiana and of Sabine Pass, and the supple· 
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mentary triangulation of San Pablo Bay, California, 1886-'87; redsed abstracts of horizontali 
angles at stations of the Hntlson mn~r tria11guiatio11; computed geographical positions in Pensa
eola nay and Sr. Andrew's Ba,r, basing them on the Clarke spheroid; •erifie<l the sixteen comli
tioual eq nations about the A mericau Bottom base and iudependeutly established tlie equation'!>. 
about the Olney base, checking Mr. Doolittle's conipn tation; also assisted him iu the solution of 
the thirty.two normal equations; assisted .l\Ir. Courtcuny in the solution of normal equations in 
connection with tlic final discussion of the triangulatious about New York City; also soke<l equa. 
tio11;; in couuection with m,r discussion of the secular rnriation of the maguetic decliuatioll, au<l 
computed the tertiary local triu.ugulation on :\fount Hamilton, Caiifornia. 

Heury F<trqnhar complete\l tlrn compntation of mean places of latitude stars for the Hawaiia11 
smTt\Y 18o7, iuclusi \t' of proper motion of stars aml of probable errors of the declinations; com
pl!'tc>d the latituth• C')mputatious of Se\·eu secondary statious in Teunessee, Illinois, Iudiana and 
'Vest Virginia, all of Jss;;; supplied mean places of stars, together witli proper motion and prolJ
al>le error of declination for fielcl p :H'lies of the survey, submitted a li~t of stars from the Coast 
Surrny Catalogue of 1876 for re-olJ..;crrn tiou at the l1. S. ~nval Ubsen-atory; computed the lati
tudes of Bording, Ill., 188'.!, of Newton, Ill., 1883; made progress with tl.te computatiou for latitude· 
of l'ine,,·, \V. Va.,. 18$3, and attended to some miscellaneous compl1tations. 

,John B. Boutelle was principall_y engaged in re•ising abstracts of augles, computing trinnglc 
:;ides, and making positiou computations iu counection with the tiual adj ustmeut of the triaugnla
tions iu Uonuecticut a1Hl in X ew York; made some preliminary computations of positions near the 
!lou11rlary of Xew Hampshire and .l\Iassachusetts; prepared abstracts of angles a,nd computed ter
tiar~- positious west coast of lflorida, St. Andrew's Ba~-, Santa Rosa Sound and Pensacola Ba~-; as
siste1l in ,;electing descriptions of 8 tations for use by the copyist; re,·ised geodetic data furnished 
by this Di\·i,,;ion, and attended to tlrn copying of my reports of a pl'ofessional or scientitic character. 

Louis A. Bauer completed the computation of spirit-levels between Citronelle, Ala., and Quit
man, )Jiss., lil37; computed time and azimuth at five tertiary stations, coast of Oregon, 1887, and 
thi: time aud azilllnth at Haccoon Point, and at Deer Island, Louisiana, 18S8; compnte(l the azimuth 
at O\·erlaud, Uolo., 1881, aml the time aud azimuth at station Bording, Ill., 1882; put into i)roper 
shape for pnl>lication the results for spirit-Je,·els up the Mississippi Birnr between New Orleans. 
a111l Arkansas City, Ark., alld to Little Hoek, Ark., also the results between Annapolis, l\fd., and 
'Vashiugton Cit,\·, awl \lirncte.11 the computations made by l\Ir. F. l\L Little; computed tbe time 
and azimnth stations Humphreys aud Cana day, N. U., 1888, aud commt·nced the revision of Iongi
tmle computations made by Assistant E. Smith. l\Ir. Bauer also attended to the following mag
netic work: Rm·i:.;ed the uew collection of all magnetic <lecliuations observed in the Uuited States, 
as far as knuwn, as arranged by me by States and Territories, and according to latilude for er.ch 
subtliYisiou; made progress with the rednction of tliese ooservations to the epoch 1890, and witlt 
plo;ti11g- the same 011 the manuscript map on which I had constructed tl1e itsogonic cun'es for the 
\1e;;teru coast aud in part for the eastern coasr; computed the magnetic dips aud iuteusities 
oll~Pned hy AllRistanr .L B. Ba_ylor in 1887; computed the magnetic obsen:ations made uy Assist. 
ants G. D~widson, E. Smith, W. Eimbeck, and 8ubassistant n . .A. Marr in 1887-'88-'89, and the ob
senations by the hydrograpliie parties iu southeast part of Alaska during 1886-'87-'88, and made 
fair progress with the tomputatiou of tlie declinations observed by Assistant J. B. Ba,ylor in 1888. 

L"r:rnk l\l. Little eompletell the computation of the spirit-leTels, Wilkerson's Landing, Miss.t 
to Little Roek, A.rk., 1887-'88, and of the su1)plementary spirit-levels between Richmond and Fred
ericksburg, Va., 1886; com1mted the spfrit-levels hetweeu Odin and Villa Ridge, Ill., 1885, ancl, 
made satisfactory progress with the computation of the le>els from Etlah, Mo., to vicinity of Jef. 
fersou City, l\Io., 1888 . 

• Tames Page.-During the first six mouths of his connection with tbis Division l\Ir. Page was 
engaged in a variety of work, composed of abstracts of horizontal angles, computation Qf triangle· 
sides and geographical positions; of tertiary triangulations viciuit.y cf New York, N. Y., St. Louis~ 
:Mo., St. Andrew's and Ohoctawhatchee Bays, Florida; various_ geodetic reYisions, also solutiou of 
normal cqnatious in couuection with my magnetic researches. Mr. Page made satisfactory prog
ress "ith the computation of tile snpplemeu tary triangulation, vicinity of Charleston, S. U., 1889,. 
and revised the reduction of magnetic tfoclinations for epoch 1890 anll tlieir plotting. 
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William C. Maupin was engaged in copying geographical positions and descriptions of sta
tions, with tracings of sketches for field parties; inserting geodetic results in the registen;, con
Yersions of measures, miscellaHeons cop~·in£i of records, and re•isious. 

Temporary as;;i;;tauce was reuclered hy Assistant E. Smith, who was engagt>1l in making the 
secornl or office n•<luction of the following <lifi'erenc<'s of tc>legrapllic longitudes: Colorado Springs, 
Coto., and Kansas City, l\fo., 1885; Fort 'Vallace aml Ellswortll, KaJJs., 1885; Colorado Springs, 
Colo., and Wallace, Kaus., 1886; Colorado Spriugs, Colo., and Salt J,aJ;:0 City, Utah, 188fi; Colo· 
rado Spriugs, Colo., and Sautn, Fe, N. l\Iex., 188G; Colorado Spriugs aud Graud Jnactiou, Colo., 
188G; Colorntlo Rp1in~s and Gunnison, Colo., 1886; San Francisco, Lafayette .Park Ob.~crrator.v, 
California, au<l l\louut H awiltou, California, 1888; Salt Lake City and Ogdeu, Utah, 188G; Gal >PS· 

toti, Tex., and Little R,ock. Ark., 1885, aml Kansas City, :\lo., and Little l~ocl\, Ark., 1~85. Ile com
pleted the computation for tl'lPgrapltic longitude of the SPcornlar.r statiolls, Brown~Yille, Tex. (from 
Gall·estou), 1885, and 'I'exarkaua aml Fort Smitli, ",\rk. (from I~ittle Hock), 181'.I. 

:Seil Bryaut was eugagecl in copyiug records awl results for the use of field Jiartic•;;. 
I remain, sil', yours respectful!~-, 

Mr. B . .A. COLONNA, 

UHA.S. A. SCHOT1', 
Assistant, in charge Cvmputin[J 1Jfriisic1t. 

A.&8istant in l'harge of O.(licc and Topography. 

REPORT OF THE /JIU ruxu DIIISJOS. COAST .1.XD GEODETIC Sf:RT"EY OFFICE. FOJ: THE YE.iR 
ESDJXIJ JCYE ao, 18.:::9. 

DRAWII'iG DIVISION, COAST AND GEODETIC SURVEY OFFICE, 

ffasltington, 1>. C., .July 1, 188n. 

DEAR Sm: I ha YI\ the honor to present lierewitli the report of the Drawing Di1·ision fol' the 
year which has just closed: 

As;;istant E. llergesheimer, 1Yho so ably conducted tl1e Division. died on April :.!3, and ou the 
1st of :\lay I was assigned to take charge. 

Tlie limited time it bas beeu untler my directiou wiil necessarily make this report most!~· sta
tistical, the items being takeu from the daily journal of occupation of each draughtsman. The 
assignment of work lias !Jeeu ,-irtually the same as duriug the preceding .rear. 

A. Lindenkobl has been employed on hydrograpuic re(luction:::, corrections, and a<ltlitions to 
published charts, answering calls for informatiou, preparing progress sketches for the Au rrnal He 
port, getting data and copit's of work of T;nited f?tates E1igineers, and has at Yarious times ltad the 
direction of the work of tbe DiYision during the absence of its chief. 

H. Liudeukobl, upon fiuishell drawings for pbotolithograplliug arnl all lduds of urgent work 
reqniriug tile immediate atteutlou of a skilled. <lraughti<rnan. He bas also, a~ usual, done the 
regular amouut of lithographiug for the Annual Report. 

E. H. !•'owler has been eugaged in reductions for engraving and photolithographing, pr~jec. 
tions, n•rifications, aiid correctious. 

E. J. Sommer on reductions for engraving and photolithographing, projectio1ts: and n•rifica
tions. 

P. Erichsen in iuking topographical sheets, measuring art>as of engraveu work, and trnciugs 
of District of Columbia surrny. 

E. Mollww iu reductions for harbor charts for engra\'ing, iuking to1.ographical sheets, pro
jectiom•, ancl in measuring areas of engra,·eu work, aud topogl'aphical sun·e;ys. 

C. )lahon was employed upon hydrographic auu topographic reductions, lettering plane
table sheets, ete. 

E. A. Trescot upon drawings of cbarts and diagrams for photolithograpbing, putting regis
tered numbers on ol'igiual topographic and bydrographic sheets, registering same in the DiYision, 
and clerical work. 
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J. Olberg upon tracings, lettering, numbering charts, copies of field sketcbes, etc. He re .. 
signed on the 31st of January. 

W. H. Benton, mostly on drawings of charts for photolithographing. 
H. J. Schneider in making miscellaneous tracings, especiall.r those to answer calls by private 

parties for copies of original surveyi'. Ile was dismissed from the service on the 31st of October. 
D. M. Hildreth wa\S appointed draughtsman on the 30th of Nlivember, after passing Civil 

Sen· ice examiuation. He has since been engaged iu drawing for photolithograpbiug and register· 
ing original sheets. 

J:VI. P. Jackson also passed the Uivil Service examination, and was given employmPnt on the 
8th of December. His principal work ha.s been on tracings for the "Northwestern Naval Site 
Corumissio11," and field progress sketches. 

Mr. ·w. I. Vinal, Assista11t Coast and Geodetic Snrn•y, was attached to the Division from 
February 1 to .June 4, and rendered very_ important service in making a catalogue of the original 
sheets aud drawiugR, so far as the time would allow. 

The statements following i;how the catalogue numbers and titles of charts published by 
photolithography, and from cugraved plates, for which the drawings were revised and complt·ted 
clnriug the year; the m1mbers aud titles of charts, the drawmgs for which were completed hut 
uot puhlisl1ed, aml the numbers and titles of cllarts, the drawings of which corrections and 
additions were ma<le during th•\ fiscal rear. 

I can bardl~· speak i11 too high terms oft he fidelity and care of the more experienced draughts .. 
men, particularly l\Iess1·s. A. am1 II. Lindenkohl, who b;r long service have acquireil a wonderful 
facility iu preparing the field-work for publication. The improvement of the younger draughts .. 
meu has been very grati(ving, arnl is e'l"idently the result of an earuest desire to excel and of the 
example of those more proficient. 

'Vith pleasure I note the evidences of a uniform disposition iu each and all to discharge their 
duties promptly and well. 

Yours, respectfully, W. H. DENNIS. 

Assistant, U. 8. Coast and Geodetic Suri·ey, 
Mr. B. A. COLONNA., In c71m:qe of IJraicing Dfr£sion. 

Assfata 11 t in charge of Office and Topo9raphy. 

DHA "\Yl~G DIYISIOS. 

Catalogue m1111i!ers ana titles of nem charts, the dra1l'ings <!f which were revised and completed aud 
the charts published by photolithography during the fiiscal year 1888-'89. 

No. Title. 

St·l·· 1,, , Mai• ot'District of Columbia. 

Se.l>.. 1 ~11~; M.a1-. of District of Co1un1 biH. 

11\) "Fin~ 1:-ilunil Beach to Uockaway Beach. 
361 6 :Korth Shore, Long Island Sound (part of), 
38~' Baltimore Ilar\Jor, Marsland. 
:l85 Auna.polis Uarbor, Marylaml, 

4.22 Nmv ltfrer Inh_·t, North Carolina. 
-UH l Mobile 1Uve1·, a:abama.. 

491 2 Mobile Hi"Veit·, Alabama. 

491 J 1 Mobilti RiY(~r, Alabama_ 

4-91 11 11obil1• }~ilcr. Alabama. 

4-!ll l'; Mobile River1 Alabama. 

4!Jl '·1 
: Afobile Hiver, AlabaUla. 

519 ' :Sllbinf> Pass, TcxaM. 

5~2 . nrazoi:; llivt"r1 Texa~. 

5~a 1 
Pass Ca,,allo, Texas. 

616 1 Lompoc Landing. California. 
636 CoqniUe !ti-ver Entranet', Oregon. 
651 ! ~eattle J!arl>or, "~ashington. 
660 l\estugga11 Hat'bor, Oregon. 
668 Santn Monica, Cal. 

No, Title. 

693 Eel Riv!!r, Cali.foruia. 

704 Jlrown Cove, Alaska. 
705 j Frederkk 8omu.J., etc., Ala.ska. 
712 I St. John's Hnrhor, Alrtsk:l. 

716 Steamer Jlny, All\ska. 
7li 

1 
Ratz llarbor, A.1aaka. 

718 1 Dewey Anchorage, .Alaska.. 

719 ' Red Bar, Alaska. 

7:!0 Port Mc.Arthur, Alaska. 
721 Port Protection, Alaska. 

729 Etolin Har\Jor, Alaska. 
730 Shakan Strait, A.laska. 
800 Wrangell Strait, Alaska. 
821 Captain's Bay, Alaska. 
823 Akun Cove, A.la.ska. 

30351> Dermott map of District of Columbia. 
lsogouic map United States, 1883. 
Anchorage ground, New York Barbor. 

Part of 8' for Coa•t Pilot. 
Kings Plats, District of Colum bi&, in 16 sheets. 

Total number of dr•wings completed for new ph~tolithographio cllacts pub:ished daring the year, 56. 
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·Catalogue numbers and titles of charts, the d1·awings fOI' 1wcond editions of 1rliich were redscd (fnd the 
charts published by yltot0Utlto;7rapliy duri1111 the year.· 

No. Title. 

114.o Eastern part Lnug I~1aud Sound. 
510a Jamaica llay, New York. 

Totnl Imm her of thP!;e 1lrawing~. 4. 

Xo. Title. 

G!3 Gray's Harbor, Waslnngton. 

68! Sea-coast and interior 11arliors, \\~ ashingtrni. 

Catalogue 11umbers and titles of cliart.~, the drawin.IJS of 1l'hich, for publieation by plwlolithogrnphy 1 
1rere complctcrl, but not pu/Jlixh.ed for 1rnnt of funds. 

No. Title. 

343 Nantucket Harhor, Ma~sachu5ett~. 
3-11 Vineyard Ea"t"en, 1\lassaclmsetts. 
404 Xorfolk llarbor1 Yjrginia. 

733 Thomas, Fa1Tagut, etc., Bay~ • .Ala.ska. 

Ko. 

491 4 )lobilc Ri•er, Alal1anm. 

491,.; Mobile lU\"er, Alllbaru:? .. 

491 7 ~ol)lle Hh·er. Alabama. 

51R Calcasieu Pa~~' Loui~iana. 

Title. 

--------------------
Tornl number of theEle tlrawiug~. 8. 
"Ybole number of llrJ.wings of chart8 for publication b.\- photolitho;.!,"raphy 1'omp:eted during tile sear, 68. 

Catalogue numbers and titles of charts the dra1cings of 1chich mn rei:ised and completed awl t71c 
cliart8 published from engrau-d 11lates iiuriu.q the year. 

I 
No 1 T1tk -·1 ----

17 , Tnmpa Bay to Cape Snn Blas. 
102 i Litt lo River to Petit M~ma.u, Main~. 
nl I Eastern end Long IslalHI Sound. 
U7 

1 

Core Sound to Bogue Inlet, Nol'th Carolina. 
l 51 Little Riv~r lnfot, cte., North ~aroliua. 

178 Hog Island to Walls Creek, Florida. 
187 Pensacola Bay to MofJile Bay. 

367 Oyster Bay, Long Island Sound. 

Title, 

368 Huntington Bay. Long IslanU SounU. 
4()lh, Part ofJamc!:i Hi\.·er, Virginia. 

40lr; Part of James H..i\'PI', \''irginLL 

GOl San Die~o to Point Arr>na, California~ 
602 S[ln Francisco Ba.v to Straits of Juan de Fuca. 

- 610 Wilmington and San Pedro Harbors. 
009 San Luis Obispo Ila,i-, etc. 

Num.Uer of finished drawings for cbartlj publi:tliejl Uuriu~ ilw year fiom en;::;raved pla~~, l:'.'l. 

Additional drawings made during tlte year j'rn new editio11.s of ell arts published from engru reil plutcs. 
----- -------

:Ko. Title. 

111 Monotnoy and Nantucket SboaL!. 
118 Middle •heet, south aharn Long Island. 
ll!l Western she.et, south Rhore Long IM.bncl. 

204 Ga1¥eston Bay, Texas. 
397 , Rappahannock River (part of). 

Number of these additional drawings, 9. 

No. Title. 

420 Beaufort Harbor, Nortn Carolina. 
447 St. Simon'sSound, Gt:'Ot)da. 

fi20 Galveston entr.mce, Te,,;:a~. 

701 Dixon entrance to Cape St. Elias. 

Dr<:wings coinpleted for charts the engrai•ed plates of 1chiclt were in hand during tlte year. 

No. Title. 

31 i Mont auk Point to New York. 
146 i Cape Loukout, North Carolina. 
ll8 j llogue Ialet to Topsail Inlet, Xortb Carolina. 

I 
!!9 f Topsail ID let to Cape Fear, Nurth Carolina. 
li9 : Walle Creek to Cedar Keys. 

Number of tbel!e cornplet<Jd <lrawlngs, ~. 

No. Title. 

304 Moos.a-bee Reach, Main<'. 
.359 New Londo11 H11.rbor 1 Cor111(·cticut. 

bl6 .A.tchafalaya Bay, Louisi:rn~. 

67i San Diego to Santa Monica. 

SUMMATION, I8SS-'89. 

Drawinga revl•ed onrl completed for charta published or made rnatly for pu l>lication during tbe year by photolitho:;::t aphy .• 
Drawings ...,,·ioed am! completed for charts published or made ready for pnblication dming the year from engra'l'ed plates- -

¥~~ ~!:~~ ~i g~::~: 1~~~:1~:::: :: : ::::: :::: :::::: ::::::: ::::: :::::::::: :::::::: :::::: :: ::::: ::::: :::: :::: :::::: 
Drawings completed and in hand, general total ........................................................................ . 

H. Ex. 55-9 

68 
33 

101 
27 

128 
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Corrections and additions to drawings of charts during tlie year ending Jrinc 30, 1880. 

Xo. 

J3 
H 

1. Tupograpliy. 

Ti:ks of ('harts. 

SAILIXI; CU 4.HT~. 

Cape Sable tt> Cape ilatteras .............................. : 

Cnpf-' Hattera,c.; to Key 'Vt·st ..•... 

Gu if of Ycxico and Straits of I.;-!orid.L .•..... -- . - ......• 

Ca1w Hatteras to Mnf'lquito Inlet ...................... . 

tlOl ~a.u Dicg-oto Point..Arl'ua .•..••......•......•.••.••... 

(i0:! San Frand~c<)totheStt'a~t {1f ,J11an dt> Frn.'a ......••... 
700 Cape Flatt(;ry to Dixone11t1auce ........................ . 

'j(Jl Dixon entrarn:(· to <'apP St. Elias .................... .. 

(;ESEIU.T. C'HAfiTt' ill Tilt'. COAST. 

6" Ish" au Haut t-0 Capt1 Cod .••... 

Cape Ann to Gay Ht>ad ..............•.•.... 

8" BloC'k I~larnl to Cape ~las ................. . 

JO Cnpt:> Henry to Capt· Lookout .•..•.....•........ - . - · · · • · 1 

15 .Suait.sofFlorida ..............•........................ 

2. Ilydrograph,r. 

Scale. 

1200000 

1-1200000 

1-210000 

Dran4htsmen. Remarks. 

-----·-------1 .. 

I 
2. A. Lindenlrnhl; 1. E. Molkow. _ .... ) Cor1·pctions 

1 tions. 

2. A. LindenkohL..... .. Do. 
2. A. Lindenkohl ..................... ; .Additions. 

nnd addi-

1-1200000 2. A. Lindenl.:ohl .................•.... ~Corrections nnd addi
tions. 

1-1200000 

1-1200000 

1-1200000 

1-1200000 

1-400000 

1-400000 

1-400000 

1-400000 

1-iOOOOO 

2. A. Lirnlenkohl; 2. H. LindenkoliL. 

2. A. Liut\enkobl. .................... .', 

1, 2. A. Llndenkohl; 1, 2. H. Linden-' 

kohl. 

1, 2. H. Lln;1£'nknh1 ············1 

1. A. LinclP11kohl .......••••.•.•.•..• 

Do. 
Do. 
Do. 

Do. 

Corrections and ad<li· 
tions. 

l, 2. ,\. LirHlni':o"l .....••.••..•.... Do. 

2. A. Linrlenl-.ol1l ......••••..•••.•.•. i Do .. 

1. H. Liudenkoh I; I. E. II. Fowler .... : Do. 
2. A. Lindenhohl; 1. P. Erid1sfl1 ...... '1 A..d<litions. 

1!1 1fohil<'Ba~·to_,_\tchafal:rra na, _____ ----········-·-·· .............. L E .• J.Sornmer ........ ----··-········ la progres:i. 

.AtrhafalayaBaytoGalreston .......................... 1 •••••••••••••• 2. A.. Lindenkohl; l. E.H.Fowler; Do . 

~l 

;11 

671 

GalYP.;;i,ton tn thP P,j,, Graude ... _ ................. ··-· .... ---1 
Appr1•adit~~ tn :\PW York ............................... ··· --1 
San Diego to Sant.a .Monica. .................................... ······I 

675 Point Piuos t-0 Bodrg:> Ileatl. ..•............. ··········1 

676 

678 

679 

San Fr.ancisco tu Point Arena .................................. ) 
Cape j,fernlocino to X. W. Se:d Rotk ........................ .. 

N. W. Seal Rock to l!mP<Jnah River ................. ···! 
COAST AXIi H ARBOH CHARTS. 

JN West Quod<ly Read to Little Ri'<·er ....•.....•...••..•. .' 
304 CroSR Island to Nash Island ...•.•...••......•.•••...••. 
318 Bar Harbor ...........................•......••......... 
10.) Penobscot Bayt() Kennebec e1;trance .................... . 

312 St. Georg(~·~ Ifrver and .Mmicle Ri<lp:e Channel. ......... . 

3U Kennebec an~l Sheeps('ot Rivers ....... ----····--····--··· 
ll! .Monomny and Nantucket Shoals to Mu,keget Channel.I 

112 ~[u~keget Chanud to Buzzard's Bay and entrance to : 
'\line_yard Sound. 

llJ C11tt,yhnnk to lllo<'k Island includinj( Karrai:ansett Bay. 
347 \'"int>yarc.1 Ha>t-n, Mass ............................. ___ ............ . 

353 Xarrngan~ett Bfl)-- .......... - ..................................... . 

JH Point Judith am! Block Island to Plum Island .•.••••••. ! 
l 

358 Fisher'• IolandSoand ................................... , 

359 Xew Lomlon Harbor nnd entrance to Thamps River .... . 

I 
35H lllock l•land ...............................•.•.•..•.... I 

116 Welcl1'• Point to Xcw York .•.............•...•.•.... : .I 
i 

3Cl· Ea•t of "X<•w Roch«ile ............ ····················I 
:;c:: lllnck Ro(·k 1Inrl>or ........................................... ! 

367 OyRtfr or ~JOA~et IIa1hor ....... ·-·-········· ···-·· ...... ! 

Huntington Bas ............................................. \ 

Great South Buy, Fir" Island. aud Loug Beach .•••.•... \ 
Jamaica Bay aml Jtockaway Inlt!t ............. n ........... j 

I 

1. E. J. 8omnwr. 
1-400000 l. E .• r. Sommer ........................... Correction~. 

1-200000 1. TI. Lindenkoh! ...................... i Fini~hecl. 

1-20UOOO 1
1 

2. A. I.,indenkohl; 1, 2. R. Linden- Do. 

kol1l; I. E. Il. Fowler: 1. 2. C. :Ma-
hon; 1. E. J. Summer. 

1-200000 2. A. Liudeukohl; z. E. J. Sommer; Corrections an<l addi· 

1, 2. P. Erichsen; 1. 2. E. A.. Trescot thm!i. 
1-200000 1. H. Liudenkobl ............ ·--~ .... Corrections. 

1-200000 2. H. Lindenkohl; 1. E. H. Fowler ... 
1-~00-000 l. 2 • .A. Lindenkohl .•...•..•.•••••.... 

In progress. 
Do. 

1-80000 !. H. Lindenkolil; 1. E. H. Fowler Finished. 

1-40000 2 • .A. Lindenkohl. ...•..••...•..••.... Do. 

1-10000 2. E.A.Trese.ot. •.•••......••••••••.•. : Corrections. 

1--80000 2. H. Linclenkobl ........•....•...•... i Do. . 
1--40000 2. If.Lindenkohl .••••..••..•..•••.... !Corrections and addi· 

ti one. 

1-40000 2. R. Lindenkobl .. ... . ... .. .•.. .. . 1 Corrections. 
1--80000 2. H. Lindenkohl; 1. E. IL Fowler .... j Corrections and addi· 

i tions. 

1--80000 2 . .A. Lindenkolrl; 1. E. A. Trescot... Do. 

1--80000 1,2. E.H.Fowler..................... Do. 

1-80000 

1--40000 

1-20000 

W. H. Benton ...•..••••••..••••••••••. Pbotol i th ograp hie· 
tracing completed. 

2. E.J.Sommer; 2. J.Olberg ......... !' Correcti_ons end addi-
tions. 

2 . .A. Lindenkohl; l. E. B. Fowler; 1, Do. 
2. E. J. Aommer; 1, 2. U . .A. Treecot. , 

1, 2. H. Lindenkohl. .. . . . .••• .. . .•. ··I Correction. 
1, 2. H. Lindenkohl: l. E. :Molkow; 2. Corrections and atldi-

E . .A. Treecot. ! tlons; finished. 

1-10000 1, 2. E. H. Fowler .••••••••••••••... ·•· I Correction><. 
1-80000: 2 . .A.tindenkohl .••••.•.••••.•••••... ;Corrections and addi-

. \ tions. 

1,2. R.Lindenkohl ................... \ Photolithograpblc 
i tracing completitd. 

1-10000 

1-10000 1,2. D.:M.IIiJ;11·eth •.•....•••••••••••. [ Pl,iotolithograpb, fin
l lshed. 

1-30000, 1,2. C.:Mal1on -·······--··············i Corrections ann addi--
: tionM •• 

l..::!OO<IO 
l--8COOO 

1-2S-000 

C. Mahon ...•..•...•...•••..•••.• ····I (',orrechon. 
l,2 E.Mo!lmw; 1. C.Mabon ..•..•.. \New edition; finished. 

2. H. Lindenkohl; l. W. H. Benton .• ·/ Corrections and addi-
tione. 
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001·recti'ms and additions to draicings of charts during the year ending June 30, 1889-0ontinuell. 

So. Title• of Charts. 

COAST AXlt 1L.1HHOH ClL.\ltTS-contiDlPtl. 

120 New Y e>rk Bay and Harbor .................. . 

369 Xew York Bay and Harbor ....••........•.•...•......• 

121 
1 

Sandy Hook to Barnegat Inh't ............ . 
U:.6 Upper Sheet Delaware RiYer, Port Penn to Trenton 

376 DelawareandChesapeakeBayR ·----····-------·· ----· 
136 No. 3, Ma!!othy River to head of hay .....•....•........ 

3842 Ballimore Harbor .. - ....................... --- -- --- - · · · · · -· · 
38~ 

392 

393 

394 

395 
397 
404 

.::\nnapolis Harbor ..... --· .................. ----· ...... -

~o. L Rappahannock Ri't'er, e~trance to Deep Creek. -··1 
1'o. 2, Deep Cret·k to Occupacta. Creek .................... , 

Xo. 3, 0<'·<.:Upacia Cretk to Saunders Wharf ...... - i 
!\ o. 4. Saunders \Vharf to Port Royal . I 
No.6. Moss Neck t-0Frede11cksbur!!h ............. ·::::: 

Norfolk Harbor .•.•.•...••••.•.•...........•... - . - . - . .! 

137 Cape Ht•nry to Currit11ck Beach ..•........•............ : 
140 AH.>~1marle Sound, Eastern sheet, .d.tlantic Ocean to 

Pasquotank River. 
141 

144 

H6 

14.7 

148 

149 

150 

Western sheet: Pa:;quotank Hi Yer t-0 Hoanuke and . 
Chowan River. 

Xo.3. Pamplico River ...•.•......•................•.••. : 
<kracoke Iulet to Beaufort. N. C .....•.............. 
Cape Lookout to Bogue Inlet . . . . . ...•............... 

Bogue Inlet to New Topsail Inlet .•.•.•••..••......... 

Old Topsail Inlet to Cape Fear ..•..•.•.••.•.•••.•.•••.. 

Masonhoro Inlet to Shallotte Inlet, including Capo 

Fear. 
156 Savann&h to Sapclolaland .•••••.••.•••••..•••••.•....•. 

1 

' 
440 ! Tybee Roads, Savannah River, aml Wassaw Sound 

Ui7; Sapelololand toAmeli&lsla.nd .•.•.•.••.......••..•••.. 
'47 

1 

St. Simon's Sound, Brum~wick IIar\Jor, aod Turtle River. 
158 : St. :Mary's entrance southward to Lltitude aoo west .. . 
164; JnpiterlnlettoHillsboro Inlet ........................ . 
168 Loeg Key to Newfound Harbor Key .••••••••••••••••••. 

I i 

169 Newfound Harbor Key to Boca Grande Key .••••••••••. I 
173 : Seminole Point w Big llfaroo p...,. . • ...•. ·•••·•·••••· 1 
17' 1 BigMarooPa88toSanCa.rlooBay ......... _ ........... . 

175 San Carlos Bay to Lem<>n Bay, including Cbarlotte . 
HarboT. i 

475 Caloosn entrance .... ·----· ..• --- ----- ------·-··· ••••.•. i 
179 Wall's Greek ro_Cedar Ke;i:s ·-·······--··--··-·-········ 

186 Choctawhatchee Inlet to Pensacola entrance ..•..•••... 
187 ! Pensacola Bay to M:obile Bay ..•...•.••..•...•.•• : ••••. 
191 i Lakes Borgnea.nd Pontchartrain ........................ 1 

199 i Point an Fer to Cot.e Blanche, inclnd!ng Atchafalaya ! 
Bay. j 

516 .AtcbafalayaBay ........................... _ .•.•••..•• 
1 
I 

2W Gulf OOW1t, vicinity of Vermilion Bay •.......•••••••... i 
2tK Galveston Bay ....................................... . 
520 Galveston entrance .................................... . 
518 Caleasi<>n J>311s ......................................... . 

Scale. Itemarhl". 

1-;\0UOO 2. A. Lindenkobl; ~. 2. Il. Liatl(!nkohl Correction-8 and ad<li

tions. 
1-touoo 2 . .A. Lindenkohl; 1. Il. Lindenkohl: 

2. E .. J. SnmmPr; 1, 2. P. Erichsen 
Do. 

1-8-0UOO -· A.Limlenkobl ·---······----······· Ccrrt>ctions. 
1-80000 2. II.Lindenkobl .••••......•......... 1 Do. 

1-400000 l. H. Lindenkolil: ·J. E. II.. Fowl<'r ... ' Finishr-d. 

l--6000U L 2. Il. Lindenkobl; 1. 2. E.J. Sommer CorrN•tiou£. 
1-10000 2 . .A. Lindeo1rnbl; 1, 2. H. Lindenkobl Finiohetl. 

1-1-0000 1.2. R.Lindenko11l ................... - Photo1ithographic 

1-60000 · 2. E.H.Fo'l<ler ...................... . 
1-600(10 2. E.H.Fowler ...................... . 
1-20000 2. E. II. F°<>wler ..••••..•.•.•.••••. 

1-20000 2. E. H. Fowler ...•............... 
l-4tlOOO 2. E.II.Fowler ....•...•.•.•..•.•..... 

trac:in;, new edition, 

COill)Jleted. 

Correction~. 

Do. 
Do. 

Du. 

Do. 
1-1:0000 1 1, 2. H. Lindenkuhl; 1, 2. E.J. Sommer Phot•;lithograph, new 

edition, completed. 
1-80000 2. II. LindenkoLI ................... _. Additione .. 

1-80000 1, 2. A.. Lindeukohl: 1. ll. Linden- Corrections. 
kohl. 

1-BOODO 

1-llUOOO 

1-SOOOO 

l-800(1() 

! 
I, z . .A, Lin<leukohl ...•••..•...•...• Do. 

1. H. Lindenkohl. ••••.....•......•.. Additions. 
11 2. C. :Mahon ....... ..... .• ......... .• . . . l"inishl'd. 

1. A. Lindenkohl; 1, 2. H. T...i~den- Do. 

kohl; 1. E.J.Sommer. 
1-80000 1, 2. A.. Lindcnkohl; 1. .E. IT. Fowler; 

i 1. E. J. Sommer. 

Do. 

1-80000 i I, 2. A. Lindenkohl; 1. E. J. Sommer; 
1 1, 2. C. Mabon. 

Do. 

1-80000 · 1 E. H. Fo"ler: 1. E. J. Sommer ..... i Corrections. 

1-80000 1, 2. A.. Lindenkohl; 1. E . .A. Trescot; Do. 
1, 2. M. P. Jackson. 

l-40000 1, 2. A.. Lintlenkohl; 1, 2. M. P. Jack- Corrections nu<l addi-
son. tiou~. 

1--80000 2. A. Liedenkohl; l. C. Mahon .•••••. Corrections. 
1-40000 1,2. A..Lindcnkohl................... Do. 
1-80000 C. Mahon ............................. Additions. 
1-SOOOO 1. A..Lindcnkohl ..................... Corrections. 
1-80000 2. A.Lindenkobl ....••••••.•••••••••. Corrections and addi-

tions. 
1-80000 i 2 • .A.Lindenkohl .•..••••••••.•.••••. Do. 

1-80000; 1. E.B. Fo,,1er ••••••.••••••••••••••.. In pi ogress. 
1-80000 I 1.2. E.H.Fowler ............•........ : Corupleted. 
l-80,JOO 1,2. E.J.Sommer .••..•••••••••.•.••.. Corrections and addi

tions. 

1-4.0000 1. E.J.Sommer ..•.....•..••..•....... Correction. 
1-80000 1, 2. H. Lindenkotil; 1. P. Ericbson; Finished. 

1. E. Molkow. 
1-8-0000' 1. E.H.Fowler ....................... Corrections. 
1-80000; 1,2 .. A.Lindenkohl .••.••••••.•....•.. Finished. 
1-80000: 1. E.H.FowlC'r .......................... Corrt:ctions .. 

1-80000 I, 2. E • .A. Trescot; 1, 2. W. II. Ben- ln progress. 
ton. 

l-S-0000 , 2 • .A. Lindenkobl; 2. II. Liodenkohl; Corn•ctions. 
1, 2. C. Mabon; 1, 2. W. IL llenton. 

l.-80000 2. E. A. Trescot.... ....•••• ...•.. .... Ju progress. 
1-80000 

1-40000 
1,2 . .A.Lindenkohl ••••••.•••.••..•• : Correction 
1,2 . .A.Lin<lenkobl ...•...•...•..••... ! Do. 

1-20000 l, 2, E. J. Sommer ..•.••••••...•.•.•.. .' Photolithol(l'aph, oom• 
i ph-t.>d. 
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Corrections anri additiomt to drawings of cluirts during the yoor ending June 30, 1889-Continued. 

No. 

519 

5'..!2a 

llOil 

6tl0 

610 

611 

669 

621 

6r.5 

GG7 

Titkc; of charts. 

C'O.\ST A~ll 11.\l~ll()it CIL\UTs-continue1L 

Sahinf'. Pa..,., 

Brazo~ ltiYer -·- ... ----- .................................. . 

l'a~s ()aYallo ........................................ -

Sau T>iego J',ay ............................................. ; 
Sau .J11au C<ipistr,uw .......•••••..••••.........•••.. - ... ' 

Lomvoc Landing- ..................................... . 

Sa.n ta TJarhara. ........................................... . 

S,rn Luis Obii::po aucl approaches ....................... . 

S.rn Frnndscolla.r Entrance ........................ _ ........ ] 

Cape .:Uendo-cino .................... ·----- ...• __ ·----· 

Eel 1UYer .............................................. -· ........ . 

Ilnnter·s Cove and Macks Reef ......•...••..... 

6J4 Ca1•e Orford antl Roof ...................••...... 
G:Jti Coquille J(io;-er Entrance .•••.•..•••...•.•..•.•...... 

fl6i· YarptinaRiverentrance .•••.•••..•...••..•............. 
66\l S1:~tug-gah Bay .......................................... . 

6S! Sea-Coast auil Interior Harbors of \Vasbington, frmr. , 
Gnt,\"~ Harbor to Olympia, including Washington 
So11nd. 

64:J Gray's Harhor .••..........•••..•.•.•..•...•••.•.•...... 

651 
70tl 

'iO:i 

704 

Cape Flatt<•ry aud Ne-ah Harbors ....................... . 

Seat tit- Harbor ............................................... . 
Snmuer Strait ........................................... . 

Frt>dt>rick Sound ........................................ --···. 
l~TO\'\"ll CoYe ............................................ . 

"71:.! Ht .• lohn'~ Ilathor ............................................. . 

716 Stmmi·r Ba:;, .Etolin Island ......••••..•••.•...•.•....•. 

'ili Ratz Jlcnbor, Pr1H('t4 of 'Vales lRland ..................... . 
'719 Ht'<l Ha_\', I'riuc~ of ,\ ... a.l1~sl~la1Hl. .......................... . 
720 I 1ort 1\lf"Art11ur ................. _ ..... ___ ...................... . 

.800 'Vrange1l Strait and nnucan Cnual ...................... . 

8~:; Akun Cove, Akunlslaud ..•••••••••••.•••••••••••.••.•. 

Puget Sound .........•••.••.....•........•...•.•..•...•. 

:Farragut and Portage flays ......•..••.•..•..•....••.... 
~antucket Harbor, M.a.asachusett-a .......................... . 

Atebafalaya Rifter ....................................... _ ............ . 
Point .Arena, C:lliforni:t. ............. ~ .............................. . 

Srrnit of Juan tl~ Fuca nn<l Washington Sound .... . 

1-20000 

1-10000 

1-30000 

1-400110 

1-10000 

1-5000 

1-20000 

1-2&000 

1-50000 

l-40uOO 

1-20000 

1-125l)I) 

1-25000 

1-40000 

1-10000 

1-20000 

1-10000 

1-300000 

1-40000 

1-10000 

1-20000 

1-200000 

1-200000 

1-5000 

J>ranghtl'<men. 

i 
i 
I 

Jfonwrks. 

1, 2. H. fjrulr,nkohI .. _ .. __ ......... __ .·I Pl:oM1it110gra1,J1. fin· 

i 1~l1ed. 

1, 2. A. Lindenkohl; l, 2. H. Linden· ! Do. 
lrnhl, 1, 2. \\. H. Benton. / 

1,2. ,V'.H.BE"ntou ............................ j New edition, photo· 
I lithograph, finished. 

1, 2. A. Lindenkobl. --··--- __ ........... I Corrections. 

l, 2. H. Lindenkobl ...•.•.••.....•.... · f Com1ilete1l. 
1, 2, II. Lindenkohl; 1,2. E. II. Fowler; Ph<1tolitbograpb, tin-

: I, 2. J. Olberg. j ished. 

'1,2.E.J.Sorunwr ············-········! Cunectiuns-. 
1,2.W.H.Bi:>uton ....................... \ Col'rections and a.ddi-

tlons. 
1, 2. H Lindenkohl ....................... j Coriec~ions 

i ...... do ........................................ 
1 

Photohthograph, in 

l, 2. H. Lindenkolil; 1, 2. W. H. Ben- PliotolitLograr)h, fin. 

I 

progrt>sl-\. 

ton. is.bed. 

1,2.H.Lindenkohl ......................... !Corrections and al1tli· 

tion~. 

1, 2. A. Lindenkohl .....•........ - ... Correction~. 

1, 2. H. Lindenkoh1; 1, 2. E. A. Trescot .. ! Photolithograpll, fiu· 
\ is!Ied. 

1,2. A. Lindenkohl ....... ---····-·-···\Correction~. 
1, 2. E. J. Sununer ..................... \ Plrotolitlmgrapli, fin. 

I ished. 

LA. Lindenkobl: 2. H. Lindenkobl: I Corrections .mcl adrli-
1. E. Molkow; 1, 2. C. Mallon. I tions. 

2. E. H. Fowler........................ Corrections and ad di. 
tions, new edition. 

1,2. E.J.Sl)mruer ........................... Pliotolithngl'aph, new 

edition, finished. 
' 1. R. Liudenkohl ...................... - . ·! Corrections, ftni~hed. 

1, 2. IL Lindenkohl .. --·--· ............... j Photolithograph, cor 

... .do .....•........•.•. - . -- •••.. - ..... \ :~:~:~s and ad di-

' 1, 2. W. H. Beaton •.••••..•••••..••..•. \ Pbotolitbograpb, fin. 
' lobed. 

1-3000000 1, 2. II. Lindenkobl. •.••••••••... Ccrredions and addi. 
tiona. 

1-20000 

l-~0000 

1-10000 

1-10:100 

1-10000 

1-40000 

1-10000 

1-SOOOO 

1-40000 

1-80-000 

1-2000{)0 

1-2()0000 

i .••• do ......••......•••• -· .••..••.••••. ; Finished. 
.do ...•..•..•...... -.........•••.•.. ] Photolitbograpb, fin. 

ished. 

\::::~~ :::::::::::::~:::::::::::::::::::: ~:: 
i 1, 2. H. Liadenkobl; l, 2. E.J. S<ltnmer.] Do. 
f 1, 2. H. Liudenkohl ............... ~ ...... Finished . 

l, 2. W. H. Benton ......•....•..••..... • Photolithograpb. fin. 
ished. 

1. A. Lindenkobl; 1, 2. H. Lindenkobl . In progress. 
1. 2. H. Lindenkohl ..•................. Finisherl. 
l, 2. W, H. Benton ......••..•...•.•.•.. ! Photolitbograpb, 

I.E. H. Fowler .•...•••.••.•••..••. ····i 
11 2. E. A. Tre:scot ........................... ; 
1, 2. A. Lindenk<1hl; I, H. Lindenkohl; 

1, 2. C. Mahon. 

i•he<l. 
Do. 

Do. 
Do. 

fin. 
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ANNUAL REPORT OF THE ENGRJ VISG Dff'JSJON, COAST ASD GEODETIC sr;R rEr OFFICE, FOI'. THE 
FISCAL YEAH EYDLV'(; .TCYE 30, 1889. 

U. S. 00AS'f AND GEODETIC SCRVEY OFFICE, 
Tra.shington, D. C., Au,qust :!O, 1889. 

t:\IR: I respectfully submit tlie following report on the operations of the Engraving Didsion 
during the fiscal year ending with Jnne 30, 1880. 

The statistics are as follow,; : · 

ENGRAvnm. 

~umber of 11ew charts published: 
Printed from copper plates. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Printed from transfers to stone . . . . . . ............................... . 

);umber of new editions of charts published . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Number of new cllarts commenced...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Number of new editions of charts commenced............ . . . . . . . . . . . . . . . . . 0 
Number of new sketches and illustrations commeuced................ . . . . . • 5 
Number of plates of charts corrected for printing...... . . . . . . . . . . . . . . . . . . . . GiO 
Number of plates of sketches aud illmitration.,; corrected for printing.. . . . . . .. 12 
Number of new charts in progress, co11tinued from preceding years...... . . . . 14 
Number of new editions of chart!.! in progress, continued from precediug years 5 
Number of unfinished plates on hand June 30, 188!1: 

New charts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
New editions of charts....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Sketches and illustrations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

ELEC1'RQTYPIJS"G 

Number of ponmls of copper deposited ................................... . 
Number of square inches on which 1leposit was made .....................• 
Number of copper plates made: 

Basso . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3() 
Alto........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 

2,09G~ 
87, GOJ 

84 

This includeis sixteen thin alto plates, to be used in patehing and cutting up for page plates of 
the chart catalogue. 

PIIOTOGRAI'IIING. 

Number of negatives made........................................... 274 
Number of prints............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 710 

PRINTING. 

Number of impressions for-
Chart Hoo1n ........................•............................... 
Assistant in charge of Office ......................................... . 
Engraving Divisiou ................................................ . 
Hydrographic Inspector ....................•........................ 
Lithographers' transfer proofs . . . . . ............................ . 
Atlantic Coast Pilot ....................... _ ......................... . 

39,754 
1,447 
1. 717 
L531 

44. 
58 

Total number nf impressions ................................... 44, fi51 

The impressions for the Chart Room were tak,en from seven hundre(l and ninety-two plate!.!, of 
which number six hundred ancl se\·ent_y required miscellaneous corrections applied to them before•. 
the impressions could ue taken. 
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The engravers were employed during the year principally as follows: H. M. Knight, A. Peter
sen, J. G. Tbompson, and R. F. Bartle, jr., on lettering; H. T. Knight and H. L. Thompson on out
lines and lettering; \V. A. Thompson, R. F. Bartle, and H. C. Ernns on topography and sand; 
Joseph Enthoffer and E. J. Entboffer on topography; E. H. Sipe on miscellaneous corrections and 
letteriug, and T. \Yasserbacb and \V. H. Davis on miscellaneous corrections and additions. 

There ha>e also been employed at oifferent times during the year, under the appropriations for 
extra engra.-ing, J.P. Cox and J. C. Entwistle on lettering and E. J. Eutho:ffer on topography. On 
October 5, 1888, the force of the Dirisiou was increased by the employment of Messrs. William A. 
Yan Doren, E. A. Kubel, A.H. Sefton, and J. S. Carman, in conformity with the prm·isious of tl:e 
appropriation act. Three of these ;young gentlemen had recei>ed a little instruction in the art 
before acceptiug employment in the Office, but it is most pleasiug for me to be able to report that 

. all of them ba-ve dernloped a talent for their work that promises most satisfactory results iu the 
future. Their progress is already so marked that I have employed three of th1-1m on certain classes 
of work, aIHl the fourth has adrnuced to the point when bis services will also be a\·ailable. I fully 
antici1iate that the product of these young gentlemen's labors duriug the coming ;year will show a 
material increase iu the completion of engra>ings. 

Allot' tlte t>ngnwers baYe been employed at different times during the year on the miscellane
-ons corrrctions and additions required on the printing plates, arising from changes in aids to na>i· 
-gation, etc. This is a class of work that is very exacting, as it does not admit of material delay, 
.audit must take precedence oYer the production of original matter, for the reason that the published 
ceharts should lJe maintained as nearly correct as our information \Vill permit. So great is the 
volume of this class of work that its consideration is one of prime importance; on se>eral occasions 
nearly eYery engraver in the Office bas been eugagell upon it at the same time, 9ausiug the stoppage 
-0f uearl~· all origiual work and consequent delay in the prOlluction of new charts urg_ently demanded. 
Nor does the volume seem to decrease. Of the sm·en hundred and nine~y-two plates printed during 
the year 84.0 per cent. required correction; for the preeeding year six hundred and sixt,y-four plates 
·were priutell, of wbich 83.8 per cent. required correction; this shows the percentage of plates lll'inted 
·that required correction about the same for each year, but there were actually one hundred and 
thirteeu more plates corrected in 1889 than in 1888, an increase of 20 per cent. It should be 
-observed, however, that the labor inYolYed in correcting this larger number of plates was only 142 
per ceut. greater than in the preceding year, showing that the average corrections to a single plate 
were less than for the year before. This class of work consumed the time of four engra>ers during 
the year, agaiust an a>erage of three and a half for a number of preceding years. 

This subject was brought to the· attention of the late Superintendent three years ago, when a 
prorision to reduce the force of engravers had been introduced into the appropriation bill for tlie 
support of the Survey. Careful estimates made at that time indicated that when the scheme of 
charts for the coasts sboulJ be completed the whole force of engravers employed in the Office would 
be required to maintain the plates in condition for printing. Later experience has satisfied me that 
this estimate can not be modified and may have to be increased. I would also recall to you the 
reference made to this subject in my Annual Report for 1887. 

During the past year considerable increase was made to the product, by the work obtained in 
"extrn engraving'' paid for .out of the deficiency bills for the fiscal years 1888 aud 1889. The 
deficiency for 1888 became available only three months before the clQse of th~ year and, there
fore, did not essentially affect the product of that year, but many engravings were so materially 
advanced by the expenditure that I was enabled to finish a larger number of plates in the past 
~·ear than during any year of which I have record. These deficiency bills and the addition of the 
four young men to the force of engravers last October, ha>e been the only measures of assist
ance furnished to thii> Division in many years; and it should be 'observed that the increased force 
pEo>ided last year will ha>e no appreciable effect upon the work of the Division until the current 
year. The numerous corrections applied to the printing plates have a deleterious effect upon the 
plates, causing the engravings to wear more rapidly and 11ecessitate tlleir more frequent repro
i'.luction by electrot.}ping, and as nearly erery aorrection made <luring the life of a plate must 
be applied to the electrotJ·pe copy made from the preserved Alto, it is evi<lent that the reproduc 
tion of a printing }llate ma~· be a work of consi~erable labor. These reproductions also require the 
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·work of skilled e11gravers, as the changes i1ffolved may 11ec~ssitate matching many Yarieties in 
style of engm,·ing. The making of new printing plates bas been almost sus1wnded during tlie 
year in the effort to supply what have been considered more important demands, but it is essential 
such labor should be resumed at an early date if the utility and appearance of the charts is to be 
preserve<l. In Yiew of the circnmstances tl.rns hriedy outlined I l10pe the recommendation· to • 
iucrease the force of the Di\·ision will meet with your appronil. 

The year's work bas H<lded a nnmlwr of i111portant charts to the Catalogue; among them the 
Henernl Coast Chart from Tampa Bay to Cape Sau Blas, Florida; the Coast Charts from Little 
Hiver to Petit 1\fanau, l\Iaine, a preliminary edition of Biock Island Sound, the Yicinity of Cape 
Lookout Shoals and approacbes to Beaufort Entrance, Xorth Carolina, Anclote Anchorage and 
the Banks to the north ward, Florida; new sailing· charts of the Pacific coast from San Diego to 
the Strait of Juan de Fnca, aud the harbor chart of Sau Pedro Bay, California. Work was 
commenced during tbe year on a 11ew series of sailing charts of the Atlautic coast. aml the Coast 
Charts of Long lslaud Sound showi11g the n•1mlti; of the· resmTe.r recently completed; steady 
progress was also made on the new edition of the cbait of Xew York Harbor, from the recent resnr
ve~·, which is now aho11t ready for publication. 

The work of the Electrotype and Photograph Hooms has been continued under l\1r. U. C. 
Chapman, assisted by .J\Ir. L. P. Keyser. The weight of copper deposited was 23 per cent. greater 
than last year; this increase was due entire!~· to the greater nulllher of plates required for our 
own use during the year, 110 outside electrotyping having been done. Rxpcrimcnts have been 
made by l\lr. Chapman during the past six months with a Yiew to securing a hard electro-deposit 
that might be substituted for liammered copper; lie lias been iu a measure successful, but tlie 
limited time he can devote to i:;nch experiment:::; and the difficulties to lie owrcome render the 
progress Yery slow. As the ordinary galvanometers we have heretofore bad in use with our bat
teries lrnve !Jeen found practically valueless for the measmeme11t of sucl1 large currents with small 
electro-motive force as are de1·eloped under the conditions of our work, l\Ir. Chapman Las de
vised and constrncted a new and simple form of ga1Ya110meter that seems to meet our rl'(}Uirements. 
Experiments are now being made with this instrument that I hope will prove of rnlne for this 
class of w~rk. The system of mounting photograph reductions to scale introduced three ~·ears 

.ago, is proving more valuable with each. new experience; it has been found practicable to presene 
the cnr¥ature of .the projections in reducing to small scales, and as perfect a reduction can now 
be made from a printed chart with. distorted projection as could formrrly be procnretl from an 
accurate drawing. The- servi<li!s of Mr. L. P. Keyser, the assistant in the Electrotyping Rooms, 
have been very satisfactory and I earnestly call your attention to the injustice of the small ap
propriation provided in compensation for his labor. 

The Printing Office has been conducted as heretofore under the immediate supervision of Mr. 
F. Moore, foreman, assisted by Messrs Hoover, Beck, and Crawford, printers, and Troutman and 
Dickson helpers. The capacity of the Office has been taxed to the utmost during the year, and 
'notwithstanding the increased exertions of the printers and the emplo;rment of an extra press dur
ing the autumn of 1888 and the early summer of 1889, the work has been almost continually behiud 
the demand. The fiscal year 1887 showed a falling off in the printing for the Chart Room, but the 

·demand bas been steadily increasing since then until it now exceeds our ability to meet it. I there. 
fore hope the project to apply power to the presses, that 11as been under consideration for nearly two 
years, may .be carried out during the coming year; but it is now desirable that an additional force 
.and two more presses should also be supplied as it is evillent we shall have abundaut work for 
them by the time they can be in position for use. I brought this matte1· to your attention in m;r 
last annual report, !mt the dema.ud ·1ia8 so far exceeded my expectations tliat I must 1101'; urge upou 

. you the immediate necessity of increased facilities. 
The clerical work of the Division, as heretofore tluri ng ma11y ye~rs, bas been most satisfac

torily performed by Mr. John H. Smoot. He is indefatigable in his labor, but the large increase 
in the details of the work caused by the _greater demand for charts, has been a seriot1s hindrance to 
his more importaut duties of proof reading and .verification, and cons.ide1·ing the probable addi
tional work that will be required in the coming year I feel it necessarJ' I should recommend to you 
:the assignment to the Division of an additional book-keeper at the earliest practicable date. 
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The increase in the work of the ~ivision a111l the proposed additions to the force of experts em
ployed, will also bring demands upon the messengers as..;igned to the Division beyond the prob
ability of tileir supplying them. 'fLe Di vision has been fortunate in having two good steady men 
to fill these places, but for the reasons stated they must barn help in the future and I have there
fore rPeornmended in my estimates the employment of two additional messengers. 

The customar_y list of chart plates completed, commenced, and in progress during tbe year is 
submitted herewith . 

.£ours, very respectfully, 

1\lr. B. A. COLONNA, 

HERBERT G. OGDEN, 
Assi.stant U. S. Coast and Geodetic Survey, 

In charge of Engraving Dit'ision. 

Assistant in charge of (}_ffice and Topography. 

Eugmred plates of maps cttul charts completed, ccmme11ced, and in progress during the fiscal year ending 
J unc 30, 188!>. 

l. Oatli1H>:.;. ') Topograph:L 3. Santl in~. 

Title. 

:xr:w n-!AUT8 ('U~Il'LETED. 

li 160:: ! Tampa. Uay to Cape San Blas ..•.....••.•...•.••.•...••. / 

10:.! :.wo2 Litt.le Ri\"'er to P..tit :\.1 a.nan.--·-.·----· ______ . ____ .. __ . 

114 Hlff9 X f"~port to rium Island, etc _ ......................... . 

14i ~t~Ofl Corf~ 801111'1 to Ro~m· 11dr-t, indutling Capt> Lookont __ _ 

1.51 Hi!!.~ l4itt1e Hin:•r Inlet ;.llld irnrt of Lon,'..!: Ha~', South Cart>liua. 

Jir: Hog !:;land to 'Vall Cnt>-k, inclwling .:inclotc And10ra;:.::e-. 

lb7 l'ensa<·ola Bay to Mobile Bay·-···· ..•••...••..•....... 

2015 Oyster Bay, J,ong Island Sound, New York ....•.• -- .... ! 
!{6 . ...: ~W16 Huntingtou Ra~-, I .. ou_g IRiand Sound, :New Yor·k .....••. : 

401-d 1604 · Jnrnt>:; River, No. 41 City Point to Kiugslaml Crel•k ..•... 1 

401-P 1 lt:lif.I JameR River, No. 5, Kingsland Cre.ek to Richmond .•••. _ l 

601 ' 1755 San Diego to Point Arena .• - .•....... -····· ....••• ······I 
602 : 1908 San FranC'isC'uDa'\'"totheStra.itofJuaude E'uca .•...... 

610 1079 ""ilruiugton nnciSan J)e(lroll;rhors ..••••............... 1 

55g 1828 

Ill 1991 

118 ~IJ~ 

204 1000 

c9i 2017 

·Ltl 1!194 

! 
San Luis Ohi•po H•y and Port Ilarford .•••••. ·--··· .••. ! 

'

iii 
xv.w· EIHThYXR 0F' ('llART8 COlCPI.ETEn. 

Monomoy and Nantucket Sh~als to Muskegct Channel .. j 
I 

, ::>apea1z1H' lloach to llellr>0rt Jl.aY····-··-··-····-···-···-1 

, Gah-estou Bay ............ --·-·-·-····-·-·-···--···-····' 
Rar>p:thannock }U't"er, No. 6, Yoss Neck to Fredericks- 1 

liurgh. i 
Ht>aufort llarhnr1 North Carolina .•••••.•••• ~-----·--·---J 

4. General lettering. 5. 'Tinting:. 

Scale. En~r,,n·ers and work. 

l-400000 2. \\-.A. Thompson; 3. Il. C. Evans: 4. E. .A. Maede!, 
A. Petersen, and J. G. Thompson. 

1-SOUOU 2. 1v·. A. Thon1pson; 4. J. G. Thourp~()n. • 

1-f:OOOO 1. .J. G. Thompson; 2. \V. A. Tlwmpson i 3. 11. C EYans~ 
4. ,J, G. Thompson antl ..A. Petcr~rn. 

1-~0000 2. JoH. Eut.lioffor, \\.A. Thflmrison; 3. H. C'. Ev,m~ an,1 

W. A. Thompson; 4. J. G. Thompson. 
1-80000 2. W . ..1-. Thompson; 3. R. F. Bartle and W . .A. Thomp

son; 4. J. G. Thompson,}{_ F. Bat·tle, jr, nrnl H. T_ 

Knight. 
l-80000 

l-80000 

1-30001) 

3. R. C. EY-ans; 4. H. M. Knjght, .T. G-. Tliomp~011! an<l J. 
C. Eutwistle. 

2. W. A. Thompson: 4. H. M. Knight, J. G. Thompson, 
and .A. Petersen. 

1, 2, 3. R. F. Bartle; i. R. F. 11<.rtle,jr., a111l R L. Thomp. 
8011. 

1-30000 · 1, 2, 3. R. F. Bartle; 4. R. F. llartle, jr., •nd H. L. Thomp
son. 

1-20000 , 4 J. G. Thompson and H. L. Thompson. 
1-20000 1 4. ,J.G.'l'hompsonan<l H.L.1'homp1mn. 

1-1200000 4. J.G. Thomp,onandH. T. Knight: 5. W. A. Thompson_ 
1-1200000 i 4. J.G. Thompson andli. T. Knight; 5. W. A. Thompson. 

1-40000 !, 2. H. C. Evans and W. A.. Thompson: ·3. }{. F. Bartle; 

4. R. F. Bartle,jr. 

1-20000 2. W. A.. Tbornpaon; 4. W. H. Da.,-is, R. F. Bartle, jr., and 

L. Von Logau. 

1-80000 , I, 2, 3. H. C. Evans; 4. A.. Petersen, T. Was•erbatb, E. H. 
Sipe, an<l W. B. Davis. 

1-80000 1, 2. Jos.:Enthotfer; 3. W.A.TJ1ompson; 4. H. L.Thomp
i sou. 

1-80000 ! 3, 4. T. Wasserbach and W. IL DaYi.s. 

1-40000 4. W. H. Dnis 

1-40000 3, 4. 'f. Wasserbaeh, 4. W. H. Davie. 
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Engra1)ed plates of maps and charts, completed, cmmnenced, and in progress rlurin{I thcfiscrrl !JC<1r ending 
June 30, 1889-Continued. 

I~~~~~ Plate 
Xo. No. 

Title. 

. 147 

520 

;01 

A 
20 

115 

1!6 

149 

NEW E!JITIO:r-.s OF CHAHT!"i COMPLETEU-continued. 

1155 , St. Simons Sound, Brunswick Harbor, Turt}p. RiYer ........ ,: 

1

1993 '. Galveston Entrance ····-· ................................. ! 
1880 ; Dixon Entrance t{1 Cape St. Elias ........................ . 

I 
S"EW C'IL\UTS CC lDtEXCELJ'. 

2()36 Cape Sable to Cape HatteTas ..................... . 

~()10 ..Atchafalaya Ha~· to Galve~ton ·-----·--··· .............. . 

2005 Plum lslanrl to Stratfor1l Shoal. ...................... .. 
2()06 8tratford Hhoal to New York ............................. . 

202:l Olli Topsail Inlet to Cape Fear ....................... . 

367 2015; O;ysterBa_v1 Long Island Sound, New York .................. ' 

36~ 2010 Huntington Bay, Long IslaIHl Sound, .Xew Tork ......... . 

:s7u 203~ DelawareaudChesapeake. Hays ................... . 
680 2026 lTmpqnah Iti-.er to Cape Lookout. .................... . 

:SEW EP!'l'IOX8 OF f'HAHT.S COllMEXC'EO. 

lj 2iJ4Q Straitsof'Florida .................................... . 
JIB 20'.!8 Napeague Beal'h to B~llport Bay .............................. 

1 

' ' 
l2U 2iJG2 \ New York Day ar11l Harbor ............................. ! 
l:!ll 2020 I81e of \Yi:.:;bt to Chiucott6ag:11e Inlet ....................... I 
l:J.;j 1046 lh111tinµ:ton Island to Ossabaw lsland. ------ ... _ .. ·-·-·-! 
397 2tl17 Rappahannock Hh·er1 ~o. tJ, :Muss Nt~ck to Fretlerick1'-

bnrgh. 

516 2034 A tchafala:-.·;i Bay ................................... .. 
520 1993 (~-al•eston llay ........................................... , .... . 

701 ' 1880 Dixon EutrancP to Capt· St. Elias-·······----

2022 Ga.y He:ul to Cape lh!nlu!>Cll ................................ 1 

52 1942 Montank Point to XQw York ............... ·----~ 

i 
101 , 1937 Eastport to Little Rh-er, Maine .................... _ ..... I 
119 1927 ' Fire Jslan(l Beach to Rockawity lleal'h --- ... ----·- ...... i 
J~J : 1974 i Absecon fulet toC3pe Ma.r ............................ ! 
12U i 1935: DclawareRi-ver,U.cedyP•linttoTrenton ................ I 
1~7 rns:i ! Cape May tolsleofWigl1t .............................. \ 

I 
148 : 20::!4 Bogue lnlet to Old Topsail Inlet ............................. ! 

; IU3~ W •• llCreektoCedarKeys ................ ------ -- / 179 

211 
304 

[ 1959 Lag1rna Madre, Texas (middle part) ................... . 
i 19:18 I Cr°"" Islaml to Nash Island ............................. 1 
: UfiO 

1 

Boston Hal'hor .................................................................... 1 

l i 
359 : 1798 !~ 'l"barues River arnl New London Harbor ................... ) 

I 

369 198i New York l3ay and Harbor, n1ipersheet .••..••...... ·- \' 
369 '1983 New Yoikllayau<lllarbor,lowersheet ••••.••..•....•. 

671 I5.1l San Diego to SantaMonica .............................. \ 

675 1980 Point l'inos to Bodega Head ··············•··········---1 
f 

6<6 1!!96 · Pn~ .. tSom1<l ........................................ .. 
I 

Scale. 

1-4000() 

1-40000 

1-1200000 

1-120000l) 

1-400000 

1-80000 

1-80000 

1-80000 

Engraver:-i arnl work. 

3. T. Was.,·rba.ch; 4. H. L. Thorup;ou . 

31 4. T. Wa~serbach. 

I. H. M. Kni~Lt and I:. F. Bartle.jr., 4. R. F. Bartle, jr. 

l. H. C. £'.,·a.ut:i. aud W'" . .A. Thompson. 

1, 2. R. F. lla1 tie, 4. R. F. Bartll'.jr. 
1. H. C. E-vantt; 4. A. Pl•tt>r~en am1 .J.C. Ent\Yistlt~. 
1. H. C. £,:an~; 4 . .A. Pt•t(·r~f'n alJd .T. C. E11 t ,\ :,.,tl1._•. 

l, 2. I~. F. Bartle: 3. II. C. EYan:os; 4. A.. p,. t~.:r~e11 and 
.James P.Cox. 

1-30000 I, 2, 3. R. F. Bartl<'; 4. R. F. llartk,jr., nnd H. L. Tlwrup-

~on. 

1--30000 1, 2, 3. IL F. l~artk; 4. H.F. Battle. jr .. anJ Il. L. Tliomp· 

H(III. 

J-40000() l, 2. R. F. liartlt•: 4 . .A. P1·tt:•rFeIJ. 

1-200000 I, 2. lL F. lfartle. 

1-40-0000 4. A. Ii. Sefton. 

J--80000 11 2. JQs. Enthvtlt-r; 3. "~. A.Thr·Hip·wn: 4. 11. L.Tlwmp 
FIOU. 

l-80lHl0 Ek1..·t1 otypiu,e:. 

l-BOOOO 1, 2. ~~ . .A.. Thomp:'!on; 4. H. L. Thomp~on. 

1-oOOOO 2. W. A. Thompson, 3, 4. T. \l"t"trh:H·h, 4. JI. ::11. 

Knight. 

1-10000 4. \\". H. lJa-.iR. 

1-.\000U 1, 2. R. Y llartk 

J-40000 :~, 4. T. \ra!o'.1".~·r\ia('h. 

l-1200000 L Il. l!. Kui:,>;ht and R. F'. Ba11i,-,jr., 4. lt F. Bartle,jr. 

1-400000 I. E . • T. Entboffer. 

1-200000 1, 2. W. A. Thompson; 3. H.C. Emus. R. F. Bartl•·, jr .. 
and 'Villiam -A. Van Doren. 

J-80000 1, 2. Joe. Entboll'er. 

1-80000 3. H. C.Ev1ms; 4. H. T.Knigbt. 
1-80000 3. R. F. Uartle; 4 . ..A.. Peteri'"l"ll and 1-l. F. Bartle.jr. 
1-80000 3. \V. A.. Tbom1:son; 4 . .A.. Pckr:->en. 

1-l\0000 2. Jos.Enthoffrr: 3. R. F.Bnrtle; 4. J.G. Thompson,h.. 
Pcternell: and E. J. Euthofl'er. 

1-80000 4. Jame,.; l'. Cox an~l R. F. Barllf', jr. 

1-80000 3. R. C. E-.au'' 4. II. T. Knight. 
1--80000 I 3. E. J. Euthoffer; 4. Jam et". r. Cox. 

1-40000 I 4. E. ll. Sipe. 

1-40-000 3. W. A.TL10mpaonaud T. \\"asserbach; 4. J. G. Thnrnp
sou and T. 'V f\88erbach. 

l-200JO, 1,2. RF.Bartle; 3. H.M.Rnigllt; 4. 11 M.Knil.\htand 

A. Petersen. 
1-40000 : ij. H. lL Knight; 4. J. G. Thompson aud A. Pd('r~cn. 

1-4000-0 ! 2. W. A. Thompson; 3. II. M. Knight; 4. J. G.. Thomp

son awl A. Pt.,tR:-s.:m. 
1-20000-0 11 2. J t._is. Euthoffer; 4. H. T. l\ujght. 

1-200000 i 2. Jos.Enthoft'erand \V. A. Tliornp~on; 3. ".,.-.A. Thomp· 

sOL; 4. lL M.Knigbt an1l ,J. G. Thompsoa. 

1--81'000 

1-St'OC>O 

1, 2. ,Jos. Enthotfl·r; 4. H. 'l'. Knight.. 

l, '.! .• Jot\. Entlioffrr and B .. T. Entlwfl't·r: 4. R. F. J;a.rtlt•, jr. 
~~5 1!'::4 

1 
A<lmirnltylnlet ......................................... \ 

--------·---· ------------- - - _____ ... 
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REPORT OF THE ISSTflUJIEST Dff!S[(IS, COAST A.SD GEODETIC SURVEY OFFICE, FO.R THE FISCAL 
YE.:lR ESDLYG J['SE ao, lf.1'39. 

U. S. COAS1' AND GEODETIC SURVEY OFFICE, 

Washington, D. C., August 17, 1889. 
DEAR Srn : I ha"°e the honor to Stlbmit the following report of the Instrument Division for 

the tiscal year emling- June 30, 1889. No clrnuge has been made in the force employed in the Divis
iou siuce the date of my last report, and as heretofore the chief mechaniciau, Mr. E. G. Fischer, 
lias exercised personal supervision o>er the details of the work iu the instrument shop and Mr. 
H. 0. ·Frencl1 has ha(l the immediate charge of the work of .the carpenter shop. Both of these 
gentlemen ha\'e performed their {luties in a highly satisfactory manner. 

The usual large amount of repairing work has been attended to, and a considerable quantity 
of new work (in view of onr limited force), has lJeen accomplished. I take occasion in this con
nection to n•u£w my recommendation of last year that two additional mechanicians be estimated 
for. As theu 15tated, a large nnmher of new instruments will soon be required to replace those 
which li<ffe become obsolt>te or worn out, and our present force, a portion of which must be con
stantly engaged in repairing work, is too small to meet this demand. 

A cuusidernbly larger force could be aclYantageously employed for some time, but unfortunately 
our limited sllop space 1necludes the employment of a greater additional number than that recom. 
nw ml ed. 

'l'he instrnment-shop equipment has been farther improved by the addition of a circular-saw 
lJenclt and a gear cutting attachment for one of the large lathes. The gear-cutter and saw bench 
and ><undry minor tools haYe been made in our own shop. 

The following is a list of new instruments made or partly made during the year, and of olrl 
instruments rem0<1eled: 

Large Stein heil heliotropes ..................... _ ..... _.. . . . . . . . . . . . . . . . . . 2 
!'lane table alidades ....................................... _ . . ........ _ . . 12 
Thrt>e-armed protractors . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . • . . . . . . • • • . . . . . . . . . . 12 
For slwp equipment: 

{}ear cutter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 
Circular-saw bench... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 1 
Snndry minor tools. 

Geodesic level rods .................................. _ ........ __ ....... _ . . 6 
Irnprm·ed signal lamps ................................... _ ......... _ . __ . . 6 
Waterproof metal cases for bydrographic clocks ........ _ .•........... _. . . . . 8 
W oodeu cases for hydrograpb ic clocks ................ _ ..... __ ........ _ . _ . . l 
Metric scales (t size) ................................. _................... 2 
Steel-tipped brass plummets (1 pound to 5 pounds) ........... _. . •• . . . . . . . . 28 
Sounding regi~ter ....... _.. . . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . • . . . . . l 
Letter-gauges, for Engraving Division .........•••.....•.............. _ . . . . 88 
Reducing frameR, for Drawing DiYision ............. _ ..•............ __ ..... 6 
8-inch theodolites . . . . . . ............ _ .. ___ ... _. _ .. _ ...... _ .• ___ . . . . . . . . . . G 

Comparator, 6-metre and shorter lengths, for Office of Weights and ~[easures. 1 
"Thorn" current floats .............•...•............• _ ..... _. _ .• _. . • . . . . . 97 
Combination telemeter aud le>el rods ........•... _ ............ _ .. _......... 2 
Plaue Table No. 50, remodeled ...............•......... _ ....•..... _ . . . • • • . 1 
Heliotropes, remodeled . . .................................. _ . . . . . . . • • . . • . 4 
Electrical illuminating apparatus, for Office of Weights and l\Jeasures. 
Microscopes, for reading tliermometers of" Blair comparator". . . . . . . • • • • . • . . 2 
Seetion liner. . ............... _ ....................... __ .... __ . ___ . __ . . 1 
Sets of subsidia!y avordupois weights,- for Office of Weights and Measures... 6 

Sundry iustrumeut stands, telemeters, plane-table clamps, new parts aud attachments for old 
instrunwnt~, such as new cutting plate for the dividing engine, new chucking }>late for dividing 
engilw, two new telescopes for base bar comparators Nos. III and IV, etc. 
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The Steinbeil heliotropes anrl. the plane-table alidades were well advanced towa1d completion 
during the prevfousfiscal ;year and were finished in July, 1888, and September, 1888, respecth-ely. 
The weights and measures comparator, the plane table and the six theodolites are not yet com
pleted, but will all be finished before the end of October, 1889. The theodolites are "repeatn"" 
and it is believed will prove superior instruments. The essential parts have been made by our bPl't 
mechanicians and special care has been takeu to secure tbe greatest possible degree of accuracy. 

'fhe horizontal circles are eight inches in diameter, and will be graduated to five minutes, 
reading by three verniers to fi\'e seconrls. The inner centers are made of bell-metal, aud t!Je 
otheri'l of "half-hard" brass, ~hile the outer shells arc made of ordinary "red metal." The nse 
of steel for centers was not permissible, as each instrument is furnished with an attachment for 
the api1roximats determination of magnetic declination. The telescope axes are perforated for 
axis illumination, thus aLlapting tlle instruments for azimuth determination and nigbt observation 
of horizontal angles. Three of the theodolites have standards high enough to permit of the trausit
ing of the telescopes, and arc furnished with eye-piece micrometers aud vertical circles. The 
micrometers are revolvable ninety degrees, arnl can therefore be used vertically or horizoutally, 
and the vertical circles (graduated to ten minutes, and reading by two verniers to teu seconds) ean 
be nsed either for ordinary vertical angle meaflurements or for latitude determinations. Eaell 
circle has, of course, a delicate level attached for the latter purpose. 

The telescopes of three of the instruments haYe focal lengths of sixteen inches, and clt>ar 
apertures of two i11ches, and are furnished with two eye-pieces haviug equi,·alent focal le11gtLs of 
three-fourths inch and three-eighths inch respectively. Tbe ot!Jer three (the alt-azimuth im;trn
ments) have telescopes fifteen inches in focal length and two incl.Jes in clear aperture, and an· 
fornished with three eye-pieces having equivalent focal lengths of three-fourths inch, three-eighth~ 
inch, a,ml thirty-tiYe one-hundredths inch (the latter a diagonal eye piece). 

The cost of these instruments, an<l of others named in tL e foregoing list, notwithstanding the 
shorter hours of Government shops, will fall withiu the price at which similiar instruments could 
lJe purchased. 

The miscellaneous duties of the Division, including the care of the instruments, camp equi
page and general property, the rer.eipts and shipments of the samei the examination and adjustment 
of instruments and determination of instrumental constants, the purchase of new instruments and 
supplies, the official correspondence and the keeping of the records and im·entories, etc., ha-rn 
recefred due attention. -

The following statement shows in detail the force emplosed during the :year and the character 
of the work J>erformed by each Jlerson : 

Mr. E.G. Fischer, as already mentioned, bas performed the duties of chief mechanician, ma<lP 
working drawings for the use of the pattern makers and mechanicianl'I, and attended to the di \"id
ing engine, making such graduations and regraduat?ons as were required for sextants, theodolites. 
and protractors. 

Mr. E. Eshleman served during the entire year, and was engaged upon the adjustment of 
instruments and miscellaneous repairs of plane tal>les, alidades, tlieodolites, levels, dip·circles, 
magnetometers, protractors, transits, meridian telescopes, zenith telescopes, artificial horizons, 
beliotropes, vertical circles, level rods, etc. He has also attended to the ruling of glass diaphragms 
and the silvering of sextant and heliotrope mirrors, and has made 88 uew letter ranges. 

Mr. L. A. Fischer served during the entire year, and bas been engaged chiefl~- upon n.ew 
instruments. He has worked upon the 1~ new ali<lades, made the uew gear cutter, the sounding 
register, 1 metric scale, 6 reducing frames, the teleMopes, micrometers, and vertical circles for 
the new theodolites, and sundry taps and dies and shop tools. He bas also attended to some 
miscellaneous repairs of alidades, sounding registers, letter gauges, and comparators, and onr
bauled and repaired the tide-predicting machiue. 

The ohl base-bar comparators Nos. III and IV were practically reconstructed by Mr. Fischer, 
although the work is properly classed as repairing work. 

"Mr. P. Vierbnchen ser\•e1l during tile entire year, and has been engaged upon mi8cella11cous 
repairs of sextants, protraetors, theodolites, levels, tide gauges, reconnoitering telescopes, binoc
ulars, h~liotropes, sllips' compasses, station transits, zenith telescopes, plane tables, alidades, tele-
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meters, signal lamps, meridian telescope,;, steel htpes, etc. He has also ma de six sets of avoirdupois 
weights (stualler denominations), the nvw illuminating apparatu;;. for the Office of ·weights and 
:\feasures, and the new thermometer cases, and has worked also upon the new comparator, the new 
clock cases, and the saw bench. 

:.\fr. 'f. Gerhards served <luring tlte wl10le year, and has been engaged chiefly upon new work. 
He has made the twelve 11rotractors and the two reading microscopes, and Las done a portion of 
t!te work upon the tweke new alidade.8, the new comparator, and the Steinheil heliotropes. He 
has also attended to some miscellaneous repair:'! of theodolites, le,·els, magnetometers, an<l the 
Engnwing Division ruling machine. 

:.\Ir. 0. Storm served during the whole year, and has also been engaged chiefly upon new 
work. He assistetl in finishing the new alidades and Steinheil heliotropes, and has made the cen
ter11, horizontal circles, and standards of the new theodolites, one metric scale and sundry tools. He 
ltas al:'!o done a portion of the work on the new comparator, illumiuating apparatus, and saw
beuch, a1Hl ltas atten<letl to ;;ome rniscellaueous rf'pairs ofprotractor11, scales, proportional dividers, 
the Engra.,·ing Didsion rnliug machine, arnl the pendulnm comparator. 

:\Ir. S. Kearney sern"ld timing the whole year, and has worked upon the new Steinheil helio· 
tropes. the six reducing frames, the six geodesic level-rods, tangf\nt screwR an<l sullsidiary }larts of 
the six theodolites, and i11 remo<leling Pla1rn Table No. 50. He has also made sundry shop tooli;;, 
performed miscellaneous work for tbe Office of Weights and Measures, and attended to Ute gas 
eugirw and the office bells. 

:\Ir. l\I. Lauxman sen'ed during the wQ.ole year, and has been engaged upon miscellaneous 
reµair:o; of lernl-rods, protract.ors, plane-tables, lanterns, parallel rnlers, cl.tart-cases, etc., cleaning 
autl polishing scalt's, straight-edges, etc.; making plummets, plane-table clamps, telemeter fixtme8, 
clock-cases, capstan-pins, specimen cups, cutting and chucking plates for dividing (•ugine, te11 
chain 110les antl pins, patterns, etc. He has also re-rnodele(1 four heliotropes and assisted in the 
work on current tioats, tlte six tbeo<loUtes, section liner, uew protractoro;, au<l gas engi11e. 

~Ir. II. 0. Fre11d1, a-;sistrnl hy :Uessrs. (J-. \V. Ol>lrvoe anti 0. N. Darnall, Las attended to the 
work of tbe c:irpenter-shop, iuclntling the ma,king of patterns, instrument stands, level aml tele
meter rods, pla11e-tahle hoartls, current floats, instr11ment cases, packing boxes, book an<l chart 
cases, record cases, miscellaneous cabinet work for the various divisions of the Office, etc. They 
have al:so attended to the mounting of maps and charts, tlte packing of instruments and charts 
for tra11s11ortitio11, and the miscellaneous repairs to the building and office ftuniture. 

'.\fr. It. C. Glascock sened during tltc year as property clerk, and has attended to the books, 
records, and iuventories eoncer11i11g tbe general property of the survey, arnl the official corre
spo111le11ce relating thereto. Be bas also compiled tbe monthly reports of the Division. 

:l\lr. \Villiam "\Ve:'!t sen·ed during the year as messenger for the Division. Bis services will 
lie further mentioned in the report of the i\Iiscellaneons Division. 

Yours respectfully, ' 

,\Ir. B. A. COLON:-;A, 

Assistant iii charge of Office and Topography. 

ANDHE\V BRA.ID, 
A.ssistant Ooast and Geodetic Sitn,ey, 

In cha.rge of Instrument Division. 
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TIDAL Drnsrox, L'". S. CoAs·r A.."\'D GEoDE'l'lC S1-RVEY OFFICE, 

TI'a87tingto11, D. C., June 30, JS~H. 

Sm: I have the honor to submit uerewitb the report of this Di \·isiou for the fiscal year t>ndi ng 
une ao, 1889. 

The work accomplishe(l tin ring the year may be sum rnarized as follow,;: 

1. An aggregate of three years eleven months of record from automatic tide-gauges, with tLe 
accompanying tabulations of half-hourly ordinates, high and low waters, temperature and tleusity 
of the sea, and meteorological data, aud one hundred aud se\·enty-one original aml one Lundred 
aud sixty-two duplicate volumes of observations on staff arnl t>ox: gauges, ha Ye been received, ex
amined, and registered, and two hundred and thirty-seven letters prepared. 

2. The 'ride Tables for the Atlantic and Pacific coasts for the year 18BO, two >olumes large 
octavo, ha,·e been prepared an'1 the greater part of the n>lnme for the Atlantic coast read allll 
differenced in proof. The page has been enlarged to admit of the intro1iLiction of atlditional 1le
scriptions of dat11 rele.ting to tides, ti.Jal current,.,, aud the Ya riation oft lie compass. The ,·olnme 
for the Atlantic coast has heen extended to the east coai'\t of British .America as far as the Strait of 
Belle I:sle by the iutro1luction of constants for two hundred and six subordinate station" iu tlio:<c· 
waters. The volume for the Pacific coast has l)ee11 ill like ma1111er made to include the we:,;t coa~t 
of British America by the introtlnction of constants for eighty.flrn sulwrdinate statious i11 Britbl1 
Columbia. The mun her of stations in Alaska has heen i11cre:ise1l from twenty two to thirt,v-threl'. 
and fnll predictions made for Sitka and Kad iak r slanll as principal statious for the first time. 

3. Tide notes have been preparell for an aggregate of eighty-three stations for 1mblicatiou 011 

forty-one charts, am! for thirty-five stations for publication in the Coast Pilot. 
4. Oue hmHfred and thirteeu descriptions of tidal l>eucli-marks with hl'ights above the pla11" 

of reference, au.I other tidal dat<}, have been prepared and furuisherl for the use of field parties, ia 
response to thirty three requisitions. 

5. Tidal information, including thirty-six descriptions of bench-marks, has been prepared and 
furnished in reply to twenty-nine calls from persons not connected wit!J the 8un·ey. 

6. The hfrmonic relluction of the tidal ohsen·ations for the years 1887 and 1888 at Sandy 
Hook, New Jersey, bas been commenced and that of tbe tidal obsen·ations for the ;year 1885-'86 at 
Kadiak Island, Alaska, iwactically finished. 

7. Non-harmonic'' first. reductions" ha Ye been made of two hundred and twenty-two short 
series, aggregating about seventeen years of continuous obserYations, and '' second re<luctions '' at 
sixty-five stations. · 

The following is a statement of the general character of the work of each clerk . 
Mr. L. P. Shidy hfts Leen engagt~ll upon almost e\'ery descriptiou of our work-first and secoml 

reductions, the preparation of tide notes anll descriptions of bench-marks, the collection of data for 
the Tide Tables, the differencing of the Tide Tables and the.ir revision in proof,&c. As heretofore 
I have dependeu largely upon M.r. Shidy for the elimination of error from the work of the other 
clerks. I rncommeud that l\fr. Shidy's salary he increased from $1,500 to at least $1,600 per 
anunm. 

Mr. J. W. Whitaker made the major part of the predictions with the macliiue for the year 
1890, read proof, assisted in the 1>reparation of data, made a large number of 11011-harmouic reduc· 
tions, and bas commenced the harmonic reduction of the obserrntions for the year 188i at &.rndy 
Hook, New .Jersey. 

Miss A. G.J~eville predicte<l iu duplicate for two shttio11s for 1S90 with. the machine, cnpiell 
pre<lictious aud rea1l proof~ copie1l Rketche-; a11d descriptions of bench-marks, reports, oltl reduction~, 
t•xamined and registered tidal record::; received, arnl fi.uish.ed the graphical analysis of tides at 
Kadiak Islaw1, Alaska, etc. I recomtneud that lUi:ss He\'illc's salary be increased from $720 to 
t840 per aunum. 
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::\Irs. Virginia Harrison made a large number of non-harmonic reductions, predicted from 
curves for Philadelphia and Baltimore for 1890, differenced predictions, copied the major part of 
the predictions for 1890, read and differenced proof, copied sketches and descriptions of bench
marks, and assisted on harmonic analyses. 

::\Irs. M. E. Nesbitt made a large nUinber of non-harmonic reductions, pred.icted for Philadelphia, 
Baltimore, aucl Sitka for 1890 from curves, computed diurnal :md semi-diurnal tides at Kadiak 
Island, computed predictions of daily ranges for 1890, read, 11ifferenced, and revised predictions in 
manuscript and proof, and worked on harmonic analyses. Mrs. Nesbitt produces a large quantity 
of computation reasonably free from error, and I recommend that her salary be increased from $720 
to $900 per annum. 

l\fr. F. ::\I. Little, transferred to this Di,·ision December 1, made non-harmonic reductions, dif
ferenced and revised the predictions for 1890 in manuscript and in proof, assisted in the prepara
tion of data for the 'fide Table~ and in response to rcqnisitio1is, and has commenced the hannonic 
analysis of the observations for the year 1888 at Sandy Hook, New Jersey. Mr. Little has made 
commendable progress iu acquiriug a knowledge of tidal work . 

. Hr. John F. Hayford, recently selectwl umler Ci\·il Service rules by competitive examination 
and since graduated with tlie degree of civil engineer from the department of civil engineering of 
Uornell University, was attaehPd to this Didsion June 22, the date of his appointment as a com
puter int his Office. l\Ir. Ha,rfonl's first week in this Di vision has demonstrated his peculiar fituess 
for our work. Ile i-; a ;po1l m tthema,tician, with a practical turn, is possessed of a good judgment, 
con1putes somewhat rapidly and with no error which I have been able to discover, and finds the 
otl:icial tlay rather short. I recommend that he be permanently appointed with the full salary ap
propriated, to date from August 1 proximo. 

Mr. David E. Sueatl was under instruction in this Division September 10 to 17, preparatory to 
takiuf.! charge of tlie Sa111ly Hook tidal station. 

l\Ir. J. G. Spaulding was under instruction in this Division from February 23 to March 12, pre· 
paratory to proceeding to Savannah Entrance to establish a permanent tidal station. 

The cl.Jarge of this Didsion was continued with tlle undersigned throughont the ~'ear. In ad
dition to the usual duties of distribution, supervision, and revision of work, preparation of the Tide 
Tables, data to fill requisitions, and attending to the correspondence, I have given special atten
tion to a collation, comparison, and adjustment of all tidal data accessible and available relating to 
the Atlantic coast from the Strait of Belle Isle to Biloxi, and to the Pacific coast from Southern 
California to the Aleutian Islands, and the introduction of the results info the Tide Tables for 1890. 

Yours, respectfully, 
ALEX. S. CHRISTIE, 

Chief of the Tidal Division. 
Mr. B. A. COLONNA, 

Assistant in charge of Office and Topography. 
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.. 
REPORT OF THE MISCELLASEOUS DIVISION, CO.AST AND GEODETIC SCRT'EY OFFICE. FOR THE 

FISCAL YEAR ENDISG JuSE 30, 18<"9. 

\YASHINGTON, D. C., July, 1889. 

DEAR Sm: I have the honor to submit herewith the report of the Miscellaneous Divi.,ion for 
the fiscal year ended ,June 30, 1889. 

Tl.le organization of this division and the general character of the work performed llave been the 
same during tbis as in the preceding fiscal year. There lms, 110we\·er, been a marked increase in 
the amount of business transacted. Being so varied a.ud miscellaneous, a large proportion of the 
work done cannot be stated in snch a way as will com·ey an intelligilJle idea. of the amount of labor 
itffoh·ed in its performance. The volt1llle of sucll portion of it as it is practicable to islJoH" hy fig· 
nres was a8 follows : 

Letters written (sale agents, 2,583; miscellaneons1 30±) .................. . 
r,edger acconuts kept (sale agents) .. - .. - ............... - ... - . . ... - .... . 
Quarterly statements of 8ale agents ex.amiued and verified. . . . . . . . . . . ... . 
Circulars to saie agents issued. • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Charts sent to sale agents.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 
Orders for pnrchaf:es isi;ued. . . . . . ..................................... _ 
Requisitions made for printiug and binding ...................•......... 
Requisitions for stationery filled.... . . . .. . . .......................... . 
f{equisitions for snpplies and repairs filled ............................. . 
.Annual Reports distributed.... . ...................................... . 
Tide Tables issued ..................................................... . 
Atlantic Coast Pilots issued. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Subtl.ivisions, Atlantic Local Coast Pilot, issued ......................... . 
United States Coast Pilots, Atlantic Coast, Part IV, issued ............... . 
Pacific Coast Pilots, Alaska, Part I, issued .............................. . 
Charts joined for Chart Division ....................................... . 
Original field sheets, charts, etc., mounted on muslin .....•................. 
Sheets of drawing paper mounted on muslin ............................. . 
Sheets of monnted drawing paper issued.... . ..................... _ ••... 

2. :-:87 
:-:{) 

~:~-t 

DO 
2i, GiG 

353 
128 
G40 
244 

2, 39.1 
.3,308 

30 
317 
112 
36 

1, 873 
. 799 

105 
163 

The demand for charts published by the Snrvey from mariners and others who buy and actually 
use thetn in navigation is steadily increasing. This is shown by the fact that two thousand four 
hundred and three more sheets were sent to sale agents during the last fiscal year than were so 
sent during the preceding year, viz : 

Charts supplied to agencies, 1888-'89 ....•.•............................ 
Charts supplied to agencies, 1887-'88 ......••••...•.......•.............. 

Increase ....................•.............. ·. ·. · - · .. · ...... · .. - ... . 

Sheets. 
27, 676 
25,273 

2,403 

This increase would have been cousitlerauly larger if we had been able to famish all the cbarts 
that were ordered during the last q11arter of the fiscal year. Tile inability to do this wm1 owing to 
inadequate facilities in the plate printing-branch, and to insufficient appropriations for that and 
other divisions of the office. 

During the last four years the output of charts to sale agents has increased very nearly 100 
per cent., viz: 

Charts supplied to agencies, 1888-'89 . . . . . . . . . • ..••....•..•............ 
Charts supplied to agencies, 188!-'85 .............•.••.....•.......•..•• 

Sheets. 
27,676 
14,035 

IacreHse. . . . . .........•.• , • • . . . . . . . . • • • • . . . . • . . . . . . . . . . • . . . . . . . . . . 13, .641 
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This illustrates tl1e great growth of only one branch of this di.-ision. It is not improper to 
remark in this couucction that during the period mentioned there has been no corresponding in
crease iu the working force. 

There w.ere established during the year thirteen new agencie;:; for the sale of publications-ten 
on the ~.\.tlantic Co:u;t, aud three on the Pacific Uoast; aud ele,·eu were discontinued-seven Oil 

the Atlantic Coast, and fonr on the Pacific coast. The total number of agencies on June 30, 188(1, 
was sil\"enty-four, viz: Sixty-three 011 the Atlantic Coast, and elen•n on the Pacific Coast. 

The following table shows tile aggregate of business done tllrough the agencies from July 1, 

ld88, to June 30, 1889: 

Charts ..... . 
'Jitle-Tabk.-; ......••.•. 

Atlanta· Coast Pilots. 

Sn hdiYision~, Atlantic 

L•H'<•l Coast Pilot ... 

e11iv·1l States CPast 
l'i1nt, .\. tlantk Coa.~t. 

In hamli-: of s:ilt~ 
ag<>uts .July 

I. 18>'8. 

Num
lit"r i_•f 
n1pie~. 

16. ;09 

939 

48 

4JG 

Value. 

~6, 23!) :.!1 

234. ji) 

lfiil. 00 

282. 45 

I~:-nt>tl to ~alt' 
a:::?;ent"" tlnting tht~ 

year. 

Xum
hn of 
copies. 

27, 676 

2,8:!8 

17 

2:!7 

\.,.aluc. 

tll, GU. 30 

i07. 00 

5CJ. f>O 

171. 40 

Sales hy agents durin~ the year. 
[{et urned by sale 
agents <lu"ring 

tbe year. 

In hand~ of sale 
agent~ June 

30. 1889. 

j Num
b1'r of 

·copies.' 
Value. 

2:i, 476 $10, 094. ~4 

2, 0;;2 I 738. 00 

21 I 73. 5-0 

·-~~-·------

i ·1 ' : A1~10unt Net : Num- ! 
i of_ co.m- : amount ; b"'r of l 
1
: ~11~:1~1. : recei,ed. · copies.\ 

i Nnm
Value. i ber of 

l copies. 
Value. 

$5
1 
046. 93 $;:;, 04-7. 59 ;, l, 68i k$549. 25 I 191 225 $7t 200. /'.} 

368. 89 369. 11 • 18 l ' 45. 25 634 15H. cO 

15. i5 5i. 75 7. 00 147. 00 

~061 142. 75 : 32. 80 109. 9.5 ' , 16. 50 440 294. GO 

l 
22 2'.!.00 5. 50 ' 16. 50 50 59. 00 ' Part IL ... --·----·-· 81 81. or, 

J1;u•itic Cna:-;t Pilot, j 

Ala ... ktt, Part I_ .... _. 4() 80. 00 ~(3 5'.:!. 00 49 98. 00 24. :"0 : 73. [,Q , 1 34-. 00 
1 

---------------.--·--------1-----:---;.------
Tntal:-:iof\·uluc~.- ..•.... $7,004.41 .•...... $l~.68:l.'.20 .•..... $11.168.7!) ·~\494.39 $5,674.40-

1 
.••... ! $618.0(.1 · .•....•. ,$7,!:.IU:.!.82 

... ~OJ ( '!1:nt~ r.:;:7f:.9.i\: '.l! T1d~ Tabh~s ($8.501; and l ~mlulidsion. A. L. C. P. ($0 60)-total \"alue $!i8.05, stock of G. Da\ies & SoTI., Seattle, 

1V. T., de:: '.royl•d h.\· rir.· June ti, 1889, iuelu<led in rheso tlgarc;,. 

The ~alee; of publications on the Eastern amt Western Coasts, respectively, were as follows: 

P11 hl icat ions. 
l.\"umlwr 
of copiit.>!'J. 

..Atlantic Hnd Gulf CoastH. Pacific ConRt. 

' I 

"Value. :~~~1!~!i~~Neta~onnt' ~um~er: Value. ~:~~1{~i~~'S°«'ta~nnuut 
I allowed. tf~cetved. ot eopies.i 

1 
allowed. ; reccn (•tL 

' :. ___ i~----~-! ___ ~_: _______ -
' ' 

Chart•·-·--··-··------·-···-··-------··---- liJ,n4 $8,414.54 $4,206.99. $4,207.5:; 3,742 i $1,GSo .• oo \ $839.96; :$810.04 

i 'l'itlt•.Tahl••• ··----· -·--------·-··-·-------·-· 1.06:J 265. 75 132.RO, 132.95 1,889 i 472.25 i 236.(•9 j' 236.16 
' Atlantic CoaRt Pilot'---- -- -- __ ... ----- _ --- __ , ~o 70. 00 15. 00 ' 55. 00 l i 3. 50 ! . 75 , 2. 75 

8nlulivif,i<1ns, Atlantic Local CoaAt. Pilot. . . 206 142. 75 32. 80 100 95 . I I 

1 
l'~~~~\~''.~~-~-~~~~-~:i.1~'.:_~~1'.~~~i-~-~"~."-t: 22 22.00. 5.50 10:50 : .••• :::::- _::::::::::r:::::::::· :::::::::::: 

, PacificCoa•tP1lot, Alaska P:ntl_ ______ -· 2 4.00 '. 1.00 3.00. 47: 94.00 ! 23.50 70.50 • 
------:--·--·--'--'--! 

___ T_v~loof,·alues --·--·~_:·=~:~~:-::·:~-- $8,919.04' $4,394.09: $4,524.95, -------·I ~,249~7~ j $~'._100.~J!~,149.45' 

The following new publications were issueu during the year: Annual Report of the Superi11-
tendent for the ~·ear ended June 30, 188\i; United States Coast Pilot, Atlantic Coast, Part IY, 
"Long Isla111l Sound, with approaches antl adja,-:ent waters"; Bulletins Nos. 2 to 8, inclusive; and 
Notices to "'.\lariners, Nos. 103 to 115, inclnsi\·e. A third edition of Atlantic Local Coast Pilot, Sub
division 6-7, "Cape Ann to :Monomoy," was also 1mhlished. 

Tl..ie following publica,tions were sent to press: The Annual Report of the Superinten<lent for 
the year enlletl June 30, 1~87; Pacific Uoast Pilot, "California, Oregon, and Washington;'' 
Atlantic Lt>cal Uoast Pilot, Snb1livisio11 2~, "Straits of :Florida, Jupitt>r Inlet to Dry Tortn
gas"; Tide Tables for the Atlantic Coast of the Uuite<l States for the year 1890, and Ap-
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pen dices to the .Annual Ueport of the Superintendent for the fiscal year ended J nue 80, 1887, 
which are to be printed separately in pamphlet form, as follows: 

No. 6.-0u the Movements of the Sands at the Eastern Entrance to Vineyard Sound. 
No. 7.-Fluctuations in the Level of Lake Champlain and :\:lean Height of its Surface aboYe 

the Sea. 
No. 8.-Gulf Stream Explorations, Observations of Currents in 1887. 
No. 9.-Heights from Geodetic Leveling between :Mobile and New Orleans, 1885-'86. 
No. 10.-Terrestrial Magnetism. The :VIagnetic Work of the Greely .Arctic Expedition, 1881-'84. 
No. 12.-General Index of Illnstrations contained in tlte Annual Reports of the U. S. Coast 

and Geodetic Survey from 184'4 to 1885, inclusive. 
No. 13.-Addendum to Appendix: No. 8, Report for 1883, "The Estuary of the Delaware." 
No. l!.-Hesults of Geodetic Leveling in 1886-'87 about New York BaJ· and Harbor and vicinity. 
No. 15.-Report on the results of the PLysical Survey of New York Harbor. 
No. 16.-A Bibliography of Geodesy. 
The Annual Reports of the Surrny, the Appendices to the same printed separately in pamplilet 

form, the Bulletins, and Notices to :\Iariners, were distributed to the Executive Departments, Sena· 
tors and Members of Congress, iustitutions, and indidduals, as usual; and were also furnished in 
response to numerous special applications. The distribution of Annual Heports was as follows: 

------------------------------- -- - ---------~ ·-----

' Domestic distribution. Foreign distrilmtio11. 

Date of report. 
--------·--- ----
To institu-: To indivi<l- To institu- To individ-

tions. uals. tions. uals. 

---------- ---- -------, -----

1851. .•..••..•.... : 

1852, ••• ''"'"• ••"•••I 

1853 ............. 1· 

1854 ............ . 

1855 .............. 
1 1856. ·•·•••••• .•.. , 

1857. •••·••••• •••. ! 

~::: ::: ::::::::::Ii 
1860 ............ .. 

1861. ............ . 

1862. ·•··••••• ····1 
1863 ............. I 
1864 ............ . 

1sss .............. I 
1866 .••.•••••••••. [ 

1867 ..•• •••••• •••. 
1MS .••.••••••.••• 

1869 ............ .. 

1870 ............. . 

1871. ·•••••••• .••. 
1872 ............. -

1873 ............. . 

1874. ·•·••••·• .. .. 
1875 ............. . 

]876 .•••••••••.••. 

1877_ ... •••••• .•.. 
1878 .............. 1 

1879 ............ .. 

1880. ·••••••·• •••• 
1881. ••••••••••••. 

1 ....................... . 

4 2 ........................ . 

3 2 ··-··· ··----:----········ 

1 ············l-----······· 
1 .......... .[. .•••.•.•... 

4 3 ...... ······!- .......... . 
I l •.••.•••••• 1 .•••••• ••·•• 

3 .............. !············ 
1 

" 2 

2 

1 

1 ............ i ••••••••••• 
2 ............ 1 .....•...... 

2 ············!- .. ········· 
~ ::::::::::::!:::::::::::: 

: .... T ·: ·:.J.~··· 
5 

3 

3 
4 

6 

11 

11 
16 
15 
17 
22 

20 
28 

31 

~ :::::: ::::::!"'"'"' ···~"' 
3 

6 
8 
7 
9 

14 

12 

9 
16 
18 
46 

48 

4 

' 5 

6 

8 

8 

8 

2 

2 

1882. •••••••••.•.. 32 I 58 
1883 .............. 

1 
a2 I s2 

1884 .............. 
1 

30 l oo 

1885........ •• . . . .. 32 ! 91 

1886 ..•.••••••••• -'_' 598 j' 500 

Totala •••.... 1--~ i--1,-095-

' 
H.Ex.55-10 

8 

10 

10 

202 

aoo 
21 

44 

Total. 

6 

5 

4 
2 

2 
3 
2 : 

6 
4 

3 
2 

6 

9 
10 

6 

8 
12 

19 
23 
28 

36 

33 

33 

47 

4.6 

83 

88 

100 

93 

108 

138 

1, 416 

2,895 
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The following is a list of the publications of the Survey, with the number of copies of eaca 
received from the Public Printer during the year: 

~fame of publication. No: of ii Name of publication. !' No.of 
1 

copies. 11 copiee. 

--------------------· :1 1----
Annunl HPport of tlu~ Superintendent for the year ended ! fj Xo. 7.-iiistorlcaJ review of the work of the Coast and 

1
1 

June30,1886.............................................. 2,0001: Ge~detic Survey in connection with lierrestrial mag-
.Atlantic Local Coast Pilot, subdh·iaion6--7-''Capp._Ann Ii net1sm ........................................................ 

1 
to Monomuy" ····································-·· 499 I ~o.8.-Currents of New York Bay and Harbor. (First 

United States Coast Pilot, Atlantic Coast, PartlV-"Long J: eclition) .•.....•...........•.•...•••..•.....••.•........•. 
Jaland Sound. with approaches and adjacent waters" . .. 500 !: No. 8.-Currents of New York Bay and Harbor. (Second 

Appendix No. 7, Report for 1886-" Voyages of DiscoYery :; edition) .•.•.•••••••.....• ·-·-·· .••...•...••••.•...•••...• 

and Exploration on the Northwest Coast of America jJ NOTICE TO MARINERS. 

from 1539to1603" ..•••••.•••••.•.......•.••.... ··· ······1 50 :: I 
Appendix No.12. Report for 1886-"Secubr \ariat.ior~ of !: No.103.-Chart corrections during month of June, 1888 •••. 

the Magnetic Decliuation in the L"nited States, and at : : No.104.-Chart corrections dm1ng·month of July, 1888 .... 1 

some For~ign Stations." (Sixth edition) .•............. i 4, 000 '; ::>o.103.-Cbart corrections during month of A.ugust.1888 .. 
1 

d · c· l ,. 9 , p · f T • I ' No.106-ChartcorrectionsduringmonthofS<'ptem1Jcr,1888'i Snp-erinten ent ::i. ircu ar .;,,., o. 1 ... - · reser~at10n o n· •

1 angulation Points"····-·.................................. l, 000 ,: No 107.-Cliart corrections during month of October, 1888.1 
I Xo.108.-ChartcorrectionsdnringmonthofKovember, 18881 

BCLLETIXS. ! X 0, 109. -Chart corrections during month of Deceru ber, 1888) 

Xo. 2.-XoteE<. on .Al:i1"1oka froni rrcent snrT"t"J'S .•... ·- •••• •• 3, 000 ~o. 110.-Chal't. corrections during month (}f ,January, 18S!Li 
Xo. 3.-Titlal lc'\"'t'ls and tlow o:· currents in Xew York Bay Xo. lll.-Chart corrections during month of February, 1889 j 

and Ilnrbor......... .. .. . . . . . .. .. .. . . . . ... .•. . . . . ... .... .• 3, 000 ~o.11:.!.-Cbart corrections daring month of Marcl1 1 1889.-j 

Ko. 4.-Resonrces of and dt•Yelornurnts in A.laska. .. .. .. .• 3, 000 ,· Xo. lia.-Chart corrections durial( month of April, 1889 .. ·! 
So. 5.-Tlie "'":tlue of the·· Arcano del Mate'' with refer. 1 :Xo. 114,___:0ff-shore current observations. Information of 1 

euc,-. to our knowletliw of the magnetic declinatiou in tho 
1 

ea1Ji.,r part t)f the seventt>enth C('ntury. __ ... _ .......... . 
No. G.--Secular Yariatfon iu the pm~ition of the Agonic 

Lin(~ of the No1·th ...:.\tlanti<" arnl of AnH:rit:a betwf!~ll the ; 

ApPcial importance to mariners .•.•• ,, .......••..•.....••• 

3, 000 
1 

X o. 115.-Chart correction• duriJJg month of May, 1889 •.. 

epochs ofl5\JC an<l 1900, !.. D. ...•...•........ •..•.• ...••• 3,000 

3, 000 

10, 000 

'5, ()()0 

3, 500 

3, 500 
3, 500 

3, &00 

3, 500 
3, WO 

3,500 
3, 500 

3, 500· 

3, 500 
4,500 

4, 500 

6, 000 

)Jr. Freeman R. Green, besides keeping the accounts of the Sale Agents, has constantly per
formed numerous clerical duties, and has cheerfully dernted many extra hours to work. His books 
base been accurately and neatly kept, and all the duties imposed upon him have been performed 
in a most creditable and satisfactory manner. He richly earns much larger compensation than he 
receives. 

l\lr. R. T. Bassett has continued in charge of the Map-mounting Room, and bas satisfactorily· 
performed the same character of work as heretofore. 

l\Jr. W. l\I. Long has discharged the various duties of Janitor, and Messrs.David Parker and w. 
H. Keith those of watchmen throughout the year in a satisfactory manner. Mr. J. G. Culverwell 
also filled the position of watchman a-0ceptably until May 14, 1889, on which date he was succeeded 
by Mr. A. B. Simons. 

Messrs.William H. Butler, Chief Messenger; C.H. T. Over, Sandy Bruce, William Savoy, Peter
Page, aud William West, messengers; Charles H. Jones and .:Atti:ell Richardson, packers and 
folders; \Yilliam R. McLane, driver; Horace Dyer and Harrison Murray, firemen; Mrs. S. E .. 
Flynn, William P. Young, and John H. Brown, laborers, all deserve commendation for the faithful 
performance of tlieir respective <luties, which ha•e been largely increased by the great augmenta
tion of work throughout the Office. Hans Bowd win, employed as an extra laborer, rendered satis
factory service as night :fireman from December 14, 1888, to March 31, 1889, when his employment. 
ceased. 

Yours, respectfully, 

B. A. COLONNA, ESQ., 
Assistant in charge of Office and Topography. 

M.W. WINES, 
General Office .Assistant. 
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REPORT OF THE CHA.RT DIVISION, COAST A.ND GEODETIC SURVEY OFFICE, FOR THE FISCAL YE.4.R 
ENDING JUNE 30, 1889. 

U. S. COAST AND GEODETIO SURVEY OFFICE, 

TY ashington, July 1, 1839. 
Sm: I have the honor to submit the following report of tbe Chart Di vision for the year ending 

June 30, 1889: 
I took charge of this Division on the 1st of May, relieving Assistant W. n: Dennis, who was 

transferred to the charge of the Drawing Division. Consequently, this report includes the work 
of the Division for ten months under Mr. Dennis and for two months under myself. As a matter 
of convenience I report on the whole. 

The general scope of the work of the Division has been the same as during the previous year. 
Seven employes have continued in the Division during the year. 

The special duty of each was: Mr. J. H. Barker, correcting charts; Mr. A. Upperman, cor· 
recting charts; Mr. J. L. Smith, receiving and stamping charts, printing, etc.; Miss L.A. Mapes, 
book-keeping, coloring buoys, etc.; Miss Mary Thomas, coloring lights and buoys; Miss Sophie 
Hein, coloring light-sectors, etc., and correcting charts; Mrs. Jennie Fitch, coloring lights and 
buoys, and correcting catalogues. 

Mr. Hugo G. Eichholtz worked in the Division until Lis death on June 18. His duty was issu
ing charts. I knew Mr. Eichholtz only a short time, but can testify tlrnt he was a faithful and 
couscientious man. He was much loved in the Surycy, where his long serdce had made him well 
known, and is much regretted. On May 8 Ur. Neil Bryant was assigned to the Di>ision and is 
still in it. He has been employed in various duties, stamping and issuing charts, correcting cata. 
logues, etc. As a body, the members of the Division ha Ye shown intelligence and alacrit,r in their 
work, and a. personal interest in its success. 

On account of the increase of business in the Division, additional help is required to provide 
properly for present and future needs. The increase is due partly to the greater number of charts 
issued and partly to the greater detail in issue. For instance, the naval vessels and branch 

· Hydrographic Offices of the Navy are now supplied with charts separately and directly from this 
Office instead of in bulk, as formerly, through the Hydrographic Office. One more draughtsman 
could be made very useful as an additional chart corrector, and his assistance would enable us to fill 
orders more promptly. It iis proposed that the light-houses on the Coast Charts shall be colored in 
the future. Shoul<l this plan be carried into effect another person would be needed, and I would 
suggest that this person be also a draughtsman, for there are often extraordinary calls for charts, 
which could be more readily met if more persons could be employed in correcting. In fact, our 
work is so, varied that variety of talent is much needed in the employes of this Division, so that 
they can readily be shifted from one class of work to another. 

Thirteen new charts from copper plates and thirty-six photolithograph charts, forly·nine in 
a11, were added to the catalogue during the year, having been delivered at the Chart Room and 
placed on the shelves for sale. Following is a list of them: 

Title. Date. lcataJogne 
I No. 

1-------------------------1------1
---

EKGBAVED. 1888. I 
Ca}>tl Fear ~ver Entrance to R<loves. Po.int, North Carolina •••••••••••••••••••• I July 28 424 
Cape Fear River, Reeves Point to 'V1lmmgton, N. C ••••••.••••••••••••••• ······i July 28 I 425 
Grimm;s Island to Kalama. Columbia River, Oregon ••••••••••••••••.••••••.•••.. i July 16 I 6Ub 
N&11hlaland toSchoodicla!wid, Maine .......................................... ! July 24 I 305 
Little Rinr to Petit H1Wan, Me ................................................ ~ Sept. 191 102 
Hog Island to Wa.lls Creek, etc., Fl-Orida . •. ••••••. .••• •• . • . . . •. •• • ... . . • •. .•• . . . Sept. 22 : 178 
San Diego to Sa.n Francisco, Cal . . . . .. • . • . . . . • • . . . •• • . . •• • . . . . . • • . •• . • . • . . . . . . • . • Oct. 8 I 601 
TampaBaytoCapeSa.n:Bias,F!orida ........................................... : l 1ec. 31 17 

Little River and part <>f Long Ba:r, South Caroli.Ila .............................. · 1 Dec. ~ j 151 
San Franci800 Bay to the Straits of Juan de Fuca.... •. ... ..• . ••.... .. •.. .. . . . . . . Jau. 8 i 602 
Jarues River, Sheet No. 5, Xiogsiand Creek to Richmond, Va ••••••.•••.••.•.••. Jan. 8 : 401• 
Ja1nes"River, ShootNo.·4., City Point to Kingsland Creek, Virginia .............. ! Jan. 12: 401d 
l'enaaoola Bay to M6bile Bay, Alabama ••.•.•••••••••••.••••• ,................... Feb. 12 ' 187 
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Title. Date. !Catalogue! 
No. 1 

~~~~~~~~~~--~~~~-~~-~!~---~ 

1888. i 
Harlem Ri~or and ;;pnyten Dny>il C;e,,Jr, Xew Y.'.n.·k.· .• ·.··.·,.··.·.·.· .. ··.·••.·.·.·.•.· .. ··.·.· .. ·.·.·.·.·1'.! .TAuulyg. 2

2
1 

N~stuggah Hay, \Vashington ·--·-·········-····-

Coqnillc~ I-~i-verEut.rance, Ore.~on ..••••. ·······················--······-···-····-·I A.ug. 9: 
Lou;li:l.landSound, Throg"sXerktoNowRot'hel1e, :X.Y .........••............ Aug. 28 ! 

.EdRiverEntranct:, C:ilifornia ............................................ .- ...... \ Aug. 28' 

l'lJOTOL1TEIOGitAl'HED. 

Dermott Map, City of \Vasbington ............................................... :Sept. 8 

}'rederjc k Sourn1, northern part of Sumner Strait, Alaska ................... -- .... -I Sept. 12 

1 
DistrictofColurulJia, ::.~ctionrua.p --·····-··························-···-··-·----·· Sept.12 
Entnmce to Er.1zos Rin~r, Texas . - ............ - ... --- . --· ..•... -· ............. --- .. ! Oct. 16 

Fire IslanU Bf'::i.c1i to Rfwkawa:r B~ach, Xew York .................................... Nov. 2 

369' 
660 

636 

361' 
693 

3035b 

705 
18w 

522 

119 

1 Hed Bay, Prince of\\-alts l;:ilaml, Alaska.·-········--···········-··--···--···· Nov. G' 719 
Port Mc.Arthur. Kniulsland, A..laskn. ......................................... _... :No\~. 

Point Protection, Prince of \Vales Island...................................... No.-. 6 i 

~~::n~;::s~n~:~a~~~~~ -~~-r.0•
1

~~~- ~ ~~ ~: ~ ~ :: : ~ ::~ ~ ~ ~~: ~~~ ~ ~ ~ :~ ~ ~::: ~: :: ~ ~ ~: ~~~~::~~I ~::~ ~~ I 
SL . .Tohns Harbor, Southeastern Alaska ...•...............•...••.........••..... ! .No.-. ~l ' 

~::::~no~=.p~:~~~:~s~:,1~ ·,;_;~~~-~ :: ::::: :::::: :::: :: :::: :::::: ::: ::::: :: : ::: : : ::i ~::: ~~ i 
Etolin Harbor, _Sout.lieastern Alaska .......••••••.•.•.•.••••••.••••.•••.•.••...•. ! Dec. 11 f 

Ht.earuerBas, Ero1iul13lantl, Soutbea;jtern.A.laska ........................................... ( Dec. 17; 

Ratz Harbor, Prince ~of ~Vales Isla.ml, Alaska. .... ·-·-·- .•.... -·----···-·--·-·····\ DRc. 17 
Dewey Anchorage, Etolm Island, Alaska .................................. - ............... 1 Dec. 17 
New RuchelltJ tu Manursing Islaml, New York .................................. \ Dec. 17 

i 1889. 

District of Col nm bia .....••..••.•.•.•....•..........•.•.•..•.•.••.••..•...••..... / .Tan. 4 
Lompoc Lan<iing, Ualifornia .................................................................... I' .Tan. 26 

Sllakan Strait, Prince of Wales Islan1l 1 Alaska·-·-·····-····-······· ................... 1 Ja.n. 26 

s~~:~o~::~~~:::::~~;~:::::::::::::::::::::::::::::::::::::::::::::::::::::'1! ~:~: ~~ 
Wrangell Strait and Duncan Canal, A.bska .••..•.•.•..•.....•..••.••••.•.••••.• .,Feb. 19 
Mobilel~i'"or, .Alabama ............................................................................... ! Mar. 12 
Mohile River. Alabama ..•..•••.•.••••...•.•••..•.•.•.•••.••.••••••.••.••••.••... Mar. 12 
Mol)ile Riv-er, Alabau1a ........................................................................... . 
Mobile lti\·er, Alabama ......................................................................... . 
A.kun Con, Alaska .....•••....••••••......•..•••••.•.••.•.•.••..•....••..••..... 
Annapolis Harbor, Marylaml .....•.••........•.•..........•...•••....•.••••.•.•. 

Apr. 
Apr. 
Apr. 
Apr. 25 

720 

721 

422 

519 

712 

609 

~04 

729 

716 

717 

718 

361' 

Sec. IE. 1 

616 

730 
38!' 
4912 

4916 

800 
4911 

491• 

491' 

491' 

8211 

385 

The following table will show the receipts, issues, and general distribution of the charts during 
the ~-ear: 

Issues, etc. 

I .July l, 1888, to .Tune 
I 30, 181'9. 

I • 
----------------!! Nu~~r. · Vaine. 

Sales a.gents ................................................................................. . 27, 677 $11, 615. 80 

Sales by Offic~ antl Chart Division. ___ ._ .... _ .... ·---·- ..• ·--··-· ..... -~-- .... . 547 ! 213. 85 

Congressional account ·-· ............................... _ ............. _. •. ....... ... • •.• 3, 561 I 1, 627. 00 
Hydrographic Office, Nn<'y.. •. •• • . • •. .• .• •• . • • . . •. . • . • . • ••• •• . • . • . • . .• • • • . •• . .• 6, ~l j 2,_566.15 

~i::.~~:=~::::!~~;~·.·.·.·.·::.·.·.·.·.·.·.·.·.·_·:.·.·.-.-.-.-.-.::~·.:::::::::::::::::::::::::.\ !:~~I !::::~ 
Forcii:u Gol'eruruents ..••.••..•.•..••..•••••.•.•••..•..••.••••.••..••.•.•..... \ 7U \ 256. 50 

M1scellaneous ..•...•...•.•••••••••.•••••••.•..•••...•••• ·•••·••••••••·•••··•· 1--422 I 178.50 

Totnl . . . . . . . . . •• . . . • . . •. .• . . . • . . . . • . . . . . • . • • • • .. . • • • . • • . . .•. . . . . . • .• 49, 312 !$20, 095. 6S 

Total charts issued <luring tho fiscal y~ar...... .• . . • • . • ••• .• •• •• . • ••• •• .•• • . . . • • • • •• •• . . • ••• '9, SJ.2 
Total charts condemned during the ftscal year ••••••••••••••••••.•. : .•••••••. ,.............. 3, 009 
Value of charts issued .•...•.•.••..•••••.•••.••••..•••. : ................................... ,20,095.65 
Vnlueofchartecoodemood ......•••..•.••••..•..•...••..•••.•••.•...••••••••.••.••••••..•.. *'°5.85 
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CharfJJ on hand and received from July 1, 1888, to June 30, 1889. 

N11mher. Value. 

------------ --- --------

On hand by inventory ,July l, 1888.. ... . ...•. ..•••• .• ... ••..• •. . . •. .. . . ...•.. 39, 082 $12, 481. 30 
Received July 1, 1888, to June 30, 1889 (plate) .••.••.•••.••..••••••.••••••.•.. : 3_7, 587 15, 8!8. 90 

Received July l, 1888, to June 30, 1889 (stone) ................................ ! 18, 185 : 6, 085. 25 

Sectional maps District of Colombia ....................................... ·I 1, 017 : 101. 70 
Returned .................................................................... _I, S73 1~4. 55 

Total on hand and received to June 30, 1889 .................................. \ 97, 4« i 35, 911. 70 I 
Total issued (49, 312) &nd total coudemned (3, 009) to June 30, 1889 .••••.•.••. f 52, 321 i 20, 901. 50 

1 
On hand by book July 1, 1889 ................................................ '45,123' 15, 010. 20 
On hand by oount July 1, 1889 ........•.•.•••••.••..•.•.•••.••.••..••.•...•.. 1 45, 067 i 15, 049. 35 ' 

:---1---
Difference between book and count ............................................. __ 56 $39. 15 

·--------· -~--------

At the end of the year a count of charts referred to in the foregoing table was made as a check 
on the book account. The result was as follows : 

Number of differences = 207; count minus in 117 cases; plus in 90 cases; number of charts 
minus= 283, value, $114.60-; plus= 227, value, $153.75; final result, number of charts minus= 5G, 
value, plus $39.15. 

This peculiar result is readily explained. There is much variation in the value of the charts, 
and, although the charts plus were less in number than the charts minus, their aggrPgate value 
was greater. 

The count was finally taken as correct, and the books have been started on the new year 
accordingly. 

I do not consider this discrepancy a large one, considering the complexity of the business and 
the opportunity offered for the accumulation of minor errors in a year. A fruitful source of errors 
is in the use of such a chart number as, for instance, 3697, which may in issue be mist~•ken for 369, 
and may, in moving the chart!• to and from the shelv12s, cause a chart to be misplaced. The error 
of issue may, in certain cases, never be rectified, but the error in <lispla-0ement should finally correct 
itself. For these and other reasons the errors are not necessarily nor probably the fault of the
book-keeper, whose work is subject to. various checks in the monthly balances, etc. 

The system of account of charts seem to be a practical and good one. In all the operations of 
receipts and disbursements the count is taken, at least, where there are more than a few charts, by 
two persons independently. It is not intended that any chart shall be given out, whether per
manently or temporarily, without a memorandum which shall be the basis of the book-keeping. It 
is to be considered that the demand for charts is irregular, and that a sudden call may tax th.e 
energies of the Division to the utmost, and at such times it is not surprising if minor errors should 
creep in. The yearly inventory will correct gross ones. A daily count of our charts is impracti
cable, and without it an exact coincidence of book and count can not be expected. It is believed 
that the Division has done exceedingly well in this direction with the means at its command. The 
yearly count itself is a tedious operation involving several days' wol'k, during which the ordinary 
business of the Di vision should be stopped, and it must be taken, in the cases of some of the charts, 
several times for verification. It is belie\'ed that this account of stock will leave as little to be 
charged to profit and loss as that of any private business of equal dimensions and detail. 

Yours, very respectfally, 

Mr. B. A. COLONNA., · 

Assistant in charge of Office and Topography. 

GERSHOM BRADFORD, 
Assistant in ekarge Okart Division. 
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ARCHIVES AND LIBRARY, U. S. COAST AND GEODETIC SURVEY OFFICE. REPORT FOR 
THE FISCAL YEAR ENDING JDNE 30, 18ffi. 

COAST AND GEODETIC SURVEY OFFICE, 

"Waskington, D. O., August 29, 1889. 
DEAR Sm: I have the honor to submit herewith the report of the receipt and registry 

in the archives of original and duplicate records, computations, completed original topographic and 
bydrographic sheets, and specimens of sea-bottom turned into the office during the fiscal year 
ending June 30, 1889, as hereinafter enumerated; and also of the books and pamphlets :..·eceived in 
the library during the same time. 

I.-Records and computations. 

GEODETIC WORK. 

I I 
. Number of ' Number of I 
I
I vol nmee. j cahiers. 

. i Total. 

i I Origi· I Dnpli· I Origi· I' Dupli· I I ! . nal. , cate. ' nal. cate. I j 
1-- ---·--------- --,--, 

Obserl"ations, horizontal measures---·--·-·-······-·------ 121 I 107 ! •••••••• 1 ........... 1 228 I 
I ' I 21 :,-

Observations, vertical measures ........................ -. 11 I 10 l·-······1········1 
Descriptions of stations................................... li 13 : 1 1 I 31 i 

Base measurement ... ___ .•..•. ············-···---· ·-·····\' 3 : 5 : .. ---···1········1 8 1 

Leveling observations ···-···············-················1 581 41 i 1 ........ 100 i 
Rod-hooks .••.•. ····-····································- 12 , .•••••. -!........ ........ 12 I 

Descri~tions ofbench-marks ... o. _____ ····················! 51 4 i 2 31 14 ! 
Rout•·hnemap• ·····-········· .. ···············-········· a11. a

1
, ... _·.·.·.·.·.·_ ·.·.·_·_·_·_·_·_, a I 

Determination of constants . .. .. .... •. .•• • ... .......... •• .... ... .... .. . 2 ! 
Geodetic miscellany...................................... 9 6 -······- ····-··· 15 j 
Reconnaissance notes ........................................................... . 
Computations ........................................ : ......................... . 

11 ····-··· ·•••·••· .••••••. 
1 1'~ ..•.•.•• 

Total ········-········-······· ················---··· 251 

.A.STRONOMICA.L WORK. 

Number of 
volumes. 

190 ml 4 

I I Number Number 
of cahiers. of sheetio. 

11 
142 

590 

Total. 

, ___________________ , ___ -----·------, 
Observation• for lAtltude _ ••• :.................. .••••. 7 8 ········-· ·••••••••• 

26
151 

Observatiom for longitude .•••••••••••••••••••• -•.•• ·- .••••• •• 26 .••. ·····- .••••••• •• 

1 
Chronograph sheets................................... . •••••.. . . .•. . . . . . • . .. . • .• 230 236 
Observations for time............. •••••• ••••••• •• • .. •• 11 11 ••••• · • • · · •• • • • • · •• 22 I 
Observations for azimuth............................. 7 9 .......•.. ····-····· 16 
Computations......................................... 10 ·• ••· · · · 79 ·••· ••· • ·· 891 

Total··-············· .. •••••••••••••·••••••••••· -a;--54,-"""79-2364Ql 

MAGNETIC WORK. 

Number of 
volumes. 

Number of 
cahi~rs-. 

Nnmberot 
sheets. 

Origi· Dnpli- Oiigi- Dupli- OTilti· Dupli-

\ 

Total. 

n&l. e&te. nal. cate. nal: e&te. 

I . I ------------·---
' Observations for terr<>strial magnetism... 2 . 2 6611 

tll . . .• . . . • . .•• •• . . 131 

I ~::~t::=~~-:::::::::::::::::::::::::: ::::::::!:::::::: ·-··-·;- :::::::: ~: ··--~~- I,~~ 
' ---,------·---------

Total .....•..... -··-·······-········1 21 2 68! 61 68ll 540 1,3$6 



 

Reg
ister 
N<>. 

llHO 

11152 
1669 

1675 

1676 

'1677 

:1678 

1679 
17¢1 

1783 

'17M 

171!0 
1785 

181.1. 
1815 

1832 

18l5 

1842 
1843 

'1844 

11M7 
'1848 

"J.805 

! 

UNITED STATES COAST AND GEODETIC SURVEY. 

!.-Records and aomputations-Continued. 

PEXDULUM WOI~K. 

------------------·---- - -------
Xnmberof 

cabiers. 

I 
! Uri~i· 
I nal. 
_,_ 

I ! 1 ! PendulumQb~rvationa ............................................................................. ~ 1 1 i 2 
I f--,---1---
! Total ................................................................................. : 1 1 1 2 

HYDROGRAPHIC WORK. 

I I I .,. ]' i I' l Xumberoft"ol- \ Nuru.ber of . ! 
l ume8. : cab1ers. Num- ! Nnm- Num- ; Nnmher I 

·; ----1-----, ber of : ber of ber of I of Total. 

D 1. 1 0 . . ; D 1. I bottlea.' rolls. sheets. 1packagea. I 
1 Origi- up l· 1 ng1- ! up i-

1 

I I I 
1 nal. cate. 1 nal. \ cate. I ; ! 

!-----------------,------ 1---i---\---·'---1---i----i----: 
Observations forsouudiugs ................ : 4.35 215

1

\ l ..... , ................ ! ........... ! 650 l 

~:::;!~~:: :;~;:;~;~i~-~~~~~~~~:::~:! ~ : ..... ~~ :::.:::· ·::::::: :::::::: :::::::: ::::~:::/::::::::::11 ~~ 
~:;1;r;::~~'.~~~~~~~~~::::: -.:::::::::::(': ::'.~1:~:~~~:11::::: :: .. : : ::::: :::: ~~~: : ::: : ~~:1\. :::::::r :: ::::::1 ~~ 
Conrp.hdaldat.. ········-····· .. ·-····-.l·····--1·····--·. ..... ........ ....... ........ 6 ..•..•.••. ! 6 
Curnnt obser~·at10ns and da.ta__________ 2 ------ -------- 1 --···-~· 1 I 11 ----------1 15 

Obser,.ations of density and temperat11re 

~i~~:~~:~:::::::::::::::::::::::::::: ~: \::::::~: ::::::~ :::::::: :::::::: :::::::r::::::l::::::::;:i ~: . 
" ___ i ______ --,----. ;---::-11----3-01 : 
Iota!. ........................... -. 703, 3j6 l, 11 169 6., 11, 2 l" 1 

f ! l ! ! ; : 
'-------------~----'-------"-----'----'---~------~------~ 

II.-Topographia and Jiydrographic suri'eys. 

TOPOGRAPHIC WORK. 

151 

Titles of topographic sheets. 
\1 Deecrlpth-e i No. ot 

! __ reports. .1= 
·~-----------------

Jupiter Narrows, Robe's Sound,JnpiterSound, and Jupiter Rirnr, Fla .................................... ····!····--·····-·· 
Indian River, inclnding St. Lucie River, Manatee Creek, and part <>f Jupiter Narrows, Fla ..••••. -· ..••.•...•... i Recejved · · · 
Right hank of St.Croix River from Devil's Head to Mill Cove, lie ______ ·-·-·-·--···--·--······ .... ·······-·· - · 1·--.do ... ·- ·· 
Eld Inlet, Puget Sound, Wash······--·:·· .............................................................. _ ....... ······ ....... . 
Laguna Madre f'rom Rainy A to Mosquito&. T&xas·-···· ........... _ .................................. ·-····· ·1··-··········· 
Laguna Madre from Mosq11ito A to Sand A, Texas.----·-·--·····-····· .............. ____ ...................... ··-········-·· 
Laguna Madre from Lone Palmetto & to Gum Pen&. Texas·-············ .................................................. . 
Lagun• lladre from Gum l'6n A to Gritlln'• Point A. Texas.--··-···----· .......................... _ .......... J······ ··-····· 
Western part of Isle Derniere, La.--·-·····-- .. ·-·- ................. _.·-···-.·····-··· ........... --···-··· ..... ·( Rooeived .. . 
Vine bland and eastern pa.rt of Isle Dem!6re, La ........................................................ ··-···i··-.<lo ...... . 
Timballicrand Ca.illou Islands, La ............................................................................. i •••. do ...••.• 

Sonth Branch Cobscook Bay, Me .••••.. ··--·· ...... ···---·----··········· .•••.••. ·····--·····-·····-···-· ...... l .. _.do ..... .. 
Tnckernuck and Muskeget,Mass ...... _ .............. ·-···-----······-··· ....................... _ .............. ! .... do ..... .. 
Nantucket Island from Squam Head to Never'• Head, inclnding town of Siasconoett, Maos .• -- ................. , .... do .•••• •• 

Western part of Nantncketlsland, ll:ass .••.•• ·····- .......... ··---· .•••.. ""·-······ ·········---·---·- ......... .i. ... do - ••.•.. 
Bnrnt Island and vicinity, Lake Huron .................................................. ·-··· ................... i ............. . 
West COlLStof Florida, Cape Romano to Horse Key, Fb ........................................................ : Received .. . 

South coe.stof Long bland, Morichea Bay from Smith's Point to Hart's Cove, N. Y ·--··-···············- ...... : .. _ .......... . 
Southeo&St of Longislaud, from Hart's Oo,-e to Quantnck Bay, N. Y ................................ •··-······ ..•... -·-····· 

Gay Head, Martha's Vineyard Island, Maes .......... "·-·-··-- ··-···-·······--·········--··-···-···---·-····--i-·-··· ....... . 
Reanrvey Saisun Bay, M:onteimma Creek, eastward, Cal ................. _ .. : ______ ...................... --···-! Received .. . 

Resurvey Suisun Bay, Sheet No. 2, Cal. ............... ··--······-- .•••••• - .... ·-·--· ...................... ·---·+--·do.·---·-
Resurvey Suisun Bay, Montezuma Creek, east..,.ro and westward, Collina.-ille to Mems A, Cal ................ I .• - ......... • · 

I 

1 

l 
1 
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IL-Topographic and hydrographic s1uTeys-Conti11ued. 

TOPOG RaPHIC. WORK-Continned. 

Heir·! ! Descriptive I No. of 
is .. t~T 1 I1tle:s of topographic sheets. j Teports I sheets. 
:No. I I I 

-1~ \ I•lancl of :Xu }fan's Laud, Mass .............................................................................. c~==i-~ 
1S57 I s_evernltiverfrom Tolly'sPuint,to Conn_ty BriclgP-,Md -········-···········-········--····-·················· )--············1 1 
l'61J .'.Ii a.ml Academy and Cemetery, Severn Rl\·er, Md ............................................................... /···· ........ .. 
1861 BayRidge,Tolly'sPoint,Sewern River,:lld ................................................................ 1------ ..... .. 
1862 JI Port Orford to Cape Sebastian, Oregon ...•.......•........••...•••••.•••••..•....•... •. - .•. -·· · ··· -· ·•· -·· ...... · 1 RsceiV"ed · - · 
186:> Right bank of St. Croix I:iver from Mill Cove to Lewis Co\•e, Mo ............................ · • ............. · .. i · ... do .... ·•· 
1t'G9 ( Gulf of Gem·gia, northea>t. part of Orcas Island, Wash ......................................................... i .... do ..... .. 
1870 ! Gulf of Georgia, Palo~, Lucfa, an~l Matia Islands. 'lash ................................................................................... · j····do ........ .. 

JS71 Gulf of G~·or,g;ia, Villag.e Poip.t to Uase of 8.'u1dy Point, Wa.sh ............................... - . - . -- -·· .......................... j· -.. do· ......... . 
187:.? Gu:f of Gtorg-ht, ba~e of Sandy Point to Tiirch Ea~-, Wash ....................... -- .•...•. -· - .... ---- ...• --- -- - - ... -- -- - ·- •. <lo - --- ... . 

18i:l Gulf of Georgia, Bireil Bay io Boundary, Wasll .................................................................... do ..... .. 
1874 ' Gulf of Geor~ia, P<>int 'R.ub<'.rts, \V"ash ....................................................................................... - •.. --- •. - .••. do - • ....... -
lSiG t'mp<pmh River to Koos ll>'y, Coo; County. Xo. 2, Oregon ...................................................... ' .... do· .... .. 

18i7 Umpqoall Rh'c-rtoKoosBay,Coosl!ounty,Xu. 3,0rfO"gon ............................................ d .................... :····do ....... . 
1898 Pad tic coa8t northward from San Deguito Valley, Cal .................................................................... - .... -·:····do .......... · 1 

18!)!} ! Pacitic coa~t northward frorn Sau .Marcos ~alley, Cal. ............................................ --- . -- .. - ------ --- . -- - -··!-- .. do··........ 1 

1900 Pacific coaH.t in vicinity of Ocranshle, Cal. ................................................................. ---·-· ............. -: ... · .do· ......... . 
1901 SoutL coast of Califoruia from \\.rJ1it>G Rock. No. 2, we~tward1 CaL .............................. -............ -·· .... · · · · ·- ... · ! .............. · · -· 1 

1902 \Vater front of the city of PhiladPlphia from Sus(1uehanna a~enne to Market street, Pa. -· - - ... ··-- -· .... ··-··· ·) · -· • ...... ··· .... 1 

Total............ .. .. .. .. .. .. .. . .. . . .. .. . .. .. .. .. .. . .. .. .. . .. .. • • . .. • . • • ................................... 
1
............. !-'2 

HYDROGJ:A.PllIC WORK. 

R~J!-. 
i.ster 
~o. 

TitleR of hydrograp!Jic sheets. \ Descriptive \ No. of 
! reports. a beets. 
I 

1na Triangulation, Union Bay 1oFort Wrangel1,Alasli.a ..................................................................... /·············· 

1 i48 , Scheme of triaug-ulatiou. Humner Strnit., Alaska .............................................................. -... •· · - - . · · .... - · · - - - i ._ · · · ·· • · · · -.. 

~~;~ . ~:::::: E:::: :::~::::::t~:::~t£:~:tf "L:~~~-:~~-:-:·:·:~-:::-:-::-::: :::::-:::: ::::::::: ::::::::::::::::::::::~: :: .1 ·::::::: ::: :: 
rt::i9 Cmpquah ltiv1..'r, including Oar a.ud eutra.11ce.<Jrc-gon ................................................................................... · 1 · ...... : · .... . 
1i70 Coast of Luuh;.iaua, from Harbor 6 to Mar1-1h I~laucl, La........................................................................... Rt·cmvetl .. . 

•17";'7 \ernilliou };ay, La................................................................................................................................... . .. do ..•... 
178:1 l"auJuau Capistrano Bay, Cal ............................................................................................ .. 
1 ifi.t .Sacratuento and San Joat1uin l{h·ers, CaL ..... - .................... _ .................................................................... : I~eceh'ed . _. 

1785 Sui~un Bay, Grizzly Bay, Suisnu and Mo-ntei.unm Cre(~ks. Cal. ............................ _ ................................. _. '. .... do ........ . 

178t; llyurograp!J1c examination of !be head or a submarinti nlley otrNewport Bay, Cal. ........................... , ............ .. 

1;n · l'<c"8ama•1uooltly llay from Eaotport to Trost Corn, ~le ......................................................... ! U<>cei\·ed . --1 

~~~; F~~~::·~'.(:·::.:yfr~,,:.· i::~u:,~:h
1

~ ... ~;~:;~i~:~ ~:;·~,: .. ~;~•::::::: ::_::: :::::: :::::: :::: :::::::: :::: :: :::::::: :::::: 
1
.::.!:: :::::: 

1 
1 ) ~ St.C oxl1. ,t.rftomOakPomttoCa .. ua1 M.e.,mclud1ngOakBaJ,N.B ................ o;·•·····-······················1····do ......... J 

~~:: i ~:,~:~:,~'.~~· l~~~': ~~:'~~:~i'1'~~i.''.~'.~'.'.~~-~~·:~: .(:~'.. ·_-_ -_._-_-_-_-_·_-_: :: -_-_-_:-_:: :: -_::: -_-_-_-.-_ ::·_-_-_-_: :: ·.: :: : : : : : :: -_-_::: :-_ :: ::·:. -_-_._ '.~.~~;~~-::.I 
1814 P..usu.rio Strait antl Bellingham Channd1 """ash ........................................................................................... t ... -do ........ . 

~:;~ ~:~~~~i<~"i;a;,a~~~::;~;,~~:~~·:: :: ::::: :::: :::: ::::: :::: :: ::::::: ::::: :::: :: ::::::: ::::::::::::::: :::::::::::: i::: :~: : :::::: 
1820 Examination of Middle Ground, Stonington ITarl>or. Conn ...................................................... 1 ............ .. 

~~~~ ·. ~::~~~~~ii~,:~:~',~~::~~;.:, 1;:::: :: ::::: :::: :::: ::: . ::.:: ::::: :::: :. : : :::::::::::::::::: ::::::::: :::::::::::::J~.e~:i~~~-::: 
J82a ~ .Atellafalaya I:ht.'r from .Atchat'"alaya Bay to Sword Point, La .............................................................................. 

1

1 ..... Uo ........ . 
18~4 1 Atdrafalaya River from S"·onl Point to Morgan City, La ........................................................... do ...... . 
1825 FloridnJ~a.:r, '"'eHtcoaatofFlorlda .............................................................................................................. ~ 1 •• do ......... . 
!826 l!'loride. Ilny, Pa,·iliou Key to Xort.hwest Cape, Fla ............................................................. !.. .. do ..••••. 

18~7 , Floti<la Hay from ::\orthwest Cnpe to Content Key, Ffa ........................................................ 1 .... do ..••••. 

18~8 ! Florida Bny, Content Key tv Northwest Pa .. age light house, Fla .............................................. !. ... do .. ·•·• ·1; 
18~9 l Vineyar<l Sound from C•pe Poge to Wost Chop, Masa .......................................................... 

1

1 .... do ...... . 
1830 1 Entrance to St. Simon's Sound. Ga .................................................................................. do ••••••• 
1832 J Yiu•yanl 8<>1rn<l from We"t Chop lo Robinson's Hole, ldass ....................................................... do ..... .. 

1 
l 

1 
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IL-Topographic and hydrographic surveys-Continued. 

HYDROGRAPHIC WORK-Continued. 

Reg. I 
ister / 
No. , 

Titles of bydrograpbic she~ts. Dl'~rriptiYe X o. of 
reports. sheets. 

!~~~~~~~~~~~~~~~~~~~~~~~~~~--~~~~~~ 

~= ii ;:~:~:~:~::~:·~::~: ~~~:: :.: :: ::_:::: :_::_::: :_::: :: :: :: :: :·:::::: ::::: :: :: :: : : ::: ::::: ::: :::::: ::: : :: :: :: : : : ~~e~~~~~~:::: i 
1836 [ Coast of Maine from Matinicus Rock to Segllin Island, Me.................. .•••••.••..•.. ••• • . .. . •. . . ••• •. . . .. . ......... .. 
1837 Off.shore soundings on George's Bank and :Kantueket Shoals ............................................................... .. 

~::~ ! ~:~:~:~ ::;: ::::: ~~-2~.~~::::::::::::::::: :: :::::::::::::::: :::::: ::::: ::: : ::: :::::: ::::: ::::::::::::::::.,. ~c~1:i~~~- ... '. 
18.12 \ Anna1)olis Harbor, Md-----·----·- .............. ---- .................. -- ......................................................... i .. . •<lo ...... . 

1843 I .Approaches to Vineyard Sottnd am! off Martha's 'Vineyard, Mass ............................................. i .... do ....... : 

~:: \ ~i::=~~·:f~~::n~la::T8;, ~~;~::::: :::: ::::::: ::::::~:::: :::::: ·:: ::::::::: ::::::::: ::::::·::::::::: ::: :: : : ::: : •::: .~'.'.: :::::: 
18!u [ Uyiper part of Newport River, N. C...... .. .. . • .. .. • .. • .. • • .. • • • • .. • •• • • • • • .. • • .. • • .. .. • .. •• • • • .. • • • • .. .. • .. .. . . . , .. _ ... 

lfil l F£~€J.T::::'"~:'.:~ ~::.· ·:_:::.: .:: ::. ..:: _::::: ::::. _:: : ·:: • .•. • • • · : :: •:::: •••- •· :• _·:: 1 • • • • • :: ·:::: · 

1851: CoreSound,N.C ............................................................................................... !. 
1852: N~180n'M Bay, N.C ..................................................................... ............................................... : ... . 
1853 i Core Sound, ~.C ............................................................ ~ .. -- ........................................................................ : 

1854 'Thoroughfare Bay,N.C ........................................................................................ 
1 
............ .. 

1855 CoreSouml,N.C .............................................................................................................. . 

1856 1
: l'amplico Sound,N.C ........................................................................................................................ ;.············ 

1857 Cedar Island Bas, KC ......................................................................................... ! .............. , 
1858: Cedarislaml Bay, N.C .......................................................................................... · ............. i 
1859 Cedaris1aod Bay, N. C ............................................................................. · ...... ····--

1
·--· ·· ........ ! 

1860: White Oak River, N.C ..................................................................................................... : 
1861 ! New River, N.C ................................................................................................ : .............. · 
1862 l Northern part of Pamplico Sound, N. C ....................................................................................... i ............. . 
1863 \ Northern part of Pamplico Sound, N. C ........................................................................ \ ............ .. 
186l i Northern pa«t of Pamplico Sound, N. C ......................................................................... !--···· .. .... . 
1865 : Eastern part of Pamplico Sound, N. C............ ...... ...... ...... ...... ...... ...... ..... ...... .......... .. .. .......... . 
1866 f Pamplico Sound, >icinity of Hatteras Inlet, N. C........ .... ... ... . ..... .... ........ ........ .. .. .. ... .. .. .. . . . .. ......... . 
1867 i Pamµlico Sound, Long Shoal Point to Mitldleton, N. C ........................................................ .. 

1868 
1 

Pamplico Sound, Middleton to Juniper Bay Point, X. C ..................................................................... - - . 

1869 Pamplico Sound, Juniper Bay Point to Bell's Bay, N.C ........................................................ ., ............. i 
1870 Pamplico Sound, Hattera" Inlet to Fiest Hammock S;. N.C ................................................ ····--\ ............. . 
J8il Pamplico Sound, 'l"foinity of Ocra.coke Inlet, N. C ............................................................... " ............ .. 
1872 Pamplico Sound, from Pamplico light-house to K euse River light-honse, N. C ................................................. 

1 

1873 

1875 

1876 
1881 

1883 

1888 
1889 
19-01 

19-02 
1903 
1901 

1009 

1910 
1911 

1912 

1913 

1914 

1915 

11H6 

19li 
1918 

Chesapeake entrance, Little lulet to Cape Henry, Va. ....................... ._ .................................................... 
1 

ReceiYed ... · i 
Ca11eCharles a.nd vicinity, Va ....................................................................................... _ ............ ' .... do ......... : 
Horse-Shoe Shoal, Va ............................................................................................... <lo ...... .' 

Vicinity of Cape Flattery, Noe-ah Bay, ·wash.-····· ............ ··•• ........ - •••••··•· •• ·• ···· ··••• ....... ·· ·· ·· ' ...... ·• •· ··--1 
.Examination of :Mission .Bay Rock, SID Francisco Bay, C<tl. ........................................................... -- ....................... . 
Coast of California from Bonnclary .Monument to Saud Ridge ,~,Cal. ................ - ...................................... .. 
Coast of California from Bouudary Monument to Saud Rldge &, Cal. .................................................. - .... .. 
Cro3s-seetions of Chatham Bea.ch, Cap~ Cod, 'Mas~ .................. -- ................................................................ -· ............ . 

Cross-section• east shore of Ci>pe Cod, Nauijett Lights to Cahooa's ffol!ow, Mass ............................................. I 
Cross-sections east shore of Cape Uotl, Cahoon's Ilollow t«fIIigblanil Ligbt, Mass ....... .................................................. i 
Location of shoal off Point Fermin, Cal ...................................................................................... · 

s::!~: !E:~. ~~:: ~:- ~. 1l: ::_:_:_:.~: :::_: :_ :_ :::_:_:~::: :::_:_:_:_:~:::: ::::~:_::::::: :: :::::~::: ::~:: :::::_::·::~: :: :: :: : : .: ·.~.:_e.~d:oi~-~_:_:_:_:_:_1',,, 
lllohile River, Sheet No. '. Ala ...................................................... -......................... .. 
Mobile River, Sheet No. 5, Ala ................................................................................... ! .... do ...... ·' 
Mobile River, Sheet No.6, A.la ............................................................................ --····! .... do ....... ; 
Mobile II.Iver, Sheet No. 7,Ala .................................................................................. l .... do ....... ; 
:Mobil& ll.iver,Shoet N<>.8,Ala .................................................................................. \ ..•. do ...... . 

:::~: ~::::: ~~::t!::~~h~~-.-:.-:.-.- :.-.-.-.-.- ::.-:::.-.-.-.-.-.-::.-.-:.- :.-.-:.-.- .-.-:.-:: .-:.-:.-: :::.-.-: :.-:.-.-.- :.-.-:.-.- :::::: :::::. ! : ::~~-: :::::: 
Total. ..................................................................................................... : ............ ·· 

---'-------------------------------------------..... -----.----· 

1 

l 

1 

1 

I 

1 

1 

1 
1 

1 

1 

l 

1 
1 
1 

1 
1 
1 

1 

1 
l 

l 

1 

1 

1 
1 

l 

1 

l 

1 

1 

1 

l 

g:;i 
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From the preceding tabular statement" it is found that there have been registered in the Ar· 
.chives duriug the fiscal year ending .Tune 30, 1889: 

Geodetic observations ........................................•.. volumes .. 
Geodetic observations...... . ....... - ............................ cahiers .. 
Geodetic computations .................... - . . . . . . . . . . . . . . . . . . ... cahiers .. 
Geodetic computations ...•.................................... volume .. 
Astronomical observations ..............................•....... '"olumes .. 
Astronomical computations ...................................... volumes .. 
Astronomical computations ............... - ................. - ..... cahiers .. 
Chronograph sheets ..........................................•........... 
Magnetic observations .......................................... volumes .. 
Magnetic observations ........................................... cahiers .. 
Magnetic computations .................................. - ..... cahiers .. 
Magnetic computations ........................................... sheets .. 
Magnetic traces ................................................... sheets .. 
Pendulum observations' . .. . . . . . . . • . ...............•............. cahiers .. 
Hydrograpbic observations......... . ........................... volumes .. 
Hydrographic ohservations .......•............................... cahiers .. 
Ilydrographic observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . roll .. 
Hydrographic observations ........................................ sheets .. 
Hydrograpbic observations ..................................... packages .. 
Tide rolls or maregrams . . . . . ..................•................ number .. 
Bottles of specimens of sea-bottom ............................... number .. 
DescriptiYe reports on topographic sheets ......................... cahiers .. 
DescriptiYe reports on bydrograpbi.c sheets ........................ cahiers .. 
Com pkted origiual topographic sheets .................................... . 
Completed original bydrographic sheets ................................... . 

440 
8 

141 
1 

79 
10 
79 

236 
4 

127 
~ 

135 
1, 098 

2 
1, OJ9 

2 
1 
li 

2 
61 

169 
21 
18 
42 
92 

No records or computations have been bound during this fiscal year, and I here reiterate 
what I lu1Ye stated in my former reports that there is a great mass of valuable records and com
putations in the Archives that should be bound for their better preservation and con"t""enience of 
access. 

The soundings and tidal observations ought also to be bound; they would then occupy much 
less space, as muny of the "t""olumes are now more than half white paper. 

Duriug the fiscal year ending June 30, 1889, there were received in the Library two hundred and 
ninety-eight ·ml um es of bound books, one hundred and eigthy-two volumes of unbound books, and 
-0ne hundred and twenty-two pamphlets, besides the usual periodicals and publications of learned 
societies. These figures include duplicates. 

One hundred and sixty-eight volumes have been substantially bound at the Government Bind
ery. There are still many volumes of periodicals and unbound books that ought to be bound, and 
.a number of hooks that need rebinding. 

The card catalogue of the bound books in the Library is finished. For want of room to arrange 
properly tlle pamphlets7 cards have not been written for each, but only for the subjects in bulk, 
gh·ing the numbers of the shelves where they are stored. 

Mr. J. :M. Dues berry has been employed as a clerk in this Division during the fiscal year. 
Yours, respectfully, 

Mr. B. A. CoLO:NN.A., 

Assi.!tant in charge of Office and Topography. 

ARTEMAS MARTIN, 
Librarian and Custodian of Archives. 
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EEPORT OF THE ACCOC'NTING DIVISION, COA81' AND GEODETIC SURVEY OFFICE FOR THE FISCAL 
YEAR E:SDING JUNE 30, 1881. 

~. 8. COAST AND GEODETIC SURVEY OFFICE, 

lV asltington, JJ. C., September 7, 1889. 
Srn: I have the honor to submit herewith the report of the operations of the Accounting Di· 

vision for the fiscal year ending June 30, 1889. As stated in my last report, it iis necessary, owing 
to the varied character of the work performed in this Division, to allude to such ernnts occurring 

,during the year as were liable, to a greater or less extent, to increase or diminish its efficiency or 
to affect the conduct of its business. These will, therefore, be mentioned in order. 

During the month of August, 1888, it became necessary, in order to effect a complete adjust· 
me~t of the accounts of Mr. William B. Morgan, late Disbursing Agent, to settle the personal ac

·counts which were outstanding at tlrn time of his retirement. This was successfully accomplished; 
and the amount accruing to Mr. Morgan's credit was deposited in the United States Trearmry. 
The work inrnh-ed in this settlement was of considerable magnitude, and required an extensive 
correspondence with those concerned, in the way of explanation, before it was finally and satisfac
torily aecomplished. 

The Annual Report of Expenditures of the Coast and Geodetic Survey for the fiscal year 
~ndiug June 30, 1888, was transmitted to the Secretary of the Treasury on December 31, 1888. 
This is the first instance, to my knowledge, where the report has been finished and sent to tl1e 
Department during the month of December. The pre1iaration and formulation of the data for oar 
,present system of detailed reports of expenditures is a work of considerable labor and consumes 
•much time, but the convenience of such a report as a means of reference, affording as it does a 
complete and detailed history of the financial operations of the Sur>ey for each fiscal year, rnore 
than compensates for the labor and time expended upon its preparation. 

From February 5 to March 31, 1889, Assistant George A. Fairfield was assigned to duty in the 
Division, and was engaged in overhauling, replacing voucl1ers, and re-arranging the duplicate files 
-0f the late Disbursing Agent, preparatory to their final deposit in the Archives. These files had 
been so often referred to during the past three years, and the vouchers bad become so completely 

-disarranged as to be absolutely worthl~ss as a means of reference, and hence the necessity for their 
thorough examination and re-arrangement. It is almost needless to say that Assistant Fairfield 

.accomplished the work to the entire satisfaction of all concerned. 
During February and March, 1889, duty was performed hy me at the Department upon se.-eral 

,evenings and on Sunday, in connection with the Disbursing Clerk of the Department, engaged in 
the examination of the statements covering amounts withheld from officers of the Survey in pay. 
ment of disallowances made by the Auditor in the accounts of the late Disbursing Agent. This 
caction was preparatory to the refunding of these amounts to those officers and employes of the 
,survey from whose salary accounts they bad been deducted, some two years prior, by order of the 
Department. · 

The final adjustment of the accounts of Mr. William B. Morgan, the late Disbursing Agent! 
·occurred during the latter part of the calendar year 1888. This result was very gratifying to those 
whose duties brought them in contact with the numerous and perplexing questions which were 
·constantly arising during the process of the' settlement. With but few exceptionl'I the adjustment 
involved merely the usual and ordinary routine disallowances, such as are always liable to occur 
in the settlement of Government accounts, and which are mainly the result of an honest difference 
·of opinion between the accounting officers of the Treasury and the disbursing officers. 

In compliance with the Superintendent's instructions, an examination of the books and ac· 
counts of the clerk to the Assistant in clmrge of Office and Topography ~as completed during the 
month of April, 1889. A difference of only two cents existed in the final balance. luasmuch as 
the examination covered a. period of three and a half years, this condition of the accounts furnishes 
-decided proof of the general ability and efficiency of Dr. William B. French, wl10 for many years, 
"1nder the direction of the Assistant in charge of Office, bas had charge of the receipts of public 
moneys derived from the sales of charts, publications, and condemned property. 
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On .Tune 11, 12, and 13, 1889, tlie accounts of the Bureau, and its financial status with the 
Treasur~T Department, were investigated hy a special committee from the Division of Public 
:'.\loneys, under orders from the Secretary of the Treasury. The committee performed its work in 
the most thorough manner, proving every item of appropriation and expenditure and checking 
every balance. The system of monthly balance sheets, showing receipts and disbursements of all 
public moneys for the Survey under the appropriations ma.de by Congress, which originated in this 
Division and the preparation of v;hich is uow mandatory under the regulations, again proved its 
usefulness. The members of the committee expressed themselves as perfectly satisfied with the 
results of their examination, arnl so reported to the Secretary. 

During the year the current work of the Division was accomplished with as much promptitude 
as possible, though at times its accumulation was embarrassing and productive of much delay. 
Under our present system of making disbursements, with its inherent edls of delay and compli
cation, such conditions are likely to arise at almost any time and it is quite impossible to avoid 
them. 

The action of the accounting officers of the Treasury in the adjustment and settlement of the 
accounts of the B1ueau during the last fiscal year has been very gratifying, and encourages me in 
the belief that a point bas now been reacbecl in the preparation and rendition of our accounts to the 
Department beyond which it is hardly possible for us to progresi;:. Such objections as were made 
by the accounting officers were susceptible of an explanation, which was in most instances entirely 
satisfactory and resulted in the allowance of the items objected to. 

The statistics of work accomplished in the division, as nearly as they can be recorded, are 
stated below. They afford hut a slight conception of the innumerable details of accounting to 
which attention has to be given. The examination and adjustment of any one of the thousands of 
accounts passing through the division every year may occupy a clay's time, and frequently even 
more, before a final settlement can be reached. Statistics, therefore, can not be given which would 
intelligibly account for the labor and time expended on sucli work. 

Statistics. 

Abstracts, quarterly, of disbursements, pages of... . . . . . . . . . . . . . . . . . . . 165 
Accounts with United States opened, number of._ .. _..... . . . . . . . . . . .• 38 
Accounts, allotments, opened, nnm ber of. ...... _ ...... _ .. _ ... _. . . . . . . 183 
Accounts, subappropriations, opened, number of. .... _... . . • . . . . . . . . • . 142 
Accounts entered on quarterly abstracts, number of................. . 1, 718 
Accounts current with United States, number of..................... 44 
Accounts posted to allotments, number of............................ 1, 901 
Accounts posted to fiscal year book, number of.... . . . . . . . . . . • . . . . . . . 2, 058· 
Accounts posted to voucber book, number of ....................... _. 2, 094 
Accounts posted to subappropriations, number of. .•.............. _ .. _ I, 698 
Advances to field officers, amount of. ................• _ .............. $133, 730. 42 
Allotments to field officers, number of.... . . . . . . . . . . . . . . . . . . . . . . . . . . . 539 
Authorities, book of, letters posted to, etc., number of................ 612' 
Balance sheets, rt~ceipts and disbursements, number of................ 38 
Cash book, eutries in, checks and cash........ . . . . . . . . • . . . . . . . . . . . . . . 2, 945 
Certificates of deposit received, acted on, and filed...... . . . . . . . . . . . . . 45-
Check-lists for drawing checks, nwnber of....................... .•. 218 
Checks drawn and issued, number of ..............•..•...•. _ ...• _. . . 2, 529 
Circulars issued, number of ..... _ .. _. _____ .......•..... ___ •....... _. 322 
Copying, miscellaneous, pages, number of.._. ___ ............... . • . . . . 627 
Disbursements on adjusted accounts, amount of. ...............••.... $487, 932. 51 
Drafts, Treasury, received, number of._............................. 22 
Estimates of field officers received, number of.................. . • • • • . 516 
Letters received, a-0te<l on, and filed. . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . . . 3, 023 
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Letters written and press.copied ....... - .....................•... __ . 
Letters indexed, letter- book ........................................ . 
J,etted, rough draughts of, written ........... · ................ _ .. _. 
Pay envelope8 prepared, unm ber of. ........... _ ................... _ . 
Pay-rolls, officti, monthly and semi-montbl_y, pages of. ............... . 
Pay-rolls, field officers, qaarterly, pagt•s of .•.... _ .............. _ .. . 
Property lists, checked aud returned_ ........................... _ .. . 
He.ceipts of ftlmls from Treasury, amount of ........•................. 
Heports, monthly, of Divisi011, pages of ........................... . 
Reports, fiscal year, pages of... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
Requisitions on Treasury for funds, number of. ...................... . 
B-equisitious from field officers for advances, 11uu1ber of. ......... _ .... _ 
Statements of cunditiou of appropriations, pages of· ................. . 
Trial balances, recelpts and disbursements, nmuber of. ......... __ ... . 
Vouchers adjusted and settled, inclndi11g bills, numher of. ...•........ 

2,948 
3,272 

933 
2,53f.I 

~-)09 

49 
20:! 

$±88, 580. 51 
lG'..l 

G'..l 
],., 

18.J 
m; 
2:~ 

18, !)43 
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During the year the following-named circular,; aud publications relative to the preparation 
and rendition of accounts, and information concerning them, were disti·ibnteil to the cliiefa of p<irties 
and other officers: 

Table of rates for Government telegraphing for the fiscal year 1889. 
Schedule of uotarial fees for jurats in the different States and Territories. 
Table of distances, 1888, issued Lly the '\Var Department. 
Annual report of expenditures of the <Joast and Geodetic Survey for the fiscal year 188i. 
The a,rrangement of the work of the Division among its emvlo;ye,; bas been substantially as 

follows: 
Mr. Eugene B. Wills, Accountant, was engaged in the examination of acco1rnts, checking them 

as to errors of enumeration, extension, etc., in drawing checks at the Department, and mailing 
the correspondence of the Division. He was so employed until l\Iay 7, 1889, 011 which date be was 
transferred to duty under direction of the Assistant in charge of Office and Topography. 

Mr. William. II. Lanman, acting as General Book-keeper, Las rendered faithful and intelligent 
senice in recording the business of the Dh·ision in its Yarious account-books and in the manage· 
ment of the system of balance sheets, the preparation and rendition of the qnarterl_y accounts to tb~ 
Department, arnl other details iutrusted to his charge. Under my general supervision the clerical 
work oft he examination of the books and accounts of the clerk to the Assistant in charge of office, 
heretofore referred to, was performed by lUr. Lanman, whose zeal and efficiency in the discharge 
of this duty deserves special commendation. The class of work upon which l\Ir. Laarnau is en
gaged deserves a higher rate of e.ompensation than that he now receives, and I would respectfully 
recommend that some provision be made at an early date to give him an increased emolument. 

Mrs. S. M. Talip,ferro, acting as Book-keeper and Entry Clerk, was engaged mainly in work 
dependent upon that of Mr. Lanman, and upon such other clerical details as were from time to 
time assigned to her, u11til October 15, 1888, upon which date she was detailed for duty in the of
fice of the Sixth Auditor by direction of tbe Secretary of the Treasur~-. On .January 2, 1889, she 
was transferre<l to the Department and appointed to a clerkship in tile Sixth Auditor's Office. l\Irs. 
Taliaferro had acquired considerable information as to the work of the Division duriIJg lier connec
tion with it, and I felt some regret at losing her services. The transfer, however, was au advan
tage to her, as she has since been promoted. 

Miss Paula E. Smith, general clerk, has rendered intelligent and capable sen-ice during the year 
in the preparation of the monthly and semi-monthly pay-rolls, the care of the letter-files, recording 
authorities and contracts, and general copying aml miscellaneous work. During the month of 
May she was absent, by authority, for twenty-nine days, without pay, an enforced absence ren
dered necessary by the condition of her health. 

A recapitulation of data contained in the Daily Journals of Occupation of the Division for t!rn 
ilscal year just ended gives the following: 
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Summary for all employes. 

Actual number of days worked..... . . . . . . . . . . . ............................ . 
Abseuce-sick .......................................................... . 
Absence-leave ......................................................... . 
Office closed-holiuays, etc ............................................•.. 

Dirided as t'ollou•s : 

\ Work .. d. j .AJ:'sent J Al>sent 1' Office I 
[ : ~1ck. [ leaYe. closed. I 

-----------------1----1---1---!---1 
! Days. j Days. 

1 

Days. j .Day•. 
1 

Parsons, John W ·········································! 3~:J ; :; ! 29' i 3 i 
Wilb, Eugene B ..••••.....•.............•...•........... 1

1 

217! ! 1501' 27 I 9! \ 

Lanman, 'VilliamH ·······-------------········· -------· 25:11: 0 55 9! i 
Taliaferro,S.M ............................................ 137~ 1 9 I 7 4! i 
t-:rnitb, Paula E .••.••.•••••.••.•••••......•.•••••.•....•... I 222i , 48~ I 43 j 9i I 

• Working at home for U days, which was charged to leaYe account. 

Days. 
1, 156 

78 
161 

35 

The total number of working da~·s duriug the year, on which the office was open for the trans
action of business, was three hundred and oue and three-quarters. 

The actual disbursement of money for the Survey has, as heretofore since August, 1885, been 
made by Mr. Geo. A. Bartlett, disbursing clerk, Treasury Department, on vouchers from this 
office duly approved by the Superintendent. The labor of examination, adjustment, and settle· 
meut of these \'ouchers, invoh"ing a large correspondence, the keeping of numerous records, and 
tlrn supen-ision of inuuwerable details, is performed by this office. The business is all conducted 
in l\lr. Bartlett's name, and he is responsible for the correctness of the disbursements. Repeated 
efforts have been ma!le to secure some recognition from Congress i.n behalf of Mr. Bartlett, as a 
compensation for the service and responsibility entailed upon him in making disbursements for 
this Bureau, but so far without avail. In prior reports, I ha Ye referred to the matter more in detail, 
aud my subsequent experience has in no wise changed m;y opinion as to the justness of an allow
ance to Mr. Bartlett for the services performed by him for this Bnreau. 

A.t the date of tliis report, I am gratified to perceive that my recommendations in the reports 
of the two preceding years, as to the necessity for the erection of a counter or other suitable 
enclosure in the rooms of the Accounting Division, are to be favorably acted on. This action is 
entirely in accord with the system prevailing in all the Department8, and will result in affording 
that degree of privacy and freedom from interruption so essential to the proper conduct of an office 
inrnlYing the duties of auditing and accounting. 

In closing, I beg to call attention to what I have said in prior reports as to the necessity for 
the appointment of a disbursing officer for this bureau. The present system of making disburse· 
ments is so costly, full of incongruities, and so entirely inapplicable to a proper conduct of the 
financial business of the Surniy, that no good or substantial reason can be assigned in favor of its 
continuance. Any quantity of data can be supplied to prove that the cost of making disburse
ments for the Survey, by present methods, is largely in excess of the amount which would be
reqnired if the Bureau possessed its own disbursing officer with a properly organized force to 
assist him. In behalf of the public interests, I have deemed it my duty to call attention to this 
matter, and ha,·e done so in my annual reports for the past three years ; here my responsibility 
ceases. If it is intended to perpetuate the present system, with its inherent evils of delay, cost~ 
and incongruity, elements which affect ancl retard the work of almost every branch of the Survey,. 
I shall at least have the satisfaction of knowing, in the event of future criticism, that no conceal
ment of its peculiarities and its baneful effects upon the business of this Bureau can be laid to my 
charge. 

There are many improvements, both in the method of keeping the accounts and their renditiont 
which could be inaugurated and developed to such an ext6nt that many of the irksome features-
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now attendant upon the work of adjustment and settlement of accounts could b€ modified and the 
labor now given to such points considerably lightened, both in the office and in the field. It is 
useless, however, to undertake any sq.ch improvements, or to develop an.)· new methods in account
ing, while t~ Survey is laboring under the present awkward and unbusiness-like system of making 
disbursements. The new method would require the presence at the office of a disbursing officer,. 
without which the.)' could not be successfully accomplished. 

I am, respectfu1ly yours, 

B. A. COLONNA, Esq., 

'JOH~ W. PARSONS, 
Accountant, [', S. Coast and Geodetic Suruey, 

In charge Accounting Dirision. 

Assistant in charge of Office and Topography. 

REPORT UF THE OFFICE OF STLYIJARJJ WEIGHTS ASD MEASC'RES FOR THE FISCAL YEAR 
ESDLYG .!LYE 30, 1889. 

{;, S. CO.A.ST AND GEODETIC SURVEY OFFICE, 

lraskington, August 3, 1889. 

Sm: Herewith I beg leave to submit this report on the work done in the Office of \\-eights 
and ~leasures, under m~' charge, during the fi8cal year ending June 30, 188\.1. 

The regular force of this Office has as heretofore consisted of a mecbanician, a watchman, 
whose labors are accounted for in the reports of the Instrument and ::Miscellaneons DiYisions, 
respectively, and of an adjuster of weights and measures. 

The latter positionii,1 filled by Dr. J. J. Clark. He was assigned early in tbe summer to duty at 
the Oincinnati Exposition in connection with Coast and Geodetic Survey and Weights and Meas
ures exhibit,;, and reported for duts in tllis Office on November 22. Since that <late he has been 
engaged in making weighings, in adjusting and repairing standards, and in making line measures. 

In addition to the regular force several assistants were assigned to duty for short periods of 
time. 

Assistant John B. Weir was on duty from July 1 to July 8, and again from September 1 t<> 
December 26. I am greatly indebted to him for his conscientious aud very efficient assistance. 
Besides assisting in various comparisons and computations, he made a complete determination of 
the secondary end standards of length from the one-foot rod to the ten.foot rods; made a deter
mination of the length of the sea.le of the mercurial barometer, aud compared six brass scales 
intended for the new leveling rods. 

Subassistant F. H. Parsons served in this Office from April 13 to June 30. He compiled a 
reference volume in relation to the distribution of all the State standards, examining the records 
and letter flies of this office to verify and correct existing data and to systematize the information. 
This involved the indexing of the earlier Jetter files. 

The card catalogue of papers relating to observations and computations begun b,r him last 
year, he continued and brought up to date. It contains at present five hundred awl fifty-eight 
ca.rds. Mr. Parsons also assisted in the comparison of standards of length, in making computa
tions, and in duplicating records, and in all these dntit•s pro\·ed himself efficient. 

Assistant.A.. T . .Mosman was attached to this Office from December 10 to December 31, during 
which time he made experimental weigbiugs in order to familiarize himself with the work he was 
about to take in hand, but his services were elsewhere urgently needed and he was detached. 

Assistant F. D. Granger was attached to this Office from May 17 to l\Iay 31, am! was 
engaged in the comparison of the mural standard graduations and in the comparison of two brass 
sea.I es. 
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\Iy own work inch1tletl the supervision of the constructiou of the new comparing vault and of 
a comparator capable of cornpariug- line or end measures up to 6 metres in length. A detaikd 
report ou the compari11g room will be submitted at some future time, after it llas been tested 
under widely different conditions of temperature and for different classes of work. 

During the summer I began the comparisons between the Committee Metre and the Lake Sur
vey stamlartl kirnlly loam•d to u::; Ly the Chief of Engineers. These comparisons were made in 
niriou;; places and at different seasons iu order to secure the req nisite range of temperature. A 
series of comparisons was made in the cold-storage rooms oYer t,he Centre :Market, where fairly 
constant temperatures at zero awl at --f':l centigTade were secured. Tue results of these compari
sons show that there can be no material dift'ercnce of length between the Internatioual Prototype 
l\Ietre an1l the Committee J\lctre. The Lake Sun'ey standanl was also comparecl by me with the 
metre of Y. and l\l. No. I, with a uew steel line metre and with Berlin metre No. 4!L · The results 
deducetl from the comparisons of the last-mentioned bar differ materially, aliout 611 from the value 
for its hmgth at zero, liitherto aecepied an<l resulting from the comparisons made at Berlin. A 
detailed report 011 tltese eompariso11s L5· Assistant Schott and myself has been suumitted. 

Tlle foot scale of tl1e mural standard was regraduated aud numerical corrections were deduced 
for each line of the graduation. 

Yours respectfully, 

l\lr. B. A. COLONNA, 

0. H. TITT.MANS, 
AsRi8tant in charge of Office of lVeigltts and 1lleasureH. 

Assistant in charge of Office ond Topography. 
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REPORT OF THE HYDROGRAPHIC INSPECTOR FOR THE FI:-5CAL YEAR E~DI~G 
JUXE ;rn, lSSU. 

u. s. 00.A.ST AND GEODE1'1C St:RVEY OFFICE. 

lrw·dtington, I>. 0., dune '.!U, 188\J. 

Srn: I ham the liouor to submit the following report of the h;rdrographic work of the Snrn•y 
<;al'fied on during the fiscal ;mar Pnding Jnue 30, 1889. 

A'I'LANTIC COAST. 

Ou the ;)th of Jnly, 18SS, the Gedney, Lieut. F. H. Croslly, L. S. N., comwaudiug, left New 
York fol' the eoast of 1\laiue, atHl ou lrnr arri,·al llegan work in St. Croix RiYff aml ColJscook Bay. 

Thi" was carried on until the Gth of Septern O(·r, when Lit>uteuant Crosby reported tllilt the 
work assi~ned him was completed, and as this finished the in.shorn h~·drographic surTey of the 
·CO<ist of :Maine, instructions were r;cnt him to clo;;e work and to proce<.'d to Nantucket Sound. 

Tl1e Blake, Lieut. J. E. Pillsbury, U. S. N., comrnamling, was engaged from August '.!7 t<> Ol'to· 
lJer 1, 1888, in outside work in the vicinity of ::\fatiuicus Island, off thl' coast of l\Iaine. On its 
-0ompletion the Blake went to B1>stou for rnpairs 1ire>ious to taking up the current inYestigatious 
in the vicinity of the vVinr1wanl Islands, \Yest ltHlies. 

'J'he first of the ;vear found tlie com bin e<l part~·, consisting of tlle Eagre, Daisy, and three large 
steam-launches, at work iu Yiue.Yarrl a1J1l Nantucket Sounds, all t~11der the charge of Lieut. Snm
ner C. Paine, U. S. N. The work lly this party was carried on witll good results nutil the 2<l of 
November, when the weather lJecoming too unfaYorallle to }1fOceed with it economically, the party 
)lroceeded to New York and began preparing the recorJs aud sheets for transmission to th1• office. 

The large num lier of steam-launches engaged in this survc_y, together with the lhri'.sy-a 
large tug-aud the pulling-boats of the Eagre, enabled the >rnrk to make progress c011ti11nousi,\· 
without having to del:ly for repairs to the launches in case of a breakdown. 

Lieut. J. F. l\foser, U. S. N., with p;1rty in the steamer Bache begall work outside of )fartha's 
Yineyanl Island about July 5, and shortly afterward, the weatl1er being uufayorable for outside 
work, he was directed to take up the sheet iueluding )Iuslrnget Uhanuel, a locality peculiarlr tlilli
-cult to survey, owing to stNng currents and titfo-rips. The work was, howeYer, Ratisfactorily per
formed before the cud of the sea.sou, Oetober :rn, wheu the Bache proceeded to Baltimore for oyer
lmuliug preparatoQ· to starting for the Florida coast. 

When the Gedney was recalled from the coast of Maine, in September, slie was seut to Nan· 
tucket Sound to assist in that work, Lieut. J. 1\1. llelw, 'C. S. N., ha\·iug relieYed Lientenaut 
Crosby of the command of the vessel on the 14th of Septemller. B~· the detaclnueut of the latter 
-Officer the S11rvey lost one of its most efficient hydrographers. The sheets of Lieutenant Crosby's 
last work in the Yicinity of Eastport-embracing Passamaquod<l~' Bay and St. Uroix ltiYer and 
Cobscook Bay-have never been exceeded for accuracy by anJ· sheets that haYe been sent into 
this office, a most creditable showing when the strong curreuts and the extreme range of the tides 
are considereu. 

The Gedney was rooa.lled from her work in Nantucket Soun<l on the 5th of October and sent to 
New York to 11repare for work in Alaska, the passage of an appropriation for a boundary survey 

H. Ex. 55--11 
lGl 
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of that country rendering it proba\Jle that extra meaus of transportation would be requireJ. She 
was hurriedly oYerlrnuled aml fitted out, am1 left Xe\Y York for San Francisco on the 13th of 
:N"ovember and arrived in tlle latter port on tlie 20tll of April. 

Tlte beginui11g of the year fon11d LiPnt. ::\I. L. Wood, U.S. N., in tlie Endearnr carrying 011 

tile Rllf\"PY in tlle Yicinity of Cape ()lrn.rles, the wo1·k lrnYing been commenced in .April. It was 
completed oil the Gth of A_ugust, and tlv Bndea1•or was then sent to Annapolis to make a Run·ey 
of that harbor-the old clrnrt being· unreliable, 011-ing to the clrnnges tliat had taken place since 
the survey, on wllich it was ba~ed, wa;; made. 

The result" of Lieutenant \Yood's work in tlte latter locality haYe already been brouglit out as 
a pltotolitl10graphie chart "n tlw same Rcalti on whicl1 the work wa8 done. 

Lieut. Francis \\'im:!ow, G. S. X., was t•ug-ag-eil tluring the year on the survey of the natural 
o:.·Mer-ht-->d:-; of Xortlt Caroliua, a work of much interest to the people li>·iug on the shcres of the 
sonu1b of that StatP. 011 the 1-!th of }larch tlle retiremeut of Lieutemrnt \Yinslow fro!p aeth'e 
serdct• in thP ~~n-y aurl his conse11ueut uetacltment from tlnty in the Surn~;r, left En::>ign .J. C. 
Drak<', C. ;::;. X., iu charge of this vrn1k. 

Early iu ,Jauuary tlw Bache ht>µ:nn \\Ork on the coast of Florida, ha Ying associated with her the 
slrnrpie ;;elwouer SJJ1f. ~\~ tlu> w11rk w,1s iu shoal wakr 011 tlH' key,; to the eastward of Ke~-\\' est, 
the latter ,·essel, lleiug of light drnuglJt~ was of much u~e, aud Lieutenant .;\loser refers to lier in 
t lie !Jiglwst term:<. 

""lll'll it llel':tl!W 11ece8sary for tit(• Badie to go to Cedar Kess to finish the hydrograph,y iu that 
Yicitdy tlie .'iJ>!f was krt tu complett· rlw work ou the kt',1·"· 011 1etnrui11g to Key \Vm:>t the Bacltc 
took np tl1e :-\lll'H'Y of the Xm·t[Jm,st Ult:l!lill~l at the r1~q11e,;t or the Light-Honse Board, an'1 Oil t11e 

compl1•tion of thi---: wor-k, ou tlte l-1tlt ul' .\Lt,,-, stnrte1l for -:-;-,.w Bedford, \Ylit·n~ she arrived ou the 23tl 
of tlt~1t month. Tlte nppropri'.:ttion f,H' '' Uevairs or\' l',;sels" having been exhaustcd, it was nece,.;. 
:sary to (lt•lay until after.July l the n·pairs that were ref1uired to put the vessel in condition for work 
in tlw Jid:l during the ::mmtuer. 

The Gcdnc!f, the wssel tl!at l!ad been eng-ag-ed for some year:'l iu the suney of the coast of 
Loni.'i,111:1, lmYiug het>u transferred w tlic Pacitic, tlle Endearor was assigned tl) the work, anu after 
a cumplPtl~ 01·erhauli11g :,;Ile started fur tl1e Gulf on the 5th of .Jan nary, and since that tlate has been 
actin·ly Pug-agml in tlt:tt locality ttuder the comm:i1Hl of Ensign L. :\1. Garrett, U.S. N. On the 
:!:.!d of .T turn the E111lea wr cluse1l work for the season and ;;tarted fot· X cw York. 

The iun·stigation of oce1rn currents has lJeeu carried on by the Blake, under comm:1nd of Lieut. 
,T. E. l'illsbnry, G. :-5. X., dnriug the past year with most grntif.ying results. Ou the 11th of 
.Tan nary, 18S!J, t lie Blake :-;tartell for the \Yind wanl Islands for the purpose of making more auchor
agPs in that 1·ici11it,\-, with the ,-iew of ascertaining whether certain theories that had 1.Jeen advanced 
dmi11g tlw study of tlw lll't'\'ions year's investigations woul<l be sustained by further iuformatiou. 
\\'itlt thiR ohJrCt in dew Lieutenant Pillshnry submitted no discussion of the investigations arnl 
result:'\ of the preceding ~-ear, lmt the complete report of the work of the two seasons, 1Yith the con. 
clu,;ion" to l>e drawn from them, will be placed before you this year. 

ThP Blal.-e nmtle Se\·eral anehoragt•s in Old Bahama Ulrnnuel, and nortll of the Bahama 
lslarnl:-;, in tlw montht\ of ,Ja11uar,\- au,l February. The latter ohsen·atious were m<tde with the 
Yiew of a:<certaining ti.Jc depth, ~trength, an(l direction of the strong current wllich flows to the 
northwarrl of the \Yest Irnlit,~ :rn<l the Bahama, Islarnl>i, ot1 which 1lepeuds greatly the currents 
tlowing- to tlw northward :ind e.t~t11·;ir,l bct1n•e-1 tho Bermmlas and the coast of the United StateR. 

_\.nchoragr•s 1rel'e also m:uk off HattPra,; in depths as grPat as 17985 fathoms~ and the work 
\ms gr:uln:tlly carriell up off Xautucket arn.l George's Bank. (i-reat credit is due to Lieutenant 
Pill:-;htu·,\-, c"m111au1lillg tht~ Blul:c, for the skill exhibited iu planning all the apparatus for the 
itn-l':-;tig-ation of tlJ1• 0111f 8trPam aud the energ.'- <lisplayed iu pnshi11g the work. It is to be 
l10ped that an opportn11ity wili be alfortletl him at tlw end of tlle sc•ason to put i11 proper shnp<' 
in a e•1:t1prt:ht>t1si1·e report the re:-1ulb of his fou1· .vcars' ill\·c:-;ti~atious. S.!ch a report, embracing, 
as it would, many uew irleas reganling the Gulf Strea~n antl ocean cnrrents generally, would be 
'\'er.r interC'sting, uot only to tile scientist, but to the studcut and general reader. 

"-ith the view of snpple111c1~ti11g tl1e i11forrnation gaine(l by the Blake in regard to snrface 
currents, y()n proposed in a lett•'r addressed to me on tlle 12tll of December, 18S8, that a float be. 
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made of tin tube of 8 to 10 feet in length, with wings on the bottom, for the purpose of in
creasing the area of the submerge<l parts. '.rbm;e special free floats were proposet1 to do away 
with the objection that exists to the use of the current bottles, which were more infinence<l by tl.Je 
wind and sea than b,y the current. 

Greatly ast:listed by l\Ir. Fischer, the chief mechanicia11 of the instrument shop, a wooden float 
alJout 10 foet long, to be submerged 8 feet~ wa.~ decided upou as meetmg tl.Je requirements ot your 
letter of llw l:!tl.J of December, 1888, and one hundred of these were made. 

Some ha Ye already bl~en set adrift l.Jy the Blake, aml others arc in New York a"' aiting the 
Railing of a Yessel of war. As the floats will be bnt little intlneuced by the wind awl :sea I am 
strongly of the opinion that the results to be obtained from them will UL' Yery Yalnauh·. 

PACIFIC COAST. 

On Thia~- 25, Lieut. H. D. ::\Iansfield~ U. S. X., al:'sumed charge of the llydrographic part;1· on 
board the steamer Hassler, at .Jiare Island, California, and proeeedetl to prepare for li~·llrog
raphy oft' Crescent Uity, California, am1 to make an examination of .Jlission Hock, San Francisco 
Ba,y. 

There bein.g an urgent necessity for tlh• cornpletion of the sn1Tey in the •icinity of Sau 
Diego, California, and the com!itio11 of the boiler of the Rteamer .1!t:Artlt11r rnaJ;ing that n'ssel 
uua,·a.ilable, it became neee;;sary ou the ]~~th ot' October to direct Lieutenant :\Iausfiehl to close 
work on the northern coast aud to prepare for work south. 

On the 15tb. of October Lieut{'naut l\lanf'field procee<lel1 1>ith thP Hasslel' to Sau Diego, 
California, and commenced t,Jrn h~-drograph,y of that coa8t. The wmk proceeded under ilis 
direction wit!J more rapidity than was expected, owing to the short dh;tance of the one hundred 
fathoms contour from the eoast. Ou the 1st of l\farch Lieutenant :'.\fansfield was detached from 
tlH~ command of the Ha8sler and assigned to the Patterson prevamtory to taking commaml of that 
\CSSel. 

Ile turned over the party to tl.Je command of Lieut. Dennis H. l\fahan, r. S. N., pemli11g the 
arrh·al of Lieut. Daniel Delehanty, U.S. N., who assumed charge of tile Bassll'r on :Jlard1 18, aml 
completed the remaining hydrograpby. 

On the 10th of April the Hassler closed work in the \iciuity of San Diego, Oalifomiu, aud 
proceeded to San Francisco to prepa.re the •essel for work elsewhere. 

Ou the 20th of April Lieut. J. :\1. Helm, U. S. N., took the Gafoey into San Francisco after 
a successful an<l uneventfnl trip from New York of oue hundred aml fifty-eiglit day:,;. 

The development of defects in the main shaft, which required extcn;.;il·e re·pairs, and the high 
price of cmil, owing to t.he small quantities purchased at a ti nw, fa lly warrantL'd the autici patiou s 
of the necessity for the deliciency appropriation whicll was only partly allowl'd hj- the last Con
gress. The lack of fn:1ds it\ailable made it imilOssible for the Gcdn1'!! t1i proceed to Alaska 
during this season, so on the 25th of May Lieutenant Ilelm !ll'OC\eede1l to l'urt Orford, On'µ.on. :wd 
commenced the hydrographj· iu tlrnt Yiciuity, which is progressing ns rapiLlly as tile weather and 
fogs would permit at the close of the year. 

On the 5th of June the Has1der, under command of Lieut. D. Dehohanty, U.S. X., left Sn,u 
:Francisco, and on the 8tlJ arrived at t!Je mouth of Rogue Hirer, Oregou, for tile purpose of 
making an examination of the entrance, but owing to ba\l weathrr was 1111a\Jle to do anytlliug·, so 
proceeded to his working ground in the \·icinity of Crn8cent Cit;r, California, and lwgan the ltyurog
raphy there; and at lhe close of the year tl.Je vessel was still eugagt•d 011 the work. 

The beginniug of the ;year fonud l1ieut. J.C. Burnett, t:. S . .X., eon1111at1tliug tLe ;.,teanwr 
1lfc.Arthur, engagetl upon the hydrograph,r in the Yicinit,> of Cape Flatter,r, \\-ashiugtun. As 
there had been only a reconnaissance of tile topography iu this Yiciuit;y, the work was prosem1ted 
with some difficulty. 

The work was much delayed by fogs during tile whole season, and on October :! the "\leather 
became so unsettled that it was impossible to carry ou the work any longer witl.J good results, so 
Lieutenant Burnett, in accordance u·ith instrnctiomi, closed work and proceede<l to San Fraucisco. 

It was intendHl to complete the repairs of the JfcArtltm· in time to commence work this 
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present season, bnt tlrn delay in the passage of the deficiency bill by Congress, and the rlisco"l'ery 
of greater weakness in the boiler than was first <'Xpected, has resuitetl in the 1UcArthur's remaining 
at Sau Francisco af the close of the year. 

On ~larch 2-! Lieut. J.C. Burnett was detached from the survey by the Navy Department, arnl 
was relieYeli in command of the 1llc.drthur by Lieut. Dennis H. 1Hahan, U. S. N. 

On July 1 Lieut. H. T . .l\'Iayo, U. S. N., commanding the schooner Earnest, was engaged in the 
surn•y of Saratoga Passage and l~osario Strait, in ·w ashingtou Sound, 'Vashington, his party 
having gone in the fil'ltl in April. 

This work was prosecuted with so much energy that, as a rulr, the bydrography was up with 
the topograpliy, although the neces1:rnry data bad to be obtained from the topographic parties in 
the field before its ''et°itieat ion in the office. 

The appr~acb of the wintr.\· season rendered it un'l"l"ise to continue -field work, aud on October 
25 the Earnest closed fiela 'l"l"ork anll proceeded to Olympia to prepare the records for transmission 
to tlle office. 

Durillg tlle interntl when hail weather pre1·ented field work the Earnest was put in go01l 
repair, anu on .:llay lfi left Olsmpia arnl proceeded to Auacortes. The hydrograpliic sun-e:v of 
Skagit Bay was cornnwn1~etl. 

On Juue 16 Lieut. 11. T . .:llayo was detached from duty with tlJe Survey and was relieved in 
command of the Earnest by Lieut. J. X. Jordan, U. S. X., \Yho, at t!Je close of the year, is proceed
ing with the work as rapidly as the lallk of the topograpliic data ordinarily provided from the office 
will permit. 

During the year the gap in the hytlrography off the coast of California, between San Diego 
~tIHl :S-ewp()rt Bay, has lJeeu complete1l, a111l the tlata is 11ow read,v to be put on the charts. 

The g-<LJl near· Crescent City has been partly filled, aml in a short time will be completed. 
There remain unsurveyetl ou this coast limited areas, which can be readily completed, with 

lilwral appropriations, in two seasous. This, with some atlditio11al deep-sea work to connect the 
hydrng-raphy off tl1e 111aiuland with tlrn off-lying islantls, will practically complete the 11,ydrogra
p!Jy otI the coast of Ua!iforuia, except local hytlrographic sur•eys that ma~· be needed to constrnct 
harbor eharts ou larg-e se;1les, an1l correct and complete charts already published. 

Theri'. is. however, a long- e:s::tent of coast line in Oregon and '"/ashingto11 which may require 
se,·eral se,i,sous ot ste1uly work to eo:nplete. ln al:uo.'lt ·~n~ry portiou, however, the shore is so 
bold a~ to re11dt>r tile publication of any but small scale charts unnecessary. 

ALASKA EXPLORATIONS. 

Ou tlJe 7th ()f April, 1888, the steamer l'tittcrson, under command of Lieut. Commander C. :VL 
Thomas, U.S. X., left San Prancisco for Alaska, arriviug at Port Simpson on April 23. After a 
Llela~· of two d:iys fitting out tlrn steam-launch Oo.;mos, a.ad taking astronomical observations, the 
l'atterson proeeetletl to :Stepl1e11s Pa,ssage and at once beg-an the work in that vicinity-a fair local
it,Y for the measurement of a base line ha Ying been fonml or> Glass Peninsnl:-i. A line of 3,875.97 
meters, O\'er water, was measured three times with excellent results. As far as I can ascertain, 
thi::; method of measm'ing a hase-liue, using piano wire over water, is original with the .Alaska sur
Yey-it tirnt lrnYing been usetl in 18136. It became necessary to devise some other than the ordi
nary method on aceouut of the impossibility of finding any suitable location on shorl· for a base
line. The metholl of comlucting this measurement is very completely set forth in tl1e able report 
to yon from the clJiefofpart.r, Lieut. Commander C. 1\1, Thomas, U.S. N. 

A request ha Ying beeu made in April by the Department of State for a survey or Portlan1l C::mal, 
the boundary lietweeu Alaska and B1'itish Columbia, instructions were sent Commander Thomas 
to stop work in Stephens Passage about Jul,y 1, and to proceed to the former locality aud take up 
the smTey there, gidng great attention to tl.Je accuracy of astronomical work an<l shore-line. 

The tiuishetl sheets of this surrny, suumittcd to you on the 17th of June, bear testimony of the 
very accurate aml rapid work executed by Commander Thomas and his party. 

The work in Portland Canal was finisheu on the 13th of October, and the Patterson proceeded 
to Sau Francisco after stoppiug at Port Simpsi:m to lay up tho Cosmos. 
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The party in the Patterson were busy most of the \\inter with tlte office "l'O!'k. 
On the 1st of April Comma11,ler Tho1mti,; was detaclied from command of the Patterson, and 

onlered to special dut~- at the Coast and Geodetic ::\ur•ey ollice until July 1, 1889, when he will 
take up tbe duties of Hydrographic Inspector of the SmTey. 

Commander Tlloma:s was relieve~! in cornm;i.ud of the Patterson h~- Lieut. II. H. ::IIan::;tield, U. 
S. X., who had been for some months iu command of the llassler. Tliis officer's e\:cellen t standing 
as a bydro!:!'r<tpbcr is a g11arnutee that the work will be kept up to the high standard to which it 
has been brought by the efforts of all his predecessors. 

In April the Patterson proceeded north again, and a telegram from Lieutenant :\Iansfiel<l on 
the lst of .May anuounced his arri\·al on the working gronnll. 

REPAIRS OF VESSELS. 

A.11 experience of four years in the office has convinced me that the annual appropriation for 
repairs to tho \"essels of the Survey is not !-mfficient. The amount allowed, 8:!5,000, is enough 
wlteu only ordinary repafrs are reqllired, but when an unusual number of extensin: repairs to Yes
sels, the. engines, boilers, and steam-launches are requirell uuring the same year tlie amount is en
tirely inadequate. 

During the past foicaJ _vear the repairs to tlte Gal1iey, Enilearor, and the Blake cost ahout 
815,000, lea\'ing only $10,000 for the otlter twenty \"essels or tile Snn-e~-. 

'.rhe Blake was d0t~k1•d, lier sheathing stripped off, refasteue(l and reC<llked, new deck laid, 
anrl other minor repairs made-all necessary to place her i11 conditio11 for the deep sea, work on 
which she has been engaged for many Jears. 

It having been decided in October to send the Gedney to the Pacific for use in the Bonndar,> 
Survey of Ala,skn, it bec~une necessary to give her a complete o\·crhauling aml st1ppl;1· her with a 
new steam-launch. 

'l'o take the place of the Gedne.IJ iu the Gulf work, it became necessary to fit out the Emleal'Or, 
resulting in practically badug to rebuild her upper \vorks. 

The Rchoone11 Transit, a sharpie of light draught for use iu the sllallow bays of the G nlf, llas 
proved, like her prototype, a g1eat, success, but unfortunately slle did not arrin' at Pensacola iu 
time for last winter's work. 

The .AfeArtltur's boiler "as reported by the commanding officer to be in such a condition as to 
necessitate exte11sive repairs, and a special appropriation of $3,680 was asked for and obtained 
with which to repair it. On cutting into it, however, the boiler was found to be in so muclt worse 
condition than was expected that it would be more eco11omical to build a, new one, and arrange
ments have accordingly been made with the B11reau of Steam Eugiueeriug, Na1y Department, to 
build one for the sum of $6,500. 

I have to earnestly recommend that the appropriation for "Repairs of vessels" be increased 
from $25,000 to $30,0oO. 

I ha\"e also to call ,your attention to the fact that a small steamn of not more tban 5 feet 
draag-ht is greatly needed in the Survey. 

The ouly steamer of light draught now in the Survey is the Arago, but her condition is such 
that I have to recommend that she be l:iold. 

HYDROGRAPHIC DIVISION. 

The Hydrographic Division has been under tbe charge of Lieut. l\I. L. Wood, U.S. :X., during 
the year. Daring his temporary absences from tbe Office, Ensign E. H. Tillmau, U. S. X., was 
given charge of tbe Hydrographic Division in add.it.ion to bis regular duties. 

The work of the Division bas been of its nsuaJ varied character, an cl the rpsnlts are shown in 
the increased accuracy of the charts llllblished by this office, and b;.· the reduced number of cor
rections to be applied by hand to the charts before their issue from the Chart Room, although the 
number of copies issued have largely increased. 
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As the result of several changes in the routine of furnishing corrections for the copper plates 
and for tlie Chart Itoom, tlle cu arts publislled by this Office are practically correct for purposes of 
ua\'igatiou for all important information received at this Office to the date of issue, and are for all 
prnctical purposes the eqnals of any in tlrn world, both for the information given and the ease 
with which they can be kept corrected for purposes of navigation. 

The ".Notices to )lariners," giYing information of all important corrections to charts of the 
United States, are now published monthly. The change from quarterly to monthly has been proved 
to be adnmtageous, and a further cliange to weekly instead of monthly should be made as soon as 
satisfactory arrangement~ for prompt printing can be effected. 

I also call your attention to the necessity for increasing the means for printing charts rapidly 
enough to supply the increased demand. The ability of tl1e Ollice to furnish copies of charts 
inomptly would atl<l much to a just appreciation of the work of tlle Office by the sea-faring com
munity. 

Owing to tlrn mcrease in the amount of work passing through the Di•ision, I recommend that an 
additional draughtsman be assigned. This will enable the Didsion to begin tlie much and long 
needed work of eliminating discrepaucies a1110i:tg the published charts by a systematic overhauling 
and comparison. 

COA.ST PILOT DIVISION. 

Tlw Coast l'ilot Division was under the immediate supervision of Lieut. G. H. Peters, U.S. N., 
until the tinw of his detachment, November 25, 1888, i-;ince which date Ensign Edwin ll. Tillman, 
U. S. N., has had charge of it, and his annual report is submitt.ed herewith. 

Althou;;h dming the greater -part of the time since the detachment of Lieutenant Peters, the 
work of compiling Coast Pilot manuscript Las been done wholly by Ensign Til1man and Mr. John 
Ross, there has beeu no time when the printer has not had in band the manut:icript of one or more 
volumes, and other manuscript has lJeeu prepared and is really to put in type when arrangements 
can be made with the printer to rlo so. 

It is \·ery desirable that some arrangement shonlll be made by which Coast Pilot manuscript 
can be put in type with greater rapillity. Your attention is specially called in· connection with 
this snhject to the annual report of the Coast Pilot DiviE:ion transmitted herewith. 

In aceoruance with the scheme submitted by Lieutenant Peters, and approved by you, work has 
been tle>otcd to tbe preparation of manuscript of a large volume to cover the Atlantic Coast of the 
Unite\l States. A portion of the ma11us1:ript is now in type and will be issued as soon as received 
from the printer, a.'> li nited Sta.tes Coast Pilot, Part IV, "Long Island Sound witll Approaches and 
Adjacent ·waters." The next part to bP. issued, the manuscript of which is now ready for the prin
ter, h; Part VI, "Chesapeake Bay antl Tributaries." 

Snb-Divisiou 22, ''Atlantic Local Uoast 1~ilot, Straits of Florida," is now in press. 

A.LA.SKA CO.AST PILO'f. 

Lieut. Comrniirnler IT. E. Nichols, U.S. N., has heeu occupied during the fiscal year in col
lecting data for aml rewriting the Alaska Coast Pilot. 

At the beginning of the fiscal year Lieutenant Commander Nichols was in Alaska collecting 
data, and making personal ohser>ations along the coast. He arrived in San Francisco, Cal., 
August 23, 18S8, but left again on September 201 1888, to visit Southeast Alaska, in connection with 
his work of rewritiug the Alaska Ooatit Pilot, returning October 19, 1888. Since that time he has 
been engaged iu putting tho data collected in slt_ave for publication. 

Ilis report for the fiscal year has not yet been received. 
Tlie clerical work of _tl1is Omce, which is laborious and exacting, has been performed to my en-

tire satisfaction hy l\fr .• J. H. Hoet1i. 
There is transmitte1l herewith the following: 
l{eport of Hydrographic Division. 
Heport of Coast Pilot DiYision. 
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List of Na,·al Officers attacheu to the Coast anu Geodetic Sun·ey during the fiscal year endi11g 
Juue 30, 1889. 

Names of vessels, their tounage, etc., in the service of the Coast and Geodetic Survey duriug 
tl1e fiscal year ending J uuc 30, 18.'!9. 

Number of men attached to Coast and Geo<letie Surve~· Yessels <luring the fiscal year ending 
Juue30, 1889. 

Very respectfully, 
'Y. TI. BHOWXSON, 

Lieutenant-Commander, l~. 8. Xary, 
Hydrographfo Inspector, C 8. Coa8t anr1 Geodetic Surrey. 

The SuP-ERINTEXDENT. 

REPORT OF THE llf"DROGR.:lPJIU' lifrISIOY, CO.:lST .dXD GEODETIC SLJ!rEr OFFICE. FOR TlJE 
FISCAL rE.JR ESDJXG Jt~VE 311, 1~80. 

U. S. COAST AND GEODETIC 8URVEY OFFICE, 
Washington,]). C., June :.!U, 1889. 

SIR: I submit the foilo'l'l"ing rPport of the work executed by the Ilydrographic Division, under 
my clwrge, during tlie fismil ~·ear ending June 30, 1889. 

During my temporary absences from the Office from July I, 1888, to October 4, 1888, while in 
charge of a hydrographic party 011 board the steamer Endcavo1·, and from May 4 to 25, 1889, while 
on leave of absencl', Ensign E. IT. Tillman, U. S. N., acted as chief of the Division. 

Duriug the year the followiu~ draughtsmen have been attached to the Division, and ha Ye per
formed all duties assigned them with zeal aud intelligence: l\lr. Eugene \Yillenlmcher, :.rr. ,Y. C. 
Willenlmcher, l\Ir. F. C. Donn, and ;\fr. E. H. \VyYill. Owing to a request for his senices as nn 
obsen·er in the field, i\fr. W. 0. \Villenbucber was a way from the DiYision whHe on board the 
steamer Endeal'or from August lfi to August :n, 1888~ when he resume<l his regular duties. 

Ensign E. A. Anderson, U.S. N., was also attached to the Di\'isiou temporaril~·, while work
ing up records preparatory to registry in the archives, from January 20 to FebrnaQ· 25, 1889. 

Tue detailed results, as far as it is practicable to tabulate them, of the work executed by each 
.(lraughtsman "·ill be found at the end of this report. 

Hydrograpll ic statistics for the fl.seal years 1886-1889, inclusire. 

---------------
1 i ' 

Fi ~clll Yf>Rr l'nd in Lt June 30- Shef'ts. V-o1unH'."!.:
1 

.A_ng-1t•a. Sounding3. Mile,'"- nm. 

, _________________ ------·· 
18~'.l - -

, 1ss;._.,_ .......................... . 
i 1888 .............................. .. 

! 1889 .................... -··· ......... : 

63 

74' 

67 

65 

3i7 ' 

470 

373 

-------~--·--

11 i, figB !l67, 968 1!,932 

134, 301 6GJ, 682 171 507 
13(\, 677 GUD, ft03 19, 912 

106, 15~ 599, 009 H', i87 

S.qnart· 
rnilrs. 

8. il!l 
11, 28.5 

11, 875 

15,J28 

This statement shows that tlle amount of work is about constaut, and that the preRent forcf' is 
capable of preparing for use the amount of data likely to accumulate during the year. Since, how
ever, all the work in other Divisions of the Office tliat is based upon the ploth1g of tlie soundings 
on the finished hydrographic sliePts can not be decided upon or laid out intelligeutly or economi 
cally until the data ha.s been put in a form for reference, an<l all errors elirnluated, a due regard for 
economy and efficiency demands that all the available hydrographic data for selection in compiling 
charts should be put in a state for comparison with tile least possible loss of time. 

To have a force in the Hydrographic Division large enough to permit each s<'ason's work of 
·Ewery party to be put in hand as soon as received from the fiel<l wonlcl he the theoretical method, 
hut as this would seem inadvisable under tbe })respnt conditions of the Office force, a compromise 
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miglit he efiectetl by i11creasiug the force iu tlw Divisiou by an additional draughtsman, au<l ui;ing 
a11_y spare time that may result from thi1; iucrease in o>erhauling and comparing the different charts 
covering; the same localities, with tlrn Yiew of eliminating many tliscrepaucies aud isume errors that 
are kuowu to exist. 

As any addition to the present force would reqnire a long time in order to secure the serdces. 
of a draughtsman under tLe present system of ci\-il se1Tice appointment, aml the work of tbe DiYis
iou might get behind so far as to delay seriously the work of the other Divisions in the Office, I 
recomme11<1 that steps be taken at once to make the increase in the number referred to above. 

The dutie1; required of a hydrographic dr:anghtsman necessitate for rapid work a fair knowl
edge of practical seamanship, in order to interpret the records and reconcile apparent discrepancies 
in the field sheets. Those capalile of tilliug the requirements are very few in nulliber, and are so 
widely 1;c:attered t llat the seleetion would be llifficult, even without the uncertaiutie:> attendiug civil 
1>Pl'Yice appointweuts. 

Iu this 8ame co1111eetion l urge tllat propet' arrangements be made to have the chief of this 
DiYi;;iou placctl pcrmauently upou auy boanl for secnriug the appointmeut of draughtsmen for 
l1ydrogTap!Jic w01·k, throug-h the CiYil Service Commission. 

l tis with Jedi11gs of 1.;ousitleraule satisfaction that I call your attention to the recent practical 
n'coguiriou of tlle success of the uew rnutine for correcting Coast aud Geodetic Survey c!Jarts 
adopted in cmiscqueuee of your recommeutlation by the Hyurographic Office of tLe ~a,·y Depart
ment. 

Arraugemeuts have just been completet1 for sending charts as directly as possible from t!Jis 
office to the Yarions uanll vessels withont the supplemeutary conectiou formerly cousidered and 
frequeutly fonml ueces:;ar~· under the old "ystem of chart correction. 

The )lonthl;i :Xotices to )[arim·t'"' cotupiled from the records of tLis Di\isiou, lrn'.'e been found 
nKefnl in a,;;;isti11g uavigator:< to k\'l'P their chartB corrected to date. The circulation of these 
.:S-oti1·P;; is now 11nite large, and efforts arc beiug matl1', for the conveuieuce of the .Mercantile Marinet 
to ~upply copies of each ii;sue to e\·ery Collector of Customs iu the Uuited States, and to all United 
St<ites Cousulates abroad. 

~\ weekly issue would be at1>antageous and should be adopted, providetl arraugernents can be 
made for wore rapill printing. l recommend that stPps be taken with a view to obtaiuing the 
assignment of printer:-; and a printing-preso: to th:s building from the main GoYernment Printing 
Otlice, for the purpose of getting out the .Notices to Mariners eYe1-y week without the loss of time 
that is unavoidable as loug as the proofs ha,·e to be carried from oue pitrt of the city to another. 

· ru order to obtain chart corrections with precisioit and accuracy, large uumbe~s have to be 
sent to Y<ll'ious authorities for +erification or to obtain information. 

The increase in the number of charts sold duriug the past few years bas been quite marked} 
while the priuting arrangemeuts are much the same as wheu only a small proportion of the present 
stock was required. The result bas been that the lack of copies of charts require!l lo gather in
formation renders it impossible at times to ,·erify correetions before engraving, and adds much 
work to the alrea(ly numerous duties exacte!l from the Division. 

Dtisides this delay and the increase in labor, the scarcity of charts seriously interferes with 
the proper business reputation of the office. 

I therefore sugget:lt, as the demand is evideutly increasing, that it would be to the advantage 
of tl1e Smvey to makrially add to the means for priuting charts. 

I also call to your atleutiou the fact that it woultl iHhl much to the value of the charts of the 
Coast an<l Geodetic Snffey if the time between the completion of the field-work aud the publica
tioB of the data obtainf'd from a RtHYry were reduced at every possible point. The lithographic 
work bas been brought out so promptlJ· in some cases as to show that dispatch is not inconsistent 
with accuracy, anll to bring into greater prominence the delay in pu hlishiug charts from copper 
plates. 

For the use of the ua>igator the value of a chart deteriorates gr~atly with the age of the data 
upon which it is based. 

I have to call to your attention the numerous reports that have been received at the Office re
lating to dangers that ham been discon~retl in localities coverecl only by preliminary surveys with 
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old instruments and methods in which the hydrography has not been sufficientl.Y close to answer 
the needs of the commerce of the present day, while sufficiently detailt-d for all purposPs at the 
time the surn,.r was made. 

I suggest that a(lditional and closer 11ydrography is much nee<led along the ::Sew England 
coast from Portlalld, l\Ie.~ to Newburyport., l\lass, an<l in the _Hudson Hin•r, Sew York, where the 
rocky character of the shore admits of a survey lasting for all time when once ma<le, and the bot
tom makes it posHible for tlaugers to escape a.ny hnt the closest search. 

The interests of commerce also demand new surveys in the ·dcinits of Nantucket, along the 
Jersey coast, in the Dela.ware RiYer, and in Clie~:ipeakc Bay and its tributaries, as the by<lro
graphic sheets of these localities are at pn·spnt known to be erroneouR in many respects, arnl not 
to be depended upon for any bnt the most general details. 

The following has been the general assignment of work in the Didsion, subject to ehanges 
from urgent deman<ls for special work: To l\Ir. Eugene 'Villenbncher, inspettion of drawings and 
finished charts, Alaska sheets, Atlantic and G nlf coast sheets. To ~Ir. n~. C. ·wmt'nbucher, pre
paring field records for registry, preparing 11otes for clrnrts, miscellaneous work Atlantic coast and 
Atlantic and Gulf coast sheets. To 'jfr. F. C. Dom1, miscellaneous -work and Pacific coast sheets. 
To l\Ir. E. Il. Wyvill, c!Jart corrections from all sources, correcting proofs for engra d11g and sample 
charts, for Chart Room and miscellaneous work, and in a<l<lition preparing letters relating to work 
in the Division for your signature. 

The statement of work perfonued is as specific as the space an1i1able and the Taried character 
of the work will permit. 

Very respectfully, 

foeut. Commautler vV. II. BROWNSON, u. s. N., 

M. L. \YOOIJ, 
Lie1drnant, F. ?S. S., 

Chief (~f llydrof!rophic llidsio11, 
Coast and Geodetic Surrey 01nce. 

Hydrographic Inspector, U. S. Coast a111l Gwdctic Surrey. 

Original hydrog,.aphic sheets plotted, rerified, and fol;ed during the ji.~cal year ending June 30, 18~R 

Reg I 
s~r ! Titles of Hheets. 

---1--- -----
1 
! ATLA~'IH' C'OA.E'T. 

1793 i r .. .,samaqttoddy Bay, Eastport to Frost'• Cove_ .. --------·-··-: 
1794 i Paasam&.quodds Bay, Frost's CoYf• to month ot St. Croix River -i 
1795 1 St. Croix Rh·er from its mouth t-0 Oak Point. .. ·-·-·--·- -- . ___ .. ' 
1796 St.Croix River from Oak Puintto Calais .. --··-·-·--: ____ ,, _____ ! 
li9R Cobooook B1>y, sh~et No. 1, Maine-··----·--·-· ..... -._ ... __ . 
1838 CobsoookBay, sheetNo.2,Maine .. _._,., _____ ........... _ .... i 

1839 Cobscook Bay, sheet No. 3, Maine.-·-····---··.·-·-- .... -- ...... : 
1840 Cabscook Bay, shPetNo.4, Maine.------·-----·-----·----------·! 

1835 Off Black Rock, Maine·--·-· -···- ...... --···· ···--· ...... ·-··--· 
1836 Off coast of Maine, Matinicus Rock to Segnin !"land .......... . 
1903 Eaet shore of Cape Cod, llighland Light to C>ihoon's Rollow __ .' 
1902 
1901 

1837 
1880 

1879 

1sa 
18J3 

1832 

East shore of Gape Co<l, Cahoon'• Hollow to Nm1sett Lights .... ' 
East •hore of Cape C{){l, <>ff Chatham Beach .... -· ..... -· ..... ·-. 
Off George's Bank and Nantuck .. t Sbonh . __ -· ____ ... -·. 

Nantncketand Vineyard Sound•. lfsannis fo Falmoutll ·--··-·/ 
Nantucket Sound iufllitle ofMuskt?"get. Channt:l . ---· ·--··· ·--·--/ 
Muskeget Channel, Nantucket Sonnd ... - -- - --- --- . - -- ·-. - - . - . - ·/ 
.ApprMcb to Vlueyud Sonn!l and •onth of .Mart!Ja'• Vinesard ' 

Islam1. 

Vineyar<l Sound, West Chop to Robinson's Hole.--····-· .. ·--·· 

1833 wo.,.l's lloll, liaos._ •••• ____ , ... _ .•• ···- .. ··--·- ····-· ,_ .. ·---· 
1820 Middle Ground, Stonington Harbor, Connecticut .. _ ....•.... _ ... 

Scale. _l1rangl1tsmnn. 

1-10000 W. C. \\iilcnbucher ......... I'lotted and dra,,-11. 

1-10000 

1-100(1(1 

1-10000 
1-101){1() 

1-HJHOtl 

1-10000 

1-10000 

___ do ....... _ ...... -- ..... . 

.. do.·----·-·-----···-··-· 
.... do ....................... , 

. .. do ..•..•.••••••.••••..... ! 

... do_-···--····------··---! 
__ do--···-- ...... ·-·····--

Do. 
Do. 
llo • 

Do . 
Do. 
De. 
De. 

1-101100' E. Willenlme!Jer .... -....... ll•. 

1-40000 W.C. Willeubaehn ... ·-··-- Ilo. 
1-!COOO ____ do-·····- .......... - .. - Do. 

1-10000 .•.. do.--··-··--···--------· ll". 
1-!QOI\() ... do···········---···-·__ llo. 

1-1000()<1 E 'Vill1·n'1"1rht·r Vrritletl a11tl fiuishei1. 
1-2ooo{;; }". C. Donn .•.•....•••.•... , Plo1tutl an1l drawn. 
1-20000 1 ••• do.. ........ .••.. .•... D,.i. 

1-ZOUOO i E. Willenhucher ... _ ... ·-· Jlo. 

1-40000 F. C. Donn ·-· _. _ ··- .. .. .. I>o. 

1-~0000 E. Willenlmc!Jer ............ l'rotracted. plotted, 
~ntl drawn. 

1--5000 -- •• do ... ----·-· ... ·---·- _. Plotted a11<1 drawn. 
1-10000 W.C. Wilfonlmd1er .. ··-- 1 Do. 
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Original hytlrographic sheetis plotted, i-erifietl, ancl inked, etc.-Continued. 

Rt'tJ.· 
i~ter 
No. 

Titles ot ~heetl-1. Scale Draughtsman. Remarks. 

---------------
ATLASTIC ("QA;.;'1-('0Htinu..:-d. i 

1834' l~od;,aw;1ylnlt't,.:.\""t_•wYork ..•.....•.........................••. ! 
18-i:, Fi."lherm.an · ~ l ~Iarnl and Rrnith ·s l:-iland lult·t~, \1r;:iuia ........ j 

IR7'.~ ,
1 

(' iH' .... ap(•ak~t e11tnlfll'<\ Litt le Inlt't to Cn pt: If enr,r. Virgini11 ...•. 11 

vr;.i. I Clwsapeak<:l •Pntniuce, Old Phmtation Shoal to Cape Henry, 

1S7G 

18.i'..! 

18311 

Vir.duia. 

T1lH'St·..;;ltot• ~lwal, Clu~sap1·:1 k1· Ba.\-, Yir~Hiia .... . 

Auna11olis Harbol', 1Iar.dawl. . ........................... _. 

Entrance to ~t. Simon's Sound. G-eor,!!,"ia .....••••.....•.•........ 

183,.l. , Florida Bay, XorthwPst Pat'sag(' light-houti.c to Content Ke)· ... 

182i Florida Bay, Colltt-ut KPy to Xo!'thw-est Cape ...•..........••.•• , 

1820 Floritla Uiiy, PaYilio11 Kt~_v to Xorthwest Cape .............•..•. , 

182.5 ,! F1uritla Bay, off-.sLcrei work ................ - .............•...... : 

18:!3 Atcbafabya Rizel', Louh~i.aaa. from its mouth to .:Uorgau City, 

sht•(·t 1 

183! A tchafalaya Ith·er, Louisiana. from it~ mun th to 1Im gan City, 
shut~t 2. 

1831 -Utf t"oast {li Lonbiana. lrngitudt> 9F' 41)· to :\Inrsb bland ....... . 
1776 Off co,1st of LonL'3iana, Mart:ih lslaml to Ilar\Jor Ji ............. . 
r'" Y<·rmili1>1' Bay l.oni.;iana,>lheetXo.L -······-·-·--·--·-----

181!) \"t'r;mlion Hay. Loui.,hma, ~htet Xo. 2 .........•..•.•.•...•...... 

18:!1 Ycr:11il1on Bn~·, Loni~iana,slieet So.3 ........................ . 

182? 

J8B8 

1h80 

1905 
]\)(l{j 

1007 

19fl8 

100-l 

188~ 

18S:: 

1781 
178.i 

9f!R 

1845 

1881 

\"" •. •rruiliuu Ba.v, Louisiana, sheet :\CJ, 4 ......................... . 

I' .\.('IFh · COAST. 

Co:Bt of Califoruia, Uo11wh1ry Monnrneut to Sand Ridge Jh .. ___ ; 
Co;rnt of CaliforIJiH, <-Xtension of sl1eet No. l~R ... .•.•••. __ ... -· J 

Cna~t of California, Sallll Itidg"' .2. to Le · carlia, 2:,. . ••••••••• -· ••• 1 

Coflst of .California, LeUt·arlia b to B.uranca Rluff b ..... _ ..... J 

Cna~t of California. 13ananca Blnff £ to Dann&---- ..... ___ ... ! 
CPfl.l't of C.1liforoia, l>ana £ tll D:uw ~ .......................... . 

Loca.ti~J11 1)f sltoal otf lloJu.t Fermin. California ................... · 

Hospital Con•, A..ngd Island, San Francisro Ba;y ......... _ ...... · 
llhi.sion J:ay 1fock. :-:ian Frands<'o Bay, Califoruia ............... . 

Saer~tmeuto aml San .Joaq1lin Jan·r~. California ........ ··-· .... . 
Sui ... trn Bay, U;izzl.r Hay, Sui:·nrn nn1l Montez:uunt Crt>eka . .......... ! 

]~ntra11c1' to laq11ina llay,On•i::;ou .............................. ! 
Yicinit~· ()f Cape Fl.lttery, -\Yashin_g-t011 ..................... -- ...• · J 

~t>t--ah I-I.1rhor, Waflhiugton---········-···· .................... . 

EX.-\l\-IlXAHU:'ll:-3 OF l:EPURTEJl JlA::"oiGF.RS. 

18~::1 Yin1·\·tnd ~oumL Capo l_,ugt~ to \Vest Chop ........................ : 

l<Ol OffS1rnla·111!<-odo"-. EHst HiYH, N~w York--······--- ......... ! 
16~:J Off .Xl'w .i~o .. lwlle Hnrhm\:!S"cw \'ork .............................. ! 
llJj!f \\',,Ha\)f,llt B;Ly, E:1st lti\·er, Xew York~------ ...................... : 

1-5111!0 F. C. Donn ...••. 

1-10000 E. Willeuhucher -----·--·-- 1 

1-20000 '_ ... ilo 
I 

1-20000 ;_ ... do-----·--·-----·--·-- ... 

Plotted and dravni. 
D1.1, 

Do. 

Do. 

l-~0000 

J-lOUOll 

1-20000 

F.C.l>onn .................. ' Do. 

W.C. ~Willcnlmcher ........ Du. 
I•~.v. Donn ................... J>roti·acted. plotted 

and drawn. 

1-40000 E. Willenbncher ...... _ ..... Plotted awl drawn. 

1-40000 , F. C. Donu .. . ... .. . .. .... .. Du. 

1-401100 E. Willenbuuher .... . ....... Do. 

1-80000 F. C. Dunu .................. . 

1-10000 _,,.du ..................... .. 

1-10000 .... do ··········--······-···· 

1--80000 E. Willenbucher ..... 
1-80000 .... do -········ ................. 
l-21100() .... 1Io -·-·············-·----· 
l-~00110 . . . . tlo ········--·-··-···-·--· 
1-20000 _ ... do .. -- .................. ·--· 
1-20000 . • • .(10 ·-·····-----·-·····--· 

Do. 

Do. 

Du . 

I>o. 
Do . 

Du . 
Do . 

Do. 
no . 

1-2001.lO' W.C. '\\rillenbucher ......... Plotted and tlrawn. 

1--~0000 .... do-·-······---·.......... J'o. 

l-20fJDO - ... do .................... - . Do. 
1-2000U ' .••• '10 ....................... Do. 

l-20Cl(l0 __ ilo ...........•..•..... __ Do. 
1-200110 ' .••. <lo ........................ __ . llo. 

1-40000 do .......................... rrotractetl, pluttetl, 

1-10000 do ..•.•.•...•..•.•.•.•. 

1-1:!0 .do ....................... . 

1-20000: F.C.Donn ...... _. __ .. _____ _ 

~=~~~~~ 1::::~: ::::::: :::::: :::::: :: 
1-40000 i. _ .. do ........... _. ·- .. _. _ 

1-10000 ! __ do .................. . 

nud d1'f-1.Wll. 

\erilled and flni8he11. 
Do. 

PluttPd HtHl drawn. 

Do. 

Do. 
Do_ 
Do. 

1-1000() "\\r.c. Willenbuct::er ........ : Protractt-·d, plottttl, 

! and <lrawn. 
1-2:,oo ... do .................... _.. Do. 

1-lOOtiO llo .................... Do. 

1-fiOOO .. do....................... Do. 

Synopsis from tfte records <(f the hydrograpftic sheets plotted and drairn 
d11ri11q tlieji.seal year endinq June 30, 18S9. 

· Vol Sound- 1 !I Dt-f'JHrna 
'Sh(}PtR., Ut~ie~. Angles. inirs 1 Mile~. 

1 

s.ou11<1-
~ I 111g-s. 

--1---

Nam(•fi of,lraughtsmMJ. 

En~PllP \\"111t'llhn«IH•r ···-····-····· 16 151): 4.3Ji79 277,430 \ 8,-tl2~ '. 

\Yi1li>.tn1C.\Yillt~nbuchcr ....••..•....... i 23 1:23 37,00fl J;~5.9i5j1 a
1

265:1 6~ : 
F.C.Dtmu......................... i 1.i J40, 3V,<if"i~ 2!6,Sto ~ 6,796.l 

, ___ , __ ; ___ : ___ ,/ ____ : __ _ 
Grandtotal. .............................. J 54) 4:?2. 120.250) 660,245) 18,49~ i 65) 

-·---·-·--· ______ J___ i --------- ---- -
:>orE.-From Augnst 16 to,\ u;:ust 31, iur.lusive, \\'. C. Willenbucher was fomporarily nttAched to 

tlw part.y of Lieut. ll. L. Wootl, U.S. N., at Annapolif-l, Md. 
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Yerificatfon, rel'ision, and correction of reduced dra1cings of hydrography, for the fiscal year ending 
June 30, 188!). 

--------·--- ---------------

i Uata
lo<.,.ue 1 

-rmn"ibt'r: 
of ' 

charts. 

Titln of chartH. 1_:__ Draug(:tsmen. 

t7 
tlO 

Ill 
18 

11~ 

1113 
'lH 
lH-a 
l16 

'·11v 
t120 

*126 

tl2i 
136 

141 
145 

148 

168 

169 

199 

. I 
Cape Sable to Cape Ilatteras ...•.. ······················································I 

{~;:::~;:d£~~ai:lf:~~~:t::::::: :::::: ::: ::: : ::::: :::: :: ::::::: ::::::::: ::::::: :-:: ·1 
Cape Henry to Caµ.e Lookout.----· ..... __ .......•.•.•.......................... __ .. 

0apo liatttiraH to CapP Romain.----~-----------------·· ------- __ 
i CapP San Jllas to Mississippi Passes ...••..••••....••....•....•........................ 
~Insk-oge:t Channel to Buzzard's Bay ....•..••.......•.................... , ............. . 

Cutty hunk to B!oek Island ........................................................... . 
Point Judith and Block Island to Plum Island ..........•..•••••.•..••..........•.... 

~::;~:1~:~1t ;;·u~~~gw:
8

:;;~ ~;.::. ~ •. ~ ~-- •• ~ ~ ~ ·. ~~ ~~ :~~ ~ :: ::: ~~ ~~~ ~ ~ :: :: ~ ~ ~::: ~ ~~: ~ ~: ~~~ ~ ~ ~ j 
Fire Island Bf'.-ach to Rock a way Beach._....... .. ..................................... _ ..... . 
Nt~W York }lay and Ilarbor _ .................... ~- ............................ ,. ••••..•. 

Delaware Uay and Ri",er. upper sheet ..................................................... . 
Capl1 "hlay to Isle of 'Vig ht ........... ··-- ............................................ . 
Clwsapeake Bay, 1.fagotljy Ri'\"er to Ilead of Bay ........................ __ ........ _ ... . 

Albemarle Souncl. western sbeet. ................................................... . 
Coast Chart No.140 .........••.•.........•.•...•.•.......•.............••............ 
Bo6Ue Inlet to Kew 'l'opsail InlC't ........................................................... -~ 

Long Key to Newfoand Ifarhor Ke,- ........•.•.... _ ...•.•••...•..•••••......• _ ..... . 
Xewfound Harbor Kf-'y to Boca Grande Key ........................................... . 
Point a11 Fer tn Cotf' Blanche_ ..•. __ ..... ------ .... ___ ... __ ..... ··-·. _____ . 

204 G-:1ln•stonBay ........................................................................ . 
1337 Boston Harbor ..•..•.•.•.•.••..•..•.••.•••.•..••.•.•••...•........••................... 
343 X:rntu«ket. Harbor ....••.•...........••.••............................................. 
5fi Yineyarrl lia'>ell, Mass ....•.•.•••••.......•••••........••.........•.•••........••...... ' 
353 Xarra.gansett. P,ay ........................................................................................... 1 

1359 New Lun<lon Harh .• r and Entrance to Thame• Ri\·er ....•........•.•.................... i 

·::~=; ~~::~~~~:~~ (~-;~;,:~.;~;,~~;~:::: :: :: :::: :: : :: : :::::::: :: :::: ::::: ::::::::: :: :: :: :: : :::/ 
*361-6 Xew Rochelle to Manursin~ Islnnd ...... -··· ....•... ·•·· ·· ······ ··•··· ·•····· ·· .... ·· j 
'361-7 Black Rock Harbor and Bmlgeport Ilarbor ..•••••.............••.. _ .•••. _ ..•••..•...... , 

:~, · E~§Ig.~r:::::~~:-:<-••••· :•••••-- ·--•-•••:•·····-····••• •• 1 

393 Rappahannock Ri\·er, Sheet X o. 2 ..........•.•.•.••........•......•........•........... i 
394 Rappahannock River, Sheet No. 3 .......................................................... ____ ...... I 
395 lU>pp"haunock River, Sheet No. 4 .....•.••••. _ .•••••.......•••.•.•.•.•.••.....•......... ' 

:~ :~::~~::::~ ~:::::: ~~::~ ~~: ~.:::::: :::::: :::::::::::: :::::: :::::::::::: :::::: ::::: I 
·~04 Norfolk Harbor ...................•.....•.......•........•••.••.•.•.••................ I 

447 

520 

*522-a, 

!5-10-a 

'002 

&6 

*6illl"' 
615 

*616 

635 

t636 
t843 

•.&1 

New Hi'<'cr Inlet ..•.•...................•......•.••..••..••..••..•.•...••..........••... 
St. Simon's Sound, Brunswick Ilarbor1 etc .. _. _ ............................................ . 

Gnlve•ton Harbor··················-···············-···--······-·········-·-······-··· 
Pass Ca'l"allo .......................................................................... . 
Rockaway Inlet ............................................................................. . 

Sun Francisco Bay to Strait of Juan de Fucn .................... _ •... _ ................. . 

San Diego Bay ...••..••.• ~ ••••••••••••...........••...... , ...•••... _ .... 
San Jnnn Capit~trano ...... ·--· ···--- -·-·-. ___ .. ___ .. _ ---·- -·. 
Vicinity of Point Piuos ........................................................ . 
Lompoc Landing.. . . . .. . . . . • • . . . • . . . . . • . • . . . • . . • • . . . . . . . . . . ................. _ .. 

St.George's Reef arnl Crescent City.- ..................................... __ . 

~:~~l~:: ~~~~~~.~~.::::::: :::::::::. :: :::::: :::::::::: :::: ::::::::: ::: :: : :: ::::: ::1 
Seattle Harbor .•••••..•..•••.•...•••••.•••..•••.•..••.•.••••••..••••...•...••...•. ······I 

1-l~OUOUO E. 1fillenhucht·r. 

1-400000 ~ E and W. C. \Yilknhucl.1c1 
1-400000 . Do. 

1-400000 E, Willenbuclier. 
1-400000 

1-400000 

l-400U00 
1-80000 

Do. 
Do. 

Do. 
Do. 

1-80000 
1-80000 

W. C. "\YillenlmehP.r. 

E, Willenlmc1tt·r. 
1-SCOOO 

1-80000 
W. C. Willcnuud1er. 

Do. 
1-80000 E. Willenhu<'lier. 

l 80.JOO "'· C. "\Yilleul111cher. 

1-80000 : E. Willen bucher. 
1-80000 Do. 
1-80000 Do. 

l-80ooc1 Do. 
Du. 
Do. 

1-80000 
1-8 ·~oo 

1-80000 

1-80000 

1-80000 

1-t!OU(lll 

1-40000 

1-10000 

\\'. C. \VillelllJ,1d1c·r. 
Do. 

E. "~ilh~u hud1er 

Do. 
E.aud \V. C. '\Yilkubuclu.:r. 

1--!()l)l)fl 

l-4iJOOO 

1-2 .. 000 

Do. 

Ho. 
E. Willen hucher. 

Do. 
1-10000 llo. 
1-WOOO l>o. 
1-10000 Ilo. 

I-10000 Do. 

l-40000 Do. 
1-10000 : Do. 

1-10000 : W. C Willenbucher. 
1-l>OOOll ; E. Willcnhucber. 
l-6UO(J0 Do. 
1-2UOOO Do. 
1-20-000 Do. 
1-20000 . J)o. 
l-2()000 Do. 
1-lOOtlO Do. 
1-10000 l llo. 
1-40000 Jlo. 
1-40000 Do. 
1-30000 lJo. 
1-25000 F.C.Donn. 

1-120()000 F. C. llonu 

bucher. 
1-40000 1 F. C. Jltmu, 

1-10000 i Do. 

a.ml 

1-12000 ' E. Willenbucher. 
1-5000 l>o. 

l-40WO Ho. 

1-10000 llo. 

1-40000 Ilo. 

E. Willen-

1-20-00u . E. Willenbucher and F. C. 
Donn. 
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Cata
loi:ue 

numlH·J 
of 

clnirt:-L 

60i 

*G6R 

669 

1684 

G>l5 

*69:! 

673 

*705 

*71~ 

UXITED STATES COAST AND GEODETIC SURVEY. 

rcritication, rcrision, and correction of reduced drairings of hydrography, etc.-Continued. 

Title of charts. 

Yaquina River :Entrance ... - ........•..........•........•.. ·-·-· .. --·· - ..•..... -- ...•.. 

Santa )fonica ...........••.... , ........... . 

Sa11 Lui:-: Ohi:.:ipo Ba~- an1I Approaclw·8 ...... ·-· ..•... 

Sea Coast and Interior IIarUot.s of \\r asliing-tott Tt'nitory. t•tc . . . . . . . . . . . . . . ... ! 

Admiralty Inkt .....•.••...........•..... 

Ent ran ct' to Et·l Jti\·er ..... _ ......................•......... -- - .. -· - - .. -- .... --- -· ·- .... 

Santft ltm1a Isbwl to Point Unehon 
l"rt:derkk Sound aT:!l ~ortb Part of ;o;w11uer Strait ........•.•.....•............ -- .... 

St .. Jubn Harbor ..................................................... -- · -- · · · · -·- -- · · · - ·. 

Scale. Draughtsmen. 

1-~0000 i F. C. Donu. 

1--20000 ' Do. 

1-20000 , Do. 

1-:woooo F. C. Donn and V.'. C. "1Villen
lmcher. 

l-80Uu0 E. Willenbueher. 
1-20000 , llo. 

I 
J-200000 i F. C. Tlorrn. 

J-200000 i E. ·wmenbncher. 
1-21_l000 Do. 

*716 Steam(~r Bay, Etolin Island ..............•... - ....•........ --- •• -- . - ...•. ·- .......•... 1-20000 Do. 
*i17 Ratz Harbor, Prince of \YaleA Tsln.ml ...•..•.. _. _ .......•..•.. __ .. ·---· ....... -··- .. . 1-10000 Do. 
*718 Dewf'y ..And1orHgP, Etolin l1-1laud ..•......••..•••.•.•••••.•••••.••••..••.•...•••••.. 1-20000 ; Do. 
•719 l\.ed Hay,Pdnct~of\\.,.ales Island ..•.................................••...........•.. 1-20000 Do. 

*i20 Port nicilrthur, Kniu lHlarnl ···-··--------·······-········-·-·····-···--·····--·- 1-10000 : Do. 
*721 P(nt Prote!?tion, Pi·ince of \\~nlPs Islnnd . • •. . • . • . . . . ..............•............. 1-20000 Do. 
.,.7~9 Etoliu Jl11rhor ..••.•...........••.......••••.....•.........•..•.•..........•.••.•... 1-10(100 Do. 
•r:io Shakan Strait, rriuce of '"\'"ale~ Islaud ................ . 1-20000 Do. 
*i3:! Ha!'ll()rsofThonias Bay, :F'.u-r.1g11.t Bay 1 and Portage B:ty ..............•........•.•.... 1-40000 W'. C. \\,,.illenhncher, 

*800 '\Ynrngel 8trait and Duncan Caual. .... .. . .. .. . . . .... __ ..... 1-4COOO E. WilleI<bucber. 
*323 Akun Con·, Akm1 [..:;l;rnd ... 1-10000 F.C.Donn. 

... ,.·-·----~ --------------~ 

.J!iscellaneous draughting done dnring tho fiscal year ending Jtme 30, 1889. 

Draugb tsmen. 

Hefiueiug hydrog-raphie i-il)eet 18:~i, off Georg:e·H Shoal_and .Kant.ucket Shoals, for Charts ~ E. WillenbucL.cr. 
Catalogue No . .A arnl 7. I 

Heducrng hyclrographic slmet 1840, Muske~et Channel, for Chart No. 112 .•......•.•..... ! 

He<lucing- hydrogrnphic sheets 1872 and 1874, Cheilapea.ke entrance for Chart Catalogue 

No.l:JI. 
lteducing- Engineeer's sun-ey of Dnttermilk Channel for Chart No. 369 .•••••. __ ..••...• 

Hi:•1lucini=t a.dditlonul hydro~raphy for Chart Xo.114 .......•.•........•.••••..•••••••••. 

TI.t•!lucin!!' Iino of fleqH~Rt water. Sa'lannah Ri,er, to Cl1arts 15j and 440 .............. , ....... . 
lk1luciu;! dredged channel, Sewall's Poh1t. Eliza.beth River, for Chart. 403 ................ . 
Detb1ing limits for Kew York anchorage grounds and preparing map of same .............. .. 

I)reparing final map of a.nchora~e grounds ......................................... ···-·· ....... . 
Ddlnlng limit~ of X t>w York anchora~ec grounds (a.e amended J uue, 1889) 1 etc .•.•.. 
Trnciuµ; ofl1y1lro.!:!ra11bic sheet, 1833, 'Vood's Iloll (for party) ...•.......... 

Plotting ai1l3 to nR\'igation on Chart 361-6 ...................................................... . 

Plotting additional data on Chart 10 .............................................................. . 
Overhauling Re}e("tion of lights for D('W edition of A. and B . ~ ........................ ~ .•... 

Onrhauling tidal <la ta for d•art• of Mobile .River-·-···----·--·-··--- •••.•..••••.... 

Ilo. 

Do. 

\\". C. Willenbucher. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

E. Willenbncher. 
Do. 
Do. 
Do. 
Do. 

Drawingcurvosof Nprn1 llcpth~ on t..•hartei of Baltimore II arbor, Fort Miffiin Bar, Delaware i W. C. Willenbuchcr . 
• Da.y and .1;\nnapolis Ilarhur (hhw print). i 

Trac1ugH of curvt'B of Cli:u-t, 120; ..1.kun Cot'e; Hempstead Harbor; near Sunken ! Do. 
Meadows, E~ud Rh·er; \Vullabout J~ay, Enst H1vcr; Plum Gnt; hydrograpbic sheet, i 
18'.'.i (Florida Bas. Content Ker to Xortbwe•t. Cope), NiblMk nn<"l10rage; A sketch I 
northcru part of Frtderick Souud; 3 small tracing~ uf Ei!cmnbia Bay; 2 tracings of j 

~ J>ort Orchard. I 
i Compilation of hydrograpliy between Key ·west and Punta Ra•a, 1-80000 .••.. _ ... __ .. __ .) Do. 

"Pnrnisl1ini.; aUditioual data for Yarious charts, for use of Light~House In8pector ......... ·- .1 no. 
O..-erbauling iind comparing numerous charts as to thefr similarity .......................... ·~.! Do. 

Recording history of fioats deposited by steamer Blake •••••.•.••••••••••.•••••..•.•.•. __ ·I Do. 
J)lottit1g- reported dangt>rs on cbarte and original sheets; examJnin~ original records .. ·-·! Do. 
Prepariug 8 bydrographic sheets and 27 oy•ler-bed sl•eets of Xorth Carolina for npp1·~va!. i Do. 
Onrhauling first and serond proofs of photolitbograph charts .. __ ..... __ . __ ._._ .•... ____ . j Do. 

O\erh_m.~Ung :fi~al '·>roofs of ~harts printed from ~lates . ." ........................................ ) 
; Exammm.z pr~1echons fnrmshed to hydro£"raph1c pa.rhea ....................................... 

1 

Do. 
Do. 
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Miscellaneous draughting done during the fiscal year, etc.-Oontinned. 

1 . -~ ~----~--:~riptiou. Dran:zhtsmen. 

I ;l~ting aids t: na•igati~n on .-arious :~~rts.... . . . . . . . . . . . .. . . . . . . . . ..... , ........ : , -,~. C. ~~~e=b-=~~~--

1 

Corr.ect~ons ofnume_1·ons charts ~or fik•, Char: Ifooru an~ E_ngraving ~ivfaian ..•.......••. ! Do. 
Correctmg manuscript and reaJmg proofs of monthly ::Sot ices to }\farmers ..••••........ -: Do. 

ii Registering an<l. arranging for file hydrog-rapbic records recei-ved .....•...•....•••.... _.. Do. 
Keeping up hydro,;;!raphic progre~s !:!ketcllee ............................................... Do. 

! Fnrnishing information to Na\·y-Yartl Site Commission <northwe!-"t coast-) .....•.......... : Do. 
Furnbhin.:.; data for Light List.:; 1 title arnl noteH for w~\-f chart~........................... J>u. 

Looking up dsep-sGa records: J>~nsiou c1aim case::!. names or' certain charts, tio.lal Do. 

data. etc. 
Pmnlshing statistics for Auuual Report . .. . ..• .•..•.•. ......... .. . . . . . . . . . . . . . .. . . . . . .. .. Do. 
Arranging index for :Soticf>:-t to \Luiuers (Nos. 1-109} ...........•...•........ __ .•..... .• Do. 

l'rogress sketch. Limiti'l of ll_rdro~rapby awl topography, Paei:tic coast ...••.•...•.•..•. F. C. Uonn. 
Copying current curves and curTcu t :'!tag-es, Gulf Stream ..••.......•............. - ... - · l 
Ai1ls to na\"l,!ation ancl corrections, ''""ilmington and San P~dro Hnrb01 and. C11art. 602 .. . 

Correcti.ong to titlal reducUons wrJJt coa.st of Florhla.......... . .....................• 
Examination~ anil adclitiona to projectiona furnidbetl to h;,-dro~raphic }tarties .......•... 

Limits of liyi.lrogrnp11y on pr~jectlonsL ...........•.•....•....... ------· .........•.. 
Exarniniu,g reconls and Yerifiin.:r l'un·e Gulf Stream {mrrenta ..............•..•........ _ .: 
Locating repurte<l rock('' Sou7..a "), Sun Lnis Ohispo, Cal ................................. : 

Plottin..: bottle notices, coast of Flnrirla. etc .........................•................... ' 
Tracing c1u•·e~, etc., entrance to Xt.w York .....•........................ ···--·... . .. 
Looking up data for locating B-t>:H'.on at entrance to Oakland, Cal .......................... _ .. ! 
Arranging Index of Notic('sto Mariners ..................................................... ; 
L(JOking up reported slmal near Cap1;1 Fermin ................................................. . 
Tracing; betwec-n shore and Ti1Lt~no11k H.ot.\k .............................................. . 

Verifying shore-line, vicinity of Sau Juan C~pi.~trauo, California ......................... . 
Examining aull VC'rifyi.ng Bulk hr-ad Gl.iauacl) FloritJ.a Bay .................................. \ 
Making three. copies of s~ction map ......................................................... , 

Numbering records, etc ..•............... " ...............•.. _ ............................ : 
Verifying hydrograpby, Nantucket Sound, Massachusetts .................... _ ......... ' 

Correcting names, Port Orchard, Washington Territory·····-- --·····-······· ···-·' 
Misc·ellanpous work, drawings, and tracin_g-s ................. _ ........•...•.............. 

I ________ -·-----· --------- --· -··--·---· 

Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
Do. 
1>o. 

Do. 
Do. 
Do. 
Do. 
Dv. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

E. IL Wyviil. 

173 

REPORT OF THE COAST PILOT DlFISlOX, COAST .LYD GEODETIC ST:B VEY OFFICE, FOB THE FISC.d1~ 
YEAR ENDlSG JUSE 30, 1'°~9. 

U. S. COAST AND tTI.:ODETIC SrnVEY OFFICE, 

lfasfdngton, ]I, 0., July 1, 188!.l. 

SIR: I have tlrn houor to submit the following report of tile work of the Coast Pilot Di\'ision 
during the fiscal year eudi11g .Jmw 30, 1880. Uwler the general direction of the Hydrogrnphit: 
Inspector the duties of this Di\-isiou involve the execution of work both in the vfilce am1 in tlie 
field. 

At the beginning of the year the new (third) edition of Subdivi8ion 6-7 was in press, and on 
October 20 the volume was received by the Office for issue. 

In the latter part of .A.ugust the manuscript of Part IY, U. S. Coast Pilot, Atlantic Coast, 
was sent to the printer, and the first proofs of :i portion of it were receiYNl from tbe printer 
October 10. From that date proofs were received at irregular interrn.Is until May 2, 18:-;U, when 
tbe l'n.st pages of proofs were approved for printing h.r thi" Division. A11 arlnrnce copy of P;1rt 
IV has been received, views and maps inserted, and the time of issuing the edition now <lepemhl 
entirely on the printer. 

The manuscript of Subdivision 22 was sent to the printer early in April, 1889, and a few p<1g-es 
of proofs were received from, and returned to, the printer previous to .May 20. Since that date no 
proofs ha.\'"e been received by this Division. The manuscript of this SubdiYision was ready for 
the printer in May, 1888, but owing to the delay in having matter printed, other manuscript of 
more importance was sent for publication. 
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It would seem that some arrangements should be made by which Coast Piiot manuscripts can 
be published with greater rapidity. The dehiy in publicatiou of matter makes the work of proof
reading much greater, and necessitates changes in tlrRt proofs in order to bring the information up 
to date. Although Part IV coutains only one linud1·etl and fifty-six pages, arnl the manuscript 
was sent to the printer ten mouths ago, the Yolumc is uot yet i;-;1:rned. .A. slight delay in issuing 
this Yolume has been caused b,y the fact that the Yiews to lJe inserted were not ready when the 
adrnnce cop~- was receind; that this was the fact was uot tluc to tbis Divisiou, but, _I belie\·e, to 
tbe state of Coast Survey funds. 

It may be argned that tlle delay in the publication of Coast Pilot volumes is partly due to the 
fact l hat the proofs ha\'€ some ti Illes lJeeu retained se,·eral da;.·s h,r this Dh-ision, lmt an examination 
of the rectmls here certainl,y indicates that this was not the c:u,;e, autl th:lt the delay was in no way 
cau::;ed hy thi,; Division. 

The manuscript of a volume to coYer Chesapeake Bay arnl Triblltaries, and to be issued as 
Part VI, of the general rnlume of tlle U.S. Coast Pilot, is now virtually ready for puulication, the 
ouly work still necessary bciug that required to bring tlrn matter up to da.te, immediately before 
:,;elldiug to the priIJter. The locality covered by Part YI is uot covered by ltllS Coast Pilot publi· 
cation of this Office antl it i:s desirable th~Lt the rnlume be isslletl as soon as possible. 

~Inell matter treati11g of the <'oast of :\laiue, Massachusetts, Hltode Islaud, aud Connecticut is 
in the Ofiit•e, but rnnch work will lie required to pnt it in shape for pulllicatio11 aceordi11g to tlle 
present scheme; that is, the issni11g of varts wltid1 shall each form a vortion of a large Coast Pilot 
n;lume co\·eriug the .. AtlaDtic coast of the United States. 

Lit~11te11aut 1-L ii. Peter.~, lJ. ::;, X., was in charge of this Division until the date of his detach
rncilt, So\·e111lwr :!\ 1888; tJiuce that date 1 ha\'e beeu iu charg·c of the work of the Division. 
From .July l, 1.-88, to October 4, 1888, and from :\lay 4, 188G, to :\lay '.!5, 188!:1, my time was mainl:1 
occupil'tl \>ith tile work of the Ilydrographic Divisiou, of which I Ltall charge during the temporary 
ab,;e11ce of Licnteuant 1\1. I.i. \Yornl, U.S. X. 

I hare bee11 ably m:1sisted during the entire fiscal year l>y Mr. John Ross, who has l>eeu mainly 
eugaged iu rcYising aml compiling manuscripts relating to the coast of Maine antl to Cllesapeake 
Hay all<~ TrilmtariL'S, arnl who has also performed 1mwb of tbe rontiue Office \York. 

Ensign E. A. Auderi-;ou, G. S. N., reudcred efticient se1Tice •luriug !Jis tewporary attachment 
to the DiYisiou, from February 25 to April 17, 188!.1. 

l\Iiss G. B. Bower was cmplo~·cll as copyist in the Division from July 1 to September 15, 1888; 
.'.\Ii:;;:,; .Tnlia Bainl, from October 1 to December 31, 18SS, and from ~Jarell 7 to March 3l, 1889; and 
.'.\Iis:s Alice F. Carlisle, from April 1 to ,JnJy 1, 1889. The copying- done by Miss Carlisle has been 
n:ry ~afo•factory. 

,. ery respectfully, 
K IT. TILL;)lAN, 

En,~ign rr. S. _;_Y., Assistant Coast and Geodetie Sun.·ey, 
Chief of Coast Pilot Dii-ision. 

Lieut. Commarnler "·· 11. BRowxso:<, U. S. N., 
Jlydrof1ra1J/1fr Inspectm" Coast and Ueodetfo Suney, 

lfoshington, D. C. 
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List ol ~Yat)al 0.tfieers attachell to the Coast and Geodetic Sun·ey dn»in9 the .fisccil yellr ending ,June 
30, 188!>. 

Name. 

LIEVTr:xANT-COlDI.'l)i l) 

1m.s. 

l>att' 
att:lchf'lt 

Chm!. :ll. Thoma~ Jan. '.:!!!, ISE'~ 

''· H. Brtnvnson '' Au_t:!.11, lSBl 
H.E. Xicholg .......... Sov., 1881 

LiEl'l'E:\A~TS. 

H. ll. Mao8ftdd ....... Mar. 1\ lf>'J 
J, E. Pillsbury . ... July D. 1,..8~ 

D. Dck•lm11ty ..•....•• ::Yar. :.:1J,lh;.:fl 

J . .F.J.fo.~er ............ 1Jan. ~9.16"4 

f>atu 
deta.chNl. 

8. c. r.1iue -----·------ 1 )Jay l, 18~8 .:\lar. 4, 18,.-:il 
D, Il. Malian. ~q\·. 1:;,.188:-: 

E.\Vin~hrn .............. 
1 

:.\Iar. :2.JF:.-:ri ~Iar.1!l.l8~!1 

F. H. Crolihy . -- .... - •. 'Oct. G, J 881 :-;'-'iit.. l+, 18~-~ 
\\'"n1. Jl. Elliott .... 

J.C.BIHlll'.tt ...• ~-·--· ~1ar. 23.IS . ..:t} ~\pr. 1-,1860 
Geo. II. Pctt:r~ ..... 

E .• T.D01n ----- Apr. L 1889 
J. ll. llelm .•..•••...... f.'1~pt. 4, i8"8 
.:U.L. 'iVood ..•••..••••. ...::\.}'!'.qi 18~7 

CJ.f'.o. :\I. Stoney ..... -· :\Iay lC.1~,..:,.: (kt. 1~•. \8 .... ,..; 

LIE. l"TB::-.i A:STS-J l' :XIV lt 
HlL\lJ&. 

II. T. :\.tayo ............ .:\fay T.18~tJ .runt• 11\ 18Rfl 

A.pr. 9, 18...:t: 

J. :S.Jol'(lan ···--···-·· Jnnel~l, 18~fl 
W. ~L Couotant ....... ~!ar. 19. l 88tl 

J.Il.Olher ............ Jnly :n,ldSi I•"'eh. ~ . ..:, 18t'~l 

X . .f. L. T. llalpiuc ..... :\la)· ~.18'7 Xol". 2~, IK'f. 
A.~.Woml ..•.••..... l\1ar.17,1SS7 

£. I..loyd,jr .......••••. "1nr. 1$,l~8R ;-;i'l)t. ti, l~,;;;8 

E:\81G:l:S. 

R.M.Hu~1H·::; .....•. 

Harr.i;;· Kimmdl .. 

.Jan. 1~. li'·B 

nl~f'. n, 1 ~~;~ 

A.G. Rogers···--· :f'plJ. 1111 ~-883 

A.. C. Almy ....••.•••.. ;SC' pt. Hi, :BS7 

L. M. Carrett ......... 1 Ma.1· lri, 1838 
J, A.. Bell ............. : l<\'u. 22. 1805 

E. II. Tillman......... De1.·. 28, 18~6 

H.O.Bitler .•.••....•.. , AlJr. '2~1 1 1885 

Oct. 1". 1888 

Au~. 20, 18~8 

J.C. Drake ............. .!>.pr. 16, 188G .............. , 

]i.eruarks. 

Still in 1'(·rYice 

n1~. 

.Du. 

l>•), 

Do. 

I>o. 

Do. 

Do. 

Do. 
!Jn. 

I-'. lC Hiil. ··-····-·· 
.T. ll. lit.:ll0nal11 ..... . 

l>at~ 
art.J.ched. 

:ll:ar. 31, us.~ 

. An~. 11), 18-..6 

Datt 
detal'ht11. 

\\-alter 0. fl ttlH16 . 

G.1~,;-;lun1111 .••••. 

.T.P.1I('t~nirn1('8.~. 

• Jnly 1:?. 1S.-G July 9. l(:~~ 

Au;.!. i, lt')-:7 

.\U!.!. 9.1~~7 

,Jos. ~tr<Hl6s .•....... ,July lti, 1S87 

f'.:--\ ~1a11\\(11th ...... ,ftlly lJ, lh87 

H. L nu'""'d ..•......•.. r 1Ily ~\ 1,..·i:;;; ~\1-r" :::; H•'"-! 1 

li. ~\. Bi--pbau1. .... .lnly 1::. IS;-;/ 

t~.1~ }>.m~ ....... ,Jul.\ l:.!, 1~t'7 

,J E. Si1iLHh·l . - . . . . .T 11ly L~, lr8"; 

l >. S. St'" .... _ ... _. ~!"p·:: 1:;, l &'7 .Fe 11• G, lf'SJ 

\\-". ll. i_;, J;tdl,l!tl ...... J.dy ,..;, l,~,-..,;:-

\¥11:. II. I':i.u:-.t 

"-- L. ib:h1 

ILE . .Hnm ... f'.' 
1:.n. Ti-.1Llo 

.Inly -i-. Jr- .... ~ 

An~·- ~. j,-.: .. i:;._ 

.Jt:l.'1 ll-, 18"~ 

,Ju1y 9, lSB- ,Jan. :tL :t-", 

Jal·; , ... , Jr>-H 

F. \\~ .. J1·n~~i1h Ft'l1. 1', l~~~, 

l'.\S~EI1 .\~:--1:-:.rA~T ~l'H-
1,EO\f.. 

Still iu i;ien-i('('. D.0. Ll·"i~ .. ....... );'tff. 2r:. i8R3 ~OY. '.l1-t l~~~ 
Do. 

Du. 

Still in ~crYite. 

Do. 

ltn~1L \\rli~ting ..... 

:~.A . .Au .... tm --··~~--· 

~Ltl'. 17. 18::-:~ 

:-:.i:'pt. ~2, Jt~;I 

C. \Y. Ue;tl! . .... •.• \!ar'. :.'.','", t~.;R 

II. T. l'l·ny ··--··· .. )Lu-. l~- ll--8~·1 

T.A. lkn)·hill .... , 

,T. F.rii,,_ 

Tl111s. ()w.~n;;; ...... . 

PAB~t:ll AJ-'.~bTAXT l'_\y. 
~(.\~!EI:.. 

:\lar.1'2,1,,.;dl 

,J ~;~,\ '..!;;, b:-t! 

Gto.('01,·it.'. j: ..•... ,Tan. l, 1885 tTu]5· 1. l·-c" .... 

~till in serYice, 

Du . 

J)u. 

1).,, 

J)n_ 

i}u. 

u .. 

] '"· 
Uo. 

Uu. 

Sti~l in ~er·vic~. 
li1), 

Died Od .22.1881'. 
Stil: iu til"ITice. 

1)(). 

LS. Va11 Duzpr ....... Ju1r lf1 )~SS' 

Franklin Swift . .. .. 'Oct: 20: 1886 

D~.). 

Do. 
Do. 

Do. 

Do. 
]l). 

1.;f'u. U. ~frkLlaud s~·pt.17, lS . .;-:1~ Still :n ~t~n-i('r•, 

\\~. 13. lhrn1ii11:.!: .... ~tn--. 1[1, lr.~7 ,Jau. :!:2, l~-"~ 1 

Jo!m F. Luh.r ........ Dec. H, 181-8 ,\::-E-i="T.\.:\l' E:\<;.!::'\t·:J;H:'J. 

Spencer \Voml .. _ •...• , '. ::\Inr. 1i,188~ Oct. 26, 1888 ' ~:uimt'l IL Lt oIJar•l,,lr ll1·c ~1, 1.~...:o .J unf· '.~tJ, 1f-.9 

G.\Y,Bnwn .......... i .ruly 13,l&li' ............ .. ,\ •• \\'. \\ ;,[;11 I>·.('. 1!1, ]I'.';.;,, STill rn At:n·ic£> 

\Y, JL :ll. l~idtl. ......... hlay H~, lb8S Oct. JC, 18~.~ ,J.C. Lt>•11~.t:tl.. .J.rn. '.!1. 11'."-0 Ji,,. 

E. A . ..AudPrsou 

A. :\f. Ikecli l'f 
.\pt'. :21, l.Sb8 

All;!. 16, l&<D 

(:.\l{l'E'~'fUL 

l:ECAPITl"L.\. TIU:-;. 

::7, i . ..;1,t\ ........ - < -- •••• 

Lieut.enanr-co1Druanrlt-1r::i ...•.• ....•. . ..•••..•.....• --········· ··••·•···•······•··•··•· ··•·· ··•·· 
Lie.utt•na11t~ . -- .. . . . . . . ........... - ....................... -- ........... · - .. -·· ... · ·. ··-· ... - · · ·· · - · · · 
Li1::..ut~nant~ (jnuhtr ~r;-vic) ............................. - .• -· -- . - .. - •. ·· -· •..•• - •• ...• •· ...•••. - · · · - · · · · · · · · 
Ensigns . __ .... . .. - . --·- ..... ~- ......... -·. - ·. · - · ·. - · ··. · · ·· - · ·· · - -· · ·· -- · · ·· · ·· · · · · 
l~aRsed assistant Sl1l'~Coll~ . . ............. , .... - • ...... · - · • • • · · ·· • · ·· · • • • · • • • · • · • - • ·· ·- · 
Assistant surgeon.:l .................•.......... w. ·--· ••• •• ••• • •• -······-· 

Pae.~e1l a'1distant pa.ymast~:1· ........• - ........................ - • - ....... - ...... · ·. - .. · ....... · · 

PasFlcd iissistant engineer.:; . . . . . .... - ... - ..... · .. - - - - . - · - · - · · · · · · · .. •· · · · -· - · · · · - · · · · · • · · · · .. · • · · - · · · 
Assi:jtant engineerH .....•................ ~ ...... - . -· ·. -- ... · · • · - · · · - · · · - · · · - · · ·- · · ·- · · · · · · · · · 
Catpeuter ....................................................................... . 

15 

NOTE.-From tho st.ritemtmt immediately following it appear:3 that of tll~ eighty-on·~ oftk~r~ al>ove nctnw,l, fifty-Liar Y\'t•re. 1.m rlt1ty in tbc 
Survey at the do:W of the fie:c11l ye.ar. · 



 

176 L.NTfED STATES CO.AST AND GEODETIC SURVEY. 

List of Na val O.ffecers attached to the Coast arid Geodetic Sul'vey, June 30, 1889. 

COAST AND GEODETIC SURVEY OFFICE. 

Lieat. Commamler W. H. Bro>rnson, Hydro1lraphic Inspector. 
Lieut. Cornmamler CIJarles }l. TU.onrns, Special Duty. 
Lieut. Commander H. E. Nichols, Alaska Coast Pilot. 
Lieut. C\I. L. "'ood, Hydrographic Division. 
Ensign K H. Tillman, Coast Pilot Division. 
Passed Assistant Paymaster ,J. N. Speel, in charge Na;ntl Pay .Accounts. 

ATLANTIC A~D GULF COASTS. 

Steamer Blnke (Atlantic Ooast).-Lieut. J.E. Pillsbury, Commanding; Ensigns R. l\I. Hughes, 
(). S. Stamrorth, P. Audrews, Harry Kimmell, and J.E. Shindel; Passed Assistant Surgeon Thomas 
Owen:-;; Assistant :Eugineer W. W. \VIJite. 

1\jteamer Bache (Atlantic Uoast).-Lieut. J. F. :\foser, Oomm'.lnding; Ensigns Franklin Swift, 
R. D. Tisdale, H. A. Bispham, aIHl S. :\I. Strite; Pc1:>sNl Assistant Surgeon J olm M. Steele. 

Schooner Eagre (A.tlautic Coa.st).-Lieut. William P. Elliott, Commanding; I~nsigns L. S. 
Vau Duzer and E. A. Anderson. 

Steamer Endcawr (Gulf Coast).-Eusign L. l\1. Garrett, Commauding; Ensigns John F. Luby, 
and G. H. ErnDs. 

· 8clwuner Scoresby (Atlantic Coast).-Eusign .T. C. Drake, Commanding. 
Schooner .Matnl1lcss (Atlantic Coast).-Carpenter \Y. W. Hicltardson, in cltar.;e. 

PACIFIC COAST. 

Steamer Patfl:r8on (Coast of Alaska).-Lieut. II. 13. :Mansfield, Commanding; Lieuts. E. J. 
Dvrn and A. N. "\Yood; Eusig-u;:; ~~· U. Almy, ,J. D. l\IcDonahl, \Villiam H. Faust., A. }l. 
Beecher, and G. H. Slocum; Passed Assistaut Surge011 H. ·r. Percy; Passetl As,;istant E11giueer 
George JJ. Strickland. 

Steamer Hassler (Coast of California).-Lieut. D. Delelrn.uty, Commamliug; Lieut. Charles 
A. GoYe; .Eusigus J.P. l\lcGuiuness, G. W. Brown, and '"· L. Dodd; Passed Assistant Surgeon 
N. H. Drake. 

Steamer Gedney (Coast of Oregon).-Lfout. J.M. Ilelm, Commanding; l~usigns R. 0. Bitler, 
·w. II. G. Bullard, Jo::;. Strauss, and F. \V, Jenkins; Assistant Sttrgeon .J. F. Urie . 

.l:Jteamcr JlcArthur (Coast of California).-Lieut. D. H. l\Iahan, Uomruanding; Assistm1t 
Eugi11eer .J.C.· Leonard. 

&hooner Earnest <Coast of VVashington).-Lieut. J. N. Jordan, Commanding; Ensii,,rn F. H. 
Hill. 

l.'uinbei· of Narnl Officc1·s attached to tlte Goa.st and Geodefl'.c Surrey t'essets ana to the Office of the 
Surrey during tlte fiscal year ending June 30, 1889. 

J};•r·_ :n. ', .TnnP :w, ~ 
li-i,.18 18~0 

I ! I ' Dec. 31, '1· June 30, 
l8b8. ' 1089. 

I ' ---- -·-·-···-"·-----------------,-~---1----· 

Schoonerlfatc\tless ..•.... \ 1 i 1 I 
Steamer McArthur . . .. . ... I 4 I 2 I 

X:uue of 'tt.SRCl. 

' ~ltm.nwr lhcl.ll" ·---~--····· 
~lt'<tfller 13lake .............. . 

tl 

I ' , 
:tt>amer Patterdon ........... - .

1

1 8 1 10 

Srhoont·r Scoresby .• . • .. .. . 3 1 

Coast s .. rvey Office......... 5 I 6 
fi , /---j---i 

__ --~ot~l~=~~~:-~_:_:J --~-l-~ I 

1 :--l"hooucr}~agre ............. . 

: ~choouer Earngst .......... . 

, Stl?amt>r Endi..>a-Yor .• _. _ 

Sfrault:r lla~~ler. _. _ ........ , 

.A YPrnge number. 5ti. 
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.N11mber id men attaclwd to the Coast and Geodetic Surrey J'P-R-•els d11ri11g the fisutl year emling .Jmn :l(J, li!S\J. 

Sep1. :io, Dec. al J.Iar. 31 June ~o. 
1888. 1888 1889. 1889. Name of '\"l•ssel. 

---- --
Sr,t·a111t•r A ra;?;o . -·--- •.. _. . . ___ ...• ______ ..•••••••.• 

Stcan1er Uacb.e ................. ---· .•.•...••...•......... 37 J~ 37 ;57 

t:ltean1er Blake ....................................... -- •. 37 39 3U 3&' 
Barge I~eanty. __________ .. ________ .. _____ .... __ . __ .•... l 1 

Stean.e-r Daisy ........... : .......•....•..........•.•.... 13 6 ll 

Schoon Pr I> rift, ••••••••••.. _ .•••......••..•• _ ••.•.••• 

&boonPrl<.:ag-re •••••.......••••. , ...................... . 23 17 JS 23 

~cltooner Earnest .•.•.•......•...........•....•........ 16 8 9 lG 

StPamer EndenYor ..................................... . 15 
' 

25 24 25 

Steamt'r Ge<lney ................................... . 27 ' 29 29 29 : 

St,eamer Hassler ..................................... . 2-' 33 33 34 ' 
St(>amer Hitohco.ck 3 

Schooner Mateb.!ess ........••.. 1 

Steamer Mc.Arthur ............. . 28 24 23 24 
I 

44 40 44 44 I 
! Steamer Pattcr@on .•.•...............•...•....•... - .. 

Schooner Palinurus. -·- ......•.. ·-·· ...................... . 1 1 

Schooner Qnick ............................................... . 

Schooner Ready , ....................... -.... -- ..... - ..... - 8 

Scllooner Scoresby ............................................ . 15 ]fj J.I 15 

Scbooner Spy ................................... . 9 1 

SC'booner Transit .. __ ...•....•........ _ ........... -- .. 
1 

I 
: .......... · Schooner Yukon ....................................... . 

Launch No. 4. .............................................. ---· 1 
' --------------

Total ...................... . 297 :!9~ 306 312 

Average number of men. 303. 

_Ya me" of i•easels, their tonnage, etc., in the Be1'1'ire of tlw CnaRf and lieodelic Sw·i«y d11ri!1!J th e.fiseal yea1· ending June 30, 1889. 

No Name of vessel 
I . : Complem«nt of - I 
I 

lonnage 1 

-------------------------- --~ -~ Officer$ Me11 / 
Steamer PatteT$Oll .•.•••.••••....•••.•.•.....••••......•.. 453 12 1 44 

2 1 Steamer Bassler ............................................... . 243 JO 34 : 

3 / SteamerBlakl' ................................................. . 
4 ! Steamer Bache ................................................ - . 

', Steamer Gedney ............................................... . 
6 Steamer McArthur ............................................ . 
7 Steamer Endeavor . ___ . ___ ... -----· ...................... __ .. . 

8 Steamer Hitchcock 

218 

186 ' 

133 

112 ' 
105 

83 

9 Steamer Cosmos.......................................................... 25 
10 ! ~tea.mer Ara.go ..•••.. ----- ................. ___ .................. . 
11 1 ist.ean1er Daisy ..................................................... . 
1 'Schoo-ncrEagre ....................................................... . 

2 . Seho<>ner Drlft ................................................ . 

3 Schooner Earnest .............................................. . 
.& Schooner R<>ady ............................................... . 
5 Soho<mer Yukon ............................................... . 

Ii Schooner Palinnrus ............................................ . 
7 S-choouer SooreAh;r ................................................... . 

38 

H 
202 

87 

81) : 

80 ~ 
78 

76 : 

72 ' 

JO 

JO 

8 

5: 
5 

37 . 

2 

14 

22 

14 ' 
16 ' 

14 

ll 

14 
J6 

8 Scho<>rn·r 'Matchless . .. .. . ... . . . .. .. .. ... .. . . ..... .... .. . . . .. .. . ...••... 5 ]4 

9 : Schooner Quick................................................. JS i 4 12 
10 ·i Scbo()ner Tran.ait. .•.••.. ... . .. ...• .. ..... ........ •. . • . ........ ... . . . . ... 4:3 1

1 

8 
11 i Schooner Spy................................................... 3fi ' 
1 / Bargj)Beaut.y ......................... ,.......................... 28 , ........... . 

REOAPITULATIOX. 
Whole number of vessels' 

.steamers ...................... _ ............................................................................ . 11 
Schoonera ............................................................................................................. ~. 11 
Barge ........................................................................................ . 

~3 

Number of vessels in ...,tive service................. • •• ••• .•• • • • . •• • •• . • •. ••••••.•.••• ••• •• • • . • . • . 18 
Average nnmber of naval offi<'lrs for ths year ..•.••.•..•••.•••••...•••..•....•.......••.....•.•••. 66 
Average numl>trofmen fo1· the year ••••••.•••••.•••••.•••••.•••.•••••••••••••...•••••.••••••••.•. 303 

The CGmplements above given do not represent the aotu.al number of otlioers -0r men iu the Survey dllring the ye&r owing to the 
l(ac\ that some vesseJ.8 were empl<>yed only a }>art of the time. 

H. Ex. 55-12 
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A p p END I x N 0 . 6. -1 8 8 9. 

THE RELATION BETWEEN THE METRIC STANDARDS OF LE~GTH OF THE 
U. S. COAST AND GEODETIC SUR\'EY AND THE U. S. LAKE SURVEY. 

A report hy C .. A ... SCHOT'J:' and 0. H. '.I'ITT:\LA--~N, 

Assistants, Coast and Geodeti' Surrny. 

INI'RODUCTION.-Oonsideriog that the results herein disetissetl, which refer mainly to the rel· 
ative and absolute lengths of two primary standards, are of great importance to both the Coast and 
Geodetic Survey aud to the Office of Weights and Measures, it has been (leemetl best to present them 
in a joint report. Results are given also for the length of a secondary standard used in graYity 
research. 

u. s. (Jo.AST .AND GEODETIC SrHVEY OFFICE, 

Was7tingto11, D. C., June 15. 1889. 

The Committee metre has served as the standard to which llave been referreu all metric length· 
measure8 supplied to the several States of the Union, under the act of Congress of .Tnly, J,'\66, and 
in general as the metric standard for the Office of Weights and Measures in its \'erification ofleugth
measures submitted to it by manufacturing establishments, engineers, scientific men, aud educa
tional institutions. 

Furthermore, it is well known that all results of the Coast and Geodetic Snr1ey relating to 
length are expressed in terms of the Committee metre, and that certain metric lengths giw11 h.r 
the Lake Survey are expressed in terms of the Repsold metre of 1876; also that special use has 
bl'len made by the Coast and Geodetic Survey of the Berlin metre No. 49 in obserrntions for the
intensity of gravity at various 11laces at home a11d abroad. The Committee metre• is one of the 
original iron bars used to derive the metre from the 'l'oise du Peron, and it belongs to the Ameri· 
can Philosophical Society, but it l1as been in the custody of the Coast and Geodetic SurYey since 
its first organization. The Repsold metre twas acquired by the Lake Survey iu connection with a 
base apparatus by the same arlist; it was kindly loaned by the Chief of Engineers, U. S. A., to 
the Office of Weights and Measures for the purpose of comparison with other standards. The 
Berlin metre No. 49t was obtained from the Eichungs Amt, or the German Office of Standard 
Measures at Berlin, b.Y Assistant 0. S. Peirce in 1876, and has been used lJy him in couuectiou 
with his researches for the length of the seconds pendulum. 

The Committee metre is an end metre; the other two are line metres. 
The immediate occasion for bringing out and presenting om· results was the necessity of ex

pressing the length of the Olney (Illinois) primary base-line, mea,sured lJ.r the Lake Snrrny, July-

"For pa.rticula.rs, descriptive and historical, the reader ma.v cousult Transactions Americau Pl1ilosopl1ical Soci
ety at Philadelphia, vol. II, 1825, Commuuica,tiou by F. R. Hassler, March 3, 1820; also Comparison~ of Weights an<l 
Measures by]«. R. Hassler, \Vashiugtou, 1832; a.lso U. S. Coast Stirve~; Report- for 18{)i, Appendix Ko. 7. 

t This metre is folly described, and it-s length and co-efficient of expansion is referred to in" Professional Papers, 
Corps of Eugineel'l!, U. S, A., No. 24, Primary Triangulation of the U.S. Lake Survey, Lieut. Cul. C. B. Comstock, 
Washington, 1882 ;"see also supplement, Appendix V, Value of Metre, R. 1876, Feb. 28, 1885, same.author. 

j: This bar WM acquired by A~sistaut C. S. Peirce while engaged in pendulum researches at Berlin, Germany, 
April, .May, and June, 1876. For iufurma.tion see Coast Survey Report for 18i6, App~ndix No. 15, pp. l!::l0-313. 

17!! 
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September, 1879, in terms of the Committee metre. This base, together with its geodetic connection 
with the main triangulation sonth of Chicago, falls within the belt of the transcontinental trian
glllation pas;;iug across Illinois, and was consequently iucorporated with it. The connection made 
in the field in 18SJ and 188! between tlle two independent triangufations, and the adjustment of 
the base figure i1n-olviug thirty-two equations of condition, enabled us to make full use of the 
previous labors of the Lake Survey, which in rw;pect to accuracy leave uothing to be desired. 

There are otl1er points of contact of the two Government surveys, as, for instance, in the State 
nf New York, at the eastern ewl of Lake Ontario, and near the Illinois and \Yisconsin boundary, 
near I,ake }licliigau; these geodetic connections can only be fully utilized when the results of 
both suryeys are based on uniform standard data. 

lu this report we shall designate, for the sake of breYity, the Committee metre b.r C. M. (for 
which formerly the SJ'mbol Mc was frequentlJ· used); the Rcpsold metre by R. M. (which in other 
pull1icatious appears also under the forms H., 1876, and U.S. (Hepsold); and the Berlin metre No. 
49 by B. :'.\I. 

\;2) CO)fPARISON OF nm REPSOLD METRE OF 1876 (R. M.), u. s. LAKE SURVEY, AND THE cmIMIT
·TEE ME~RE (C. M.), U. S. COAST AND GEODETIC SURVEY. 

For the comparison of these standards the best means at present available is the bearn
compass comparator of the \Veigbt.s and Measures Office, designed by Assistant H. ·w. Blair, and 
constructed in 1882 by Fauth & Co., of Washington. Since this instrument has not yet been de
scribed, the following short account of it may llere prove acceptable. 

Description of the Optical Beam-Compass Comparator. 

Tllis comparator was designed for comparing any two line.measures from a decimetre to a 
metre in length, and for comvaring end-yards or metres with line· yards or metres respectiwly, 
according to Airy's method."' 

The principle of its construction and use is to move a beam carrying the microscope from one 
lcngtlHneasnre, supported horizontally underneath, over the other one to be compared with it. 

Tlte ends of the beam are brought up against adjustable stops at each end of the apparatus 
when pointing on one har; the beam is then slid on its supports transversel,y until it abuts against 
the opposite stops, which define its position over the other one. The beam can also be brought to 
any position intermediate hetween these stops. 

At each end the beam is graspe<l lJy a lever-arm. These arms are connected by a rod, which 
is moved by a harnlle underneath the apparatus, and thus tlle beam is moved to and fro upon its 
supports. 

At each end the beam is tixed to a transverse bar of metal, 3 inches long, forming part of the 
heam, an<l moYing with it upon tlie fixed supports, which are fastened to the bed-plate of the com. 
parator. Each transverse bar rests upon two heels, each abc;mt ii of an inch long. 

On the left .. hand end of th.c beam one h.eel has a ifat surface; thl3 other an angle-shaped groove 
to guide the beam and preYent its longitudinal displacement as it slides on a correspondingly shaped 
rail on the fixe1l 1mpports. The heels on the right-hand end of the beam haYe :fiat bottoms, so that 
wheu the beam is moved it may adjmit itself to unequal stress without sensible twist. 

The fixed supports are fastened to an iron bed-plate, which rests on a stand. Rollers are pro. 
\·ided witlt n~rtical a<ljnstrnent, passing through the bed-plate from below. On these the bars to 
be compared rest, and can be readily raised or lowered to suit the requirements of the focal plane 
of the ruicroscopes. 

This description will be readily understood by reference to the drawing (illustration No. 19). 

Micrometers. 

The micrometers belonging to this apparatus are marked A and B (though not so lettered on 
the illustration), and were constructed with the greatest care. They were minutely studied by the 

•Philosophical Trans. of the Royal Society, London, Vol. 147, Part III, page 685. 
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late Assistant IL \Y. Blair, wllo fonnu that, as compamd with a strictly uniform screw for the 
limits obser,ed, the maximum deyiation of tllese screws is ,,0 {, 0- 1,- of an in eh i11 fiftf•e11 turns, and 
this maximum is reached by a curn\ so perfectly regular that the use of correctious derirecl from 
a graphic pr~jection of the curre doe,;; not iuyol re an error so great as "'' 0\, 0 ,1 of :m incL. Assist
ant Blair states that the total magnif~·ing; powers are l>ctween 50 and 60 diameters. 

Jlficrometcr ra,lues. 

The linear Yalues of one reYolut1on of tllC micrometer-screwti were carefully determined by 
measuring each llalf millimetre of the Brnuner centimetre scale* as well as hy measures of tlle 
scale of K .M. while tLe comparisons were hi progress. 

The values used in the reduction were-

Micrometer A. 

Ii 

1888: .August and Scptem lJer, 1 liev. = 33.330t 
1888 and 1889: December and J anuars, 1 n,(W. = 33.:H O 

:llicrnrneter H. 

Ii 

1 ReY. = 33.874 at :!P.i 0. 
1 Re,·.= 33.720at120.0 O. 

Dnriug tbe obser.-atioirn made at tlle coltl-storage roonrnt tlie spider-threads, owiu!! to con
densation of moisture upon them, became slack, and the micrometers were taken apart so that 
new threads could he put in. 

A re-determination of the micrometer values was deemed necessary, and gave the following 
results, which were used iu the reduction of tLe obserYabons made there. 

:Micrometer A. ::\Iicrometer n. 
µ µ 

1889: Fehrnary and Marcl1, 1 ReY. = ;)3.33 1 Re\. = 33.79 at - 10.2 C. 
A few obsen·ations were made with two auxiliary microscopes, ~os. 2 and;). The ralues of 

th(lir micrometers were carefully determined in April, 1888, by means of the Brunner centimetre 
scale,. at a temperature of about 200 C., giving for-

No. 2. Xo. 3. 
u µ 

1 ReY. = 31.01 1 Rev. = 31.14 

A single determination, using the scale of H. M., was made at the low temperature of tlle cold
storage rooms, giving nearly itleutical values for each one. 

No. 2. Xo. :>. 
/1 u 

1 Rev. = 31.01 1 Rer. = 31.15 

The earlier values were therefore retained. 

Illumination. 

Illumination was secured by means of Tolles prisms inserted between the systems of lenses of 
the objective. 

In the Survey Office, room Ko. 6, the prisms were illuminated by two coal-oil lamps set between 
the double windows of the room. 

In the standa1'.l& room of the Entler Dnilding adjoining the Survey Office, no artificial light was 
used. The light from the sky coming in through a window was sufficient. 

In the cold-storage rooms, most of the observations were made by natural illumination~ hut for 
a time the light of 3 candle-power electric glow lamps, conceutrate~l by lenses on the prisms, was 
used. The natural illumination was, however, by far the most satisfactor;r. In the observatious 
made with micrometers Nos. 2 and 3 concave reflectors below the objectives were used, but proYerl 
unsatisfactory. 

*.Brought from Paris by Assistant J.E. Hilgard in 1Si4, aud compared with C. M. hy Assistant C. A. Scbott, in 
November, 1880. 

t One µ = one millionth of a metre. 
t Over the Washington Centre Market, and specially refe1Ted to further on. 
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Thermometer.~. 

Four Tonnelot centigrade thermometers (rnrre dur) Nos. 4331, 43::>2, 433±, and 4335, -being four 
out of the six which are iutcudcd to accompan;y the .National Protot~·pe metres as auxiliar:y standards, 
were used to determine the temperature. They were carefull~· studied at the International Bureau 
of Weights and :Measures near Paris, and they are accompanied b,r elaborate tahles, giving their 
-cortectioms. 

Daring the last set of observations the temperature of the room was at times below the range of 
the Tonnelot thermometers, and, therefore, two Kew Fahrenheit thermometers, Nos. 967 an<l 968, were 
substituted for two of the Tonne lot. The depresse11 zero (320 F.) points of all the thermometers 
were determined several times <luring the observations. 

The, thermometers were Taid OH the bars with tlleir bulbs in contact with the latter, the bulbs 
being covel'ed witll ligllt metallic shields not ill contact witll them. 

The indications of tlle Tonnelot thermometers given in the abstract have been corrected for 
external and internal pressure, for calibration, scale valne, and zero point, and in tlle final equations 
they llave been reduced to the standard Hydrogen scale by the general formula established by the 
International Bureau. 

The thermometers were read immediately upon entering the comparing-room, aµd no sensible 
.change was noticeable during the brief periocl occupied by a comparison. 

The apparatus was covered by a glass case through which the micrometer microscopes projected. 

·oO}lP AR ISON OF LINE .A.ND END ilIETRES.-SPECJIAL DEVICE USED WITH C. M. 

To make C. M., which is an end measure, comparable with RM., which i;,; a line measure, the 
following device was used : 

A fiue S!lidcr-thread was stretched over each end face of C. 1YI., and these and their reflections 
from tlte end surfaces, with which they were iu contact, or nearly in contact, were viewed through 
the microscopes. Each spider-thread and its reflection appeared as two dark lines, with a narrow 
light space !Jetw·een them \Vherever the thread was not in contact with the bar. The light space 
.-aried in width from Op to HI JI. 'VhPrever an irregularity exists in the end surface of ti.le bar the 
reflection is 110 longer symmetrical with tbe thread. 

As the crnh of the C. M. in its axis appear less perfect than tbe rest of the end surfaces, Assistant 
'Tittmann decided to make the comparisons on each side of the axis, and for this purpose he used a 
.<;;prcial de»ice. 

Two small plates were made, each exactls half as thick as 0. M., each one carrying a guide-arm, 
which il'.I in contact with the edge of O. M. when in position. 

Each plate carries three pointers, and when arranged for observation the corresponding point
ers on opposite ends of the bar define three diameters of the bar, 22' millimetres apart, parallel to 
each other, au<l lying in the horizontal plane passing through the axis ofC. M., the middle pointers 
lj-iug in tlie prolougation of the nxis of the bar very near1s, as shown in tlw accompan~ing skrtcb. 
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The fteld of view of tile microscopes permits one to see a section of tbe end plane of the bar 
11bout half a millimetre long, and this, in view of the \isible irregularities of the surfaces, appeared 
preferable to observing merely a microscopic point, as was done in the Breteuil comparisons 
between line and end measures. 

Most of the obser\·ations were made on the three diameters spoken of. 
Iu view of the irregularities existing at the terminal surfaces of the axial diameter of C. M., 

and of the uncertainties of comparisons with this apparatus when the beam carrying the micro
scopes is not against the stops (see General Adjustments), the final results are referred to the two 
diameters, I and III. See illustration herewith. 

It is known that comparisons haYe at >arious times been matle by means of the Saxtoll 
1)yrometer and the Bessel level.compiuator to test the parallelism of the end faces of C. i\L withont 
lleteeting any deviation. 

Places of Obsenation. 

The first comparisons were malle in basement room 6, of the Coast aud Geodetic Snr>ey Office, 
at the natural temperature of tLe room, al>out 220. 7 C. The room was then artificially heated b~· 
lighting the gas-burners in the room, and a set was made at the artifidal temperature of 29°.(J C. 

The comparator was then taken to tile sta.ndards room of the Butler Building, adjoining tllis 
office, and two sets of comparisons were made, oue in December, 18SS, and one in January, 1889, 
.at an a\·erage temperature of i20.2 0. 

Finally the comparator was removed to the cold-storage rooms onr the Centre Market, and 
two sets were obtained in February and March, 1889, one at an average. temperature of - 00.,t C., 
and the other at - 30.95 C. 

General A djustnients. 

Before beginning the observations the microscopes were made >ertieal b.> means of' an attached 
level. They were focused on the surface of mercury put in a long trough beneath them, and the 
bars were adjusted to the horizontal focal plane thus established. 

In order to eliminate the effect of possible changes in the position of the microscopes relati\e 
to each other, when the beam is shifted from one set of stops to the other, it is essential that the 
bars should he transposed iu such. a way that one bar shall occupy the place previous]~· occnpit>d 
by the other, thus exchanging front for rear l>ar. The effect of shiftiug the heam from one set of 
stops to the other can be shown by comparing a bar with itself by shifting it with the microscopes. 

Experiments made for this purpose show that this effect is very slight, and that it is eliminated 
by transposing the bar from front to rear. 

When comparisons are made at points intermediate between the stops we can not feel sure 
that the rnieroscopes have not changed their relative positions, nor that the effect can be eliminated. 
Therefore in the reductions, only those measures were used when the heam was against the stops. 

The bars were frequently transposed and turned end for end. 
The Committee metre wasalso turned upside down, and whenever that was done it was neces

sary to take off the caps carrying the spider-threads_, which were renewed several times, owing to 
breakage. The oouditions were, therefore, varied as much as possible. 
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The bars were protected by a glass c:ise covering the apparatu:;, and weru supported 011 two
rollers, whose distance apart was determined hy A.iry's formula.* 

\Vhen pointing 011 the line metre, the image seen in the microscope iis formed by the whole 
objectirn (leayiug out of account tlw part cut off by the Tolles prism); when, liowe,·er, on U. l\I., 
the image was formed by one-half the objective only. 

By transposing the microscopes, the opposite hakes of the objectives were hrougb t into use; 
but it tloes not follow that a constant error which mignt be due to the cause just pointed out would 
be eli n1 iuated by tlleir transposition. 

Experiments were, therefore, made in the following manner on a fine line traced on a bar fixed 
under the microscopes: 

The line was viewed with one-half of the objective coverell, aml ttie micrometer was read. 
TLe cover was then remo\·ed and paintings were again made, tlie whole objective being uncov

ered; then the other half was covcrell aud readings were ag~1in taken. This p-rocess was then 
repeatl'll in tlie iuverse order. 

This was <lone wit Lt both microscopes a num her of times, but no measurable effect could be
discovered. 

Tbe comparisons an<l ohse1Tations were all made by Assistant Tittmann. 
An abstract of the record of the comparisons between 0. J-I. and R . .:\I., and between R. J-I. and 

n. )I., is appended to this report. 

Discussion of Results. 

The comparisons gi-i\-e the following observE,d tlifferences between R. J-1. and C. J-I.: 

, I 
Temperature : I j' :-iet. 

------D-a-te________ of bars. ~{. ~I~~C. '\L Weig:__, 

I .'' .u 
1889, March 9, 11, 12, 13, 14, 15, - 3· 95 c. +103. S:l:O- 5 

I 
2 1889, February 24, 25, 2i, 28, I - 0.40 l00.0 

! ! 
3 188S, December 11, 12, 13, 14, 15, ! +12. 23 82. 0. 

+ I 888, August 30, 3 I, September 5 1 6, +z2.61 72.7 
1888, September 8, 10, 11, 12, 13, +i9. 60 63.3 

·-----··-~-_, ____ 

Let x = excess of length of R . .M. oYer 0. M. at temperature t 0 , 

.11 = differential coefficient of expansion of R. ::\L over C. l\I., 
l1 l, l:, ... ..•••. observed difference R. l\L - C. lll., 

0. 7 

0.4 

o. 5 
0. 6 

f 1 f2 f1 .•...•... temperatures corresponding t-0 these differences, and 
]l1 Pz p,, ........ the relative weights; 

5 
2 

8 

4 

3 

then we may adopt corHlitional equations to be either of tile form .i: + (t - to) y = l, or of the 
form .r + ( t -t,,) y + (t - t 0 )

2 z = l, whicheyer may hest suit the preceding ohservations. 
------·---------- ---

•:.iemoirs Astronomical Society, Vol. XV., p. 157; London, 1846. 
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Putting t 0 = [J>. tJ] tlrn normal equations reduce to their most simple form, viz: in the first case to 
IP 

1[p).i.· =fplJ 
t [p(t-t,,) 2 ].11=[(t-f11)pl]. 

·we have the observation equations for f11= + 11.6Gl, as follows: 

First snpposition. 

.l·-1:).611 y-10:3.5= l'1 

;.c-12.0Gl .1J-lilOJl=r2 

.r+ lUififJ y- 82.0=tJ 
:x·+ 10.!H!I y- 7:!.7=1•4 

x+ 17.939 !J- G3.~)= r 5 

Normal equations, 

j 22.r = + 185-!.:! 
l 29t56.f11 y = -:l.J~(j.2 

{ 
.r =+SJ.:!8 
y =- 1.H>'.!53 

µ 

1'1=-0.713 
t'2=-l.4G 
1'3=+1.lil 
r.1=-1.iH 
1"5=-0.23 

And mean erron, 

m = /Ci_~·i:_J=±3.44 
\. n-111 

3.4! 
1nx= ,.r~fa-· = ± 0. 73 

8.44 
my= v2937 =±0.063 

5 
:! 
8 

Second supposition. 

.r-15.Gll y+2--tHi9 z-103.5=r1 

.r-1:.l.OGl Y+ 1+5.-!fi ::-1o0.0= r, 

.c+ O .. :iG9 y+ o.:B 2 - S~.11= r, 
r+l0.9J!ly+l19.8Hz- 7:!.1=1'4 

:t+ 17 .93!) y+3:11.82 z- H3.u= r;, 

~Tornia1 equatio11~. 

( 22 .i.: + 295G.9 :: = + l Sti-!.2 
~ +29;")().9 Y+ +l.3 ::=- :~J'.!7 
{ 2!J56.U .r+ .U.5 Y+ 707 HO.O ~= +2;)1389 

m =± 

\"'=+ 
) l/=
{ :·=+ 

S:J.:317 
l.In:JfJO 
0.00i 179 

1'1=+0.19 
1'2=-1.25 
l'3=+0.64 
1'4=-l 58 
1';,=+0.9:3 

µ 

=±3.10 

m.x =3.10 vtf.1037 =±LOO 

m,.=3.10 v :!iij()J:'.8:! = ± 0.0:>7 

in,=3.10.; .·ooo(foJ221; = ± o.oo5G 

Hence the expressions and their probable errors: 
. µ µ 

p 

5 
2 

8 
.J 
;~ 

H.. M.-C . .l\I.=+84.28-1.1925 (f-110.66) . . . . . . . . . . . • . . . . . . .. . . . . .. . . . . . . . . . . . . . . (1) 
± .49± 425 

I' 

R. 1\1.-0. M.=+83.32-1.1929 (t-ll0.66)+0.0t>718 (t-11.66) 2 ............................. (2) 
± .67± 384 ± 375 

We give the preference to the first of these expressions, as the relatively large coefficient of 
the square term would indicate an insufficient number of normn1 values of comparison. 

µ µ 

For zero temperature we have (1) R. M.-C. ~1=+98.19±0.70 
(2) R. M.-C. M=+98.21±0.fl5 

The first equation being preferred, we arrive at the result that the Repsold metre at iero tem
perature is 98.19 microns longer than the Committee metre at the same temperature, with a probable 
error in length of :l:. O. 70 micron • . 
(3) COMPARISON OF 'PHE COEFFICIENTS OF EXPA..."'iSION OF THE mo~ CO}fMITTEE METRE (C. M.) 

AND OF THE REPSOLD STEEL METRE (R. M.). 

We shall designate the coefficient of expansion of the Committee metre for the centigrade 
scale by «c. "'" and similarly the coefficient for the Repsold metre by aR. M.· 
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The French Committee in t11e last century determined for its iron metres a= 11.56 x 10 -i>, 
a value which was used on the Survey until the first direct determination made by 0. A. Schott, 
misisted by H. W. Blair, DecemlJer, 1880-Feuruary, 1881, became a\'ailable. These obsen'atious 
were made at the Survey Office in conuection with the standardiug of two JH'W fise-metre bars, and 
the method will he found described in AppendiK No. 7, Coast and Geodetic Sur\"ey l~eportfor 1882. 
The value found, viz: 

ac. ~i. = 11. 790 x lO - 6 is given on page U4 of that Report; it answers for a range between 
::l: 25 

4'.) and 330 C. 
The coefficient of expansion of the Repsold metre was first given by Foerster* in 1879 as 

10.31 x 10-" for 10 C., but tliis value depended on the rate of expansion of a platinum bar for 
which Borda's erroneous coefficient had been asimmed. Additional data enabled Dr. Foerster to 
deduce the rnlue 10.65! x 10-0

• 

Tbe values determined by the Lake Survey in 1879-'80, and derived from comparisons with 
Clarke yar<l A, and throngl1 the expansion of a brass bar, gave respectively 10.59 and 10.64; hence 
tl..te mean 10.61.5 x 10~• for 10 C. · 

Elaborate obsernitions ma/le at the International Bureau of ·weights an(l Measures t in Jan
uary,1883,resulte(l in the value a 1'- ru = 10.563 x 10 -s for mercurial scale,and applicable between the 

:± 11 
range 0 to 360 O. 

By reverting- to the form a+ flt for the coefficient of expansion, and putting fl= 6 x 10-9 as 
fonnJ for steel uyDr.Beuoit of the International Bureau,Assistaut Tittmann finds that the above value 
e:xpressHl iu terms of the hydrogen sea.le of temperature becomes a 1'- M. = 10 - 0 (10.535 + 0.00500 t) 
for a rauge of CP to 31P; hence for middle temperature 150 the value a 1ui. = 10.610 x 10 - 5, wl.Jich 
may lie regarded a:s the best value deducible from the observations. 

\Y(' have already given the difference of expansion of these metres resulting from the "\Vash· 
ingtou obsen"ations of 1888-'89, viz: LI a," ><.-c. M. = -1.19J x 10 -•, hence the following comparison: 

:!: 40 
trn. M. = 10.610 x 10-•, from obsen'ations at Paris, 1883. 

::±- 11 
ac.,1 = 11.WO x 10-', from observations at Washington, 1880-'81. 

± 25 
IlPllCC .J1, >l-c. ''- = - 1.l8'=0-X~l=O--". 

± '.!8 
and .Jit. )1.-c. M. = - l.Ul3 x 10 -o, from observations at Washington, 1888-'89. 

± 40 
µ. 

The difference between the direct and the indirect results is but 0.013 ::!: 0.049, which must be 
regarded as an excellent accord, especially when we consider tlle different means employed by the 
senral obserYers. For equal weights we distribute the difference, and assigning to each value 
one·thinl of it we have, finally-

ll'R M.= + 10,606 X 10-6 

lfc M. = + 11.795 X 10-6 
with an estimated probable error of the factors of :!: 0.025 

(ll C0:1IPARISO:N" OF HEPSOLD aJETRE OF 1871\ (R. M.) WITH BERLIN METRE, NO. 49 (B. :M.) 

'rhese comparisons were made by the same apparatus used for the comparisons of C . .M. and 
R. l\I., and tluring the same period of time, so that what has been stated in the preYious pages in 
regard to place of obscrvatiou, adjm~tment of apparatus, thermometers, and micrometer values 
applies also to these comparisons. • 

•Letter dated Berlin, A.ugust 10, 1881; see Appendix I, Professional Papers, Corps of Engineers, U. S. A., No. 
24, pp. 847-851. . . 

t Es:tract from Travaux: et Metnoires, Bureau International des Poids et M:esnres, Tome III, Paris, 1884. 
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Recapitulatimi of .Resulting Normctl IJijferences R. Jl.-B. J[. 

Datt. 
, ·1· I 

emperature 1 1, l\1 -B :\I 
of bars. ! "· ' · · • · \Yeight. 

, 
. --------- -·---- ------- ----

0 fl 

I 889, :\larch 6, 7. 8, o.39 c. --;--109. 0 ::!:: o. 5 3 
I 

1889,January 11, 12, 14, 15, 13.06 5· 4 ::!:: u. 4 3 

3 I 888, October 4, 16.66 - 22. 8 ::!:: 0. 7 

4 1888, Scplcmber 15, 18, 19, 30. 11 -134. 4 ::!:: o. 4 3 

Then for the conditional equations of the form :r + (t - t 0 ) y = l, we find the normal equations: 

~ 10 x 82.8, Lenee 5 x=- 8.28 
( 1338.6 y =- 10961.1, t Y=- 8.1885 

Where t 0 = [[J_PJ_!._l] = + uo,73,i, and H. M. - B. M. = - ~.28 - 8.1885 (t-14'Jo'i'3-!). 
:I:: 0.17 ± 182 

I' µ. µ. 

~ 
'1'1 = + 0.14 ± 1.0 Lenee ± 0.60 + 0.03 \ m - i- -·i•z = a11d 'lllx= :l U.2t:i rx= I 0.17 

Also l':i = - 1.24 ~ 
::L 

lily= + 0.027 r,= ± 0.0182 
·1~ 4 == + 0.22 

µ µ. 

For zero temperaturn we Luwc H.. M. - I3. :.\I.= + 1 U.3i ± 0.32; substituting the value of R '\I. 
just found we have B. l\L iu terms of the 0 . .l\I., or 

µ µ. 

B. M. = C. l\I. - 14-.18 ± 0.77 

\5) CO:\IPARISO~ Or' VALUES l<'OH COEl•'FICIE'ir OP EXPA~S[O~ OF THE BERLIN BRAS'5 IIIETHF, 
NO. 49 (B. M.). 

Adding to the value 8.189 found aborn the coefficient for R. l\l., Yiz: 
± 18 

our comparfoons give for B • .M. the value a 8 . M. = + 18.795 x 10-6 

± 31 

al{.,.. = + 10.GOG x 106-, 
d:: 25 

The coefficient, as determined by A:ssistant C. S. Peirce, is given in the Coast Sur.-e_y Hq.10rt 
µ 

for 1876, .Appendix No. rn, pp. 272, 273, Yiz: 18.83 for JO 0. lJetween limits 3° and 18:J O., a result 
in good accord with our \'aluc just determined. 

(6) RELATION 0.1!' TllE CG;1.1MITTEE METHE TO THE M~TRE DES ARCHIVE:-\ AND :ro THE 
NEW INTER;s'ATIONAL PROTOTYPE METRE. 

In view of the fact that the Committee metre lrns serveu as the stamlard for all measures of foe 
Coast and Geodetic Survey since its beginning, and tl.Jat of late years an International Bureau has 
been established near Paris for the better definition and preservation of th~ lengtl.J assigned to the 
original metre, as well as for the multiplication and distribution of such standards, it was desirable to 
know at the earliest date, and necessarily as ~et b;y indirect means, what small difference there might 

. be in the length of the new prototype metre and our Committee metre. The United States, a party 
to this international undertakiug, expects to receirn two of the National Prototype Metres and one 
copy made of the alloy cast at the Oonserrntoire des Arts et Metiers in 187 4, the distribution of the 
new standards of length having been promised by the Bureau, to be made during the current 
year. In tile mean time it will be of interest to know what relation our 0. M. bears to the new 
metreproviltionallg adopted by the International Committee.* The Bepsold steel metre of 18,iG 

•NOTE: Since this paper was w1·itten the National Prototype Metre has been recelvetl lly this Guvernment. The 
adoption of the International Prototype Metre confirms the value assigned to the provisional l.lletrcaboYe rcferrtd to 
namely Is= 1 metre+ 6µ. 
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was Rent to Paris arnl compare11 at Bretenii in Jannnry, 1883 (Appendix V, •:Value of metre R, 
1876," of Professional PaperR No. 2!, supplement by General Comstock, dated February 28, 1885),t 
and was found to he = one metre (proYisioual) + 97.81 rnicrous at the temperature of melting ice. 

" µ \Yi• ham fonml from the Wasl1i11gton compnrison H. :l\f. - 0. :l\T. = + 84.28 -1.1925 (t- 1P.li61); 
± 49 ± 425 

µ 

lH•nce at zero teu1perature H. l\1. - C. l\1. = + 98.rn ± O.G9 microns; whence the C. l\I. = one 
metre (proyi,,:iow~I) - 0.3S ± 0.70 microns. Tllis result appears •ery satisfactory as far as it goes, 
since there is every reason to be1icYc tlllft this metre, wlleu first stanuarded towards the end 
of tile last century, representeLl tlte length of the adopted metric unit within sncll narrow limits 
of uncertainty as conld not be removed by tlie mechanical appliances then availahie. The re~mlt, 
however, of the direct comparison made at Paris in August, 18(i7, by Barnard & Tresca, is not in 
accord with our result. According to these compari;;;mis, ·whieh wert\ made with the metreoftbe 
Conservatoirc des Arts et '.\fotiers, "ith allowance of a certain difference between this metre and 
that preserve1l at thn A.rehires, the C. ;\I. at the temperature of melting ice equals one metre 
+:i.:~6 microns. \Vhate•·er may Le the explauation of this difference, there are a number of 
sources of e1Tor to he cousiden>ll irffokiug questions of inniriability of standanl bars, the degree 
of perfection of methotl a1Hl of comparators, and almve all the accnracy \dth \Ybich the temper
ature of the bars can be ascertainetl. \Ve incline to the belief that tile comparisons of 1867 re8t 
on too few measures to be implicitly trustecl, nor can the probable error of the result be ascer
tained. 

It is to \Je expected that with the arrival of the 11ew standards, tl1eir comparison with certa1n 
important measures of length heretofore used in the \Yeights and Measures Off1ce and by the 
Coast and Geodetic S tffYe~·, will finall,Y set at rest questions of the relatiYe and absolute length 
of the latter. 

Respectfully submitted by 
OU AS. A. SOB OTT, 
0. JI. TITT.\IANN, 

A_ssistants, Coast and Oeodetfr 81;r1;eJ/. 
--------~-----------~---- - -----

+Sec abo "Travanx et ::'.IIcrn oires <111 Bnrcan International, etc., 'fome III. 
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Date. Position 
of C. J\1. 

1888. I 
Aug. 30, a. m. [ Front. 

Aug. 30, p. m. 

I
! Rear. 

Aug. 31, a. m. 

Aug. 31, p. m. 

Rear. 

l Front. 

1 
Sept. 

' Sept. 

: Sept. 

i Sept. 

5, a. m. \ Front. 

5, p. m. i Rear. 
I 

6, a. m. I Rrar. 

6, p. m. j Front. 

' Tonnelot mercurial scale, 

Reduction, 

Hydrogen scale, 

Sept. 8, p. m. · Front. 

Sept. 10, a. m. Rear. 

i Sept. IO, p. m. Rear. 

i Sept. II, a. m. Front. 

I 
Sept. II, p. m. Front. 

Sept. 12, a. m. Rear. 

Sept. 12, p. m. Rear. 

Sept. 13, a. m. Front. 

Tonnelot mercurialscale, 

Reduction, 

Hydrogen scale, 

Abstract of Omnpari8ons betu:een 0. M. and R. Jl(. 

R . .\1. -C. '.\f. 

Tonnelot thermometers. I ------

C.llf. 
4335 

22.520 

2 3· 2 54 
23. 025 

23.323 

21. 9S5 
2J. 025 I 

22. 213 
1

1 

22. 2131 

28.099 

3o. 370 
30.638 

29.624 

29.524 

29.395 
[29.895] 

: Reduc· i - . ' 
, tion to / Observed di-

R. llf. 
4334 

22.598 

23. 261 1 

23. 044 i 
23. 342 ' 

' I 
21. 951 ! 

23. 044 : 

Mean. 

22~561 
23. 25 I 

I 

23. OJ : 

23. 33 

21. 97 
23.03 

22. 200 i 22. 21 
I 

22. 249 !_:=~I 

2 7·997 
30.403 

30. 592 

29.599 

29.559 
29.450 

29.876 

30. too 

22. 70 I 
__ -.09 i 

22.61 

28. 05 

30.39 

30.61 

29.61 

29. 54 
! 

29 .. p i 
29. 88 i 
30. 10 i 

--.---1 
i 

29. 70 I 
-.IO 

~:6o"j 

, ameters. Reduced. 
220.70 i 

1----
1 I. III. I. i 

1~1_. 
i . 

µ µ i µ µ 

-0. 2 I I 75. 4 ' 

+o. 7170. 4 : I 7 I. I 

+0.4 i 71. 7 ! 
+o. 8 ; 68. 4 

1 1 

6g. 2 

I µ 
75.2 

72. I 

--0. 9174. 7 73· 8 

74.7 +0.4 I 
-0. 6 73.0 

75· I 
I 

72. 4 i 

-o.6 / 

l 
\ 

-2.0 I 
+o. s I 60.0 

+1. I I 
-0.l I 65. 3 

! 
-o. 2 I 6o.o 

-0.3 64.7 

+c;i.2 60.0 

+0.5 64.5 

I 

73·3 ; 72. 7 

67. 0 ' 65.0 

6o. 8 i 

6+ 7 65.8 

65.2 
' 
' 59.8 
' 

64.4 

i 60. 2 

' 65. 0 

Remarks. 

) Obsen«1tions made in 

'~ roo_'." J\"o. 6, C. and , 
G. ~.Office, Observer i 

J O.H.T. 

) Observations made in 

room Xo. 6, C. and 

G. S. Office, Observer 

O.H.T. 

: 

~Artificial illumination. 
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1

1 

_____ To_nn_~~L Lhennomekrs. 

Position C \l R. ~!. 
of c. ::--1. I · · · 

------------ ________ [~;~,~~--~4332- -- -- 4334-_ ~--
1888. 

December 11, a. m. ! Front. 

Deceml1er 11, p. m. Front. 

]Jecember 12, a. m.' Rear. 

December 12, p. m. Rear. 
: 

December 13, a. m. Rear. 
: 

D-ecemLer 14. a. m. Rear. 

! 

13. 002 

13.021 

13. 171 

12. 822 

12.352 

12.323 

l l. 605 

12.851 

IJ. OJI 

lJ.010 

13. 141 

12. 770 

12. 400 

.]2. 390 

11.610] 

12. 875 

13. 025 

12. 984 

Ij. I 13 

12.754 

12.316 

12.355 

I I. 609 

12. 853 

13.034 

12. 982 

13. 114 

12. 751 

12.329 

12.339 

[[, 617 
December 14, p. 1,11. Front. 

December 15, a. n1. ~ Front. 
---- ------- ----

1889. 

January 16, a. m. 

January 18, a. m. 

J:lt1wuy I<). a. m. 

January 19, p. rn. 

Ja.nuary 21, a. ni. 

January 21, p. m. 

January 22, a. rn. 

January 22. p. rn. 

Rear. 

Front. 

Front. 

kear. 

RcaL 

Frunt. 

Front. 

Rear. 

4334· 4335. 

l I. 679 l !. 662 

12. 866 -12. 856 

r3.304 13.257 

13.464 lJ. 439 

lJ.491 11.473 

lJ.621 lI.623 

I I. 072 l I. OJO 

11. 092 l I. 070 

!\lean tempcr.1ture Tonnelot mercurial scale, 

Reduction to hydrogen scale, 

Temperature hydrogen scale, 

4331. 

l I. 729 

I 2. 845 

13.272 

13.491 

l I. 542 

I I. 6o1 

I I. 032 

11. I J2 

4332. 

Ir. 692 

12.843 

13- 2 93 

13.493 

I I. 524 

I I. 594 

ll. 013 

II. 133 

Tonne1ot thermometer:-;. 

Abstract of results of compm·i-

Mean temperatures. 
Differences from ]I 

mean of observed te1n~ 
:peratures. 

C.M. _R_.M·--~~i 
! R. l\1. ! 

12.861 

13.007 

13.015 

13. 166 

12.796 

I 2. 376 

12.356 

II. 607 

I!. 670 

12. 861 

12. 864 

13.029 

12.983 

13· IIJ 
!2. 753 
12. 322 ' 

12. 347 11 

I I. 613 

11.7101 

12. 844 I 
[13. 282JI 

I 
13. 492 ! 

l I. 533 

II, 598 

I I. 022 

I I. 133 

12. 292 I 
! 12.231 

I 
-0.57 

-0.71 

-0.72 

-0.87 

--o. 50 

-0.08 

-0.06 

+0.62' 
I 

-0.57 

[-1.21]. 

-I. 16 I 
I 

+0.81 

+0.67 

+1. 24 

+1.21 

0 

-0.57 

-0.74 

-0.69 ! 
-0.82 

-0.46 

-0.03 

-0.06 

+o.68 

-f--0. 58 : 

- 0.55 
[-I. 21] 

-J. 20 

+0.76: 

+0.70' 

+1. 27 I 
+1. 16 I 

:_'_-~~-1 
l --~-~~-__:_~~~~~~~~~ 

Mean mercnrial temperature. 
llate. I Position C. ?\f. 

i (Jf c. :VI. 
R.M. 

_____ 1 ____ -~33 1_. -. ~~~]-4_3_3_4_· ____ 4_3_3~- ___ c_._M:_ I K M I M~":_ 
Fcbru~ry 24, 1~SS~·- ·--- ·------ Front. , ·-0. 88 -o. 89 -o. 89 -o. 89 - o. 8851

1 -0.-~90 --o. 887 

Febru1uy 24, p. m_. --------- - Rear. -o. 90 -o. 93 -o. 90 -o. 91 -o. 915 -o. 905 -o. 910 
l'ebruary25,p.m ____________ , Rear. -0.90 -0.92 --0.91 -0.92 

l'ebruary25,p.rn ____________ Front. -0.78 -0.80 -0.81 -0.85 

February 27, a. rn_ ---------· _ Front. 

February 27, p. rn_. ----------. Rear. 
February 28, a. m ____________ i 
February ,28, p. m ____________ 1 

I 
March 1,p. m---------------1 
March 1, p. m ---- _ ---- ------

March z, a. m ____ • -------- --

l\I:1rch 2, p. m--------··-----1 
I 

March 5,a.m ________ : ______ , 

March 5,p.m _______________ . 

March 5, p. m --·-- - ---- --· ---
March 5,p. m __ -------------

Rear. 

Front. 

Rear. 

Front. 

Rear. 

1''ront. 

Front. 

Rear. 

Rear. 

Front. 

-0.31 

-0.36 

-0.43 

-0. 12 

+0.07' 

-0.63 ! 
-0.48 J 

+0.19 

+0.34 

+0.52 

+0.341 

-0. 33 

-0.41 

-0.41 

-0.36 

-0. 13 

+o. 13 

-0.64 

-0.51 

+o. 17 

+0.35 

+0.53 
+o.34 

-0.36 

-o.33 

-0.41 

-0.36 

-0. 13 

+0.07 

-0.63 

-0.51 

+0.17 

+0.36 

+0 -53 
+0.32 

-0.40 

-0.39 

--0.44 

-o. 37 

-o. 15 
+0.13 

-o.6o 

-0.54 

+o.q 

+o. 32 

+0.52 

+0.32 

-o. 910 I -0. 915 

-0. 7')0 -0.830 

.-o. 32 

-0.385 

-0.42 

-- o. 36 

·---0. IJ 

+o. IO 

-0.63 

-0.49 

+o. 18 

+0 . 34 

+0 ·53 
+0.34 

-0.38 

-0.36 

-0.425 

-0. 365 

-o. 14 

+o. IO 

-0.62 

-o.53 

+0.16 

• +0-34 

+P·53 
+0.32 

-0. 912 

-0.810 

-o.-s50 

-0.372 
-0.422 

-o. 361 

-0.132 

+o. 100 

-0. 625 

-0. 510 

+0.167 

+o. 340 

+0.525 
+0.330 
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sons between 0. M and R. M. 
-----------!- -----

R.M-C.M. 
Reduction to mean temperature. ! ________ _ 

Observed diameters. Reduced. Remarks. 
-- ------ ------- ---------

C.M. R. ?.1. ;R.M-C.M.1 I. III. I. III. 
----

µ µ \ 

- 6. 72 - 6.02 l 
- 8.37 - 7.81 l 

- 8.49 - 7.29 ! 

-IO. 26 - 8.66 I 

- 5.90 - 4.86: 

- 0.94 - 0.32 

- 0.71 - 0.63 

+ 7.90 + 7. 18 

I 
I 
I 

+ 7.31 I + ~- 121 I 
--~ 6. 71 I - ,.81_, 

I 
[-12.78]\ [-14. 27]1 

-13.68 -12.67 
I 

+ 9.55 + 8.03 

+ 7.90 + 7.39 

+14.62: +13.41 

+1+ 27 +12. 25 

Observed diameters. 

R.M-C.M. 
-----~--

I. II r. , _____ , ______ _ 

µ µ 

98.0 

97.7 

99. 6 I 
IOI. 7 

102.6 

93·41 
97· I 

i 
I 104.4 I 

I 
99. 21 

97.5 

I 
105.2 

!OJ. I 

I05.8 

99.0 

945 

[-------

µ µ µ 

+0.70 80.0 

+o. 56 82. I 

+1. 20 80.2 

+1. 60 82.4 

+1.04 82.6 i 
+o.62 I 85.4 

+0.08 80.9 

-0. 72' 84.0 

---1. 2 84.4 

+0.9 SI. 6 

[+I. 5] I 

+1. 0 79.5 
-I. 5 
-0. 51 83. 6 i 
-I. 2 82.4 I 
-2.0 8o.4 

µ 

80.7 

81. 4 

81. 0 

83.2 

[69. 

So. 5 I 

78. 8 I 

81. 2 

µ 

1, 
82.7 I 

! ObserYer, 0. II. T. Obsenations made 
84· 0 

1 l in the Standards room, Butler Build-

11 ing. l\atural illumination. 
86.o 

83. 3 J 

I I 

' i Obsen-er, 0. H. T. Obserrntions made 
1 

I in the Standards room, Hutier Build-
1 r 

83. I i I 
78. 41 J 

I 
! 

ing. :r\atural i1lu1ninatio11. 

: Reduced diameters. 
Reduction·----------- ---

to , R. M-C. M. : Remarks. 
-00.40 ! --------- --------' 

_____ ! I. I III. 

'.'.o 51 
I' 

--0.6 I 97.1 

-o.61 
-0.5 99· I 

o.o I 102.6 

0.0 I 

o.o 97.1 
o.o 

+0.3 I 99· 5 
+0.5 

I 
--0. I 

I 

+o' I +o.8 

+1.0 

+o.~ I 

µ 

97· 5 
: l Observations made in cold-storage room. l\atural illumination. 
, I 
I ~ Microscope A on left; microscope B on right. Daylight. 

IOI. I i I l J Observer, 0. H. T. 

I 1 Observations made in cold-storage room. K atural illumination. 
I 1 

93· 4 I' ~I Concave reflectors. Observer, O. H. T. Microscopes 2 

and 3. 
104. 4 J 

98.J1 
5 

1 l Observations made in cold-storage room. Artificial i!lumina-10 . I , i r tion. Obsen-er, 0. H. T. Microscope B on left; micro-

::.: I J scope A on right. 

95·3 I 
I ~ 

H. Ex. 55-13 
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Date. 

1889. 

:\larch 9,a. n1. 

March 9,p.n1. 

March 9,p.m. 

March 11, p. m. 

~larch I 2, a. m. 

2\farch 12,p. m. 

March 1 3, a. m. 

2\!arch13,p.m. 

:\larch 13.t1· m. 

2\fnrch 14, a. m. 

./.larch 14, '.\I. 

)larch I 4, p. m. 

1'larch 15, a. m. 

:\larch 1 5, '.\I. 

March 15.p.m. 

Date. 

-----------

1889. 

)larch 9. a. 111, 

March 9. p. m. 

March 9, p. m. 

March 11,p. rn. 

'.lfarch 12, a. m. 

March I 2, p. m. 

March 1 3, a. m. 

March 13, p. m. 

March I 3· I'· m. 

March 14, a. m. 
i March 14, JI.I. 

~farch 14, p. m. 

March 15,a.m. 

March r 5, M. 

~larch I 5, p. m. 

UNITED ST.A.TES COAST .AND GEODETlO SURVEY. 

Llbstract of Results of Comparisons between C. ill. and R. ,11. 

[Observations made in cold-storage room. Natural illumination. Observer, 0. H. T.] 

I• 

Thermometers. 

Mean temperature. 

I 
! 

Position 
of C. M. 

Front. 

Rear. 

Rear. 

Front. 

Rear. 

Front. 

Front. 

Front. 

Rear. 

Rear. 

Front. 

Front. 

Re~r. 

Rear. 

Front. 

c. '.\1. 

-------------

Tonnelot, Tonnelot, 
4331. 4332. 

0 0 

-+15 -4. IO 

-4.4* 

-+4* 
-4.31 -4. 17 

-3. 73 -3.61 

--4.09 -4.06 

--3. 88 -3.58 -3.83 

-3. 21 -3.61 

-3.65 -3.22 

- 3.77 -3.67 

-3.76 ' -3. 78 

-3.76 I -3. 72 

-4. IO j -4. 17 

-4.20 -A. zz 
-4.18 i -4.11 

' 
i Obs'cl diff. 

Position of R.M-C.M. 

[ Reduced i 
Reduction j difference I 

to l!C\1 C. ~1.,1 
3. 0 95 Diameter, i 

I III. ! 

C. '.\!. : Diameter, 
II I. 

I 

/L µ 

Front. IOI. 6 : 

Rear. w5.5 
Re:lr. 106.4 

Front. 108. I 

Rear. !08. I 

Front. 103. 9 

Front. 103.3 

Front. 99.8 +0.4 100. 2 

Rear. 99·5 +o.8 JOO. 3 
Rear. 98.9 +0.3 99. 2 
Front. 103. 8 -j-0. I 103.9 

Front. IOI. 6 +0.2 IOI. 8 

Rear. 105. 9 -0.2 105. 7 
Rear. 103.6 -0.3 103. 3 
Front. 103.3 -o. 2 103. I 

R. '.\I. 

----··----

I 
Tonnelot, 1 

4334· 

-4.07 

-3.63 

-4.06 

-3.91 

-3,61 

-3. 19 

-3.63 

-3.79 

-3.81 

-4.IO 

-4. II 

Kew, 
968. 

0 

-4. 22 

-3.61 

-4,06 

-3.83 

-3.67 

-3.28 

-3.67 

-3.83 

-3.82 

-4.17 

-4. 17 

-4.11 

c. '.\1. 

-4.12 

-4.4 

-4.4 

-4.24 

-3.67 

-4.07 

-3.86 

-3.59 

-3.21 

-3.67 

-3.78 

-3. 74 

·-4· IJ 

-4.21 

-4. 14 

Remarks. 

C.licroscope B on left. 

'.llicroscope A on right. 

l Microscope A on left. 

J Microscope B on right. 

R.M. Mean. 

I 
- 4.07 I -4. 1 

·-(4·4 )! -4.4 

-(4·4 )I -4.4 

- 4.22 I -4.2 I 

-3.61 -3.64 

-4.06 -4.06 

- 3.87 -3.86 

-3.64 -3.62 

- 3.24 -3. 22 

-3.65 -3. 65 

-3.81 -3. 79 

- 3.82 -3. 78 

- 4. 13 -4. 14 

·-4· 17 -4.20 

-4.11 -4.13 ! 

1--3.95 \ 

I 
I 

I 
I 
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Date. R.M.-C.M. 

i 
I 
I 

Aug. 30, 1888, to 

Sept. 6, 1888. 

u 
75.2 
71. I 

I 
72. I 

69.2 
73- 8 

75· I 

72.4 

72.4 

At 22°.61 l 
Sept. 8, 1888, to \ 

Sept. 13, 1888. 

72.7±0.48 

65.0 
60.8 

At 29°.6o 

65.8 
65. ~ 
59.8 

I I 6+4 

I. 60. 2 I' 

\ 65.0 
,--------! 

63.3±0.61 

Dec. II, 1888, to j So. 6 

Dec. 15, 1888, 82. 7 

St. 4 

84.0 
83.6 

86. l 

81. I 

83. I 

Final Abstract R. M.-0. M. 

Remarks. Date. R. :VI.- C. :\-1. Remarks. 

---- ------------------------

In Room No. 6. 

In Room No 6. 

In Butler Building. 

Jan. I 6, I 889, to j 
Jan. 22, 1889. 

I' 
83. 2 

82.6 
80.6 
78.8 

83. I 

81. 2 

78. 5 
!--------

At 12°.23 

Feb. 24, 1889, to l 
Mar. 6, I889. 

At -o0 .4<J 

~far. 9, I889, to 

Mar. IS, 1889. 

At - 3°.95 

82. o ±o. 35 

97.5 

9i· I 

IOI. I 

99· I 

102.6 

93.4 

97· I 

99. 5 
98. 0 

105. I 

Io3. 7 

1o6. 6 

\ 

I 

I 
100.0 I 

95. 3 I 
--------! 

100.0 ±o. 67 

IOI. 4 

105. 0 

105.9 
107.S 

108. 4 

103.8 

103.4 
100. 2 

100.3 

99.2 
103·9 
IOI. 8 

I 
105. 1 I 
103. 3 J 

! 
103. l i 

--103. s :±o~I 
I 

In Cold-Storage · 

Room. 
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Abstract of Results of Oompari-

Date. 

I \ Tonnelot thermometers. 

I 1-----------------
1 Position, 
I of B. M. I n. 1'L, No. 49· R. M. 

Mea'1 temperatures. 

I 1----~--- -------------------

' 433 I. 4334. 1 4335. 
I 

4332. B.M. R.M. 

----------- ----- _______ j_ ---------.. 
1888. 

Sept. 15, a. m. 

Sept. 15, p. m. 

Sept. 18, a. m. 

Sept. 18, p. m. 

Sept. 19, a. m. 

Sept. 19, p. m. 

Oct. 4, a. ni. 

Oct.4,p.m. 

Jan.11,a.n1. 

Jan.II,p.m. 

Jan. 12. a. m. 

Jan. 12, p. m. 

Jan. 14, a. m. 

Jan. 15, p. rn. 

· :'.\[ar. 6, a. m. 

:'.\Iar. 6, p. m. 

Mar. 7, a. m. 

:'.\lar. 7, p. m. 

:'.\lar. 7, P· m. 

Mar. 8, a. m. 

Rear. 

Front. 

Rear. 

Front. 

Front. 

Rear. 

Front. 

Rear. 

Front. 

Rear. 

Rear. 

Front. 

Front. 

Rear. 

Front. 

Rear. 

Rear. 

Rear. 

Front. 

Front. 

31. 264 i 
31. 254 : 

I 
-4-3-35-. -1 
---1 

16. 567 ' 

16. 869 i 

! 
I 

IJ. 642 i 

:~: :;: ii 

IJ.520 
I 

::: ::: I 

28.671 

28.933 

30.188 

30.883 

31. 38o 

31. 340 

16. 594 

16.903 

13.641 

13.743 

13.483 

13. 562 

12.526 

I I. 788 

28. 765 

28.966 

30.270 

30. 747 

JI. 224 

31. 283 

433L 

16. 584 I 
16.8841 

I 

I 

13. 592 : 
13. 801 I 

13. 521 

IJ.541 

12. 525 

1 I. 877 

13. 595 

13. 775 i 
1 

13. 503 I 

28.671 

28.933 

30. 188 

30.883 

JI. 322 

31. 297 

ii 
28. 765 I 

28. 966 I' 

30.270 

30. 7471 

31. 224 I 
31. 283 . 

----.. ··--! 
J0.208 

16. 580 i 

I6. 886 i 
16.733 

13.642 

13.728 

13.471 

13.541 

12.509 

I I. 794 

13.593 

13.788 
13.512 

13.547 
12.508 

II. 859 
----~i 

13. 554 I 
12. 492 I 
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.APPENDIX No. 7.-1889. 

THE NEED OF A HmlEASCREMENT OF THE PERUrIAK ARC. 

By ERASMUS D. I~RESTON, Assistant. 

u. s. CO.A.ST .AND GEODETIC SURVEY, 

Wa8hingto11, I>. C., July, 1889. 

Oue lrnmlred aud fifty years have passed since Bouguer was making his obser>atious iu tlie 
-measuremeut of the Peruvian ~re. The geodetic scie~ce of to-day is so much occupied with the 
:slight deviations of the surface of the earth from a strictly elliptical figure that it is hard to realize 
that even in the last century, it was an unsettled questiou whetber the equatorial or polar axis was 
the longer. 

A clock having been carried from Paris to the equator was found to lose two minutes each da~-. 
This fact was supposed to streugthen Newton's theory that the earth was an oblate spberoid. Ou 
the other band, Cassiui's surYe,rs in France at the beginning of the last centur,y indicated a prolate 
spheroid. It was to reconcile these two determinations that the Frenc!J Academ~- undertook the 
,measurements of Meridional arcs; one on a frozen rirnr iu Lapland, the otlier abo>e the clouds 
-in Peru. 

Parenthetically it should lie stated, boweYer, that the PeruYian a1·c, so called., is not in Peru 
as defined by the geography of to-day~ but more than a lmudred miles north of it in Ecuador. 
"\Yhen the results of these two expeditions were made known, the scientific world accepted Kewton'H 
theory, and all later measures have only serred to confirm it. 

Let us pause just for au instant to examine the triangulation by Uassini, and the time deter
•mination l>y l{,icher. Looking at the data with our present knowledge of the accuracy attainable 
in the two kinds of measurement, it seems strange that the former could for a, moment ban~ ca<:Jt 
·lloubt on the latter. In the first place, Cassini's results do not agree arnoug themsekes. He gi,-es 
the following statement of the length of one degree in toise:o;: 

<p 
4-90 56' 
49° 22' 
470 57' 

T 

56970 
57060 
57098 

E-ven were there no other reason for distrusting tl.1e observations, their disagreement would 
.almost condemn them. '\Ve now know that the length of one degree in latitude 4!F' changes about 
ten toises per d~gree, so tbat the change of more than one bundreu and thirt~- toises in lt space of 
as many miles, indicates either some large error, or a value for the earth's radii entirely incompatible 
with even the rudest observations. Besides, if the first differeuce should be accepted, it would 
require the plaee of observation to be in a latitude >ery different from that known to ha-rn lJeen 
the case. Therefore the triangulation in itself is not Yery trustworthy. Moreover, any assumption 
in regard to the ellipticity of the meridian, derived from measures not extending beyond two 
<legrees, is extremely hazardous. 
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On the other hand, when we consider that Richer's clock lost two miuut.'s dail;y, and tlrnt it 
must have been a comparatiYel.r easy matter eyeu at that time, to get differential time withiu a 
second, it is plain that the only source of error worth examiniug is that due to the change of tlle 
length o~ the pendulum. Barri ug accidents, aud lea Ying to one side the effect of temperature, 
which must barn been well nn!lerstood and taken account of by the obserYer, the leugth could 11ot 
h:wc changed IJ,r nearly RO much as its one-thouR:wdth part, antl as the time Yaries as the square 
root of tue lellgtb of the petl(lnlnm, tl1e time of om? oscillation could not ha\e been in error more 
1 L, 11 011e-half this amount. llel!l~e no error can be admitted that wouhlrnaterial!J· change the result, 
:uul the pendulum -work might have been accepted as demonstrating the oblateness of the figure. 
I3ut the ~4.cadernJ- resoh·ed upon au imkpendent determination, and the two expeditious were 
equipped. 

Douguer set out on :May(), 1735, aml after a journey of more thau a year arriyed at his desti
nation. The party was abseut about nine 3-ears, but the triaugnlation and base measurements 
were executed between December, 1730, arnl August, 17.3H. .Astrouomical ollservations to deter
mine the amplitude of the arc were made between .TnlJ, 1741, arnl .January, 174-3, and the party 
arriYed at the mouth of the ::\fagdale11a Hiver on Septemller 30, of the same ;rear. The pendulum 
was swung at Pol'to Bello, Isthmus of Panama, on the outward trip arnl at Petit Goa Ye, Hayti, on 
the return YoJ·age. The results are incorporated in the account of the equatorial work. Three 
gravity determinations were made iu Peru; at the sea-level, at Quito (9,374 feet elevatiou) and on 
the summit of Pichinclm (H>,564 feet). Magnetic observations were also carried on, and a general 
study made of the natural history and pby~cal features of the country. 

\Ye must not. lose sight of the fact that the work was nmlertakeu to decide bet ween the rela
tin leugths or t.Le eartlI's axes. Several methods of arriving at this result was therefore consid
erell. It 'Was once thought to supply snfficient cl a ta to dt'cide the whole qnesti.on b;r the equatoria 
ol>fterYations alone: measuring fo1· this purpose a degree oflatitndc and one of longitude iu th€' same 
locality. But recognizing the fact that -with the means at hand, the former wouhl be subject to 
an error of .,-0i 0"th part, while the latter would be 1mcertaiu b;y about six times as much, the prefer
ence mis giwn to the degrees of the meridiau. Measures had already been made in Frauce, aud 
from the nature of the involute curYe, formed by the intersection of the earth's radii for any given 
meridiai1, it was admitted that combining the equatorial measures with those of a middle latitude, 
the error to lie expected in the ratio of the two axes was only Tl40th iiart; and that a combination 
with ardic measures would reduce the error to about two-t11irds as much (i,- 0 \ 0 ). The errors 
attributed to accidental causes rest on the assumption that in each astronomical observation the 
obserYer is liable to be mistaken b_y three or fonr seconds of arc, and that in noting signals for longi
tude, one secou<l of time would be the error expected . 

.After the arc had been measured, it became a matter of some difficulty to combine it with the 
French and arctic work. Ever;r supposition made iu regard to the meridian, supposing that it 
could be rept'esente<l by an elliptical cnrve, seemed to do violence to the results of observation. 

A combination was first made, using the arctic and equatorial arcs, the law being that of the 
square of the sine;;. This led to a ratio of 214 to 215 for the axes. Then when the middle arc 
was re-measure\1, aml to tlie three meridian arcs a longitudinal one was added, this ratio was 
changed and 222 to 223 giYen. Tlle formula was still that of the sines squared. Later, an error 
was disco,-ered in this rnmeasuremen t. Picard had used a toise for his base measures, which was too 
sliort by its one-thonsantlth part. The iutroduction of this new value mod_itied the resnlt so essen
tially that the law prenousI,,- mfoptetl no longer satisfied the ohservations within admissible errors. 
The formula was changed to one where the increments of the length of the degree varieu as the 
fonrtb power of the sines of t!Je latitude, and a ratio of 178 to 179 was given for the leugth of the 
axes. 

The introduction of a power of the sines lligber than the square was done reluctantly. But it 
was found that in order to represcn t the curve by the secoud power of the function, supposing 
the tliree arcs snbject to the same error, it was necessary to increase the degree in France by 
69 toises, and diminish tbeother two by an equal amount. This would have re-established the ratio 
214 to 215 and would have been nearer the truth, as we now know. But such large errors were 
not thought possible. In fact, reasoning from their accidental errors of observation, only an error 
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of 17 toises, could be admitted for the middle degree, and H for the equatorial one. This would 
necessitate subtracting 140 toises from the northern one, which seemed beyond all reason. The 
procedure, however, would make the meridian a perfect ellipse and give a ratio of 250 to 251. 

'Yhen compared with Newton's theoretical rnlue oft he ellipticity, it "as remarked that this erred 
in defect about as much as the }ll'eYious conclusion had erred in excess. Therefore the obserYa
tiuus left the choice of onl.r two suppositions, either that of the fourth porrer of tlie sine/'\, or that 
of some fnnction of the latitude itself. The arc of longitude which bad been measured was brought 
to llear on tlle decision, and it was found that tlie measure woul<l, by the first solution, be in error 
by 150 toises, whereas by the second the error would be reducecl to 18. This decided the question, 
aud the law of tbe fourth powers and tlie ratio 178 to 179 was adopted. 

Tb is is the result as givrn by Bonguer i11 his discussion of tbe Peruvian work. Of course it 
is far from being the truth; but the recapitulation shows to ''hat extent the measures of 150 years 
ago were <lefectfre, and gi\·es an idea of the influence of this equatorial arc on the elements of the 
ellipsoid that are used iu all geodetic computatious of the vreseut day. A later discussion 
improvetl this result, and now there are so many middle arcs entering with great weiglit on 
account of their increased accuracy, that the Peruvian arc has not t11e importance it ouce had. 
Notwithstanding it is believed that a re-measurement would so wodify it as to materially change 
the value now adopted for the earth's ellipticity. 

We now turn to examine the work more in detail. The first base was measnred on the plain 
of Yarouqui, about 15 miles e.ast of Quito. \Eight days '\"\'ere devoted to clearing the line. Its true 
direction was N. 190 26' W. Three wooden rods, each 20 feet lollg, with copper contact plates, 
pr~jecting 11 inches at each end were used iu makiug the measurement. The plates were so 
arrauged as to make contact at right ang"les to each other. A rope was istretched for aligumeut, and 
the inclination of each rod was determined by means of a leYrl. Twe11t:1-fiye days were consumed 
in the work, whicll was exceediugly laborious because tl1e rod" were 1a;d 011 the ground. This 
course was pnrsned on account of tlle Yiolent wind. Two rolls were al ways in position The rear 
one, carried forward by lndiaus, was brought into contact with as little shock as possible; but 
witL a heavy rod in the hands of several untraiued persous, it is difficult to RN.• how shocks were 
arnided. An.iron toise was carried along, kept in the shade, and comparisons were made always 
daily and sometimes oftener. The temperature and humidit~· of the air affected the wooden rods 
cousiderably. The work was begun from both euds and the parties compared their rod.s when they 
met in the middle. The south party, however, used tresseli:;, and it was noticed that the effect of 
\'\iud on the plumb-line, and the consequent error in the length of the base, would be in oppo;;ite 
directions for 1ihe two measures. In spite of this fact, and with the exceedingly rough method of 
making the contact, the two independent measures only ditlere<l by about 3 inches for a distance of 
more than 6,000 toises, which is about 15-u1·000th part. This is a degree of accuracy far beyond what 
we can reasonably expect in work of this kiud, and there must certainly have been large compen
sating errors. 

Base measures of the present time, with all our improved methods of dealing with the tem
perature, perfected contact slilles, better ways of alignment, and more skillful manipulatiou of the 
bars by persons trained to the work, do not give much better results. 

The actual measures gave somewhat less than G,273 toises for tbe length. It was estimated 
that the necessary corrections would increase this quantit~', and in order to ham tlrnir uase an 
exact number of toises, one of the end marks was moved 3 inches and 8 lines. It is hard 
to see what was to be gained b;v this. Of course the ronncl number wonltl be broken by the 
solution of the first triangle. Their own measures showed an uncertainty of senrai inches. 
Therefore, asserting that the base contained an exact number of toises within the thickness of a 
line, goes for nothing. Moreo,·er, the subsequent rednction ga,·e a correction, different from what 
they had applied, so that the fiually adopted length of the base was not 6,274 toi::;es, as they wished 
it to be, but 4 inches an<l 1~ lines more than this. 

The length of the straight line connecting the two extremities of the base was found by first 
comparing the actual measure with the line as traced on the ground, and then deducing the 
quantity sought from this last line. 
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Au approximate value for the base liue substituted in the formula• 

f c d:x; 

Z= vc2+(b+xf 
gives the correction to reduce the actual measures to the ground line, considering it sensibly 
straight for each of the sernn parts into which the whole base was divided. The absolute and 
relative heights of tile extremities and the intermediate points were determined, which furnished 
the 1lata for referring the ground line to the air line connecting the extremities. The result. of the 
entire work was: 

Ground line longer than actual measure.................. . . . . . . . . . . . . . . 1. 52101 
Ground line longer than air line ... _.... . ......... __ . . . . . . . . . . . . . . . . . . . 0. 23100 
Air line longer than actual measnre.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 2900 I 

The correction for temperature applied to the Tm·qui base would indicate a coefficient of 
expansion of .000015 for the wooden rods, which is between that of glass and brass, but somewhat 
nearer tlie latter. Bnt tlien not ,·ery much reliance can be put in the temperatures. That of the 
base of verification was only estimated t and could not certainly have been known within several 
degrees. But the accordance of the results, errors of compensation being disregarded, would 
indicate that the temperatures were correct to within one-fourtli of a degree. Au examination of 
the reconl shows conclush'el,r that this coulll uot ham been- tlie case. On tbe other baud, the 
Span is Lt otlkers correct the second base by about 8 feet, which would require a coefficient of 
expansion, hased on the same difference or temperature, at least twice that given above. t It then 
appears that the temperature factor alone would give rise to uncertainties far greater than the 
difference between the two results. 

Tlie angles of the triangulation were measured with quadrants whose radii varied from 2 to 
3 fret. Two telescopes were provided, a fixed and movable one, the whole instrument being 
unh-ersall~· mounted b;)· means of two right-angled cylindrical elbows. :Micrometers were here 
a11p1iet1 to instruments of this kind for the first time, and it is believed that Bouguer was the first 
who calle(l attention to errors of ecceutricity. As the limb of the instrument 0111.r includetl 90 
degrees, tl1ese errors could not be studied by the method uow employed of comparing diametric 
readings throughout tbe entire circle. Independent measures of two known angles gave two 
Pqnations in which tlie known quantities were the errors, and a function of tlie angle itself, and 
the unknown quanties were the rectangular co-ordinates of the center of rotation, referred to the 
center ot: graduation as the origin. These co-ordinates being known from the solution of the 
equatioirn, corrections applicable to any part of the limb could be calculated. Besides this, six 
or seven angles, which together closed the horizon, ,were measured. These were 'corrected for 
inclination and tlieir sum compared with 3600. ThA error of closing was on the average about 
two minutes. l\'Ieasures of equilateral triangles gave au additive correction of 20" for an angle 
of CilP. Other combinations showed a· correction of 40" for 90°. The separate spaces of 5 
degrees were examined· hy comparing with a known angle of this magnitude. A month was 
devoted to the study of the errors of the instrument. 

Wirh instruments capable of not more than this degree of accuracy we can not expect a close 
agreement bet"°een the measured and calc11Jated bases. They differ by about two feet. The 
triangulation is 200 miles long and contains thirty-two principal triangles. But the result 
of the side computations from this principal network was twice modified. Once at the eighth 
triangle, wliere some auxiliary figures gave a result different by 2~ toises from the regular 
work, and again at the sixteenth, where results having a range of' seven-tenths of a toise 
were obtained from three different methods of deriving the same line. In both tliesfl cases tlie 
auxiliary work was combined with the regular triangulation, and tlie resulting line, upon which 

•The earth's radius is c_; x the length of the line, and ban auxiliary constant. 
t Mesurc> des trois premiers degres du Meridien, par M. de la Condamine, Paris, 1751, p. 83; see also in this 

connection "Zeitschrif~ fiir Instrumentenkunde," August ll:lfl5, p. 271, and "ResuHate ii\Jer die peruanische 
Gra<lmessung." Monat. Corresp. 1887, p. 240. 

t Observaciones astrou61nicas y phisicas hechas de 6rden de S. M. en los regnos del Peru. Por Juan y Ulloa, 
Madrid, 1748, p. 166. 
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-the succeeding work depended, was changed by 1,-1o toises in the first instance aud by tllree-teuths 
-0f a toise in the second; so that we should not be surprised at a much greater discrepancy 
between calculation and observation at the end of the chain of triangles. Bouguer sl10w11 that 
admitting an error of 15" in each angle, the accumulation of these throughout the entire work 
woul<l produce au error in the second base of about 25 toises, but adds that a certain compensa
tion must be expected among so many errors. 

After having finished the. triangulation, astronomical observations were undertaken to deter
mine the amplitude of the arc. They were made with a sector having a radius of 12 feet and 
a graduated arc of about 3 degrees. .Altl10ugh tllis is confessedly the weakest part of an t!Je 
equatorial work, the methods employed show a keen appreciation of many sources of error. The 
limb was graduated by laying off an aliquot part of the radius as a chord. This was chosen with 
reference to the particular star to be observed, and the true wnit11 distance was found by apply
ing to this known arc a small micrometer correction. The modern work with the zenith telescope 
is but a repetition of this same principle; for here the absolute zenith distance of the two stars 
is for the moment disregarded, but the excess of one over the other is measured, and applied to a 
function of their declinations, which arc qnantities determined by other im·estigations. 

Tile precaution was taken in the Peruvian work to make part of the measures on tlrn same 
star, antl at the same time, at both extremities of the arc. This weuhl eliminate any effect of 
uncertainty in the constants for precession, abl>erratiou, and uutatiou, which were not., at that time, 
very well determined. But Zach has re-reduced the obsernitions of 174~ and 1743,* and finds a 
difference of less thitn 1" between the results for the simultaneous o1Jservations and those deduced 
from all the work <luring these two years. The instrument was reversed several times, thus giving 
values under different conditions, aucl it is said that no discordant observations were rejected.t 
The method of reversal is reforre<l to as having been in>ented b;y Picard, an<l it is probable that 
this principle, now so often app1ic<l and so essential in all instrumental work, was here system
atically usell for the first time. Its effect in this case was to eliminate the eccentricity of the zero 
.point of the micrometer. 

The value of the micrometer was found from terrestrial measures, using the known length of 
portions of the base, and lines erected perpendicular thereto. The meridian was found by ohserv. 
ing, at the moment of culmination, the direction of a beam of sunlight, admitted through a hole 
in the roof of the observatory. The method was supposed to give the true direction with an 
~rror not larger than one minute of arc. 

The accuracy of the measurement of a star's zenith distance appears to depend principally 
on the stability of the limb of the instrument, and the ability of the observer to set the initial 
point of the arc in exact coincidence with the plumb-line. There seems to he nothing said as to 
how this was accomplished, but it is easily seen that it must have been a work requiring much 

·care. The measures of the star's zenith disJancc are given to the nea·rest secomL Indeed the 
three results for the arc's amplitude, have a range of only three seconds. The following were 
the results from the three stars: 

e Orionh1 . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3° 7' 1" 
{) .Aquilre . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...............•..•.. - . . . . . 3° 6' 59" 
a Aquarius ........... _ .................... - - - ....... _ . . . . . . . . . . . 30 6' 58" 

These are the results considered by the observers to he the best. They do not represent all 
the observations, but were selected on account of the favorable conditions obtaining at the time 
they were made. The se~tor had also undergone some improvement. But a mean value from all 
the results obtained at both stations gives 58", which agrees more closely than one would expect 
from the range of the individual values. Zach estimates tliat the total error in the equatorial 
degree will not exceed 50 toises, 38 being for the astronomical and 12 for the geodetic part of tile 
work (Monatliche Correspondenz, 1807). This is based, however, on Bongner's and La Conda
mine's estimate of the accuracy of the astronomical work (page 251). Since the radius of the 
sector was 12 feet, one second on the limb would be about n1croth of .an inch. 'l'o make a 
plnmb-line, suspended freely, coincide with a mark on a scale at its side, to within less than this 

• Ueber die Gradmessung am Aeq uator; Monat. Corres. Vol. XXVI, page 39. 
t Figure de la Terre par Bouguer, Paris, 1749, p. 2G2. 
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quantity, must have been a matter of difficult.\'. In this operation we have ill all proballility the 
sources of the largest discrepancies. 

The flexure of the sector was also studied. Experiments were made on an iron bar, from 
which it was conclnclerl that the flexure YariP11 as the fourth vower of tlie length. It was found, 
moreoYer, that when the radius of the sector was i•laced horizontall.r its flexure amounted to one
twelfth of au inch. This was shmrn to be inappreciable when the inclination was 011)~- a few de
grees, allll when the objective of the telescope was attauhed to the centre of the sector . 

.Azimuth observations were made at both bases and at. three intermediate points. The agrcc·
ment between the observed directions and those determined by triangulation is always within 
less tlrnu oue minute; the discrepaucy at the last base being forty seconds. The sun was inYariably
used, and the nngle between it aml a sigual was measured with a qua<lrnnt. The errors in 
orientation, ei:itimated liberally, will not chauge the total length of tlle arc more than a fraction of 
a second at each end. Therpfore the question of azimuth is not one of vital importance. 

\Ye now come to perl1a1is tlte most interesting part of Bouguer's work. Not satisfied with 
jnvestigatiug the exterior shape of tlJe earth, he determined to study also its iuterior condition. 
It liad been known for more than fifty ;years that a pendulum oscillated more slowly at the
equator than near the poll-, autl fimliug himself not only iu a latitude where the force of gra,·ity 
was the least, but also in a country where there were exceptional facilities for the stucls of this 
force at great elevatious, he deemed it his duty to devote some time to the inYestigation of the 
subject. Of the two methods, <>ither compariug tlie times of oscillation by the same i1e11dnlurn, or 
comparing the leugths of two diftereut pendulums, yilJrating in the same time, he cho1se the former. 
In this he has been followed by ail later observers. Of course his results cau 11ot now be 
regarded as of \'CIT great value, both on account of t.he unsuitable methods and inferior instru
meut>i employed. Hllt the work poiuted i11 a certain direction, which has been confirmed in a, 

general wa,y by some more recent a11d accurate determinations. His method of gettiug time 
wouM not uow l>e used in gravity observations, although mouern instruments would increase thfr 
accnraey of the result Heveral fold. It is doubtful whether, with his im;truments, and often using 
siugle altitudes of stars, the time was correct within several seconds. About one and one-half 
hours may be taken as the duration of a swing, so that with tile uncertain clock correction, and 
the short duration of the experiment, great discrepancies in the individual swings were unavoidable. 
The peuduinm was of au inaccurate t;ype, and its length was found by sim11I;\' holding au iron bar by 
the side of a thread stretched by an ounce weight. · Contact; with the clam1) above autl the bob 
below wa:.1 f•xamiued either by means of a magnifying glass or by the naked eye. 

The indi\·idual results, for the length of the seconds pendulum at Qt1ito, where the conditions
were fayorable, have a range of about 601.00 part. This would correspond to discrepancit-s in the 
times of one oscillation of less thau one unit in the fourth place of decimals. Under the l'ircum
stauces the accordance is good. 

The result was corrected for buoyancy and temperature. The former was here applied for the 
first time in pendulum obsen"ations. It was estimated that the density of the air 011 the top of 
Pichincha was 1 -,-f,-00 of that of the metal '.lomposing the pendulum bob, and since gravity varies 
inYersely as the length of the seconds pendulum, the length found was increased in this same ratio. 
No correction seemR to have been made. for tlie amplitude of oscillation. 

\Vhen the necessary reductions were made, it was found that gravity at the sea-level, was 
diminished hy n':ff part at Quito, and by 8 h part on the summit of Pichincha. Since the distance 
from the earth's centre had been increasetl in the first instance by its "I+.~71 part and in the second 
by its 1 ./18 part, the results indicated a law not •ery different from that of the inverse square of the 
distance. Bnt gravity had not changed enough in either case to satisfy the law. The conclusion, 
therefore, was that some infiuence, not exactly understood, increased the force of gravity in both 
cases. Naturally, attention was dmwn to the high table-land J;ring between the stations and the 
sea. It was estimated that the effect of this woulu be one-half of that of a shell of matter of the 
Harne density and thickness encircling the whole earth. Granting this, the diminution of gravity 
in passing from the sea to the summit would be 

27t, 3o) 
-r(1 - 4 L1 
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where k is the height of the stat.ion above the sea, r is the radius of the earth, and <5 aud L1 are 
the respecti\'e mean densities of the table-land and earth. 

Now, this <liwinution was found by the pendulum to be 131n, which, compared with the above 
.expression, leads to tbe conclusion that the matter composing the table-land has only about one
fiftb the densit~· of the earth. The result was something of a surprise at the time, and doubts began 
to arise as to whether the interior of the earth coukl be, as some supposed, a fluid mass surrouuded 
by a thin shell. It could not be denied that the density of the surface was less than that of the 
interior, because it was sliown that in order that their densities he at least equal, the length of the 
.seconds pendulum must be in error hy about one-thirtietli of an iucll, which, eYen witli tbe rough 
method employed, was too great an error to be admitted. 

If the land lying between the upper station and the sea be regarded as a plain of infinite 
extent, the same result ensues, and the formula deduced from this point of ''iew is of somewhat 
simpler derivation. Clarke arriYes at the same result by regarding the intervening matter as 
either a cone, cylinder, or segment of a sphere, where the horizontal dimensions are great com
pared with the vert;ical ones. In calculating some attractions in the Hawaiian Islands, the matter 
was treated rigorously as a cone, and the resultant attraction at the foot of the mountain, based 
-on this value, agreed clo.5eJ.r with that derived indepelH1ently by the latitude obsen-atious and 
trian gnlation. 

The value of the radius of the earth employed in the Peruvian investigation was about 12,000 
metres too large. Introdncing the value now accepted we get a rlensity for the And(~S sornewllat 
greater. The change is in the right direction, but it is not enough. The rocks in Peru probably 
ha\'e a density of about 2, or possibly less, and if the sea-level is in error by 100 toises, the pen
dulum work would give about this density for the nnderlJring mass. 

The method used in fimling the absolute height of the base line, to which all the elerntions 
were referred, was by triangulation. The results were roughly clwcketl by the barometer. I<'rom 
Niguas, a point between Quito and the mouth of the Inca l:tiver, angles of elevation were takeu to 
several mountain peaks, of which Pichincha was onP. Niguas was also Yisible from a point near 
the sea-level. The distances being approximately calculated, witll some of the angles concluded, 
the elevations could be determined with some degree of accuracy. The last stati011 was estimated 
from barometer readings to be about 30 toises above the sea. But that not much confidence could 
be placed in the instrument is plain from the fact, afterwards stated, that weighing all circum
stances it was concluded to fix the difference at 40 or !2 toises. The result was checked hy a 
very rough estimate of the inclination of the rinr-bed arnl the velocity of the current. Kuowing 
the relation between the velocity and inclination at a point near the station, and determining 
the velocity further down the stream, the inclination was calculated. Then from the measured 
horizontal distance, and the inclination, the vertical height resulted. It is evident that not much 
reliance is to be put in such a determination; but perhaps the error is considerably inside some 
others entering into the deduced lieigllt of Pichincha. 

The angles of elevation were measured with a quadrant which mig·ht gi,·e results as much as 
3011 from the truth. Then, as there were mountains back of the station, 12,000 feet high in one 
case and 15,000 in the other, the angles of elevation may have been in error iu either case b.r tho 
greater part of a minute. And errors from attraction would be ~ccumulative, since Nignas is on 
the mountain fl.auk. The distance from the sea to Ilinissa, with wliich Picbincha. was connected, 
was found from the known difference of latitude and the azimuth. It seems therefore probable 
that the total elevation may have been in error hy as much as 50 toises. This is not enough to 
bring the mean density of the Andes into tolerable accord with that of the surface rock. 

lt is difficult to estimate accurately the probable error of the distance bfltween the two 
extremities of the arc, because sufficient data are not available. Take one eighth of a foot, which 
is one-half the difference between the results, as the probable error of one measure oft he base line. 
This is composed of errors in the lengths of the rods and errors of measure, properly so called. The 
error in the entire base as depending on the former, varies as the length, and as depending on tbe 
latter, as the square root of the length. Assume these to be equal. This would give for the 
uncertainty of one of the rods (20 feet), 0.000! inch or less than 5 of<>in;-th part, and for tlle uncer· 
tainty of making contact about m of an inch. 
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Either of these errors is not only much smaller than we can expect from work done under
the circumstances, but they are actually less than are generally realized in modern measures. 
Therefore, when we consider the means of comparison with the standard and the method of placing 
the bars on the ground, the close agreement must be considered entirely accidental, and in 110 wise 
to be taken as a criterion of the accuracy of the work . 

.A11y error in the Iiuear measure is transmitted through the triangulation, and the probable error· 
in the last side will depend ou the ~werage correction to a direction as determined from the shape 
of the triangles and their number. To this is to be added the error in the base, which transmits 
itself iudepemlently, and its effect depends on the relation between the base and the last side. 
The a\·erage direction error, resulting from joining points in a triangulation, is about twice as much. 
as the average direction error arising from closing the horizon at any one point. Regardin,g the 
probable errors of the base and angles as the differentials of those quantities, the uncertainty of 
any side may be computed by a formula involving these differentials and known functions of the 
angles. 

Taking eight seconds as the probable error of an angle, which is less than that estimated by 
the obserrnr, we calculate the uncertainty of the laRt side, as llepvnding on tlie a11gle <'quatiou& 
alone to be slightl.r more than 10 feet. This result is based on tue formula 

r0 = ar sin 1" I cot2 A + cot2 B 

which assumes that one of the angles in each triangle is a concluded one. The true probable error 
where all the angles are measured would be somewhat less than that given. ~evertheless, all the
circumstanccs being considered, we may assume the uncertainty of the last line to be not far from 
12 feet. The chances are that this is an underestimate. This error, as we have seen, is about that 
tliscon~red near the middle of the chain, and which influenced all subsequent work by one-half 
its amount. The error in the base is uow disregarded, because, although it is much larger than 
the results of the measures would indicate, its effect ou the last side would still be small in com-
11:nison with that resulting from the angle equations. 

Tlle astronomical obser>ations agree among themsel>es, hut it was not suspected at the time· 
that the mountains might affect the plumb-line by at least thirty times as much as the results were 
supposed to he in error. "'·hen the work was done, instruments and methods had not been brought 
to that degree of perfection necessary to detect these small influences. Since theu many striking 
cat>efl have been brought to light; 2211 deviation having been notictd in India, 16" in Russia, and 
'..!9" in the Ifawaiian Islands. In the example near Moscow there are 110 mountains to acC'Ount for 
the phenomena, and the supposition is that the density of the underlying strata may be subject to 
great variatious, or that large subterranean caverns ma.Y exist. Archdeacon Pratt has shown that 
small changes of density, if extended over a considerable area, ma.Y produce very perceptible 
t1P1lectious of tlte vertical. The Indian example is produced by the Himalayas. The Hawaiian is 
the result of the attraction of Haleakala, an extinct volcano 10,000 feet high. 

"'hen we consider that between the extremities of the Peruvian arc, there is a continuous 
range of mountain,;, yar~'ing iu height from 9,000 feet on the plateau of Oochesqui, to 19,000 at 
the summit of Uhimhorazo, an<l remembering that the arc was terminated at a 1ioint where the 
elevation dropped sudde1J!y several thousand feet, it is evident there must have been enormous 
differences between the astro11omkal aull geodetic latitudes. 

,Judging from analogy with other cases, similar, either in the >olume of the mountains, or the 
<lensity of the matter, it seem;; not unlikely that the amplitude of the arc may be in error by many 
;;;pconds. Indeed, if we take the data u,-ed in I1a Place's first discussion, the Peruvian latitudes 
Rhoul<l be clmuged b,y alwut llll' in order to give au ellipticity conforming reasonably with our 
pre:-:ent Yalue. And the requirctl cliange shows that the plumb-line was drawn towards the 
rnonntaius. 

The erroro:1 iu th1l measures of tlle two bases, in the triangulation, in the altitudes, or in the 
azimuths, could not have an influence at all comparable to this, so that a simple redetermination of 
the latitudes would nry much improve the result. Iu fixing the figure of the earth, an equatorial 
arc enters with great weight, and we find that in a combination by least squares of uine arcs 
used by La Place, an error of one minute in the amplitude of the £'qnatorial arc would reduce th& 
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ellipticity to one-half its original value. This seems to be a great change for the supposed error, 
but it must be remembered that not only is the arc at the equator, and therefore has great iutlnence 
in the determination of the elliptic figure, hut also that it is a comparatil·ely .slwrt arc, arnl beuce 
any error in the amplitude Las a proportionately greater efi'ect on the length of a degree deduced 
therefrom. 

The individual influence of arcs, where many enter into the determination, should not, how
eV"er, be o\·erestirnated. If we ii:u11pose ares of one degree to he measured from the pole to the 
equator, say 100 apart, their weights i11 fixing the polar axis are approximately as the numbers 
39, 43, 54, 70, 89, lll, 131, 146, 157, 161, and in the determination of the equatorial axis these same 
numbers apply in au in.-ersc order. A cnr.-e plotted on rectallgular co-ordinates, with the earth's 
radii mal the abo.-e weights as arguments, has a point of inflection in middle latitmle1-1, and since 
the ellipticity is uuity minus the ratio of the nm axes, middle arcs ha\e n•ry little infinence on the 
ellipticity. 

The pendulum obsenations indicate that the density of the mountains is about one-fifth the 
mean density of tlie earth. '\\' e may therefore assume that the Andes in the ueigh liorliood of 
Quito, are 01ie-half as dense as the general snrfaco of the earth; and if we take liY' for the deflec
tion at each end of the arc, the ellipticity of the figure is changed by about one-fourth part of 
itself. 

The effect of any change in an equatorial arc on the figure of the earth, as detlncPd from the 
uine arcs abo,·e mentioned, is easily found. The coJJditional rquatious are cowhiued hy least 
squares in order to find the Yalues of llI and N iu the equation, 

d=l\I + Xsin2 l 

where dis the length of one <legree in latitude 7, l\I is the length of one degree at the equator, and 
X is the difference in length between the equatorial aial polar <legn-e. The change iu length of 
the equatorial degree will be gfren by differentiating an exprt:ssiou of tile form 

2 bi (2a - 2' a/1) 
9 -2· b2 ~ ( )£"" b )2 

where a is the independent variable. The degree beiug at the equator, tlle differential of 2 ab 
is zero; and the change in the length of the equatorial degree from the solutiou of the normal 
equations would be about two-thirds the assumed linear error in the in di Yidnal arc. Knowing the 
differentials of M and N, the changes produced in the eccentricity and ellipticit~· are obtained 
without difficulty. 

It is a singular fact that the first combination of the Laplaud and Peru,·irm arc;; garn a ,-alue 
for the ellipticity quite as near the truth as was deduced b,y La, Place fifty years later, using the 
accumulated data furnished by improved instruments and methods. This is partly owing to the 
fact that the two arcs, having the greatest influence from their position and length, remained 
unaltered. 

La Place's combination gives a value in excess, and the supposition of the plnrnb-line being 
deflected towards the centre of the arc changes the Yalue in the right directiou. Row much allow
ance slwuld be made for attmctiou it is difficult to say, as the coufigura tion of the laud is uot kuowH 
with sufficient accuracy. The indications are, that eyen admitting the small densit~· of the mount
ains, the deflections are much l~rger than wonhl be necessary to bring this arc iuto aeeonl with the 
others, and give a value for the ellipticity called for by modern obser>ations in middle latitutles. 
If 've accept the <lata in foi. Place's first cornbinatiou, a deflection of 11" at eacll end of the arc 
wonhl be required for this purpose. 

There seems to have been some compensation of errors, which bas giwn the Pt:rm·ian arc a 
V"alue conforming closely with our present spheroid. But its agreement in thi:-; rp;;1wet is 110 

excuse for not remeasuring it. The measures of the hase liue agree witllin a few iuehes, hnt no one 
who has examine<l the case believes that this is :rn;ythiug but an accident. The eombinatio11 of 
this arc with some other recent ones in the determination of the figure of the t>artli, gin~s corrce
tions for the equatorial latitudes e,·en smaller than those required b;y points whose positions 
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were determined with greater precision, and where the direction of the plumb-line is umcll Jei;s 
distnrbe1l lly attraction. These 8mall corrections would probably not be confirmed by a new 
measure. 

~otwitllstanding, this work was well done considering the circumstances and the state of 
science at tlie time. Bongner and his associates were scientific men who thoroughly understood 
the requirements of tlie case, aml executed tlie work with the utmost fidelity. The necessity for 
.a greater or less degree of accnr;icy, according to the kind of observatiorn:i, and the bearing of 
each partial result on the final one was the source of constant study. :!\'Ian;\· principles of work 
bere practiced for the fir:st time !Jam l>een adlieretl to by all later obserYers. But tile ad vautage 
of repeating this work wotilll come from the great improYerneuts in instruments, aml tlie consequeut 
bringing to light of influences that were theu unknown. N otbing at the time was known of spher
ical excess in geodesy. The theor;y of least squares was undiscoYered, and the metho<l. of equal 
zenith <li>;tances had ne\•er been applied to the determinations of latitude. 'Ve now have also the 

"compensating base apparatus a111l many perfected forms of the pendulum for tbe measurement of 
the force of grayity. In fact in eYery class of work tbe errors at present range from one-tenth to 
one-hnndrcdth of what was then considered admissible. 

Adrl to this that tliere is no check on the astronomical latitudes, which are doubly important 
on accouat of the sliortuess of the arc; that the elevation above the sea is >ery uncertain; that 
t!Jeil' <mn obsen·atiom; show an nu certainty of7 or 8 feet in the sides of the triangles, and that the arc 
enters into the cletermination of the ellipse with great effect owing to its geographimtl vosition, 
antl it must he coucetletl that the gt~odptic science of to-day demands the re-measurement of tlle 
Perin-ian arc. It is high time tliat the equatorial work be put on the same footing as the other 
<lata entering into this important problem. 

ERA.SM US D. PRESTOX, 
Assfatant Coast and Geodetic Sur-1'ey. 
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TELEGRAPHIC DETEIUII~ATION OF THE LO:'{GITGDE OF A STATIOX OX ]10C~T 
HAmLTON, CALIFORXIA, 
LICK OBSERVATORY. 

A~D ITS TRIGO~m1ETRICAL CO:\NECTIOX WITH THE 

Field '-Vork by C.H. SINCL1>..IR, A>lHiHtant, a11<l 1'{. A. 1\1AI~R. Suh-A8sista11t. 

Report hy CHAI~LES A. SCHOTT, A"sistan:. 

In preparing this report. on tile resulting lougitUtle of .i.\Iount llamilton, Ual., one of tile trigouc
metrical stations of the Sun·ey, and proposing tlw same for carlj· publication, *the matter lla:< Ileen 
treated at sornewha t greater length than is usual with snch reports, for the reason tliat it gins an 
account of an important astronomical constant of a promi11eut observatory. At the same time it 
seemed to be desirable and a fit opportunity to exhibit or cxplaiu with sufficient detail the metholls 
of obsen·ation and retluction, as now practiced iu the Snn·ey. 

JJi_tferenoe of telegmphit• /onyit11rle bet1ceen 
Hamilton statfon near Lick Ob.~en~atory, 

and November, 1888. 

Snn Francisco, Lrtftiyette Park, Cal., and Jlu1111t 
Cal., from exchanges <~f arbitrary signals in UcfrJZ,cr 

Stations, San Francisco, oL;:;erYatory in Lafayette Park. \lount 1Iamiltun. :--btion twrtileast of Lick l >h1eryatury. 

Obsener,, C. 1 I. Sinclair au•l l{. A. :.!arr. l{. ,\. :.!arr an• l C. H. Siuclair. 

Instruments. Coast and Geodetic Surwy Transit ::-.;,., rS, made at Coast an<i c;eocktic Survey Transit ::\u. 19. ma,lcat th~ 

the Uffice in 188;-·ss. 

Clear aperture of telt~~cope 7.5rn1 \3 illche.-,, ). FocD.1 

length 94"11 (37 iuches). ?\bgnifying j'uwer with 

diagonal eye-piece 104. 

Glass diaphragm of I 3 line~, ruled a:, follow~: 5 in 

middle tally,t 3 in each side tally,t and 2 extreme 

lines, the last not used. 

One rlivision of striding Je,·el Xo. 7514 equals 2"'"'· 
graduation from the middle; 1division=1 11.351 at 

temperature 25°.5 C., as Jctermine<l by E. Smith. 

April 11, 1888, al the Survey Office. 

Diameter of pivots 2.5cm ( 1 inch). 

Ofrice in 1887-'SS. 

Clear aperture of 11,;·lt:scopc 7.5n1. l3 inchc.-...:. l"uc:tl 

length 94cm \37 inchesl. :\lagnifyin~ p<nser with 

tliagonal eye-piece 104. 

Glass diaphragm of 13 lines, ruled "' follu\v.-: 5 in 

middle t1lly.t 3 in each side tally,t and 2 e.\treme 

lines~ the last not used. 

One <lidsion of stri\ling 1en:1 :'\o. iSII e.1uaL .z11 1w. 

graduatioR., fro111 the 1niddle: I diyisiun = 1'".223 

at temperJ.ture 25°.5 C., as ddcrmined hy E. ~n1ith. 

April 11, 1 SSS, at tlie Surrey ( >ffice. 

Diallleter of pivots 2.5'"' (I inch). 

l'ivot inequality: Bright-hand end smallest, west, Pirnt inequality: hright-lrnHI en.J brgc,;t, wes:, 

p-:-=- + ~.020 ± 0 8.00I, fron1 observations n1ade at 

Yaquina, Oregon, by R. A. :'lfarr, :\fay 30, June 6, 

188S, and at Seattle, \\'ash. by E. Smith, June 

12, 14, 15, 16, 18, 1888. 

Sidereal, break-circuit chronometer Xegus, Ko. 1769; 

it breaks the e\·en seconds and the fifty-ninth. 

Cylinder chronograph, Fauth & Co., Ko. 8; switch

board and telegraph apparatus No. 2.:j: 

/'::::::::: --· 0\006 ±: 08.00I, fron1 observ::iti-ons made ~J t 

Portland, Oregon. by E. ~111ith, :\foy r4, r(,, Ij, rS, 

and June 6, 1838. 

~idereal, IHeak~circuit chronon1ekr. X c~~u.-;, ~ lL 177 1. 

breaks every eYcn second~ alsu the tifty.ninth. 

Cylinder chrono;.:raph, F'1uth & Co., Nu. 9; s\\·itcli

hoard and telegraphic apparatu, ?\u. 4. ~ 

*See Bulletin No. 13, Oct. 7, 1889. 
t Line intervals nearly 2•.5 

:j: Appendix ~o. 7, Co:tst ant! Geodetic Sun"ey Report for 18~0. 
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'Telegraph line and batteries.-Tht> line from the mountain to San Francisco, via San Jose, is 651 
statute miles in lcngtli. It is composed of 50 statnte miles of No. 8 galvanized wire and of 15 miles of 
No. 9 'llire. Batteries at San Francisco, 150 cells (gravity), and at MoP.nt Hamilton, 10 and 19 cells, 
before and after exchange of obsernrs. 

Time determinations.-T1rn sets of transits were obser-ved at each station e•ery night of exchange 
of longitude signals, at an interval of about oue hour, and the same stars were observed at \Joth 
statiomi, weatller permitting. Three lists of stars had to be prepared, caused by the unusually 
long peri01l m·er which the longi tulle work extended, which was partly d ne to had weather arn] partl,Y 
to inte1 mp ti on of the. line. Tbe star places were taken from the Berliner Jahrbuch with the exception 
of four stars, whose places depend on the American Ephemeris. Each set is compvsed of 10 stars, 
5 of wbieh are obsmTed with transit axis in position E. (or " 7

:) and 5 with axis reYersed in its Y's. 
Of these 5 stars, 4 are circumzenith or time stars, 2 culminatiug uorth aud 2 south of the zenith 
(this is the arraugement aimed at) and one is a circumpolar to control the azimuth. 

Time e.l'Cltan!fes.-The exchange.~ took place between the two sets of transit observations. They 
are composed of arbitrary siguals, between two anu three <lozeu in number, sent autl receiYed at 
each station. On nights of exchange the chronographs are run at double speed while these signals 
are passing.* 

Personal equatio11.-The differential personal equation between the two observers is eliminated 
from the resulting longitude by the obsen·ers ha\·ing changed places after one-llalf of the lougitude 
work ;ms completed (their instruments, 110we>er, being of the same pattern, remained at their 
rcspectin stations). 

Computation.~ and results.-The first or rough field computation for difference of longitude was 
made hy the obserwrn; the Office computation was made by E. Smith, Assistant, while temporatil.r 
attaclied to the Computing DiYision, and the partial reYision by L.A. Bauer, of the same Division. 
The sets of transit obsen·ations were reduced by the method of least squares, as explained in 
Appenrlix Xo. 14, Coast and Geodetic Survey Report for 1880, Part II. The introduction of weights 
as a functiou of a star's deeliuation, the determination of two azimuthal deviations, one for each 
po;;ition of the instrument, aIHl the computation of the probable errors of ollserYation are there fully 
shown. The chronometer correction ..::JT and its probable error rt for the time of exchange T are 
found hy 

aud r =L(t::-J)2 r12+ (T =-=t, )_'_rz'J~ 
t2-t1 

where ..::Jt1 ± r1 =chronometer correction and probable error derived from the first set of transits at 
the time t1 arnl .:1f2 ± 1·2 the same quantities respectiYely for the second set of transits, i. e., after the 
exchange. The probable error of a time determination from a single star (referred to the equator) 
is for transit No. 18 at San Francisco± 0•.038 and for transit No. 1~ at .<\It. Hamilton± o•.043; also 
for Sinclair observer ±0•.046 and for .l\larr obserYer ± 0&,035 

'.\t 1m1i11ary speecl 15 occupies :t length of abont 9.'2""", and at double speed nearly 18.:Jmm 
t In formula for r Bulletin No. 10, p. 149, the rectangular l.Irackets should not extend below the horizontal bar. 



 

Date, 
1888. 

-----

Oct. 23 
Cict. "0 _, 
(Jct. 31 

Nov. 

::\"ov. 2 

::\"ov. 5 
--------

Nov. 23 
Nov. 24 

::\"ov. 26 

::-lov. 27 
Nov. 28 ' 
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Table of resulting dijf'erence of longitude. 

Obsen·ers at- '. 
From. west 

------·---! or San 

San Mt. 
Fran- Ham-' 
cisco. ; ii ton. 

s. }1. 

s. :.\1. 

s. :.\!. 

s. :.\I. 

s. :\!. 

s. :.\1. 

Francisco 
signals. 

--------~· 

111. 

3 09.099 

1So 

138 

. 263 

221 

248 

----------

----~----- -·--~-~------

:.\!. s. 3 oS. 89,, 

?11. s. . 885 

:\I. s. . 953 

I 

' 

i 
I 

From eas.t 
or Cl!ount 
Hamilton 
signal~. 

--------

m. '· 
3 09.076 

qS 

12S 

259 

21 3 

. 2++ 

W.-E. 

s. 
0.023 

. OJ2 

. OJO 

.00.f 

. ooS 

. oo+ 

~leo.n of Conection I>ifferenct Combi- · 
\V. and E. :for persunal 
.signals. t.:'luation. 

of longi- na~ion I 
tutlc A ;t \\ dg:ht.; 

111. s. s. rn. ~-

3 09.oSS 

. 16+ 

. 133 

.261 

. 21.J 

• z._+(> 

-o. I-++ _, oS. 9-1-1 

09.020 

oS. 9S9 

O~l. I J j 

09.073 

09. 102 

') 

9· 
6 

(, 

12 

.\lean. c. oq 3 09. 1S5 

_, 08. S9+ 

. SG+ 

. 005 

. 021 

.018 

3 oS. 8c)C1 -'-0. J.t.j .. 
. S74 2. 

·9+1 5 

211 

v. 

s, 
-0. 100 

.•. . 024 

- 0 55 
-- o·. 

I J 

029 

- 05S 

--- . 004 

-i- . 026 

-- • 0# 

Ill. s. . 9!0 

. 935 

. 902 . ooS . 90G 

09.040 

09.01~ 

09.oSS 

09.050 

09,010 

·- ,006 

l\1. S. '875 

:\lean, 

\\'eightecl mean, 

S -~ . )/ . 018 . 866 

-·--- ----- ---
09.041 

09. 0-14 i 
+o. 013 

2 -- . 03-t 

It will be noticed that tile sum of tile relaith·e weights [ 49.5] for difference of Ion gitude before 
the exchange of observers is about four times greater thau the sum of the relath·e "\"\"eights [ 13.5] 
after tlle exchange. This undesirable foat11re is wholly due to the ad \·ance of the unfavorable seasou, 
as indicated by the fact that the probable error of observation of a single star is full;r don bled in the 
second period as compared with the first. 

Trans1nfasion or wave and arinatn1·c time.-Tl.ie column headed W. - E. in the above table 
contains double tlte transmission time o,·er 122 kilometres of connecting· wire; the half or actual 
transmission time is, therefore, o•.0070 ± 0".0010, a ,·ery small value, slwwing close adjustment of the 
quick acting relay. 

Resulting d(fference of personal equation.-The differeuce of the t.wo wean rnlues for lougitnde· 
for first and second positioll of obseners is 1louble the pen;onal equation eftect benc.,-e we have 

S-111=+ 0'.lH ± os.011 

where the prooable error of the personal equation S - 1\1 is found as follows: Suppose the number 
of days of longitude work equal before and after exchange of observers, we may deduce as man,Y 
separate values for personal eqllation as there are such days by comparing LJ,\ 1 of thP first day 
with .d,\1 of the first day afte;· exchange, next by comparing .d ,\ 11 of the second day with LIA. 11 of 
the second day after exchange, etc., and deducing the probable error from these separate results. In 
the case of inequality of days as ir1 onr table, we substitute the mean value 3m 08".8fl8 to make up 
for the sixth day wanting after exchange. 

The combining weights for the resulting difference of longitude for any night are derived 

from the expression Pi Pn , where p 1 equals the weight of the time determinatiou at the first 
Pi+ Pll 

statiou, or p 1 = r1-• and p 11 = i·11 ·-•, a similar quantity at the second station. It grmerally suffices for· 
these relative weights to exi)res;,; them by one significant figure. 
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'l'he probable error of the final result for difference of longitude is found. by the usual formula 
with the consideration that two quantities are determined, Yiz: 

0.674J--[p!'r 1 
[p](n-2) 

\le aclopt the result, 3m 09°.0H±0'.fll3, as the difference of longitude between the respectiYe 
traw;its. 

Looation of stations.-At San Francisco the transit was mounted in Assistant G. Da>idson's 
astronomical observatory in Lafayette Park on the eastern or small transit pier. This small pier 
is 5 ft. 2 in. (l.575 m.) east of the old transit pier (of 1881), which was used in the preceding 
year. Reduction to Lafayette Park Observatory, or to western (1881) transit pier, 0".0644 or 
08 .0043 

At ::Jlt. Hamilton the transit was mounted about a quarter of a mile to the eastward of the Lick 
Observatory, on a small knoll which is south of the main road running along the ridge. Tllis site 
was Releeted by the Director of the Lick Observatory and aceepted by the C. and G. Snr\'ey 
ollserver. Two piers were built of brick aud cement, resting on solid rock. The transit was 
mounted 011 the west pier. Tile other pier, used for latitude work, is G ft. 7z in. (mid<lle to rniLllllc), 
or 2.0 l!J m. east of it. In order to conn~ct this astrnno!llical station of 1888 with the geode tie 
station or the center of the small dome (northern) of the Lick Observatory, and with the I•'auth 
transit in tlte transit-house of tile Lick Obse1Tatory, which defines its meridian of reference, a 
base-line was measured east of the main building, aud these and other points were connected hy a 
local triangulation. Tllis includes the position of th~ magnetic observatory (0. and G. 8nrve;\') 
and tl.Je azimuth mark of the tranRit-house. The resulting differences of longitude are as follows: 

Coast and Geodetic Survey astrouomical longitude station of 1888 on .Mt. Hamilton, east of 
the Liek Obserrntor.r meridian of reference (transit·honse), Hi".281 or !8.085; and east of the Lick 
Obserrntor,v, small or northern dome (center), 17".202 or !8.147 

Referring our result for difference of longitude to the meridians of reference at the two 
stations, we have: 

.di\ San Francisco, Lafayette Park meridian (westem, 1881, transit) and Mt. Hamilton, Coast 
and Geodetic SnrYey telegraphic longitude station ( 1888), 3m 09•.0,18 

Lli\ Saa Francisco, as above and I ... iek ObserYator;r meridian of reference, transit-house, 
3m 07•.!J63 

.di\ San Francisco, ns aboYe an1l Lick Observatory, center of swall <lome, U. and G. Survey 
geodetie station, 3m 07•.901 

The probable error is ±0•.013, the same for all. 
Comparing the first of these values of Lil with the ~odetic difference of longitude, we obtain 

the differential longitudinal lleftection of the ,·erticals at the two stat.ions, viz; Astronomical 
difference, ;3m 09'.048 or 471 1511.73 minus geo1letic lliffereuce 4'7' 23 11 .(i7 = - 611 .95 or = - o•.463 How 
mueh of this nrny be dne to one or to the other station can not lle decider.I at present on account of 
the still iusutlieieutly de ml oped field work." 
I ... atest result t for telegrnpbic longitude of Lafa.\-. 

ette Park, transit of 18~1, A=8h 09m 42•.77 or 122025' 4111.55 W. from Gr. 
Ilence, A. of Mt. Ilamiltou U. arnl G. Surrny long. 

station, transit of 1888, 8 06 33. 722 or 121 38 25.83 " 
.Awl A.of Lick Observatory, transit-house meridian, 

with an estimated pr-obable error of :I: 0•.1 or l".5 8 06 34. 807 or 121 38 42.10 " 
------ ·-----~-·---------- -~·-~---

'A~sist;rnt Siuchiir Atates that co:nparbcrn; vrnrc made <wery night before and after the longitude work, with 
clocks r<'gttl<tted at the Lick O!nervatory, arHl d"pending on sta.r observations of the Coast an<l Geodetic Survey list. 
Jlio clircct 11<r can lie made of these comparisons, since the Lick observer has not. compared his personal equation 
with that of our observer,;. \VI.tether or not, thertl be a sensible differential detlection of the verticals between the 
two station; oa the motrntai u, very nea.rly t of ;} milu {0.40 km.) a pa.rt, can only be ascertained by actual 
observations. 

t A new general ~ljn!>tm"nt of the longitudes will be made as soon as the observations for the triple check of the 
Pacific coast sta.tions are cornplett>d. 



 

APPENDIX No.9-1889. 

DESCRIPTION OF TWO NEW PORTABLE TRANSIT INSTRmlE~TS FOR LO~GITUDE WORK. 

Constructed at the Office of' the 8urvf>y f'ro1n dP;,ign,.; hy ED\VIN S:\:frrH, Assistant. 

PREFATORY NOTE. 

The following description of two new portable transit instruments, specially designed for use 
by the telegraphic longitude parties, a,nu constructed ftt the instrument shup of the Sune~· Office, 
was prepared by the undersigned and submitted by him under date of June 7, 1889. 

Eff\YIN Sl\IlTil. 
Assistcoit, Coast and Geodetic Sun·cy. 

Up to and including the ;year 1887 the transits Nos. 3, 4, 5, 6, arnl s, made by Troughton & 
Simms, of London, were used in the primary longitude work of the Survey in obsen·ing time. 

These trarisits are all very much alike, except .X o. s, whicll has a ver,Y much ht>aYier iron frame 
and an inferior reversing apparatus. All these instruments have telescopes with objectiYes of 2~ 
inches (7 cm.) aperture and a focal length of about 46 inclies (117 cm.). Yarious diagonal eye· 
pieces have been used with them, and give powers of 80 to 120. 

Origina1ly only No. 8 had reversing apparatus, but such au apparatus was afterward added 
to all of them, with great improvements over that of No. 8. Iu 1880-'81 changes were made in some 
of these instruments by which they were made available for determiuiug latitude by the Talcott 
method. One of these transits as thus changed is shown in plate No. 62 of Appendix 14-1880. 

For determinations of latitude these instruments were not a success, the micrometers and 
levels being unequal to morlern requirements of accuracy and the eye pieces not being aplanatic; 
but for observations of time the records of the Survey show that the~· have gi,·en goocl results. 
For some years, however, they have been regarded as unsuite1l to improved field methods, and 
their weight, packed for transportation, between 525 and 700 pounds (238 to 318 kgru.), bas been 
a large item in tile expense of the work. 

During the summer of 1887 the writer suggested to the Superintendent that new transits be 
made at the Office for the longitude party. This met with his apprornl, aml iu response to llis 
request the writer at once sent from the field rough plans and specifications for two new transits. 
On his return to the Office from the field in the autumn of the same year the matter was thoroughly 
discussed, and a plan finally adopted for two transits to he known as Nos. lS aml Hl, and to be 
used exclusively for the observations of transits of stars in longitude determiuationR. 

The illustration (page 215) shows two \·iews of these instruments, iu \Yhich the priucipal detai1 8 
may be seen. 

The working drawings for these transits were made entirely by ::\Ir. E. G. Fischer, tlie chief 
mechanician of the Survey, and to him is due the credit for working out all the details of tlle me· 
chanical construction. All the patterns were made and all the work except the castings was done 
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in the Survey Office shop in charge of Assistant A. Braid, and under the immediate direction of 
l\Ir. Fischer, who himself ditl tlte final work on the pirnts, as "llell as on many other details. The 
objectives were made by John Clacey, of Boston, and the eye-pieces by Kabler, of 1Vasltington. 

THE INSTRUMENTS. 

Tltere is a triangular-shaped suldiase of iron to these transits (see illustration), "llhich is to 
be firmly cemented to a brick or stone pier approximately in iiosition as to level aml azimuth. 
lTpon tliis suh-base tLe h1Rtrnment proper rests at tliree points. One point of support is the leYel
ing.f'crew, ilie foot of wliicL rests in a co11ical Lole in the snb base. The other two points of sup-
1•ort terminate in spherical snrfaces and rest upon two planes on the snll-base. Tltere axe two 
opposing r,;cn'WS attacLed to tlie snb base, which abut 11gainst a tongue cast on the frame. These 
two screws are turned at tLe Raum time b,v a double-adjnstiug bar, and turn the whole frame ill 
azimuth about the k>el1ng-screw as a centre. Them is a g1,aduated h(•ad to one of these screws 
by wltich the instrument may at once be set in tlie meridiau when the azimuth error is known. 

There are three bimliug scrC\YS uear the three points of support, which may be used to clamp 
tl.te frame to the sub-base if thought necessary. 

The brass V'R LaYP plane surfaces at right augles, and the pivots bear not on two points but 
-on two lines. These v~s arc film)~' fixl'd to tlic iron frame, antl theirrelatiYe position remains llll· 
cliauged in any adjw;;tment of the instrument. 

Tbe re,-ersing ~1pparatus is the same iu principle as in the old transits, but is entirely abo1e 
the Rurface of the pier. 

Tl.le teleRcopes Lave objectives of 3 inches (i.G cm.) clear aperture, and focal length of alJout 
3i inches (94 cm.). The diagonal eye-pieces are made after the formula of Airy, and ltave an 
eqnirnlent focal length of b~o inch (8.9 mm.). 

·with the:se eye.pieces the telescopes lia.-e a power of ahout. 104. Each transit bas also a 
straiglit Ramsden CJe·piece with equirnlent focal length of 1 incll (2.5 cm.). Tl.le length of the 
axis, e:xclnsi"rn of pivotR, is 18 inches (45.7 cm.). Tlie length of each pivot is 1-kinches (2.9 cm.), 
.and its diameter is 1 inch (2.5 cm.). The pirnts are of bell metal. They are remarkably regular 
aml W'ry nearly eqtial iu diameter, the correction to the level readings ueing only .020• in one and 
.000• iu t11e otl1er fostrnruent. Both pivots arc perforated; both are closed with brass caps, in 
one of which is a 1iiece of gla8s to admit the ligLt from tlte lamp to illuminate the diaphragm. 

"Thi:s illumination i:s h_y a wry small mirror in the centre of tlte axis. Attached to the frame by 
each V is a disk with four holes filied with plain, ground, re<l, and green glass, by which the 
illumiuatio11 rnay lie modified at tlte pleasure of the observer. The lamps are placml 10 inches 
(25.4em.) from the ends of tlte axis. TLe qnPstion of illumination h;r electricity was considered, 
but was found as yet unadvisable for field work. 

The telescope aml axis is black, and on one end of the axis is a bright baud b~- which the 
position ot' the axis is designated. 

There is no clamp 011 the axis; tlte telescope being nicely balanced, none is needed in longi
tude work. The diaphragm is of glass, upou which lines are ruled as follows: 

A 1 2 3 4 5 6 7 8 9 10 ll B 

\ 11 \ 11111 I ! I I 
The short inten-~lls arc nearly 2~ seconds, and the long intervals 5 seconds of time on the 

equator. 
If it is desired to obserYe by eye and ear, the five lines A, 3, 6, 9, B are to be used. In ob· 

serving on a chronograph, liues 1 to ll are to he used. 
A.JI tLe adjustments of this diaphragm are very simple, and the screws hy which they are mada 

are so placed tliat tliey can not be turned by accident. There is a clamp to hold the sidereal focus. 
The setting circles are 4 inches in diameter divided to !::0', and read to minutes by verniers 

They set to zenith distances. 
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The level Y's are as l1early like those attached to tbe stand as possible. The level scales are· 
on the glass tubes arnl read from the centre east an<l "est. One division is equal to 2mru in No. 18 = 
1 ".351 at 250,5 C., and in No. 19 = l".223 at 250,5 C. They ha'e chambers by which the length 
of the bubbles may be controlled. 

The plates gi·rn so good au idea of these instruments that a more detailed description is deemed 
unnecessary. The two instrumeuts are as nearly alike as it was possible to make them. In de
signing them it was kept in mind that they were to be used exclusirnl.v for the obser>ations of tran
sits of stars in longitude determinations, and nothing was added to them that is not absolutely 
necessary for this sole purpose. They arc certainly the most complete and best constructed tran
sits the Sur>ey has e•·er had for longitude. They Lave about the same iwwer as the old ones, 
but owing to the different dimensions and better mechanical construction, each instrument weighs, 
wLen packed in two boxes for transportaticn, onl,y about 350 pounds (or 159 kgm.). The sub-base, 
iron frame, and re,·ersing apparatus are packed in one strong box; all other parts of the fostru
ments are packed in two boxes, one in:>i<le the other, the outer one being padded. 

They lia.-e now beeu in use for about a year by three obser.-ers, aud very satisfactory result& 
l!an~ l>eeu obtainNl. 



 

A p p E N D I x N 0. 1 0 . - 1 8 8 9 . 

REPORT ON THE MEASURE)JENT OF THE LOS ANGELES B.-ii"E LI:'\E, 
LOS ANGELES AXD OP.ANGE COC~TIES, CALIFOR~IA. 

By GEORGE DA VIDSOX, Assistant. 

Su:B-OFFICE, e. s. Co.AST AND GEODETIC Sl-RYEY, 

San Francisco, Cal., ~lugu~t 23, 1889. 

SIR: In 1852, under instrllctions from Superintendent Bache, 1 made a recon11aisrnnce for a 
base line on the Los Angeles plains. This ba.se line was for the development of the triangula tiou 
to embrace the shores and islauds of the San Pedro and Santa Barbara Chauueh, and for the 
triangulation hence to Sau Uiego. 

The location was made about eleven miles northward from San Pedro. The line itself was me,1s
ured in the spring Of 1853 by the ver,Y unsatisfactory bars (fmu-metre irou X os. 1 awl 2) of a. 
secondary base apparatus. 

T!Je ends were never more effecth·ely marked than I left them, when orderetl for special work in 
the channels between Vancouver Island and the mainland in June, 1853. 

In 1881 I was instrncted to make search for the marks at the ends of the base line. The 
easterly one was found intact; tlie westerly one required some time to find, because it had been 
maliciously disturbed, and was found under the surface, thrown oYer into a partial hole that 
had been dug to receive ir;, antl then the surface of the ground made level. 

I set the monument up, and measured the assumed base line twice with one lrnndretl-metre wire. 
I reported the condition of the ends; and, moreover, I recommended that the possil.Jilits of 

obtaining a larger base line, and one better related to the larger triangulatiou, propose(! to the 
southeast and to the northwest, should be examined. I felt satisfied the countl'j· was Je,'el enough 
towards Anaheim, but it might be that the land had come under cultivation an(l was improved. 
The surrounding mountains and hills were favorable for a good geometric development from a 
properl,y located base line in this vicinity. 

In 1886 I received instructions to hiwe the necessary reconnaissance and examination made; 
and Assistant Lawson was detailed for that work with Assistant Dickins and Sub-Assistaut 
l\forse. At the same time I went to the Uolurnbia River for azimuth work. Tile party found that 
a railroad hau been built directly througll the plains, and the country hall den•loped so mucli 
that the improvements and groves of trees compelled a selection within a, limitetl regiou. 

After an exhaustive examination of tlrn country, and a survey of the topography of the railroad 
from Norwalk to Anaheim, a line was selected. The topography of this line was executed by 
Assistant Dickins and Sub-Assistant .Mon;e. Pa.rts of the liue were so dcuscly covered with high, 
wild mustard that the line had to be opened for miles. 

The telemeter measurement of the base line made it li ,300 metres. The southeast end was near 
Kellogg avenue, that runs south from the north side of Anaheim ou flat, santl.r soil, then coverell 
with hog-pens, etc. The northwest end was on a slight ridge lying Iiearl.r east and west, aud one 
mile east of the town of Norwalk. It lay abontN. 310 W. compass. In no other direction or position, 
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-except mnch farther to the southward, could such favorable conditions be found, both for coming 
off on the triangulation and for openness of country. In 1\lay, instructions were received to dis
coutinne work after Juue 30. 

Iu 1888 I receh-ed instructions to be ready to measure the base line, and Sub-Assistant 1\lorse 
was Rent from San Francisco to examine "·lietlicr the line was yet open, and reported that it was. 
Penrling the passing of the appropriation bills, I had the measuring bars of the new primary base 
apparatus"' oYerbanled ant1 such 11efoct8 remedied as were practicable, and had tl.Jem compared 
wit Ii tlie field standard bar No. '.! for tilree days a ntl three nigh ts at the San Francisco latitude 
station at Lafayette Park. 

On tlie 4th of Octol,er J recei \"ed telegraphic instructions to measure tlle base liue. The party 
n-as immediately orga11izetl, au<l arriYetl under the charge of Assistant Lawson, at Camp Colonna, 
uear rni<lllle base, October lo, 1888. 

GENERAL V)C.A'l'IO~ OF THE LOS ANGELES BASE LINE. 

\\"hen the line was located it was in Los Angeles County, and as tlle e:s:tensiYe plains were 
g-euerally knmrn h.r that name, it was applied to the base line. By legislatiYe enactment tlle 
l1on11dary of Lm; ..:\.Hgell·s Conut.Y \ms changed anll a uew county of Orange created from the south 
a11d t•ast part of Los .Angeles County. The limits of this county towards Los Angeles are as 
stated iu the fo,it-note.t 

The base liJw is therefore partly in Los Angeles County and partly in Orange County, aud as its 
direction is nearly :X. :1G'.) '"·and S.3G0 E., it is not parallel or referable to any road, nor to the two 
railroads which it crosses. It lies about ten miles from the sllore of San Pedro Bay and is rouglllr 
parallel therewith. 

Tlie sotitheast end of the line lies in property ownetl by S. \V. Story, in "Pointdexter an1l 
Vicker'"' 1inLllliYision." It is in tlle nortlleast quarter of the southeast quarter of Rection 29, T. 4 
S., It. 10 ff. aud about one lrnudred yards weRt of tlle Kellogg aYe1rne. It is one aud two thirt1s 
miles 8outh, along Kellogg aYenue from the southwestern part of the town ot· Anaheim. 

T!H1 northwest end of the line lies in property belonging, at the time of tlle measurement, to 
"\Y. X .Abbott, of )lonrovia, Cal. · 

So far as I could ascertain it is in the southeast quarter of the southwest quarter of section 
3, T. :~. S., IL 11 "\Y. It is reached from tlle town of Norwalk, following a road which leaves tlle 
town for a third of a mile to the northeastward, and then continuiug across a road one mile to 
tl.Je eastward. crossing tlle Santa Fe Hailroad, wllere it reaclles the southern edge of the ridge, and 
colltinues eastward about four hundred yards. 

There is a geueral but Yery slight fall of the land from the southeast base to the railroad cross
ing of the Co~·ote Creek, where the railroad engineer gives me a height of fifty-nine feet above 
datmn-plaue. Tllence the ground rises Yery sliglltly to the crossing of the Santa Fe Railroad 
and contim1es to within three hundred metres of the northwest station, when the rise commences 
an<l an~rages nearly three degrees. 

r think there will be no buildings erected immediately on the line, but there is a grove of 
eucalyptus trees crossing· it at Buena Park; it is a young grove growing Yery rapidly, and we had 
to remo,·e twenty-JiYe trees to make the measurement through it. Of course it is po>sible that 
buildings may go np on those part8 of the liue where grazing is good aud the Janel of good quality. 

--- ----·-----------
• :"-,,,. appemlicPs Xos. 7 arnl '"', lfoport for 1>'1'2. 

t STATCTES OF CALIFORNIA, 1889. 
CIIAPTEH CX.-An net to creatl1 the ~onnty of Oranp;e1 to ikflno th(\ boundaries thereof Appro~ed March 11, l:JS9. 

8KCTIOX 2.-Roundai·v. The bounrbrics of Orange County shall be as follows: 
Begi1•11i11g at a poiut in the Paeitie Oceall, three miles southwest of the centre of t.he month of Coyote Creek, 

procccdi1111 up said creek in a northt>aoterly direction until it intersects the township line lietween township three 
south of ra11geH ten and eleven west; then<:c north on Raid township line to the northwest corner of flectiou Bix, 
township three so nth of range ten WP st; the11ce east on saitl township line until it intersects the boundary line between 
San Bernardino and Los Angeles Counties; thence along said hmmdary southeasterly until it inter@ects the boundary 
line of San Diego Count.1·, then<'e along saill line southwest until it reaches the Pacific coast; tl1erice in the same 
<lircction to a point three miles in the Pacitic Ocean; thence in northwesterly lino parallel to ~aid coast to thtJ point 
<:>f lieginning. 
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FINAL LCICATION O"P THE LINE. 

I examined the line and fixed the hrn eulls on the best rwailable spots for obsenations. At 
tbe southeast base tl1e eye bas to be elnen feet above the snrface of the ground before the ritlge 
at northwest base is seen oyer a slight rise three or four miles from the southea,.-,t base. I exam. 
ine<l tlie line iu its general features aucl found that much work "Would ha Ye to lie done iu huilding 
wooden structures on which to cross water courses, that woul1l be filled after the rains bad com· 
menced. Thegrounrl itself is generally a plain, witli a gentle slope t01>ards tl1e Coyote Creek, from 
the southeast and from the northwest bases. UYcr tl1is broad plain are slight ridges of onl~' a 
few feet eleyation, that act as lines for thro\Yiup: the drainage to slight depressions, wldcll mark 
old water courses and wLich gcuerall.r reacl1 the Coyote Creek. In some places there were moder
ately large areas of depressiou, without drainage; in snch cai:;es the rain-water was retained a long 
-while by tlle clayc·y mil. At the Soutl:Jcrn Pacific Hailrnad cros1'iug, the Coyote Creek had cut 
deep sloughs, and the lirws of (]rainage along the ruilrnad were i-;Jrnql d<'pressi011s six and eight feet 
deep. 'l'llese could llardl.r lJe a•oided by any reasonalJle cllaugc of the e!lds of the lille. 

I cxamitwd the g-eneral localit.Y or each end of tllr; base whicl1 had been selected lJ~· Assistant 
Lawson i11 188(); the temporary marks l1ad all ueeu destroyed, arn1 I rna<le a fresh choice~ differ
ing iu eacll case hut little from il1e old line, hut some,Yhat l~·ng'the11iug it, autl set up temporary 
signals by whicl1 to adjust thf~ aligmnent. Tlie 11ortl1ern end of the line 11ov; passe::; diagonally 
oYer tlie Santa Fe lfailroall, which has been built sinct:> the cxamiuatiou of 188G, hurtllere is little 
difficulty here. 

The line passes tllrougll cultiYatcd fields, some of wlliclt were win>-feuccd so that eigl1t gates 
had to be provided. Much of the grouud hall IJe\'er been touched by tl.te pl01r. 0 rnr parts of tl1e 
natl1ral ground were hea\'.i" tussocks of eo:ir.3e grasses,\ not recog11izecl hy name, as tile fruetificatiou 
parts were gone), which required hcayy work with mattocks antl hoes to remoYe . 

.As in the case of the Yolo base line, no attempt was rnade to gratle the line or cn•n to surfact: 
it, except in lialf a dozen places, where sau<l or clay lrnmmoeks were cut tlirough; so tliat the greater 
part of tlie liue was in a state of nature, except the clearing ont of the tussocks and coarse 
grasses. The -work of cutting out these tnssocks~md coarse grassel:'o was slow, Lecanse the adobe 
.soil was as bard as clay can bake in a long season of hot, dry weather. 

The work of clearing the line was assigned to l\Iessrs. :Morse aml Nelson as occasion called 
for; the buildiug of all the trestle-work for cros8ing rrnter·wa:rn mid approacbes to the Southern 
Pacific Railroad was assigned to l\lr. vVest<lahl. l\Ir. l\Iorse built tl1e brick piers, for comparison 
-Of the bars with the field standard, at the two ends of the base alld at Camp Colonua. The general 
direction of the party was assigned to Assistant Lawson, with charge oYer the crossing of the 
water.ways, bridges, etc. · 

The aligning of the l1ase was made by cstaulishing the Davidson meridian instrument No. 1 
on a slight rise about fom· miles from the southeast base station, because the haziness and unsteadi· 
ness of the atmosphere almost forbade obserYations for alignment from end tu end. E\'Cll at this 
middle statiou it was possible to get observations only a Yery short time after sunrise. 

The base was then aligned by Mr. Morse and myself, and two.iuch aliguiug poles were place<l 
about.eYery half mile or more according to circumstances. 

Bl!ILDING THE BASE J>IERS. 

I constructed the base piers to the surface cxactl.Y as I had tlonc for the Yolo hase line, and the 
subsequent witness marks were similar. 

At the "southeast base station" tl1e soil is a Yer,\· coarse, whitish sand, l,\·ing in a ridge two or 
three feet above the general level and about one hundred and thirt.i' feet wide. .As the oh;;en·ing 
pier at this station will require a height of thirty to tbirty-fi•e feet, I adopted the same proportions 
as that at the Yolo base. 

The sul>surfacc foundation is seventJ»two inches squa1·e at the bottom and is sixty i11cl1es 
below the surface. It is sloped in at the sides to fift.r·four inches square. In this mass of brick 
and cement is built a cube of granite twentr·six inches square, whose upper surface is flush with 
the surface of the ground. Two sides of the pier are close]~- parallel to the direction of the hase. 
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In tl11s upper surface is the marking of the end of the base, to be described. 
Below this foundation pier there is placell a granite block, squareil on top and three feet 

deep. 'l'he body is irregularly squarNl. The top of this granite block is three orfour inches below 
the bottom of the upper mass of the pier and it carries a subsurface mark, to be described. 

The piers of the northwest base station were built almost identically as those at the southeast 
end. The soil here is a reddish clay, that works Yery easily when wet, hut had to be picked when 
we opened the space for the pier. The granite block beneath the pier was fixed as at the south
east base. 

\Yheu the soil '>las being replaced around each subsurface pier one or two barrels of charcoal 
were mixed with the soil in tamping. 

MARKING 'l'HE BASE STATIONS. 

Four four-inch stuus, two feet long, "-ere dri'l'"en in the soil arouml the base station, not yet 
marke<l; two were in line, or very nearly, with the !Jase line, and two at right angles to it; each was 
about seven feet from the station. 

Upon tbe leveled edge of a broad, wooden straight-edge there was laid off" a length of seven feet 
each way from the center of a shallow gToove, which admitted half the plumb.bob line when bang
ing. The seven feet marks were fixed upon each pair of tacks and marked so that the station mark 
was taken at the intersection. 

Then the hole for the pier was dug over fi\"C feet deep, and in the center of this a deeper hole 
to receirn the granite block to carry the subsurface station mark. 

Tlie round, copper bolts to mark tlie stations and for reference and recovery are fi'l'"e inches 
long, firn-eighths of an inch thick, with flat, spherical heads that average oue aud five-eighths of 
an incll in diameter. Into these heads is dri>eu a silver wire, about one-tenth of an inch in diam
t>ter aud half an inch long. The tops are then filed, worked on a fine whetstone and burnished 
readr to receirn the station mark. 

Tlrn bolts were tls:ed iu the stones by pouring melted sulphur around tliem. 
The first marking of the s ta ti on was the subsurface granite block below the main pier. The 

mark was made by ham meriug a No. 5 11eedle into, or near, the center of the silver wire, in 
the tlat, spherical lieall of the copper bolt; the raised edge was then cut down with a fine stone, 
the nemlle again forced in, and the raiseu edge again cut down. This was repeated several times 
antl the top smoothed by a rubber until the mark was satisfactory. Tliis mark was quite circular, 
and appeare1l black in the surface of the silver; its a>erage diameter was about one-half of a half
rnillimetre The eenter could easily be read to one-tenth.the diameter with very slight magnifying 
power. 

The eopper bolt in the lower granite block was co-vered with a hemispherical, chemical evap
orating glass dish, which was cemented to the granite. 

lllustration ~o. 20 shows the appearance of the lower block and marking: 

.. A.fter the base of the subsurface pier bad set two days the twenty-six.inch granite cube was 
gotten ready for placement. To facilitate placing it closely in proper position two sectors. were 
fixed at distances of twenty feet from the station point, which was found by the straight-edge, one 
sector w;is in line, aml the other at right angles. Lest there might be any temporary derangement, 
a range-stake was set for each instrument at two hundred yards distant. The cube of granite was 
then placed closely in position; and then the copper bolt was sulphured into the block. The 
point of a fine needle was then pLiced on the silver pin, so that it was bisected by the vertical thread 
of each sector. .!\fade the needle-mark, and gronn<l tlie surface as already described. The hole 
marking the station is round and about two-fifths of a half-millimetre in diameter, hut it might be 
smaller. It is not in the center of the siker pin, hat nearer the northwest part of the circumfer
ence. At the close of all the operations this mark was covered by a hea,·y glass cover, cemented 
on tlie granite, and three courses of brick laid in cement over the top of the granite cube and 
mark. (Size 22 bricks.) 
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THE REFERENCE OR WITNESS MARKS FOR 'l'HE SOUTHEAST DASE STATIO~. 

The two stations at the ends of the base were marked in the same general manner, but the 
markings of the southeast station are here described as au example. 

To proV"ide means for recovering the station or for checkiHg any displacement of the surface 
mark after the high instrument pier is built, I placed two subsurface marks on the line of t!Je base 
arnl two at right angles to the west, as s!Jown by the sketch. 

The twelV"e-inch theodolite No. 131 was mounted over the station an<l directell towards the 
northwest ba,,_e station, but the signal could 11ot he distinguishe11, and tool>: tile range of basic' 011 

the house beyondi which itself was somewhat indistinct. 
A corn crib prevented the placing of one pair of witness marks to the northeast, so an angle of 

ninety degrees was laid off to the south westward. Dug a hole three aud two- tenths feet deep; 
laid two courses of brick in cement; theu placed a twelve-inch granite cube therein and centered 
the silver pin in the copper bolt closely at one hundred feet. ·when the cube was ''set" a tripod 
with plumb bob was placed in the line of ninet~· degrees from the direction of the base line arnl a 
dot was made in the silver with a fine needle, as in the other markings. Tbe dot is round and has 
a diameter of about one-fourth of a millimetre. The horizontal distance of tllis dot from the sta
tion, rneasnred by a steel tape of fifty feet, is 100.003 ft->et. Then finished the brick-work arouud 
the cube, whose surface is eighteen iucl1es below the surface of the ground and just at the edge 
of the slight fall from the ridge of two and a half or three feet. On the head of this copper 
bolt is marked with a steel point, "S. ·w. Witness: J00.003 foet.'' 

The witness mark on the line of the base is at a horizontal distance of 100.100 feet from the 
station, and twenty-two inches belo\Y the surface. In tlie top of this bolt there is marked by a 
steel point, "S. \"V. \Vitness: 100 feet." 

Then the theodolite was remlffed from tlie southeast base station amlcarefully ceuteretl 01er the 
southwest witness mark and directed to a fine needle in tlle station mark. On this line at tPn feet 
from the station a hole was dug and tl1e masonr.r laid for the one foot cube, which was allowed to • 
''set." A tripod with fine line was set up for aligning the witness mark aud for distauce. The 
dot in the silver pin was made by a, fine needle point; it is one-t bird of a millimetre iu diameter, aud 
lies at 10.017 feet from the station and in the line to the south west 100.003 feet witness mark. On 
tlie copper bolt !Jcad there has been marked by a sharp steel point, '' S. IV. \Vitness: 10.0:.! feet." 
The top of the block is about twenty inches below the surface of the gronud. 

The base line inner witness cube was placed in a similar rummer at a horizontal distance of 
10.03 feet from the station. The top of the copper bolt was marked hy a sharp steel poiut, "X 
W. Witness: 10 feet." The top of the cube is eig!Jteen and a half inches below the Rurface of the 
ground. 

Before the earth was filled 01er the witness marks a strong glass was i1fferted 01er each and 
<iemented upon tbe granite. 

Tile placing of the witness marks at the southeast base station was directed by myself; those 
at the northwest base.station by Sub-Assistant Morse. 

THE BASE LINE LEVELED AND PRELIMINARILY :\fEASURED WITH O:XE ffC"ND~ED .METHE WIRE. 

In order to control the number of bars in the final measurement of the base, and at the same 
time give turniug points for the leveling observations, the base line was measurell by Ai1l John 
Nelson antl Draughtsman Ferdinand 'Vestdahl. 

To establish a proper standard for the wire, I measure.d with the barR a distance of one lnmclred 
metres at the camp. The measuring wire was English steel nearl,y No.10 American gauge. It was 
wonud upon a large reel of thirty inches diameter. Upon each end there was fixed a double sleen 
Qfbrass. The inner one was soldered to the wire; the outer one with a square edge screwed oHr 
the inner one and was moved to any required position and soldered. In fixing the last sleeves 
the wire was strained by a seventy-five-pound pull through the spring balance, and the final ad· 
justment of the sleeve made when it was soldered. The temperature of the wire was noted. 

The aligning was done by the eye and without instrument. At e1-eQ' one hundred metres a 
.stub was driven in the ground and with copper ta,ck in the head ; t!Je tack was closely marked. 
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The measurement followed all the irregularities of the ground. During tbe measurement the wire 
was reeled up twice. 

There were made the following measures: 
l\1 

li5 measures, 100 metres each ..................................... 17,500.00 
Less 17.95 feet at northwest base • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. 47 

Length of base not reduce<l for temperature ........................ 17 ,Ml±. 53 

The le,·eliug of the !Jase mts <lone oulr once br .Aid John Nelson. The instrument used was 
thr Stackpole level H:)(), which lias been use<l in leYeliug between l\Iartinez East and Mount DialJlo, 
arnl on tlte Yolo bast' line. Tlie rod is one of the two u1'ccl on tlic l\lartinez-Diablo work and on 
t!Je Yolu \Jase line. On the Yolo work the rod ha<l been compared with a standard yard aud 
fonrnl practically correct. 

The leveli11gs were ma1le from the southeast base station and crossed tlie Southern Pacific 
lfailroa1l 11ear the Coyote Slong;h, where the chief engineer of the railroad has a le\'eliug" 

The measurement gave thr <lifference for tlie northwest base station above the southeast base 
station, 1 !Ul:)O fret. • 

The gn'ate;;t difference in the line wa,.:; in the approachPs to Co,yote Creek, -5~.438 feet. 
The top of the iron rail over Coyote Creek railroad bridge was below the southeast base 

;;tatio11, --!5.20:~ feet. 
From the railroad company this part of the rail i:s alJoye their datum-plane+ 50.000 feet, 

wl1t•IH:\1 tlw northwest. station is abo\·e tlie datum plane 124 feet and the southeast station above 
tht' "anw plane 104 fept. 

\\" e 1lo not yet kuow the exact re la ti on of this plane to the sea-level. 
lt is propo:>e<l to leYel the base line again an<l to connect the northwest base station with tlie 

Santa Fe lfailroad leveling8 at Sant<t Fe Springs, aud with tlie Southern Pacific at Norwalk, and 
tinally to counect by a direct line of levels with the sea. 

IIALF-KILo:IIETRE ::\IARKS AND TK\IPOIURY :HARKS ON THE BA8E LINE. 

The Yolo \Jase liue was mal'ked by kilometre stones an<l also by stones placed at the fences. 
I dt'termined to mark the present !Jase line a.t every half-kilometre, wherever it was practica

lill'. For thi;,; purpose thirty-four grnuite blocks were obtaiued 1titli a square head of eight inches 
awl an irregnlar body of thirty-six inches in length. Into each was sulvlrnred the usual fi\'e-ind1 
('oppl'r holt with flatteued hea<l an<l silver pin. 

_\. t the ellll of each one humlre<l lJars as indicated, without correction or reduction of any kind, 
t h1· tr<m8fl•r was made hy sector from the eud of the forward lJase bar to the siln•r pin. The mark 
\\:\.~ tlw n;;ual fine needle-point mark about one fourth to one-third of a millimetre in diameter. 
\\-lu:11 tlw mark had been made, the Jiual relation of the mark witli the en1l of the bar was made 
by !Jlt•a,;urillg with the sector all!l a millimetre scale the difference between them. 

In ,:omc case;; the soil W<l>i in such a, con1litioa from hea,-y rains, and in one case from quick
saml, that the tin' hurnlrell metre Ioeatioa could uot be safely made. So the granite block was 
pl<tct•(l at the ncare,.;t practica,ble position. ::\Jost of these IJ!ocks were placed from twelve to 
t>igliteeu inches below the 1'ttrface of tit!' Roil; but in some cases they are above the soil, especially 
along the north part of the ha,;e line an<l O\'er the alkali plain. 

The transfers were made by m.vself or ~Ir. ::\lorse, with ::\lr. Nelson at the sector, which was set 
up at a tlh;tanee of alJont twent;v feet at right angles to the line of the base at the end of the Lar. 

The temporar,Y markB were the same as those u:,;e<l in tlie Yolo measurrment. A granite 
block twelve b,v twch·e by four inchei; lrn::; a ti Ye-eighths inch copper bolt projecting two inches 
above the Hurface, with it;-; eml wedge-shaped in the line of the base. On one of the wedge faces 
was 1lrawn a tine line abunt one-tenth of a millimetre wi<le. The top of this line was tlw poiut of 
retereuel~. The mark w;ts to be fixed in position whe11m·er a stop of more than teu minutes was 
to be ma1Ie for an,•· pnq1ose aml for closing work at night. 
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A hole was scraped in the soil to the depth of tllree or four inches, and the block placed in it. 
The edge of the wedge was placed in the line of the bar and tlle fine referenct- lint- approximately 
locatecl under the end of the bar. 'rhei1 the earth was tamped aronrnl tlie block. 

The following operation wa8 then followed as in all tlie other transfers to station marks anJ 
to half-kilometre stones: 

An ivorr scale, divided to 0 . .'3 millimetre that had been tested at the Office, mls placed on tLe 
slight groove on the edge of the wedge, an<l a ~h-en lliYi8ion-in this case the sen•11 ceutimetre-wa8 
made coincident rritll the reference line, under a magnifier; the scale was m~uk lt'n'l aut1 iu t11e 
line of the base. Tllen, with thl' st~ctor, the eml of tile bar was tnmsferrell tu tlte scale iu tlie fol
lowing manner: Transit axis of sector le\·eletl auu telescope poi11tell to the end of' tlte bar, tlieu 
to the ivory scale, and the realliug recorded; telescope rHersetl in tlH' V's, traasit axis Indt·d, 
point to the end of bar m111 r1•;1il the in)r_Y scale; then reYersP tlle illstruuH•ut, le\"el transit 
axis, point to end of bar and read the h·or;-.· scale; re,,erse telescope in the V"s, transit axi,; l(•n•le(L 
point to end of bar a11d read the i\·ory scale. At each poiuting tlie coincidence of 7.00 linl' and 
the rt>ference line tested. 

Th~ sector had a delicate transit axis Jen~!; it was monuted npon a Yer,Y short-legi:erl tripotl, 
so that the focu~ of the telescope was equally good on foe bar and ou tlie i Yory seal':'. It wa :'; 
g'enerall;r at a distance of t1>enty fi•et from tile bar and at rig·b t augleR t11ereto. The 1JJagnit\iJ1g 
power of tlie teleticope was tweuty diameters. The collimation was usually Yery small. Tile 
spider-thread was '·ery tine aud the readings made to the teutli of a millimetre. 

Three of these granite block:,:; were in nse, so that 110 block was n•rnon•<l until another, or a 
half-kilometre block ahead bad been estab1ished; at such places as railroads aml bridge cro,;;sings 
two and sometimes three blocks were down at one time. 

The sector was al wa_rs used ou side of the bar iu each measurement. 

THE MOVATILE COVER }'OR TIIE BASE APPARATUS. 

The movable cover or teut under wllicb all tlie measures were made was tllc oue used ou tile 
Yolo base line, '\'\"itliont change. It was used to protect tlle bars from the direct action of tliP snn, 
from showers, from the driYing dust, and from tlie tluctuatiug force of the wind; am1 to secure 
the bars from injury at night aud during days of storm. In crossing one of the iieltls, plowed 
for the first time, where we bad to remove tlle great matted clods for space to lay the foot plates, 
we encountered a "sand storm,'' where the wind blew almost square!~· on the four llurnlred and 
fifty square feet of canYas with such fnrr and in gusts that it required the wllole fore(· tu hold 
dowu t.he movable cover, lest it sltot1ld be blown ornr the bars. The flying dust was frightful. and 
it reqnired two hours to measure forty bars. It was estimated that the wind blew thirty-fi\·e miles 
per hour in the gusts; when one of the bars happened to project. outside the eowr it was hlowu 
sideways on the tripod support. 

It is not necessar~· to describe tliis montble tent, because the details ha,·e beeu alread.'· ginn 
in the account of the Yolo base. It was fifty feet long, nine feet high, aull twel rn feet broad, arnl 
was mounted on four wheels. It was always pulled and pushed by four meu oYer ordinary ground, 
hut through the mud it required tbe assistance of all who conltl be spared from the hars. 

At night the four wheels were remoYed, and the long, side pieceis rested on the grouml; the 
entls were closed by canYas curtains and secured so as to afford entire protection from wind, raiu, 
and stray animals. 

'\Vhen we were at work the" standard field har 5 o. 2" mi.;; secnrell to the rail on the sliad.r 
side of the cover. On the Yolo base this cover was known as the'' Yolo buggy;"' here it was 
designated the "Caravan." 

THE ORGA::.'UZATIO-"' AND ~lOVE:.VlENT OF THE PAUTL 

The readiest way of understanding the movements of the party at work in the field i,; by an 
examination of the annexed plan (illustration No. 23) wllich differs slightly from that of the Yolo 
base measurement. The plan exhibits the bars aud tripods or trestles in position, and the tnice& 
of the men's forward movements. 
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As we actually reached a measurement of four hundred bars in one day, one hundred bars iu 
ninety-six minutes, and fre'luentl,'i· sen:-ral consecutfre bars in forty-fiye seconds each, it will he 
conceded that tho whole of the moYement of the eighteen officers and men must have had the 
regularity of machinery. Every officer and c•ery man had a specific duty assigned to him, and no 
deYiation was allowed therefrom. Ten of the twel>e men bad not handled the apparatus on the 
Yolo base, and to all the officers the actual' working was 110,·el except to myself. 

The general forward mo•ement really began at the command "Break," when the rear bar 
was ura'>'-n !Jackward with a slight back pressure, from myself. Tllis bar was then lifted and 
carried forward on the men's left sllonlders and placed in the two trestles awaiting it. Mr. Morse 
at the forward trestle and myself at the rear one receiYed the bar. 

So soon as the bar was off the trestles each trestle man relieYed the tightening of two of the 
legs, picked up his tripod, and moveu forward; each plate man gatLered the tLree plates and 
hnrriedl,r mon>d to tho front, where M:r. \Vestdahl bad a frame at the proper distance from the 
bar, at the angles of which frame foe plates were dropped for the rear and forward trestles. Tlien 
the tripods were placed on the plates, accurately distarict·d, aligued, leYeled, and clasped. No. 
12 ordered the "c::traYan" forward so soon as the rear plates were lifted. As the plate men and 
the trestle men were moYiug rapidly to the front, M:r. Nelson guarded the legs of the rear trestle 
of the bar remaining in position. 

Tile details of raising and loweriug the after Pnd of the forward bar, aligning, making 
approxinHtt(~ contact, reading tlie Borda and mercurial thermometers, reading the sector, and 
theu "·hen all Lauds were off the uar, making the final coincidence under a magnifier, tell into 
their regular and ucccst;ary sequence. 

It was the earnest desire of each officer to guard against errors of reading scales, thermometers, 

and the sector; the cluty of the recorder to announce auy seeming deYiation from regularity of 
cllauge, aIHl of the chief tu call for any re-examination if he suspected mistakes. 

Tile form of record was clmngecl from that of the Yolo base, so that tlrn readings upon each 
bar were cousecuti\-e. 

The Rector reauings for each IJ:tr for the inclination were checkecl by a second obser>er, who 
first annonuce(l the angle and the first observer Yerified it, aud at the same time made a record 
to ch(•ck the recorder. 

The r('conier ver,v soon got used to the scales am1 thermometers which each observer was 
1·cading, atHl as those on each bar and on the two bars differed slightly be saw at a glance whether 
anJ· misrealliag 11 ad been made. 

It will be uoticell that the bars were carriecl forwaru on one siclc of the line of trestles ; 
officers, ]llate men and trestle men remaining on the other, and no one was permitted to break the 
rule. 

At the close of the day the bars and the standard were put in position on the comparing 
beam, resting 011 two strong trestles, for the next morning's comparison, and lightly co•ered with 
can ms against rain beating through the light cover. At uight the watchman had a l1ammock 
swung under the "horse" that connected the beams at the wheels. 

Before the measurement of the day \Yas begun the bars were compared in two series with the 
field standard, in the conuition iu which they bacl remained ovn night; then the sectors were 
examiued hy the leYeliug illstrument for the determination of the zero of the inclination arc. 

The after crnl of the rear Liar was then plumbed O\'er thf~ previous night's mark, and moved 
in line and its height measnre<l; the forward bar was mo\•ed into position, the temperature, etc., 
of hoth bars noted, final contact made, and the command ''break" announced the forward 
movement of tbe measurement. 

The lunch and night marks, or any temporary marks, were covered hy a box and left intact 
until another mark had !Jeen secured. 

It will be seen b,\- the plan that the following personnel was absolutely requisite on the ground; 
there \\·as no extra force to make d n plicate records, or to make any reductions: 

Chief of Party George Davidson; Assistant James S .. Lawson; Sub Assistant Fremont .Morse. 
Aid Jolin "N'elson; Draughtsmau }~erdinanll "\Vestdahl; Recorder and Clerk Frank "\V, Edmon.us; 
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officers, six; men, eleven; watchman one; extra driver, one; driver for camp and fidd, one; in 
camp, couk, officers' steward, men's steward. Total number of officers and men, t"'enty-tbree. 

FOOT-PL.ATES OF THE TRESTLES. 

These plates are the same as those used at Yolo base line. They need certain changes which 
experience has suggested. 

The plates are laid independently of each other, and with practice the men became familiar 
with the best mode of setting them down. They were used on every character of gn•und, from 
the hard roadways to the quagmire, after the December storms. 

Each plate weighs nine and a quarter pounds, and the points are steel riveted on top. Tbej· 
can not be made lighter. 

COMPARISONS OF TH~ BA.SE BARS NO:::l. 1 AKD 2, AJ\"'D THE :F'IELD STANDARD NO. 2. 

I bad <.1emented brick piers built in the pendulum house at the astronomical station, Lafa~·ette 
Park, San Francisco, for the comparison of the bars with the sfatlidard. 

T!Je bars bad not been used since 1881 and hau remained at the sub·office, but the fielcl stand
ard had been sent to Washington and returned. 

The field standard was examined and found in bad condition; oxidation had taken place be
tween the zinc anu steel bars and there was no free mo>ement between them. The ends were in 
good order. 

I took out the bars and cleaned them thoroughly and replaced them. 
Then the wooden beam was covered with new sluice blanketing and a layer of tltrec-fourt!Js 

inch steam felting placed around it, and this covered with canvas. 
The contact ends of t!Je bars Nos. 1 and 2 were in good order. The mo,ement between t!Je 

zinc and steel was not free, lmt I took tllem out, thoroug!Jly cleaned them, and replaced them in 
good condition. The contact slides were not in good order and the zero lines anu contact slide 
lines were nearly obliterated. 

These I bad re-marked without appreciable change of zero. 
Then the beams were covered with sluice blanketing and three-fourths inch steam feltiug. This 

was tightly covered with canyas. 
A full series of comparisons was carried on hourly for three days and nights with one day 

and night intervening, and the :field reductions made. Independent piers carried the comparators. 
·The range of temperature was necessarily small. 

The base bars and t!Je standard were then taken by rail from San Francisco to Anaheim and 
thence five miles to camp. 

Preparatory to makiug the first measurement of tbe base line, a series of hourly comparisons 
-0f the base bars and the field standard was made at middle base, Camp Colonna, extending through 
the day and night, to follow the law of the outstauding want of compensation and as data for any 
absolutely necessary reduction on that account. The party was too short.handed to keep up the 
field reductions, anu could not even keep up the duplication of the records. These comparison • observations s!Jowed at once that Bar No. l had changed its length in traveling, after the sevents· 
five hours' com11arisons at San Francisco. T!Je observations were carried through t!Jirt_y hours 
upon two dates, so as to cover the large range of temperature. 

Then the bars were removed to the southeast base, preparat-0ry to the first measurement, 
where a series of comparisons, extending through two clays and one night, was observed. 

COMPARISONS DURING- THE BASE MEASUREMENT. 

Every day before the observations of measurement, a double series of comparisons of the 
field bars and the standard field bar was made. This duty was never neglected, and upon one occa
sion, where a slight jar had been sustained by one of the bars, the measurement was stopped and 
comparisons made. 

H. Ex. 55-15 
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The weather, fortunately, became favorable after Christmas, and at the end of the first measure
ment, and at the end of tlrn second, I did not stop to make an exten<led series of comparisons, but 
pushed the measurement with tlie men working enthusiasticall.r; and the third measurement was 
fiuished before a l'egular series was undertaken. On the last day of measurement five double sets 
of comparisons were made at the end of the l,ase, and on tlie next day five 1loublc sets. .After 
these tlie bars were taken to Camp Colonna and sixty-one single sets of comparisons were made 
tluongl1 three days and two nights. 

Iu tliis last work the portable comparing beam was nsed, because it was found that by bracing 
the t\rn cross-pieces upon which the bars rested the trnns\'erse movement was mllch better than 
on tb.e piers, etc. The extra coverings on the base-bar beams were rather crowded, and improve
ments were tben, as before, suggested; IJut could not be carried out iu camp. Tb.is beam has been 
described in the Superintendent's .Annual Heport for 1882, page 146. 

~<\.fter all the bars were brought to Sau -Francisco, observations for comparisons were not made, 
because they could not be used in the final reductions. 

PLACING THE FORWARD DAR I:N POSITION. 

This is the most llazardous operation iu the measurement, for sev-eral reasous: the bar men 
carry the bar on their left s!Jonlders antl delfrer the two ends to the two observers without seeing 
w!Jat they are doing. It has to be lifted high enough to clear tho uprights on the trestles ancl 
lo\lered nearly into its proper position. The obserrnr at the rear eucl goverus the distance from the 
rear bar, and lets it come down upon the knife edge as nearly as may be at the right distance from 
the rear bar. \Yhen lie receives the bat· he holds back the contact ~lille anrl covers it with the 
fingers of his rig Lt hand to saYe it from striking the rear bar. He al ways aims to have the distance 
between the two bars too great rather than too small. On the under side of the bar beam there is 
a brass plate with cross triangular grooves that fit into the knife edge. These mnst be reasonably 
close together, so as to avoid large movement of the bar by the screw at the end. If it is seen that 
tlie knife ~dge is not in the right groove, tb.e end of the bar is lifted yery slightly by the assistant 
and tile bar moved to another groom. The rear encl of the bar is raised or lowered until the 
knife edge is mitl way on the plane end of the rear bar. 'l'hen the order to move the bar in line is 
accompauietl by a movement of the l>ar lengthwise by the screw so as to have a naked-eye contact 
while tLe alignment is going on. 

Before the readings of the Bordas and thermometers are made, the forward bar is slightly 
vibrated by tlie observer making contacts, and the final contact under the magnifier is made under 
a slight vibration, which is repeated if there is any apparent necessity. 

MOVING THE BARS INTO LINE. 

Tbe plan used on the Yolo base was snbstantiallythat used on the Los.Angeles . .A steel rod 
five-eighths of an inch in diameter and about fifteen inches long had a coarse thread cut upon it for 
about ti \'e inches nuder the bar behind each trestle bearing. One end of this rod was loosely fixed 
to tbe cross-bar just below the bar. The free end had a cross-bft.r for turning the screw which was 
lifte<l up against t\J.e under side of the bar, upon which was fastened a steel plate with a longitudinal 
knife edge fittiug the screw threa1l a,ll(l placed at an angle equal to the thread of the screw. This 
knife edge, therefore, enterml one of the threads, and as the screw was turned, that end of the bar 
was neeessarily m1H·ed sideways. 

The methorl is all that is necessary, hut the details should be carried out better. 
For drawings of the application of tliis azimutli screw, see the Superintendent's Iteport for 

1882, Appendix 8. 
MEASURE FOR FRACTIONA.I. BA.RS. 

The measures of the fractional part of a bar were possible only at the conclusion of the first 
and third and the beginning of the Recond measurements. 

The method and means employed were the same as those used on the Yolo base. The instrument 
for this measurement was as follows: The wooden part of the bar is of thoroughly seasoned white 
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cedar 0.05 of a metre thick, 0.113 of a metre <leep, and 3.225 metres long. In order to prevent 
warping it was split it1 two eq ttal i1ieces aull one of them turned 180?, and then they were securely 
fastened together. One of the lower edges was rabbeted out Sllfficiently to let iu a steel bar 0.0~ 
of a metre square; this steel bar was graduated to three metres, and each one of these metres was 
compared with a staudanl metre by means of a micrometer beam compass, especially devised for 
the purpose. Sliding on this steel lJar is ,-1; Yeruier with damps and slow motion. Ou tlrn side of 
the bar is an ordinary base-bar sector for measuring the inclination. 

In measuring tile fmetiou of five metres at the north west base, the zero of tile bar was placed 
o>er and in contact with the station point in the sil rnr pin of the copper bolt; then the vernier 
was moved until it came vertim1lly under the forward end of the base bar, as determined by tlrn 
transit sector. The whole metre was then read off subject to the correction with the standard 
metre, and the fractional part of tlie metre was transferred by a knife-edge beam compass to a 
standard metre scale to be read. 

THE ALIGNMENT OF THE BARS. 

The same arrangement has been followed as that which was originally proposed by me for the 
Yolo base. There is a small transit telescope at the forward cud of each bar, which is adjllsted 
over the centre of the bar, aml which is aligned with the bar by me11as of tlie pendulum hung on 
t.he after end of the har; several illlprovements are necessary for tlle better and closer adjustment 
of these telescopes. On the first measurement, the aligning of the bars was between the poles 
which had been put in b.r the theodolite aml which rangetl about one-half a mile apart. But in tlie 
second and third measurements the aligning was between the marks upon the half-kilometre stones. 
O\·er each of these marks a tripod was fixed aud a heavy plumb bob was hllng by a moderately 
thick line, such as the aligning telescope could see. 

The aligning over tbe bars was exalllined each morning and tilrough the day, if any necessity 
for doubt arose. 

The difference of measure between the first aud the second and third measurements at the half
kilometre stones was made by au irnry scale, diviaed to half-millimetres and tlle sector. 

THE COMP ARATO RS. 

The observations of comparison of the base bars with the standard were made with the tw<T 
Fauth lever-of-contact comparat-0rs, which accompany the apparatus. These comparators are 
described and illustrated in Assistant Schott's paper on the construction of the apparatus, Appendix 
7, 1882. 

The springs wete too weak, and means were adopted to strengthen their action, but they do 
not act through fully one-third of the range. 

THE OPERA.T!ON OF .A. DA Y'S )'!EASUREMENT. 

The method of measurement may well be illustrated b,v a succinct account of one day's opera
tions: Everybody was called at half.past five a. m., no matter what the weather was. The party 
arrived at the field. about se>en or eight a. m., according tG distance. Roads very heavy in wet 
weather, and in many places no roa.ds. Inside the movable cover Davidson and l\forse commenced· 
a double set of comparisons between t.he field standard bar No. 2 and the field bars Nos. 1 and 2. 
These are all borne on tb.e comparing beam carrying the comparators. Tilis wol'k extended from 
twenty-three to thirty-eight miuntes. Edmonds was recorder. Nelson and Westdahl prepared the 
tripods for receiving the bar,,; t-0 test t,he sectors and alignment of telescopes and bars. After the 
comparisons of bars, the two field biirs were taken to the tripods aud tested for level by Nelson 
and Morse. Morse aml Davidson tested the aligning telescopes. It was very rare, indeed, to find 
an error of one minute of are in the sector. 

The movable cover was in the mean time raiseu on its wheels, the comparing beam, etc., 
removed to the wagon and the standard bar was laBhed on the shady side of the movable cover. 

The bars were then brought under the cover; the rear end of one, after fixing the contact 
slide at zero, was plumbed over the last night's reference mark by Davidson and aligned; the · 
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thermometers and the Bor<las of the bars were read, and then Nelson, at the sector, twenty feet off 
at right angles to the line, read off the difference between the end of the bar above and the ivory 
scale below, which latter is kept in position at the reference mark by Davidson or Morse, using a 
magnifier. 

Then th<> next bar was brought into position, the rear end in approximate contact with the 
front end of the first or rear bar and nearly in line, after relieving the contact slide which had 
·been set. Davidson adjusted the height of the bar, and he and Morse then aligned it. Nelson 
was at rear end moving it in height and screwing it into line, and Morse was at forward end. 
Davidson read the rear end Borda, Morse read forward end Borda and forward thermometer, Nel
son read rear thermometer, set and noted the sector; Morse read sector and announced it, and the 
check was recorded by Nelson. Then Davidson slightly tapped the beam and made the final con
tact under the magnifier. V{hile these operations were being executed, Westdahl set the third set 
of plates and tripods ahead; the men then returned to he at their stations at the rear bar. 'Vbcu 
these were read_y, Davidson broke the contact of the two bard, the two bar men drew the bar aft 
and then lifted it ou their slwuluers and carrieu it forward where l\Iorse at the forward end and 
Davidson at the rear enu lutd mornll ready to receive it. The tripod and plate men take tlie. 
rnlieved plates aml tripods aIHl move forward, with Nelson on guard at the aft.er tripod; the order 
to mo,·e the coYer is given as the last plate is lifted, and everything is moving forward at and 
about the same time, but iu proper sequence. 

Tilis method of measluement was repeated bar after bar until it was necessary to make a 
reference on the ground, either to place the half.kilometre stone in position or to fix: a temporary 
.stone for lunch, railroad crossing, or at the close of the day's work. 

Mr. Lawson attended and directed all matters about the aligning poles, bridges, and trestles, 
:railroatl crossings, compariug beam, iustruments, and supplies. 

At the close of the day the wagon was near with the comparing beam; the wheels of the mov
·able cover were removed, the temporary mark placed in the gro un<I, and the transfer from the end 
of the bar to the mark in tlie copper stud was made by·the sector. The bars were then put aside, 
the comparing beam brought in and placed on the two supporting horses, which were leveled 
both ways; the standard bar placed thereon with a measuring bar on each side i the comparators 
adjusted, and e'·er,Ything left snug and safe. The bars were covered by canvas against rain, and 
were thus left in a conuition for comparison next morning. The reference mark was duly protected 
.and the watchman, who had arrived from camp, was put in charge, and the party left for camp, so 
.as to reach there about six o'clock. After dinner, l\1r. Morse computed the morning's comparisons, 
.Mr. Davi<lson attended to all oilicial correspondence, and l\Ir. Lawson attended to all camp matters. 

THE RA.TE OF MEASUREl\IENT OF THE BA.SE. 

The adverse nature of the ground and the inferior character of the base apparatus compelled 
a third measurement of ti.le base line. Yet this third measurement was made in a very short time, 
and it is believed that it exceeds in accuracy the second as tilat does the first, because the 
idiosvucrasies of the i11strument were understood and all the persons engaged in the measurement 
had ~cquired precision of movement and enthusiasm in doing good and rapid work. It is worthy 
of statement that in the measurements of the Yolo and Los Angeles base lines 18,991 bars were 
laid, and there was only one mishap in the cross-bar of the mo\·able cover touching a tripod (Yolo); 
one movement of the after bar to the rear without au order, but after the contact had been made; 
one upward movement of the forward end of the rear bar too suddenly, and one movement wllern 
I slightly toucl.ied ti.le rear end of the iucorning bar on the screw flange of the standiug bar. 

Tl.le following talrnlation gives in detail the time occupied ju each measurement of the base; 
and very clearly indicates the increased efficiency in the snccessiye measurements, a.Itl.Jongh some 
allowance is to be given to the first measurement where hea\'Y raius had made the ground a bog 
.in places. 

Very respectfully, 

Prof. T. c. MENDENllA.LL, 

GEORGE DAVIDSON, 
Assistant U. S. Coast and Geodetic Survey. 

Superintendent U. S. Coast and Geodetic Survey, Washington, D. G. 
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Tauulati.on of Daiily Work. 

FIRST :\1L\Sl:REMEXT, LOS ANGELES BASE LI~E. 

Time for . Sum of all 
compari- delays. 

sons. 

· · ' ' Average \ Time of '. Time of 1Time occu-iActual time: Number of ' verage 
beginning ·. ending i pied dur- : of laying ! bars laid nn

1
u
1
.nmubteers 0tof number of 

bars to each 
work a. m.' work p. m. · ing work. : bars. : during <lay .. each bar. hour. 

--------- ---- ·---- ---- -------- -------- ----
1888. 

Dec. 13 

Dec. 15 

Dec. 17 

Dec. 18 

Dec. 19 

Dec. 20 

Dec. 21 

Dec. 28 

Dec. 29 

Dec. 31 

I889. 

Jan. 

Jan. 

' Jan. 
I 
, Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan_ 

Jan. 

2 

3 

4 

5 

7 
8 

9 
10 

II 

12 

I4 

h. 111 •• 

0 43 

0 31 

0 35 
0 41 

0 -45 

0 38 

0 37 ! 

0 42 

0 42 

0 40. 

0 37 
0 34 

0 36 

0 43 
0 35 
0 32 

0 34 
0 33 
0 30 

0 30 

0 34 
0 32 

h. m. 

4 34 

2 13 

3 18 

3 34 
2 07 

2 20 

2 14 

2 28 

3 37 
2 25 

2 32 

2 25 

3 °5 
2 14 

2 50 
3 I4 

2 08 

2 25 
2 36 

2 35 
2 27 
2 56 

h. m. 

7 35 
9 2 3 

8 09 

7 51 

7 39 

7 46 

7 3 1 

40 

7 3° . 
7 27 

7 °5 
7 06 . 

6 50 

6 56 ·. 
6 56 . 

7 II ' 

7 16 ! 
7 26 ! 
7 3° : 

7 341 
7 32 I 

s 20 I 

I 

h. m. 

2 10 

3 50 

4 55 
4 45 

4 I8 

5 IO 

2 IO 

5 00 

4 45 

5 IO 

5 15 

IO 

08 

15 
4 40: 

5 20 ' 

5 05 

3 52 i 

4 55 
4 50 i 

I 
4 45 ! 

30 : 

i 

h. m .. 

6 35 

6 27 

8 46 

s 54 ; 

8 39 : 

9 24 

6 39 

9 20 

9 15 

9 43 

IO IO i 

IO 04 

IO I8 

IO 19 

9 44 

IO 09 

9 49 
8 26 

9 25 

9 16 

9 13 

5 IO 

h. m. 

58 

3 45 

4 53 

4 39 

5 47 
6 26 

3 48 

6 IO 

4 56 

6 38 

7 Ol 

05 

6 37 
7 22 

24 

63 

IIJ 
100: 

140 . 

160 -

100 

200 

220 

220 

2I7 

203 

3. 5i 
2.60 

2. 7s1 

2.48 

2.41 

2. 28 

2. I6 

2. 29 

I. 99 

I. 91 

I. 93 

I. 83 

2. I7 

12 

22 

30 

31 

3I 

33 
28 

6 Ig i 216 1.75 34 

6 23 I 169 2. 21 26 

7 07 l 207 2. 06 29 

~ ::1 ::: ::: !; 
6 I I I 224 I. 66 36 
6 12 200 1.86 32 

42 39 . 2. 62 i 23 ' 
[-----·--. 

.A.verage. ! 159 2. 33 27 

Number of days, 22; number of bars, 3,499; working hours, 195},(; actual time of laying bars, 122" 46"''. 
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i 
I 

Date. 

L889. 

Jan. 15 
Jan. 16 

Jan. 17 

Jan. 18 

Jan. 19 

Jan. 21 

Jan. 22 

Jan. 23 

Jan. 24 

Jan. 25 

Jan. 26 

Jan. 28 

Jan. 29 

Jan. 30 

Jan. 31_ 

Time for 
compari

sons. 

h. m., 

0 38 ' 

0 35 
0 30 

0 35 
0 32 

0 38 ' 

0 38 

0 40 

31 i 

0 32 ' 

0 48 

0 32 
0 35 
0 34 

0 34' 

Tabulation of Daily Work-Continued. 

SECOND :\IEASUREMENT, LOS ANGELES BASE LINE. 

I I : ' I I 
r.: f JI ; Time of I Time of ITime occu-)'Actual .time Number of\ Avebragef I Avebragef 
.,um o a b . · d" ' - d d f 1 . b 1 'd ' num er o num er o rl 1 . egmmng en mg . pte ur- \ o aymg ars a1 \ . t t b t hi 

e ays. ·work a. m. work p. m. I ing work. I baf', during day.I mmuh ebs 0 
1 

arsh 0 eac I 
1 1 ! eac ar. , our. 

: : I : ; i : ~;Ill : :, --=1--,~1--J 
9 12 4 ss I 1 43 , 4 os 13s i. so i 341 
8 00 4 30 s 30 

1 
5 46 237 I. 46 1 41 I 

7 49 4 30 8 41 6 21 200 I. 90 3 I 

h. Ill. 

59 ' 

3 00 ' 

2 14 I 

I 45 
7 50 4 35 8 45 6 I 3 200 I. 43 42 i 

7 26 s 00 9 34 6 4 i 26o I. s 7 38 I 
2 00 

2 09 

2 30 ' 1 20 s oo 9 40 6 [ 2 240 I. ss 39 \ 

2 7 13 15 IO 02 7 08 270 I. 59 38 i 
3 07 6 53 II IO 14 6 36 ;..70 I. 47 41 l 
2 22 6 56 5 15 IO 19 7 25 290 I. 54 39 I 

7 14 4 45 9 31 6 31 'J.70 1.45 42\ 

7 20 5 25 IO 05 7 31 324 I. 39 43 I 
2 12 

2 02 

2 I I 20 5 oo 9 40 6 54 256 1. 61 37 I 

l 53 7 33 5 00 9 27 7 oo 240 I. 7 5 34 
2 16 7 45 4 35 8 50 ' 6 oo '1 220 1. 64 I 37 ! ---------------

Average. I 240 l, 63 37 

Number of days, 15; number of bars, 3,599; working hours; 1387{; actual time of laying bars, 95" 13m. 

THIRD MEASUREMENT, LOS ANGELES BASE LINE. 

I i i I I I I ' ' 

Date. 
I Time for
i compari

Sum of all I Time of ' Time of !Time occu-,Actual time Number of Average I Average I 
number of I' number of delays.* I beginning ending pied dur- ) of laying bars laid minutes to bars to each!' 

1 work a m work p m 'ino- work t bars during day h h sons 

I 
,, i eac bar. 

j I I 
-- I I 

i i 1888. I h. h. h. m. ! h. m. h. h. 
I m. m. m. m_ I 

Feb. 

Feb. 

Feb. 

Feb. 

Feb. 

Feb. 

Feb. 

Feb. 

.Feb. 

Feb. 

Feb. 

Feb. 

Feb 

l 0 33 2 25 7 55 5 05 9 IO 6 12 252 I 1.48 
i 

40 I 2' 0 32 l 09 7 51 II 20 3 29 l 48 2.70 

4! 0 31 2 09 8 05 5 IO 9 05 6 25 258 I. 45 

s I 0 34 3 or 7 27 I 5 20 9 53 6 18 270 I. 40 

61 0 29 2 05 i 7 33 ! 5 20 9 47 7 13 340 I. 27 
7 : 0 29 2 15 ' "' 14 5 25 IO II 7 27 340 I I. 31 I I 

I 

8\ 0 49 I 51 I 7 03 5 30 IO 27 7 47 3621 I, 29 

9) 
! 

6 278 I. 56 0 31 2 04 ' 56 4 45 9 49 7 14 

JJ 0 45 2 22 I 7 12 5 25 IO 13 7 o6 
2681 I. 59 

U2 0 35 I 1 47 I 7 15 ' 4 50 9 35 7 I3 292 r.49 
13 0 31 I 54 ! 7 30 I 4 45 9 15 6 51 300 I I, 3'f 

I 
25 i 

I 
14 0 31 I 7 31 I 4 55 9 24 7 24 400 I I. II 

I I 
15 I 56 2 37 : 7 59 3 30 7 31 2 58 1. So 

I i 99) 
' Average. 

! i z<i9 I I. 52 
! 

Number of days, 13; number of bars, 3,499; working hours, l 17~; actual time of laying bars, 81b 56m. 

*This includes time taken for lunch, plumbing down, setting stones, accidents, etc. 
t Does not include time occupied in going to and from camp. 

our. 

I 
I 

41 

22 

40 

43 

47 

46 

47 

·39 

381 

~r 
S4 

33 

41 
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Summary of the Statistics of the Three ilfeasurements of tlte 
Los Angeles Base Line. 

--------,-

Total number of bars laid, 

Totafnumber of working days, 

Total number of working hours, 

Average daily number of bars, 

Average daily number of bars per hour, 

Highest hourly average for day, 

Highest number of bars in one day, 

Highest number of bars in one hour, 

Quickest time for roo consecutiYe bars, 

first 
measurt:-

ment. 

;------

3.499 
22 

195',{ 

159 
27 

36 

224 

44 

The exhibit of the third measurement by days is as follows: 

Date. \ Time. l\1etres. Remarks. 

Nearly all plowed land and heavy. 

Second Third 
mea~ure- : measure-

ment. n1ent. 

3.599 3.499 
15 13 

1381/; 117'f;{ 

240 269 

3i 41 

43 54 

324 400 

54 64 
h.m. 
I. 3678 

23l 

1889. 

1

i 
Feb. I 

Feb. 2 l 
I day 

~day 

I, 26o 

200 Rougher than" Hell's Half Acre" of the Yo.o, and measured while a" Santa Ana" was blow-

Feb. 4

1 Feh. 5 
Feb. 6 I 

7 I Feb. 

Feb. 8 

Feb. 9 

Feb. II 

Feb. 12 

Feb. 13 

Feb. 14 

Feb. 15 

I day 

I day 

I day 

I day 

I day 

I day 

I day 

I day 

I day 

I day 

Y, day 

I, 290 

I, 350 

I, 700 

I, 700 

I, 8IO 

I, 390 

1,340 

1,46o 

I, 500 

2,000 

ing 35 miles per hour, and eight men held lmggy from bluwing over; I gate. 

Nearly all plowed land and heavy; 3 gates. 

Mostly plowed ground, heavy; 3 gates. 

Grassy land, never plowed; some sand, a little plowed ; 1 bridge. 

315 l\I., plowed ground, heavy, 

200 M., plowed ground, very heavy. 

Ground very heavy, rough, long,_grass; 1 gate. 

4 bridges, I railroad; very hard work. 

Hard ground and rough, some long grass. 

Long grass for greater part, rough. 

300 M., rough, long grass; 2 bridges, I railroad. Time 7h. 24m. 

Heavy incline; rough; squalls of wind and rain; I gate. 

Eleven and three-qnarter days, 17,496 metres=l,489 M. per diem. 
Actual time of laying the bars C:~,49!!) =eighty-one hours and fifty-six minutes, or one and t.wo-fiftl1s minutes for 

each bar. Every morning the bars compared twice with standard. Fastest 1,620 metres, 5h. 46m. ; fastest 100 bars 
in 961- minutes, 104 minutes, 101 minutes, ou the 14tb. 

G'reatest inclination, 40571:'. Base bars now weigh 162 pounds; plates, 9!: pounds. Base line not grnJeJ; part 
has never been plowed. No accident. No mistake in the whole measurement of3,4'l9 bars; 17 person,. 
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CO.AST AND GEODETIC SFRVEY OFFICE, 
Cmnputing Dii•ision, October, 1889. 

INTRODUCTION. 

Since the year 1882, when I first attempted to utilize the wl.tole of the coHected results of mag
netic declinations, and tabulated and charted the same to exhibit their distribution within the 
boundaries of the United States, the material available for this purpose has not onl.r greatly 
increased, but permits much greater precision to be given to these researches. The table of results 
now presented exceeds that of the first edition by nearly nine hundred stations, and the means for 
bringing these up to a common epoch have likewise increased even in a greater ratio, as is shown by 
the rapid succession of new editions of the paper on the Secular Variation of the l\Iagnetic Declina. 
tion, of which the seventh edition appeared in the A.unual Report for 1887-'88, Appendix No. 7. 

The results of the researches in terrestrial magnetism by the Coast and Geodetic Survey have 
had a wide distribution of late years, nevertheless as they becollle better known the demand for 
the latest discussions is ever increasing and compels the issue of new editions embodying the latest 

•The first edition &ppeared in 1882 a.nd forms Appendix No. 13 of the Superintendent's Report for that year. 
233 
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information as often as is warranted by toe accumulation of new material, or as often as may be 
·demanded iJy the natural changes of the phenomena themseh·es. 

Not less urgent reasons for keeping the researches l1P to date, are the 1ieed of supplying the 
coast arnl sailing charts anrl other pu !Jlicatio1rn bJ· the Snrvey with the '· variation of the com. 
pass" aud with its annual change, and the obYions necessity of reconstructing from time to time 
the isogonic charts as their imperfections become apparent. 

By tt1king a short retrospective view of what bas been done by the Survey in adnmcing our 
Jrnowle<lge of this branch of terrestrial ph~·sics, and b~- comparing the result::; reached at different 
times we become further impresse(l with the slow but systematic changes in the magnetic condi
tions of the earth's crust and with the gradual recog-nition of the laws whiN1 apparently go,·ern 
the same-at least within our geographical limits. 

Tbe fin;t table of decliuation results accompanied by an isogonic chart was publishe(l b~ 
A. D. Bache, Su1wrintendent, aud ,J.E. Rilgard, Assistant, in the Annual R!'port for 1855, Appendix 
No. 47 and plate :No. 56. '_fhe declinations were reduceil to a common epoch, Yiz, 18:50, Ly means 
of assumed values of the annual chang~, and for conYenience of discussion the declinations 
were arranged in geographical gronps which could be separatel:; treated b~- application of Dr. 
Lloyd's inkrpolation formula.* The table comprises one hundred and fifty-three stations and the 
isogonic curYes computed for each degree of declination coyer but a. narrow strip along the coast
line. In the following year the same authors produced a new chart, retaining, howe\'er, the epoch 
1 FfiO, w; 111e rt-:,nlt of a n:ore extt-udul diseussion, inclmhe of all recn1t obserYatfons. (See Annual 
l{q1ort of J 856, .Appendix No. 28.) On plate :Ko. 61 of that report, the isogonic cu ryes fairly cover 
the area of the eastern part of the United States a>; well as the area bordering on our Pacific coast, 
and a connection is shown over the Gulf of 11Iexico and along the l\'Iexican boundary. The curve8 
we.re com pared with those resulting from Gauss's general theory of terrestrial magnetism, t pn blished 
in 1838. The a nrage epoch of the data nsed by Gauss is about 1829 and the authors notice the 
accord of the form of the curw·s with those covering the same area but resting on observations 
up to 1850. Comparisons were also made with the Barlow cl1art in the Phil. Trans. Roy. Soc., 1833, 
(Part II, p. 667 arnl following) an<l with Prof. E. Loomis's chart for 1840, Sillimau's Journal Science 
aml Arts, Yol. XL; the latter shoul1l be noted as the first detail chart extending some distance into 
tlrn interior of tlie country. Lieut. Col. E. Sabine's chart for 1840 (Phil. Trans. Roy. Soc., 1849, Part 
II, Jl. 173 arnl following) exhibits the distribution of tbe declination over the .Atlantic Ocean and 
was of al'sistance by IlOinting out the direction of prolongatiou of the isogonic curYes IJear and 
beyonil the coast-line seaward!:'. 

The Annual Heport for 18G1, Appendices Xo. 23 and No. 24 contains two small isogonic charts 
(plate No. 30) designetl for a special purpose and in rid of navigation along our southern coast; 
epoch lSGO. 

The Annual Report for 1862, .Appendix No. 19, gi•es an account of a magnetic survey of the 
State of Permsylrnnia, and on plate No. 47 sbows iso-magnetic lines laid clown for the two epochs 
1842 and 1862. This was the first attempt for a State Magnetic SnrYey; though meagre in obs~r
vations it was not followed until recent times for Missouri and New Jersey. 

The Ilext isogonic chart, constructed h,v the present writer, accompanies Appendix No. 19 of 
the Annual Report for 1865, plate No. 27; it is on a larger F.cale but covers about the same area as 
the chart of 1S56; it emhodies, howe,•er, the results accumulate•l and uses the latest information 
TespeMing the secular change. The epoch is 1870. 

The chart next issued, report for 1876, Appendix: No. 21, plate No. 24, is due to Assistant J. 
E. Hilgard. It is referred to the epocli 1875, and includes the results of the Survey up to 1877, 
and in part to 187D, as well as about two hundred rece11t observations made from 1871 to 1876 

•Proposed by Dr. H. Lloyd, of Dublin, in 1838, see eighth report of the British Association for Adv. of Sc., Vol. 
VII, Jl. 91 and following; see also note by Archibald Smith in Lieut. Col. E. Sabine's contribution to terrestrial mag
netism, No. YII, in Phil. Trans. Roy. Soc., Part Ill, 1846, p. 248 and following. 

t In hit! general theory, Gauss UBed twenty-four coefficients depending on obsen-ations distributed, as regularly 
·aa may be, over the i:reater J>art of the accessible smface of the globe, and including decliuations, dips, and inten
sities. A later attempt made by Erman and Petersen (Berlin, 1874) to introduce into this theory additional material 
,and to reduce the same to the epoch 1829 by a strict account of the Recular variation has not resulted to any marked 
-degree in a.uy essential change in the curves as originally given by Gauss. 
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under the auspices of the National Academy of Sciences and at the charge of the Bache-Fund. 
In this chart the isog-onic curves are S[Weatl over the whole of the United States, excPpting Alaska, 
and distinct notice is taken of certain large. irregularities in tlrn distribution of magnetism which 
obtrudeu themselves in some ea!'ltern and central parts of the chart, the curves over the western 
part remaining smooth and regular. 

Di.~tribution of thu olfagnetic Declination for 1885.-This publication, brought out in the Annual 
Heport for1E'82, AppendixNo.13, has been designated our" first edition" on account of its complete
ness, a special chart for Alaska and adjacent regions being included. The arrangement of the table 
of results is alphabetic li.r States, with two su b·diYisions in each, one for Coast aml Geodetic Snrve,,
results, the other for results from all remaining available sources; the table contaius 2359 station,,, 
a!lfl the results are charted on two large maps (scale -0 0 -01,000 ), one for tlle east.em, the other for the 
western part of tlie United States, anrl a third one (scale -ia- -nhiooo) embraces Alaska and alljacent 
\vaters. On the two-sheet map the isogonic cun·es were constructed hy a graphical process, but on the 
smaller one their position depends upon an analytical formula. As far as the accumulated material 
permitted, special notice was taken of all locally disturbell regions in the direction of the magnetic 
needle, and the extent and amount of such local deflections are shown on the chart. It had been 
rather customary to exhibit the distribution of magnetism h.Y regular curves, and such geometrical 
representation was even regardeLl by some as a true exhibit of facts, whereas, iu reality. the cur>es 
are distorted and assume irregular shapes through the effect of local irregularity of distribution 
extending, say, over a few square kilometres, as well as from greater deYiations spread over many 
square degrees of surface. Tl1e former tlefiections are difficult to distinguish from errors of 
observation, but the latter can be recognized by the concordant results of all obserYations within 
the region and by their systematic de\'iations. .l!'urther stimulus was given to this subject b~· the 
recent magnetic surYcy~ of the State of .Missouri, which was aided by the Coast and Geodetic 
Survey with the loan of a magnetometer and a dip circle. Tbe isogonic curYes on the map of 
Alaska do not exhibit these irregularities, since they are the result of computation; further, it 
must be supposed that the distribution of magnetism is more regular O'\Cr ocean areas than oYer 
land areas. 'rhe following paragraph is retained unchanged from the first edition: 

Prominent among those who ha\'e made local magnetic disturbances a special study were 
Dr. John Locke) in this country, and tile late Dr. Lamont, iu Germany. In the spring and summer 
of 18±!, Dr. Locke examined experimentally into the local distribution of magnetism about the 
Palisades, New Jersey, and presented hi;; results in diagrams of isoclinic and isodynamic 
curves.t Dr. Lamont, in a work entitled " l{.esearches of the direction aud iutensity of terrestrial 
magnetism in Northern Germany, Belgium, Holland, and Denmark," executed by Dr. J. J,amont, 
iu the summer of the year 1858 (Munich, 1859), gives analytical expressions of the effoct ofa gi>en 
disturbance on tile direction and intensity experienced by a magnetic needle, and diagrams of tile 
consequent deformation produced in the isogonic, the isoclinic, and the isodynarnic curves over 
the perturbed region. Since these formnlm do not appear to be so well known as their importance 
deserves, and on account of their instructive application to the iso-magnetic curves, I give here 
a free translation of part of the con tents of page 2 l of the preface. 

Suppose a magnetic sout4 pole of intensity, r, Yertically below the point A on the earth's 
surface, and at a depth equal to unity, and it be required to determine its effect upon the 
magnetism at a second point, B, on the surface distant from .A equal to r and in azimuth c/• 
reckoned from magnetic north round by west, then the effect of the pole P at the point B will be 

. . . P ,. sin r/· • . 
m declmatrnn = ---. - . ------- expressed m mmutes 

H sm 1' (l+r2 )~ 

. h . t 1 . t . l' r cos c!, • rn onzon a m ens1ty = - ·n:---+--:;:;:r)~ m absolute measure 

. . p cos e (cos f) + r cos ~, sin &) . . 
and Ill dip= 1.!$111.ii • - ----- --(r+ r2f_____ Ill n11nutes 

•By Proi. F. E. Nipher, 'Vashiugton Cniversity, at St. Louis, during the years 1878-'79-'il0-'81-'82. 
t Transactions American Philosophical Societ~-, Philadelphia, Yol. IX, 1846. 
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where H = the horizontal force and 11 = the dip. These formu1m are approximations, but quite 
close enough for the purpose iuteuded." Applietl to a case in .:\IitlUle Europe, Dr. Lamont shows 
that the curves of horizontal intensity to the magnetic uorth and south of the ceuter of disturb
ance are bent inwards or toward it, and that the cun·es of equal declination to the east and west 
of the distnrbance are bent ourwards or away from it, wherca:;; the curves of equal dip are bent 
sonthwarrl, directly over the point of disturbance, as well as to the north of it, also up to a certain 
diRtance to the south of it. Supposiug the iso-magnetic curYes OYer a disturbed region given by 
obser•atiou, tte position of the point 011 the surface Yertically above the point of disturbance, 
that is, its latitude and longitude, may be found from the disturbed declinatio11 and intensity 
curve><, and the depth of the point of disturbance from the dip curves, the intensity of tiJe dis
turbance being determined by the an1ount of beudiug of the curves. After commenting on the 
highly instructive nature of the application of the formul~ when thrown into curves, he remarks: 
"It is, however, not ti> be imagined that the irregularities iu the magnetic cur•es are produced by 
<L >;iugle pole of disturbance, such its has been supposed above, but rather by a series of such poles 
forming peaks or ridges of disturbance.'' 111 fact, tbe distrilmtiou in space of disturbing poles 
am! their intensities must be taken as indefinitely v-ariable, and their joint effect may give rise to 
a g-reat variety of deformations. '"To follow them 11p to their source in any special case would 
necessarily require obsernttions at a great number of points closely packed over the region irnder 
itffestigation." 

To illustrate tile use of these formulm, I have applied them to a disturbed region, anu assnm
iug the positiou, depth, aud intl'nsity of a magnetic pole, have computed the deformations of the 
i:sogonic, i:-wclinic, and iso<lyn<tmic cnrrn;,; for tile purpose of comparing them with tlieir corre
Hpunding curves as !leduce<l from obscrnitious. 

Tlle region selected is in Southern Vermont, and the computation is made for ip=43no, il=72no, 
at which place tbe declination D = + up, the rlip (1=7 4n°, and the horizontal intensity in Britisll 
units H=.1.:10 for tlle year 188.1. The distances apart of the iso-magnetic lines under the supposi
tion of equable distribution of magnetism were taken from charts, as well as their azimuths, as 
IHesented 011 the diagrams of the ace ompanying illustration (No. 24. ), where these respective systems 
of lines are shown by dashes. The disturbing pole is supposed to be GO kilometres below the 
surface (a little over 37 statute miles); its magnetism is assumed to be of south polarity, the same 
as that of the northern magnetic hemisphere, anu its iutensity is supposed equal to one-fortieth 
of that ol' the horizontal force. With tllet;e assumptio11s the formulre give the theoretical 
deformed curves as shown in full lines on this illustration, and it will be seen that these 
disturbed systems of iso-magnetic cLir\·es conform, with respect to curvature, to what has been 
stated to hold for Central Europe; also that the deflections of the dip curves are less in amount 
than those of the horizontal intensity and of the declination. 

Tile maximum deflection nearly approaches half a degree for the declination, 0.030 (Brit. 
units) for the horizontal intensity and seven minutes for the dip. This would indicate that the above 
assumption as to depth and intensity of disturbing pole is quite a moderate one. 

The diagrams are drawn to scale and the disturbing effect upon tile direction of the horizontal 
needle is still perceptible beyond the region included within the area of a circle of radius 160 kilo· 
metres (nearly 100 statute miles), and a comparison in this region of the curvature of the theoreti
cal or'disturbed isogonics with the actual curvature of the isogonics as derived from observation 
an<l given on tlJe cha.rt, indicates a general conformity, which by suitable changes in the assump· 
tious might he more closely approximated. 

:\Inel1 di!licult,y was experienced in tracing out the isogonic lines on the Pacific coast, amt 
in general o\·er the area west of the one hundred and fifth meridian; in this part of tile country 

•We have distance PB= (l+r'')k and cos A.BP=_!"_ -- an<l remembering that attractions and repulsions of 
(l+r')~ 

magnetic quantitie• are inversely as the square of their distance, and consequently that the disturbing effect of 
magnetic energy upon a magnetic needle is inversely as the cube of their dista.uce, the disturbing force in the 

direction AB becomes - ~and the disturl>ing force acting at right angles to the needle, when expressed in 
(1-:-r· )' 

p . I 

parts of the horizontal force, - -1:
1
- · ! sm ~'.; hence the expression for angular disturbance in d€clination expreesed 

L (1-+-r")> 
in minutes, as given al>ove. 
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<>bservations require to be greatly multiplied, aml some time must necessarily elapse before the law 
<>f the annual chanee can become better known-remarks which remain true for the present edition. 

Magnetic surveys of a countr~· may be pursued in two ways, either by continued slow but 
gradual additions, year after year, or by couceutrated efforts during one or at most a few years, 
but repeated at rather long intervals, say of a quarter of a century, more or less. The second 
method is but slightly dependent on the secular Yariation, since for any one survey the reduction 
to the mean epoch will always be small; it is otherwise with the first-named method, which 
demands as complete a knowledge of the secular variation as can be had. In consequence of 
large extent of the United States the first method is the one properly and necessarily adopted, 
whereas in less extended countries, such as for England and for one or two European conti
nental States, the second metbo(l has been followed. 

It is, however, of greater importance than the above distinction to keep up at some central 
station a continuous registry of the changes iu direction and intensit~· of terrestrial magnetism, 
and after a series of years to shift the station to another region least known magnetically. Thus 
the Ooast and Geodetic Survey has accumulated most valuable material in Florida, \Yiscousin, 
Ualiforuia, and is about to include Texas-a branch of inquirj' into the laws of magnetit;w which 
does not further concern us iu this µlace. 

We come now to the special expositiou of the contents of the new edition of tllis paper sliow 
ing the distribution of the rnag11etic declination for .January, 1890. 

The collection and arrangement of tl.Ie obsen·e1l declinations form one of the moBt lahorious 
parts to be gone through in the preparation for a new edition of the distribution of tue declina
tions, the other parts being the reduction to a common epoch and the platting and chartiug of the 
results. The collection of obsernd declinations comprises all statious occupied withiu the bounda
ries of tlie Unitea States with a limited geographical flxtensiou over adjacent regions iu order to 
facilitate the graphical represeIJtation of tbe results. The table contains comparatively few stations 
datiug from a time earlier than the preseut century, and in all cases where a statiou has ueen 
repeatedly occupie•l only the latest or that nccffest the epoch 1890 has been given. The table 
comprises 3237 stations and its coutents are arranged as follows: 

(lt) The observed declinations are given for eacll State anrl Territory for the United States 
and for suitable geographical subdiYisious for adjaceut regions; the classification b~· States and 
divisions is alphabetical, with the foreign parts appcu<led. 

(b) For each State or division the material has been suh-dfridetl into two groups, oue being 
wholly composed of Coast and Geodetic Survey stations, the other being derived froru all other 
sources whatever. 

(c) The declinations in each State, division, or group are arranged according· to the latitude 
of the stations. The contents of tlie se\·eral columns of the ta\Jle are sufficiently indicated in a 
general way lJ,r the headings and need but little additional or detailed explanation. Tile columns 
headed <p aud A girn the latitude and longitude of the station, respecti,·eJ,,·, to the nearest minute 
of arc, au accuracy sufficient for our purpose. .:\.is given iu degrees and minutes of west 101111:itmle 
from Greenwich. 

The date of ob8ervation t is expressed by the year aud tlPeimal fraction, as near as knowu. 
The plus sign in the column of <leclinations I> signifies iccst declination, the minus sign th.e 
contrary. 

The values presented in the column headed LID are the reductions reqniretl to bring the 
observed declinations np from the time t to the epoch .January 1, 1890. To effect this a special 
set of auxiliary tables was prepared, derived from my researches of the secular Yariation, ll as 
published in the .Annual Report of the Survey for 1887-'88, .Appendix No. 7 (\Vashington, 1889). 
For every secular variation station there giYen, the declination was computed for eYery year 
between 1850 and 1890, and for every tenth year for dates prior to 1850; a table of differences was 
next formed between these values and that for 1890, with a sigu prefixed so as to give at once the 
reduction to the epoclJ 1890. These ta\Jles of differences were placed side by side for stations 

*Known as the seventh edition. 
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forming a geographical group, so that tlte doitble interpolation for time and space could readily 
be effected, first by running the eye over the horizontal line marked with the particular year and 
next by noting the chauges in its \alues due to poRition of stations. Allowance was then made 
for the relative position of the station in question. The values in tliis column (LID) are due to 
l\lr. L.A. Rauer, of the Computing Di·dsion. A + sign indicates increase of westerly declination 
or decrease of eaklterl:; declination, a - sign the reverse; where blanks occur, the reduction to the 
common epoch either was deemed too uncertain or information was altogether wanting. ..1.t first 
it was contemplated to reduce all obserYatious to tlie year 1895, but it was soon found that for a 
large part of the countr.r (main1y that lyiug west of the l\Iississippi) tile secular Yariation was too 
imperfectly known for any safe reduction to this advanced epoch, and 1890 was chosen for the 
ep11c!J as preferable in point of accuracy. 

1u the last column of the table headed "References" certain abbreYiations were used of which 
the principal ones are gi•en below. The addition of (S. V. S.) to the name iudicates that the sta
tion is a secular variation station aud consequentl~· that the •alue D 1890 is taken from the seventh 
edition of the researches referred to abo>e. 

Principal nbbrel'io.tio;is used in the last column of the table. 

Ad.and S. L. Sur. 

Ad. Sur. 

Am. Acad. Sc. 

Am. Phil. Soc. 

Bd. or Bound. Sur. 

C. & G. S. 

c. s. 
Exe. Doc. 

Geo!. Sur. __ 

Geo!. Sur. Ter. 

Gov't Sur. 

Hyd. Not. & Hyd. Off. 

Mo. & Ye!. St. Exp. Exp. 

Nat. Acad. Sc. 

P. P., U.S. Eng's No. 24, 1882. 

Phil. Trans. Roy. Soc. 

Pro. Asso. Dom. L. S. 

Rep. Ch. of Eng's. 

Rep. Gen. Land Office. 

Rep. N. W. Hound. Sur. 

Rep. of S. of I. A. 

Sen. Pub. Voe. 

Sig. Off. Rep. 

Sill. Jour. 

Smith'n Con's to Kn. 

TalJ. Geo. I'os. U.S. Eng's. 

l'. S. Lake Sur. 

Adirondack State Land Survey, Verplanck Colvin, superintendent, 

Albany, K. \'. 

Adirondack Sun-ey, Y. Colvin, superintendent, A1bany, 1'. Y. 

lllemoirs American Academy of Arts and Sciences, Boston. 

American l'hilusophical Society, Philadelphia. 

Boundary Survey. 

L'. S. Coast and Geodetic Survey, annual reports. 

U.S. Coast Survey, annual reports. 

Congressional Executive Document (Senate or House). 

Geological Survey. 

Geological Survey of the Territories. 

Government Survey. 

U.S. Hydrographic Kotices and Hydrographic Office. 

l\Iissouri an'l Ydlowstone Exploring Expedition, 1865. 

National Academy of Sciences, \Vashington, D. C. 

Pr<Jfessional Papers, Corps of Engineers, U.S. Army, No, 24,Vvash-

ington, D. C., 1882. 

Philosophicnl Transactions Royal Society, London. 

Proceedings Association of Dominion Land Surveyors, Canada. 

Report of Chief of Engineers, U. S. Anny. 

Report of General Land Office. 

Report of tl1e :K orthwest Boundary Survey. 

Report of Secretary of Internal Affairs of Pennsylvania, Harrisburg. 

C. S. Senate Public Documents. 

U. S. Signal Corps Official Reports. 

Silliman's Journal of Science and Arts, or the American Journal 

of Science. 

Smithsonian Contributions lo Knowledge, \Vashington, D. C. 

Table of Geographical Positions, U, S. Engineers. 

Reports of U.S. Lake Survey. 

Na.mes in parentltesis, in the col11mn "Observer," are those of the chiefs of the parties. 
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The general distribution of the declination data in the States and Territories, and in the 
adopted geographical divisions be;vond and afljacent to our boundaries is exhibited in the following 
table of number of stations in each: 

Ala. 19 
Alaska. 80 
Ariz. 51 
Ark. 16 
Cal. 74 
Colo. 46 
Conn. 31 
Del. 9 
Fla. 40 
Ga. 5+ 
Ida. 55 
Ill. 37 
Incl. 15 
Ind. T. 8 
I own. 33 
Kans. 23 
Ky. 30 
La. 30 

Me. 78 
::\Id. and D. c. 32 
l\la5'. 51 
Mich. 241 
'.\!inn. 40 
'.\liss. 16 
l\lo. 126 

Munt. '" .I 

:'\eh. 24 
:r\n. 69 
K. H. 19 
:'.\. J. IJ I 

J'\. '.\!. 51 
N. v. 271 
".\. c. 21 
?\. Dak. 21 
Ohio. 99 
Oreg. 41 

\\'est Ind. Isl's, Central Amer., etc. 
l\.fexico. west of/_== 100° '"est. 

Urit. l'oss. and Can. to?.= 75° west. 
Same between i. = i 5 ° and 90° west. 
llrit. Poss., N. \\'.Terr., tp<51°. 
Same for tp>51°. 
V,' aters of Alaska and Eastern Asia. 

Total beyond anrl near boundaries. 

Pa. 
R. I. 
S. C. 

S. Dak. 
Teun. 

Tex. 
l,'tah. 
\'• L 

\'a. 

\Vash. 
W. Va. 
\Yis. 
Wyo. 

Total in L'. S. 

Total number of stations used in the discussion. 

118 

9 
12 
14 
20 

38 
7 I 

14 
47 

77 
13 
52 
61 

25~5 

52 
94 

109 
121 
90 

126 
6o 

3237 

Table of Obserred Magnetic /leelinations and Values reduced to tke Year 1890. 

ALABAMA. Group r. 

I 
I Name of station. tp A I I 

]) LID Dl8!IO.O Observer. Reference. 

.. ·-1-·i- I 

.--~-- ----1----
0 / ! J 0 

+I.78 I Fort Morgan, Mobile 30 14 88 OJ 1847.40! -7.07 -5.29 R. H. Fauntleroy C. and G. S. Rep., 

Pt. 
I 

I and J. S. Ruth. 1881, App. 9. I 

i 
I 

I Mobile, Public Square ' 30 42 88 03 1857. 13 ! -6.87 -5.23 E. Goodfellow. C. and G. S. Rep., 

(S. V. S.). ! I 
1881, App. 9. I 

Lower Peach Tree. 31 50 87 33 ··"·"I -6.04 +1.60 ! ·-4.44 G. W. Dean. C. and G. S. Rep., 

1881, App. 9. 

Eufaula. 31 54 85 08 1860. 28 I -5.20 +1. 56 ! -3. 64 G. W. Dean. C. and G. S. Rep., 

i 
i 

1881. App. 9. 
I 

Montgomery. 32 23 86 18 1856. 26 i -5.3o +1. 70 I -3.6o G. W. Dean. C. and G. S. Rep., · 

1875. 651 

18S1, App. 9. 

Indian Mt. 34 02 85 29 -4. 18 +0.80 -3.38 F. P. \Vebber. C. and (;. S. Rep., 

1881. 661 

1881, App. 9. 

Decatur. 34 37 86 59 -5. 17 +0.44 -4.73 J. B. Baylor. C. and G. S. Rep., 

'1 
1881,App.9. 

1 
Florence (S. V. S.). 34 47 87 42 1881. 68 i -4.63 -4.28 J. B. Baylor. C. and G. S. Rep .. 

1881,App.9. 

--------
-~--------
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Table of Obseriied 21.fag14etic Declinations and Values redueed to the Year 1890-Continued. 

' 

Name of station. rp 

Mobile (S. V. S.). 

Evergreen. 

Eufaula. 

Cahaba. 

Montgomery. 

Selma. 
I 

:::~::~e, Macon Co.

1

/i 

Tuscaloosa. 

Birmingham. 

Madison. ! 

0 / 

30 42 i 

31 26 i 
i 

31 54 I 

32 18 

32 23 

32 25 
32 26 

32 40 

33 12 

33 32 

34 41 I 

! 

ALABAMA-Continued. 

·1 D I 
--, -~- ___ i 

0 / I I 0 ! 
88 03 '1875. 40 -- 6. 12 ! 
87 05 

1 
1875. 40, - 5. 53 

1 

+o. 87 -4· 66 J.M. Poole. 
I ' 

Observer. 

-5· 23 J.M. Poole. 

85 08 : 1881. 7 i - 4. 20 +o. 50 -3. 70 G. 1-1. Brown. 

I , 1 
87 10 1860. 3 I - 6. 17 I +1. 48 • -4. 69 W. Scott. 

86 18 '1875. 401- 4. 65 
1 

+o. 84 ! -3. 81 I J. l\f. Poole. 
I , I 

87 05 ' 1875. 44 i - 4. 54 ' +o. 82 
1 
-3. 72 I J. M. Poole. 

85 45 1888. 5 / - 3. 92 +o. 09 : -3. 83 I W. C. Torrance. 

85 25 1875. 44' - 4. 53 +o. 861-3. 67 ! J. M. Poole. 

87 40 1875.44/ - 6.08 1 +0.82: -5.26 /]. M. Poole. 

86 48* 1875.441- 4.44 j +0.82 [ -3.621 J.M. Poole. 

86 48 . 1875. 41 r - 5. 19 
1

, +o. 76 i -4.43 II F. E. Hilgard. 
: j I 

-------'----~---~-- * Corrected. 

ALASKA TERRITORY. 

-------;------------ -----------· 
I 

+0.62 

stantine Harbor. 

Adakl1 Isd., Bay of 

Amchitka Isd., Con- 51 24 E. 179 12t11873. 58 - 7. 28 

+0.61 51 49 I 

! 

I 
176 52 . 187J. 61 -IJ. 87 

+0.62 

Seven Islands. 

Kyska Isd., Kyska 51 59 i E. 177 30 : 187J. 55 
I, ! Harbor. 

-I I. I I 

- 6. 66 I W. H. Dall. 

I 
-13. 26 i W. H. Dall. 

! 
-IO. 49 \V. 1-1. Dall. 

i 

' Atkha bd., Nazan . 52 II 174 15 ! 1873. 65 - 16. 96 +o. 60 -16. 36 , \Y. II. Dall. 
I I 

Bay. 

Attulsd.,Chichagoff: 52 56 E. 173 12 : 1873. 48 - 7. 72 ! +o. 62 

I 
- 7.10 I W.H.Dall. 

Harbor. i 
Cove Pt.,Unalashka, I 53 24 

Chemoflsky Bay. 

L'nalashka Isd., Uiu- 53 53 

!iuk Hbr.(S.V. S.). , 

South Base, Portland , 54 46 

Canal. 

Howcan ;\lission, 54 50 

Kaigani Straits. 

Little Koniushi Jsd., 55 03 

Shnmagins. 

Dolgoi Island, S. 55 03 

end. 

: Tamgas Harbor. 55 04 

166.32 

130 24 

132.50 

159 23 

161 43 

131 28 

1883. 721-18. 71 i ------

1888. 59 I -29. 62 : +o. 04 

1881. 671-27. 06 +o. 17 

1880.54/-21.42 +0.71 

I 
1880.56\ -17.98 

1883. 59 I -28. 58 

I 

+o. 53 

+o. 14 

-18.56 

-29.58 

-26.89 

-20.71 

-17. 45 

-28.44 

W. 1-1. Dall and M. 

Baker. 

R. A. Marr. 

A. N. Wood (C. M. 

Thomas). 

H. E.:Nichols. 

W. H. Dall and M. 

Haker. 

W. H. Dall and M. 

Baker. 

H. E. Nichols. 

tEast longitudes are indicated by a prefixed E. 

Group 2. 

Nat. Acad. Sc. 

Nat. Acad. Sc. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office.· 

Nat. Acad. Sc. 

Nat. Acad. Sc. 

MS. in C. and G. S. 

Office. 

I Nat. Acad. Sc. 

I ~at. Acad. ~c. 

I

' Nat. Ac!ld. Sc. 

Nat. Acad. Sc. 

Group I. 

le dGSR I .an .. \..ep., ' 

1881,App.9. I 
C. and G. S. Rep., 

1 
1881, App. 9. I 

I C. and G. S. Rep., I 
1881, App. 9· I 

C. and G. S. Rep., 

1

, 

1881, App. 9. 

C. and G. S. Rep., ! 

I 1881,Apf>. 9. I 
I C. and G. S. Rep., / 

1881, App. 9. I 

M. S. in C. and G. 

S.Office. 

MS. in C. and G. 

S.Office. 

C. and G. S. Rep., 

1881,App. 9. 

C. and G. S. Rep., 

1881,App. 9. 

C. and G. S. Rep .. 

1881, App. 9. 

MS. in C. and G. 

S.Office. 
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Table of Observed Magnetic Declinations and Values reduced to the Year 1890-Contiuued. 

AI ,ASKA TERRITORY-Continued. 
---------~---------------~---·---- --------.----

Name of station. : __ 'P __ 1 __ i\._J __ ' _! ___ n__ AD : D 1890•0 Observer. Reference. 

! 0 I I 0 I ! 
Dolgoi I., Belkoffsky ' 55 05 162 oo j 1880, 56. -21. 43 +c. 58 ' =--20. 85 \V. II. Dalland M. C. and G. S. Rep., 

1881, App. 9. Settlement. 

Bay, Portland Canal. 55 13 

Humboldt Hbr., Po- 55 19 
pofflsd.,Shurnagins.: 

Pen Isd., Ward's 55 23 

Cove, Tongass 

Narrows. 

Kasaan Day, Prince 1 55 30 

of \Vales Archi-

pelago. 

Union Day. 55 45 

: I ! , 
' I 

130 04 : 1888, 66 I -27. 74 : +o. 04 -27. 70 : A. N. Wood (C. M. l\1S, in C. and G. 

Baker. 

+0.58 

i Thomas). i S. Office. 

-19. 70 : W. H. Dall and M. ; C. and G. S. Rep, 16031'.188o.55 -20.28 

Baker. 1881, App.9. 

131 44 1885.61 -28. 12 +o. IO -28.02 R. A. Marr (R. MS. in C. and G. 

Clover). S.Office. 

132 19 l 1880. 35 -27. 80 +o. 20 -2j. 60 \V. II. Dall and ::'11. C. and G. S. Rep., 

Baker. 1881, App. 9. 

132 12 i 1885. 60, -30. 50 -to. 10 : --30. 40 R. A. ~!arr (R. ~IS. in C. and G. S. 

Office. 

I Chirikoff Island. 

C[o,-cr). 

155 43 1874. 45 i -23. 02 +1. 37 ' -21. 65 W. H. Dall. C. and G. S. Rep., 

1881, App. 9. I 
i Chiachi Island. 55 52 

Port Moeller. 55 55 

Head, Portland Canal 55 56 

160 35 ', 1874. 61. -21. 37 +1. 37 . -20. oo W. H. Dall. 

I 

130 oo 1888. 52 -30. 14 
1 

+o. 04 -30. IO A. K. Wood (C. M. 

C. and G. S. Rep., 

1881, App. 9. 

C. and. G. S. Rep., 

i881, App. 9. 

MS. in C. and G. S. 

Thomas). Office. 

Dewey Anchorage, 55 56 132 22 1886. 69 -28. 50 : +a. 14 -28. 36 C. C. Marsh (A. S. l\!S. in C. and G. S. 

Clarence Strait. 

' Port McArthur, Sum

ner Strait. 

Semidi Islands. 

134 06 1886. 57 -27. 83 , +o. 14 
I 

! 
56 05 156 39 1874. 45 -22. 95 +1. 3i 

Snow). 

-27. 69 C. C. Marsh (A. S. 

Snow). 

-21. 58 W. H. Dall. 

Office. 

::'l!S. in C. and G. S. 

Office. 

C. ancl G. S. Rep., 

1881, App. 9. 
Chican Village. 56 09 133 28 1886. 54 -33. oo +o. 14 -32. 86 C. C. Marsh (A. S. MS. in C. and G. S. 

Point Chican. 

Shakan, Prince 

Wales Island. 

133 36 1886.58 -29.42 

133 38 1881.62 -30.05 

• 
+o. 14 -29. 28 

+o. 30 -29. 75 

Snow) . 

C. C. Marsh (A. S. 

Snow). 

H. E. Nichols. 

Office. 

!\IS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881,App.9. 

Chignik Bay. 56 19 158 24 1874. 46 -22. 03 +1. 37 -20. 66 W. H. Dall. C. and G. S. Rep., 

i881, App. 9. 

East Base, Red Bay, 56 20 

Sumner Strait. 

North Base, Fort 56 27 

Wrangell. 

Fort Wrangell, Eto- 56 28 

Jin Harbor. 

East Base, Duncan 56 36 

Canal. 

South Base, Fred- 56 SS 

.erick Sound. 

H.Ex.55-16 

133 15 1886.43 -29. 67 +o. 14 -29. 53 C. C. Marsh (A. S. MS. in C. and G. S. 

Snow). Office. 

132 23 1886. S -29. 33 +o. 14 -29. 19 . C. C. Marsh (A. S. MS. in C. and G. S. 

I Snow). Office. 

132 22 1881. 63 -29. 28 +o. 30 -28. 98 i H. E. :Kichols. C. and G. S. Rep., 

I 
1881,App. 9. 

'.33 o6 1887. 57 -30. 10 +o. 11 -29. 99 C. C. Marsh (C. M. 1 MS. in C. and G. S. 

\ Thomas). \ 

132 51 1887. 44 -29. 63 +o. 11 -29. 52 I C. C. Marsh (C. M. I 
! Thomas). . 

Offict. 

MS. inc. and G. s. I 
Office. 
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'l'able of Observed Magnetic Declinations and Values redticed to tlie Year 1890-Continue·!. 

Name of station. q> 

----------- _____ i __ 

! " I I 

Portage Bay, Fred- 1 57 oo I 
erick Sound. 

Sitka, Japonski Isl 

and (S. V. S.). 

Saint Paul Island, 

Pribiloff Islands. 

Cape Fanshaw, 

Frederick Sound. 

Kadiak Island, Saint 

Paul, Chagafka 

Cove (S. V. S.J. 

' Port Althorp, Cross 

Sound. 

Lituya Bay. 

Hagmeister Island. 

Dangerous Cape, I 

Cook's Inlet. i 
Port Mulgrave, Ya

kutatBay (S.V.S). 

Coal Point, Ugo!noi 

Point. 

J'ort Etches, near 

Phipps Pt. (S.V. 

Etonin. 

' Near Point Spencer, 

Port Clarence 

57 03 

57 07 

57 II I 

57 481 

i 
58 12 

58 371 
58 48 I 

I 
59 24 1 

I 
59 34 I 

I 
59 361 

60 21 1 

6o 25 \ 

i 

65 161 

i 
I (S. V.S.). I 
! Chamisso Harbor, 66 13 

Kotzebue Sound 

(S. \T, S.). I' 

NearCapeLisburne. 1 68 53 
1 ! I 

ALASKA TERRITORY-Continuerl. 

! t ! D L1D D,,,.,.0 I Observer. Releren~f>. 
I I I ! 
I I . I 

o I : ----f--o-- ___ o __ , ___ o_ I l------

133 20 ) 1887. 49j -30. 49 +o. II --30. 38 1
1 C. C. Marsh (C. M. l MS. in C. and G. S. 

i I , Thomas). I Office. 
I 

135 20 ] 1881. 70 i -29. 19 -28. 40 H. E. Nichols. , MS. in C. and G. S. 
i ! I Office. 
I I I 

ljO 19 i 1880. 6o I -17. 65 W. H. Dall and M. 
1

, C. and G. S. Rep., 

I '1 Baker. 1 188r, App. 9. 

133 34 
1
11887. 54 i -30. 08 C. ~~:~a:;. (C. M. 11 M~:c~· and G. S. 

152 21 / l88o. 531 -25. 15 W. H. Dall and M. I C. and G. S. Rep., 
I I I I Baker. 1881, App. 9. 

136 241! l88o. 461-32. 26 \V. H. Dall and M. / C. and G. S. Rep., 

Baker. I 1881 ,App. 9. 

137 40 11874. 37 i --30. 05 W. H. Dall. i C. and G. S. Rep., 

I I I 1881,App. 9· 
160 50 I 1874. 60 1 -22. 88 W. H. Dall. C. and G. S. Rep., 

I 1881,App.9. 

151 53 1

1

-1880. 51 1

1

:, -24. 54 W. H. Dall and M .. ,
11 

C. and G. S. Rep., 
Baker. 1881, App. 9, 

139 46 188o. 48 -30. oo W. H.Dalland M. I C. and G. S. Rep., 

Baker. 1881,App.9. 

151 24 188o. 50' -25. 81 +1. 27 -24. 54 W. H. ball and M. C. and G. S. Rep., 

Baker. 1881, App. 9. 

146 38 1874. 41 -29. 16 -27. 28 W. H. Dall. 

i 
1660811874.58 -21.56 +1.53 -20.03 W.H.Dall. 

I 

166 51I188o.69 -22.75 

I 
161 49 188o.66 -26.8'.I 

166 o6 188o.64 -25.71 +1.58 
I 

--21. 23 

-25.21 

-24. 13 
I 
i 

-28. 52' 

W. H. Dall and M. 

Baker. 

W. H. Dalland M. 

Baker. 

W. H. Dall and M. 

Baker. 

W. H. Dall and M. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881,App.9. I' 

C. and G. S. Rep., [ 

l88r, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

Near Icy Cape. \ 70 131 

-33.9• I P. 

162 15 188o.65l-30.10 +1.58 
Baker. 

H. Ray and 

C. and G. S. Rep., 1 

1881,App.9. 

Uglaamie,U.S.Polar1

1 

71 18

1 

156 40 1883.16 -35.621 +1.71 

J __ R_es_e_ar_c __ h_S_ta_i_io_n_. --'-----'----------'-----'----'------'---------'-----------r . I others. 

C. and G. S. Rep., 

1883, App. 13. 

Group 2. 
,-"-------------i------·-----i--~~----------~-!---- - ____ ! _______ ------~- ·-

I Peak of Iron Island, 
1
: 51 58 I' E. 178 23* 1849. 5 i ·- 14 00 I +1 60 --12 40 j M D Tebenkoll 

I Chugul Island. I I . • • I , . . 

I 
Straits bet. Una- I 53 461' 166 12 1789. 5 -19. 50 +o. 52 --18. 98 i J. H. Coit. 

bshka and Seda· I Ii I 
ghnr. I 

__ _c. _ _o__ _____ ;..___~~-~--' 

Chart XXIX. 

Dalrymple's Char!s. 

* E. indicates East longitude. 
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Table of Observed Magnetic Declinations and Values reduced to the Year 1890-Continued. 

ALASKA-Continued. 

Name of station. I 'P D LID D1890·o Observer. 

________ 1 ____ ---- -------i----- ---- ------------
0 / 0 

Croy.algu Island. 5417 16447 1826.5 -20,83 +1.23 -19.6 F.W.Eeechey. 

i Bailey's Harbor, Bel- 55 09 162 07 ! 1879. 5 1 -21. 13 +o. 59 -20. 54 ' G. W. Bailey. 

koosky Bay. 

' Amok Island. 55 27 , 164 02 1827. 5 -21. 25 +1. 25 -20. o F. P. Lutke. 
I 

l Wrangell Harbor. 56 59 157 57 1827. 5 -24.00 ' -21. 74 ' F. P. Liitke. 
I 

I Kodiac, near Cape , 57 20 -26.72 -23. 22 E. Belcher. 
' Greville. 

; Cape Suwaroff. i 58 42 ; 157 oo 1827. 5 -26. 25 +2. 25 -24. o F. P. Liitke. 

[ Cape Black. 1 58 43 162 05 1827. 5 -25. 17 +3· 35 -21. s F. P. Lutke. 

! 
I 

i Cape Hinchinbrock, j 6o 18 ' 147 00 1787. 5 : -2.7.00: -----

: 
J. Johnstone. 

I Port Etches. 

Norton Sound. 

Saint Lawrence Isl

and.· 

Saint ,Michael, Nor

ton Sound. 

Port Clarence. 

63 28 161 42 1827. 5 -30. 50 . +s. 55 , -24. 95 

! 
63 43 I 171 23 I 1879. 6 

I 

63 48 ' 161 00 1874. 5 

65 11 I 166 3o , 1s19. s 

I I, 

I 
, I 

-23. oo ' +z. 50 : -20. 50 l 
! ' . 

-23. 02 +1. 67 -21. 35 

F. P. Lutke. 

A.Wykander (~or-

denskiol<l). 

L. M. Turner. 

A.Wykander(Xor

denskiold). 

BayofSt.Lawrence. 65 38 170 46 1828.5 -24.07 +5.65 -18.42 F. P. Liitke. 

Cape Good Hope. 66 03 

! 
Cape Deceit. 66 06 

Fort Yukon. 66 34 

Cape Krusenstern. 67 II 

Point Demarcation. 

Point Anxiety. 70 IO 

164 30 1826. 5 -29. 47 ' +s. 6o -23. 87 F. W. Beechey. 

162 36 1826. 5 -30.30 +s. 6o 
1 
-24. 70 F. W. Beechey. 

i 
+3· 5 ' -33. o '. C. W. Raymond. 

163 37 '1826. 5 -30. 20 +s. 6o -24. 6o F. W. Eeechey. 

I 
141 oo 1837. 54' -48. 38 : Th. Simpson. 

14730i1837. 55 -45.00 
: 1 

Th. Simpson. 

Relerence. 

Phil. Trans. Roy. 

Soc., 1872. 

Rep. on Alaska. 

. I 
Phil. Traas. Roy. : 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1843. 

Phil. Trans. Roy. 

Soc., 1872. , 
I 

Phil. Trans. Roy. I 
Soc., 1872. I 

Dalrymple's Charts. 

Phil. Trans. Roy. 

Soc., 1872. 

· Exp.ofthe"Vega," 

Stockholm, 1883. 

Sig. Off. Rep.,1876. 

Exp. of the "Vega," 

Stockholm, 1883. 

Phil. Trans. Roy. ' 

Soc., 1872. 

: Phil. Trans. Roy. 

j Soc., I 872. 

/

' Phil. Trans. Roy. 

Soc., 1872. 

'.\15. in C. and G. 

S.Office. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Foggy Island. 70 16 ! 147 38 !1825.5 

148 34 I 1850. s 
I 

-43.25 I J. Franklin. i Phil. Trans. Roy. 

, / Soc., 1872. 

N. W. of Anxiety 

Point, 011 ice. 

Wainwright Inlet. 

Wainwright Inlet. 

70 31 

70 35 

70 37 

16o 36 [ 188o. 64 

16o 03 i 1849. 5 

------ [ R.J. LeM. McClure.! Phil. Trans. Roy. J 

I
: 1· Soc., 1872. / 

-36.42
1 

C.L.Hooper. ·. MS.byW.H.Dall.j 

------1', Henry Kellett. Phil. Trans. Roy. 
: Soc., 1872. 
' I 

-----~------- --------

-44.62 

-38.45 '+2.03 

-36.68 
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Table of Observed Magnetic Declinations and Values reduced to the Year 1890-Continued. 

ALASKA-Continued. 

I 
·----·--- -------------,-- -.-----,---------------

)_ Nam~:f station. il D l) 1800·0 .dD I 
,--1--

Observer. Reference. 

I 
! 

Point Comfort. 

Boat Extreme. 

Plover Point, Pt. 

Barrow. 

Santa Cruz River. 

San Bernardino. 

Los Nogales. 

}'ort Bowie. 

Fort Grant. 

San Pedro River. 

Gila Junction. 

Pueblo Vieja, Saf

ford's P. 0. 

San Pedro. 

I , 
I 

70 43 

71 02 

71 21 

31 18 

31 20 

JI 21 

J2 IO 

32 37 

32 43 

32 43 

32 49 

I 32 59 

San Francisco River. : 33 02 
! 

I'imos Villages. 33 07 

Hig Hills. 33 23 

Prieto Crossing. 33 34 

Camp Apache. 33 47 

1 

152 14 1837. 57 \ -43. 13 l 
I ' I 
:1837.58!-42.60; 154 2 3 Th. Simpson. 

Th. Simpson. 

-34.24 R. Maguire. 

i 

ARIZONA TERRITORY. 

!IO 31 1855.4 -1r.75 +a.06 -11.69 W. H. Emory. 

109 14 1855.3 -11.75 +0.06 -11.69 W. H. Emory. 

110 51 1855. 5 -12.22 +o.o6 -12.16 W.H.Emory. 

109 50 1873.5 
i --13. 80 i +o. 23 -13. 57 G. M. Wheeler. 

uo 40* 1873.5 -13.82 ...Lo.23 -13.59 W. T. Rossell. 

110 34T 1873.5 -12.82 +0.23 -12.59 S. E.Tillman. 

114 33 , 1851. 5 ·-12. 83 -o. 35 -13. 18 . W. H. Emory. 

109 37t 1873.5 -14.18 +0.23 -13.95 S. E.Tillman. 

110 40 1851. 5 
I 

i 
I09 I 7tf I 87J. 5 

I 
II I 44 ! 1851. 5 

i 
lo9 5stl 1 sn 5 

i 
i 

109 5stl 187J. 5 

··12. 42 

-12.37 

' -12.87 

-13.10 

-12. 6o 

--0.04 -12.46. W.R. Emory. 

I 
+o. 23 -12. 14 ! R. L. Hoxie. 

---0.04 -12.91 W. H. Emory. 

+o. 23 i -12. 87 

I +o. 23 · -12. 37 
I 

S. E. Tillman. 

S. E. Tillman. 

109 57tl 1871. s -14. 18 +o. 24 I -13. 94 I 

I I I 

D. W. Lockwood. 

, Phil. Trans. Roy. 

I 
Soc., 1872. 

Phil. Trans. Roy. j 

Soc., 1872. I 
Phil. Trans. Roy. I 

Soc., Vol. 147, i 
PartlI, 1858and I 
1872. 

Group 1.t 
Group 2. 

Bd. Sur.,Am.Acad. 

Sc.,Vol.VI, 1856. 

Bd. Sur.,Am.Acad. 

Sc.,Vol.VI, 1856. 

Bd. Sur.,Am.Acad. 

Sc.,Vol.VI, 1856. 

Rep. Ch. qf Eng's, i 
1879. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Bd. Sur., Am. Acacl. 

Sc.,Yol.VI, 1856. 

Rep. Ch. of Eng's, 

1876. 

Bd. Sur.,A11.1.Acad. 

Sc.,Vol.VI, 1856. 

Rep. Ch. of Eng's, 

1876. 

Bd. Sur.,Am.Acad. 

Sc.,Vol.VI, 1856. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876 

Rep. Ch. of Eng's, 

1876. 

Escudilla Peak. 33 59 109 o6t 1873. S -12. 55 +o. 23 / -12. 32 : R. L. Hoxie. 

:_w_n_li_a:~_R_i_v_er~--~~--13 __ 1_1_3-33--'!_1_8_54_._1_2_-_1_3_. _6_8 __ -o __ ._2_2..:/_-_1_3_._9_0_:_J_._c_._r_,_·e_s. ___ __:_ __ _ 

Rep. Ch. of Eng's, 

1876. 

C. S. Rep., 1856. 

* Longitude doubtful. t Supplied, approximate value. t No C. and G. S. stations. 
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Table of Observed Magnetic Declinat-ions and Values reduced to the Tear 1890-Coutinued. 

:\RIZO~A TERRITORY-Continued. 

-- ... -------------~-

Nan1e of station. 

Williams River. 

Colorado River. 

Tule Springs. 

' Williams River. 

Bouches Fork. 

o I 

34 17 

34 23 

34 32 

34 32 

34 33 

/. Ll .LlD 

. 
0 

Observer. 

11326 1854.13-13.40 -0.22 -13.62 JC.Ives. 

114 06 '1854. 14 -14 13 -o. 22 --14. 35 J.C. Ives. 

109 06* 1873. 5 -13. 61 +o. 23 -13. 38 R. L. Hoxie. 

113 28 1854. ro, -13. 97 --o. 22 -14. 19 , ]. C. Ives. 

!IO 04* 1871.5 
1 

-14.86 +0.24 -14.62 D.W.Lockwood. 

113 28 1854.10 --14.03 -0,22 14.25 J.C. Ives. 

114 16 1854.15 -13.85 -0.22 -14.07 J.C. Ives. 

Reference . 

C. S. Rep., 1~56. 

C. S. Rep., rS56. 

Rep. Ch. of Eng's, 

1876. 

C. S. Rep., 1856. 

Rep. Ch. of Eng's, 

I8j6. 

C. S. Rep., 1856. 

C. S. Rep., 1856. 

Williams River. 

Camp 130. 

Colorado River. 

34 36 

34 36 

34 45 114 24 1854. 5 -13. So , -o. 20 -14. oo ]. C. Ives and A. Phil. Trans. Roy. 

Camp 132. 

Deer Spring. 

Camp 135. 

W. Whipple. 

34 46 : 114 23 1854. I 5 -13. 60 -o. 22 -13. 82 ]. C. hes. 

34 50 : 109 04* 1873. 5 -13. 89 +o. 23 -13. 66 R. L. Hoxie. 

34 52 114 32 1854. 16 -13. 93 -o. 22 -14. 15 J.C. Ives. 

Colorado Chiquito or J 34 53 

Flax River. 

110 04 1853.93 -13. 70 +a.oz --13.68 ]. C. Ives. 

Soc., ISH. 

C. S. Rep., 1856. 

Rep. Ch. of Eng's, ' 

1876. 

C. S. Rep.,1856. 

C. S. Rep.,1856. 

Rattlesnake Caiion. 34 56 112 17* 1871.5 --14.70 +0.24, -14.46 D. W. Lockwood. Rep. Ch. of Eng's, 

Pueblo Creek. 

Near Rio Puerco of 

the West. 

Williams River. 

Colorado Chiquito. 

Colorado Chiquito. 

Big Horse ~ring. 

Near Lithodendron 

Creek. 

Camp Mohave. 

Jacob's Well. 

Navajo Spring. 

! Carriso Creek. 

· Williams River. 

: White Cliff Creek. 

Relief Springs, Lock

wood Springs. 

:, Colorado Chiquito. 

Saroux Spring. 

Colorado Chiquito. 

, Cedar Creek. 

I Canon Spring. 

34 56 

34 58 

34 59 

35 00 

35 01 

35 01 

35 02 

35 02 

35 04 

35 06 

35 o6 

35 07 

35 08 

35 09 

35 12 

35 17 

35 18 

35 21 

35 45 

112 46 1854.06 -13.98 

109 52 '1853.92 -14.00 

-0.12 

+0.02 

-14.10 

-13. 98 

]. C. Ives. 

J.C. Ives. 

I 
112 57 :1854.06 -14.80 -0.12 -14.92 ].C.Ives. 

I IO 25 1 1853. 93 -13. 67 +o. 02 -13. 65 ]. C. Ives. 

llO 30I1853.94 -13.35 +0.02 i -IJ.JJ 

I 13 36 1854. 09 -14. JO [ -0. 22 -14. 52 

109 41 i 1853. 92 -13. 55 ii +o. 02 -13. 53 

: ]. C. hes. 

' ]. C. Ives. 

J.C. Ives. 

.I ' r 14 36 1875. 7 -14. 75 +o. 15 -14. 60 : E. Bergland. 

109 14 ! 1853. 91 

109 20 i 1853.91 

!09 32 1853. 92 

I 13 13 1854. 08 

I 13 31 1854. 09 

112 IO*i 1871, 5 
! 

l IO 37 \ 1853. 95 

I II 39 l 1853. 99 

I IO 53 • 1853. 96 
I 

I 12 20 I 1854. 03 

u3 5o*i 187 I. 5 
I 

I 

-13. 73 I +o. 02 

-13. 38 I +o. 02 

-13. 90 I +o. 02 

-13. 67 / -o. 22 

-14. 70 i --0. 22 

~ .•. ,,I+<> .... 
-13. 65 I +o. 02 
-13. 87 +o. 02 

-13. 10 I +o. 02 

--13. 82 I -0. 12 
I 

-14. IO i +o. 13 

-13. 71 J.C. Ives. 

-13. 36 J. C. Ives. 

-13. 88 J.C. Ives. 

-13. 89 ]. C. Ives. 

-14. 92 ]. C. Ives. 

-14. 13 D. W. Lockwood. 

-13. 63 J.C. Ives. 

-13. 85 J.C. Ives. 

-13.68 J.C.Ives. 

-13. 94 J. C. Ives. 

-13. 97 ! D. W. Lockwood. 

*Supplied, approximate value. 

1876. 

C. S. Rep.,1856. 

C. S. Rep., 1856. 

C. S. Rep., 1856. 

C. S. Rep., 1856. 

C. S. Rep., 1856. 

C. S. Rep., 1856. 

C. S. Rep,, 1856. 

Rep. Ch. of Eng's, 

1876. 

C. S. Rep., 1856. 

C. S. Rep., 1856. 

C. S. Rep., 1856. 

C. S. Rep., 1856. 

C. S. Rep., 1856. 

Rep. Ch. of Eng's, 

1876. 

C. S. Reo., 1856. 

C. S. Rep., 1856. 

C. S. Rep., 1856. 

C. S. Rep., 1856. 

Rep. Ch. of Eng's, 

1876. 
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Table of Observed Magnetic .Declinations an.d Values reduced to the Year 1890-Continned. 

Name of station. tp 

o I 

Moencopie Callon. 36 08 

Green Springs. 36 II 

Limestone Water ! 36 32 

Pocket. / 

I 

34 oo I Washita or Saline 
I 

River. 

34 OJ Isaac Creek. 

Little Rock. 34 45 
Blues Point. 34 50 

Williams Landing. 34 50 

Opposite Buck Isld. 34 52 

Scanlan's Landing. 35 02 

Stout's Landing. 35 01 i 
Hog Thief Bend. 35 17 

Delaware Creek. 

I 35 11 I 
I 

Shoal Creek. I 35 20 

Roseville. 35 22 

Profile Roclt. 35 23 

~· 

Fort Smith. 35 23 

Eam's Landing. 35 27 

Buffalo, White River. 36 I2 

ARIZONA TERRITORY-Continued. 

t. I t D I LID I D,89,,. 0 I Observer. 

I I ·1 ° 1-0-1 ° I . 
II r o8lf 1873. 5 1 -14. 40 1 +o. 30 1-14. ro I R. L. Hoxie. 

"' '7'> 873.s 1-'5· 471 +o. 30 , -'5· < 71 R. I.. H~lo 
I -15. 26 I +o. 30 I -14. 96 ) R. L. Hoxie. 

I I l i 
' i i I 

*Supplied, approximate value. 

ARKANSAS. 

I I I ------ ! W. Dunbar. 92 oo I 18o4. 5 - 8.33 ! ... --·---
I 

92 3':1 1870.3 - 1.so I +1.00 - 6.50 S. T.Abert. 

' 
92 16 1875.38 - 8. 18 +0.82 - 7.36 F. E. Hilgard: 

90 26 1879. 17 - 6.23 +o. 63 - 5.6o J. A. Ockerson. 

92 30 1870.3 - 7.27 +1.00 - 6.27 S. T.' A bert. 

90 20 1879.14 - 6. 57 i +o. 63 - 5.94 J. Eisenmann. 

I 

90 16 1878.o6 - 6.95 I +0.70 - 6.25 C. F. Powell. 

92 50 1870.3 - 7.73 +1.00 - 6.73 S. T. Abert. 
I 

I 

93 03 1870.3 - 8. 32 I. +1. 00 - 7.32 S. T. Abert. 

I 

93 15 1870.3 - 8.42 +1.00 ·- 7.42 S. T. Abert. 

93 25 1870.3 - 8.50 +1.00 - 7.50 S. T. Abert. 

93 47 1870.3 - 8.83 +1.00 - 7.83 S. T.Abert. 

93 31 1870.3 1- 8.57 +1.00 - 7.57 S. T.Abert. 

94 26 1878. 5 :I_ s.83 +0.67 - 8.16 C. R. SutteT and D. 

I 
W. Wellman. 

94 04 1870.3 I - 9.00 +1.00 - 8.oo S. T. Abert. 

92 30 1878. 5 - 8.oo +0.67 - 7.33 C. R. Sutter and D. 

W. Wellman. 

*No C. and G. S. stations. 

Reference. I 

Rep. Ch. of Eng's, I 
1876. I 

Rep. Ch. of Eng's, I' 

1876. 

Rep. Ch. of Eng's, i 
1876. I 

Group 1.* 
Group 2. 

j Sill. Jour., Vol. 34, 

1838. 

\ MS. in C. and G. S. 

I Office. 

Nat. Acad. Sc. 

P. P. U.S. Eng's, 

No. 24, 1882. 

MS. in C. and G. S. 

Office. 

P. P. U. S. Eng's, 

No. 24, 1882. 

Rep. Ch. of Eng's, 

1878 . 
• MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

MS. in C, and G. S. 

Office. 

Rep. Ch. of Eng's, 

1878. 

MS. in C. and G. S. 

Office. 

Rep. Ch. of Eng's, 

1878. 
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TaJ>le of Observed Magnetic Declinations and Values reduced to tke Year 1890-Continued. 

1· Name of station. 

San Diego, La Pia ya 

(S. V. S.). 

I San Diego, n e w 
1 town (S. V. S.). 

San Pedro. 

Dominguez Hill. 

Los Angeles, U. S. 

Magnetic Observ-

atory. 

San Buenaventura. 

Santa Barbara (S. V. 

S.). 

Point Conception. 

San Luis Obispo. 

Mount Toro. 

Monterey (S. V. S.). 

Point Pinos. 

Loma Prieta or Mt. 

Bache. 

Mt. Hamilton, near 

Lick Observatory. 

Sierra Morena. 

Mocho. 

Presidio, San Fran· 

cisco (S. V. S.). 

Mount Diablo. 

Mount Tamalpais 

(Table Mtn.). 

Punta de las Reyes. 

Mare Island Navy-

Yard. 

Tomales Bay. 

CALIFORNIA. 
Group 1. 

_ _:__! __ ~_. _\ __ '_\ D 1

1

_.d __ D-l, __ D1~:__· __ o_l>_se_n_·e_r. __ 

01io1/ I 0 1 oj o 
32 42: 117 15

1

1881.26.l-13.46 iL _____ \-l
3
.

29 

3243 11710 1871.41 -14.78iJ 
I , 

--------

' Reference. 

I C. and G. S. Rep., I 
1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9· I 

f H. E. Nichols. 

~ 
l G. Davidson. 

33 44 118 17 1881. 28 -14. 45 i -i-O. 04 -14.41 H. E. Nichols. I C. and G. S. Rep., \ 
j I 1881, App. 9· I I 

33 52 118 14 1870. 18 -15. 35 : -15. 44 S. R. Throckmorton: C. and G. S. Rt>p., I -0.09 
I (G. Davidson). 

J i I 1881, App. 9. 
34 03 118 15 1889.38 -14.41 o.oci -14.41 R. E. Halter. MS. in C. and G. S. 

: Office. 
I 

34 16 119 16 1870.05 -15.13 0.00 -15. 13 
I 

S. R. Throckmmtoni C. and G. S. Rep., 

(G. Davidson). 
I 1881, App. 9. 

34 25 119 42 1881. 28 -14.86 ------ -14.78 H. E. Nichols. \ C. and G. S. Rep., 

- ... 861 +0.03 I ~ .... , 
I 1881, App. 9. 

34 27 120 27 1872.93 S. R. Throckmorton.[ C. and G. S. Rep., 

1881, App. 9. 

35 II 120 44 1881. 29 -15.61 -0.03 -15.64 H. E. Nichols. C. and G. S. Rep., 

1881, App. 9. 

36 32 121 36 11885. 08 -15.95 -o.o6 -16.01 F. Morse (G. Da- i MS. in C. and G. S. 
vidson). j Office. 

36 36 121 54 1881. 30 -15.90 

}------
r H. E. Nichols. ! C. and G. S. Rep., 

-16.04 1881, App. 9. 

36 38 i 121 56 1873. 66 -15.92 i S. R. Throckmor- C. and G. S. Rep., 

l ton. 1881, App. 9. 

37 07 121 51 1884. 18 -16. IO -0.05 -16. 15 R. A. Marr (G. Da-

1 

MS. in C. and G. S. 

vidson). Office. 

37 20 121 38 1888.83 -15.84 -0.01 -15. 85 R.A.Marr. MS. in C. and G. S. 

Office. 

37 %4 122 18 1884.03 -16.64 -0.05 -16.69 R. A. Marr (G. Da· MS. inC.andG.S. 

vidson). Office. 

37 29 121 33 1887. 66 -16.59 -0.01 -16.6o F. Morse (G. Da· MS. in C. and G. S. 

vidson). Office. 

37 48 122 27 1889.31 -16.6o ------ -16.58 F. Morse (G. Da- MS. in C. and G. S. 

vidson). Office. 

37 53 121 55 1884.91 -16.71 -0.02 -16.73 R. A. Marr (G. Da- ! MS. in C. and G. S. 

vidscn). e! Office. 
I 

37 55 122 36 1879.84 -16.00 -0.07 -16.07 E. Hergesheimer. C. and G. S. Rep., 

I 
I 

1881, App. 9. 

38 00 122 59 1853.1 -15.58 --0.43 -16.01 G. Davidson and J. C. and G. S. Rep., 

S. Lawson. 1881, App. 9. 

38 o6 122 16 1887. 28 -17.13 -0.01 -17. 14 C. C. Marsh (C.'M. MS. in C. and G. S. 

Thomas). Office. 

38 11 122 57 1857. 10 -16.01 -0.56 -16.57 G. Davidson. C. and G. S. Rep., 

1881, App. 9. 
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Table of Observed Magnetic Declinations and Values reduced to tke Year 1890-Continned. 

CALIFORNIA-Continued. 

-----------------------.----·------!------- -----· ------- ----

~ame of station. rp D LID D1~90.o Observer. Reference. 
______ , ___ 

0 0 I 0 : i 

Bodega. 38 18 I2J 00 18fio. 56 -- 16. 31 1--0.46 i -16. 771 G. Davidson. C. and G. S. Rep., 

l88I, App. 9. 

, Vaca. 38 22 122 05 1880.89 -I7.19 i ---0.06 -17. 25 : E. F. Dickins (G. C. and G. S. Rep., 

i j Davidson). 1881, App. 9. 
I 

Ross ?llountain. 38 30 ' 123 07 '1860. 04' -16. 39 ! --0, 37 -16. 76 1 G. Davidson. C. and G. S. Rep., 

! 1881, App. 9. 

, Sacramento. 38 36 IZI 30 '1889.03 -I5. 881 0.00 -15.88 R. A. ::viarr. ?\IS. in C. am! G. S. 

I I 
Office. 

I Monticello. 38 40 122 II ' 1880. 77 . :-Ij. 21 I -0.03 -I7.24 J. J. Gilbert (G. Da- C. and G. S. Rep., 
i I I vidson). 1881, App. 9. 
i 

I 

I 
Lake Tahoe. 38 55 120 05 : 1879. 72 -16. 80 i -0. 04 -16.84 E. Hergesheimer. C. and G. S. Rep., 

i I 1881, Ap;c. 9. 
I 

I I Point Arena. 38 55 123 42 ,1889.12 -Ij.21 0.00 -17.21 R. A. Marr. MS. in C. and G. S. 
I Office. I 

: ?11arysville. ' I889. 15 39 09 121 35 -16.42 o.oo -16.42 R. A. Marr. MS. in C. and G. S. 

Office. 

n!ue Canon. 39 15 120 47 1881. 27 -15.64 -0.03 -15.67 ,w. Eimbeck and C. and G. S. Rep., 

i 
I R.A. Marr. 1881, App. 9. 

Cap e ?llen<locino I 40 26 124 24 1886.27 -18.01 -17.69 · F. Morse (G. Da- MS. in C. and G. S. 

(S. V. S.). I vi<lson). Office. 

i Humbol<lt,RedBluff.i 
! i 

185+ 33 -17.08 40 45 124 13 -0.40 -17.48 G. Davidson and C. and G. S. Rep., 

I llucksport. 

I I A.Tod. 1881, App. 9. 
I 
I 40 47 124 12 1853.55 -lj. II -0.42 -17. 53 i G. Davidson. C. and G. S. Rep., 

I I I 1881, App. 9. 

Eureka. 

I 
40 48 124 IO 1871. 58 -18.71 -o.o6 --18. 77 G. Davidson. I C. and G. S. Rep., 

1881, App. 9. 

---
Group 2. 

\ Camp Riley. 
I I i i 

I 32 361 117 05 1849.5 -12.95 '-0.58 - 13. 53 I W. H. Emory. Bd.Sur.,Am.Acad. i 

I La Playa, San Diego 
I I Sc., Vol. VI, 1856. 

32 42 I 117 14 1888.46 -13.07 ------ -13. 29 I C. F. Pond (F. A. U. S. S. Ranger; 

I 
(S. V. S.). I ! Cook). Hy<l. Not. No. 

I 41, 1888. 
I Fort Yuma. 32 44 114 36 1876.2 -13. 77 o.oo -13. 77 i E. Bergland. Rep. Ch. of Eng's, 
I 
! 

I 1876. 

San Isabel. • 33 °9 116 38 1852.5 -12.57 
l 

-0.46 -r3. 031 W. H. Emory. Bd. Sur., Am. A cad. 
I 
I Sc.,Vol.VI, 1856. 
I 

Old Fort Tejon. 34 52 II8 55 1875.5 -14.91 +0.04 -14. 871 G. M. Wheeler. Rep. Ch. of Eng's, • 

1854.181 -13.85 

1876. 

Soda Lake. 35 03 115 59 -0.38 -14. 23 1 J.C. Ives. C. S. Rep., 1856. 

Pai-ute Creek. ·35 o6 114 54 1854.17 -14.28 -0.38 -14- 661 J.C. Ives. C. S. Rep., 1856. 

Tchachipai Valley. 35 07 118 28 1875.5 -14.20 +0.04 -14. 16

1 

A. W. Whipple. Rep. Ch. of Eng's, 

1876. 
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Table of Observed ]IJagnetic Declinations and Values reduced to tlte Year 1890-Continue<l. 

Name of station. tp 

0 / 

Forks, Los Angeles 35 oS 

and Caliente roads. ! 

Kear Mare Springs. 1 35 I I 

Desert Springs. 35 18 

CALIFORNIA-Continued. 

i. lJ D it-.oo.n Obsen·er. 

---- ---- ----
' 

u809 1875.5[ 14.80 +0.04.-14.76 R.Birnie. 

115 33 1854.18 -13.98 -0.38 -14.36 J.C.Ives. 

117 57 1871.5 --15.52 -t-0.01 -15.51 D.W.Lockwood. 

Indian Wells. 35 40 117 53 1875. 5 -15. 21 -o. 06 - 15. 2; (Eng'r Officer). 

Reference. 

Rep. Ch of Eng's, 

1S7G. 

C. S. Rep., 1856. 

Rep. Ch. of Eng·s, 

1876. 
1 Tab. Geog. Pos. t.:. 

S. E::g·s, 1883. 

Saratoga Springs. 35 41 u610*1871.5 --15.oS -0.12 -15.20 D.W.Lockwood. Rep.Ch.ofEng·s, 

1876. 

Saratoga Springs. 35 41 u6 26 : 1875. 5 -15. oS -o. 06 -15. 14 (Eng'r Officer). Tab. Geog. Pos. C 

Penamint \'alley, 36 05 117 14 1875. 5 -15. 18 -o. 06 -15. 24 , R. Birnie. 
Stal ion A. 

Wild Rose Spring. 

Passmore Post-Office.: 36 17 118 oo 1875. 5 -14. 90 -o. 06 -14. 96 (Eng'r Officer). 

Furnace Creek. 116 51 1875. 5 -15. 69 -o. 06 -15. 75 R. Birnie. 

Cerro Gordo Land- 36 28 ; 117 51 '1875. 5 -15. 31 - -o. 06 -15. 37 R. Birnie. 

ing. 

Lone Pine Camp. 

Camp Independence. 

New York of the 

Pacific. 

36 50 

Opposite Mare Island 38 06 

Navy-Yard. 

Suisun City. 

Barber's. 

Fort Rumantsoff or 

Bodega Head. 

Armstrong's Ranch. 

Yanks Landing, 

Lake Tahoe. 

-15. 33 -o. 06 -15. 39 (Eng'r Officer). 
I 

i 
us 13 j 1871. 5 -15. 56 --o. 16 - 16. 72 ' (Eng'r Officer). 

I 

12149'1850.0 -15. 70 i -o. 79 -16.49, (Chart). 

122 16 1888.8 -17.23 i o.oo -17.23 G.F.F.Wilde. 
I 

121 37 1850. 0 

121 30 1850. 0 

122 43 1818. 7 

! 

-15. 68 1 -o. 79 -16. 47 ; (Chart). 

-16.33 -o. 79f-17.12 i (Chart). 

-16.50 -2. IO -18. 6o V. M. Golovnin. 

-16. 75 -o. II -16. 86 (Eng'r Officer). 

I 
-15. 85 i: ·-0. 07 ' -15. 92 

I 
(Eng'r Officer). 

I 

38 57 Boundary Monu. -15.85: -0.07 

ment, SE. shore I 
119 57 1876. 5 -15. 92 1

, (Eng'r Officer). 

i 
I I Lake Tahoe. ' I 1 I 

/ Rowland's, Lake Ta- I 38 57 II9 59 I 1876. 5 -15. 85 I --o. 07 -15. 92 I 

hoe. I I I j 

(Eng'r Officer). 

(Eng'r Officer). 

S. Eng's, tS83. 

Rep. Ch. oi Eng's, 

1876. 

Rep. Ch. of Eng 1 s, 

1S76. 

, Tab. L.eog. Pus. U. 

S. Eng's, 18S3. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Tab. Geog. Pos. C. 

S. Eng's, 1883. 

Tab. Geog. Pos. C. 

S. Eng's, 1883. 

C. Ringold, U.S. ;s-, 

MS. in C. C.: G. S. 

Office. 

C. Ringold, U.S. N. 

C. Ringold, l7. S. N. 

Voyage, \" ol. 2, St. ~ 
. Petersburg, 1822. 

' Tab.Geog. Pos. U. 

S. Eng's, 1883. 

Tab. Geog. Pos. U. 

• S. Eng's, 1883. 

· Tab, Geog. Pos. U. 

S. Eng's, 1883. 

Tab. Geog. Pos. U. 

S. Eng's, 1883. 

Tab. Geog. Pos. l'. 

S. Eng"s, 1883. 
I R';'.:P•i<rt,i.ko I 39 ~ m 'T'' 5 -•56' I ~"7 -•5.69 I 

~-----~ __ _:_ __ _;_ __ _:_ __ _:_ __ ..:._ __ _:_ __________ . ____ _ 
*Longitude doubtful; next station possibly a duplicate. 
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Table of Observed Magnetic Declinations and ValutJS reduced to the Year 1890-Continued. 

CALIFORNIA-Continued. 

I i I I I 
Name of station. <P i I. t D ..dD D1soo-o Observer. Reference. 

; 

: i--·-· - ·-
___ f 

0 I ! 0 I 0 0 0 

' 
Lusks, Lake Tahoe. 39 02 ! 120 07 1876.5 -15.62 -0.07 -15.69 (Eng'r Officer). Tab. Geog. Pos. U. 

I S. Eng's, 1883. 

Boundary Mo nu- 39 13 120 00 1876.5 -15.85 -0.07 -15.92 {Eng'r Officer). Tab. Geog. Pos. U. 

ment, x shore S. Eng's, 1883. 

Lake Tahoe. 

Hot Springs, Lake 39 14 120 01 1876.5 -18.02* 
~----·- -----· (Eng'r Officer). Tab. Geog. Pos. U. 

Tahoe. S. Eng's, 1883. 

Cisco. : 39 19 120 33 1877. 5 -17.18 I -0.06 -17.24 J. N. Macomb. Rep. Ch. of Eng's, 

1878. 

Shelter Cove. 40 03 124 09 1792.30 -15.00 -2.92 -17.92 G. Vancouver. Hansteen's Mag. 
1 : 

I Susanville. 40 25 

Trinidad. 41 07 

Camp Bidwell. 41 52 

I I 

' Trinidad. 

i 
37 10 

West Las Animas. 38 04 

North Pueblo. 38 18 
; 

i Gunnison. 38 33 

Colorado Springs. 38 so 
' ' 

Grand Junction. 39 o4 

Denver (S. V. S.). 39 45 

Greeley. 40 26 

! 
' 

La Costilla. 37 oo 

Colonas Ferry, Rio j 37 05 

Grande. I 

120 40 1877.5 -18.35 -0.02 -18.37 (Eng'r Officer). 

126 36 1841. 5 -16.00 -0.78 -16.78 Duflot de Mofras. 

. 
120.09 1Sn. S -17. 881-o. 02 - 17· 90 T. W. Symons. 

*Local deflection. 

COLORADO. 

104 30 1888.86 -13. 78 ( +a.o6 -13.72 J.B. Baylor. 

I 
103 01 1888.81 -13.00 I +a.o6 -12.94 ]. B. Baylor. 

104 37 1888.84 -13.21 +0.05 -13.16 J.B. Baylor. 

1o6 56 1886.46 -14.72 +0.15 -14.57 E.Smith. 

104 49 1886. 52 -14.39 +o. 15 -14.24 E.Smith. 

1o8 34 1886. 58 -14.88 +0.14 -14.74 E.Smith. 

ro5 oo 1888.83 --14.10 ------ -14.o6 J.B. Baylor. 

104 40 1878.69 -14.56 +0.51 -14. 05 ]. B. Baylor. 

105 30 I 1872. 13 [ -14. 431 +o. 821-13. 61 I C. J. Moore. 

,., 4l I ''" · S 1-u · °' I +•· 51 1-'°· S• I (E•g" Offim). 

der Ertle, 1819. 

Tab.Geog.Pas., U. 

S. Eng's, 1883. 

Rxpl. of Oregon, 

1844 . 

Rep. Ch. of Eng's, 

1878. 

Group I. 

MS. in C. & G. S. 

Office. 

MS. in C. & G. S. 

Office. 

MS. in C. & G. S. 

Office. 

MS. in C. & G. S. 

Office. 

MS. in C. & G. S. 

Office. 

MS. in C. & G. S. 

Office. 

MS. in C. & G. S. 

Office. 

C. & G. s. Rep. 

1881, App. 9. 

Group 2*. 

I 
MS. in C. & G. S. 

Office. 

I 
Tab. Geo. Pos. U.S. 

Eng's, 1883. 

*The greater part of the bngitudes were assigned by me; they are approximate values.-[Sca.] 

I 
I 

I 

I 
I 
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'Table of Obser»ed Magnetic .Declinations and Values reduced to the Year 1890-Continued. 

COLORADO-Continued. 

Observer. 

I 

1

1 l I i - ! 
__ N_a_m_e_o_f_s_ta-ti_o_n. ___ tp __ 

1 

__ '-__ ! __ t--l-~l~I D,ROO·o 

I 0 
, I 0 

, Ii I i 0 

Purgatoire River, 37 18 i 104 19 1873. 5 -14. 38 1 +o. 69 ' -13. 69 ' W. L. Marshall. 

head of North i i 
F2rk. ! I 

SanJuanRiver,headl 37 23 
of East Fork. 

Fort Garland. 37 26 

San Juan River. 

East Boundary, I 
173d. Station. 

Cucharas River. 

Dolores River. 

La Veta Creek. 

La Loma. 

37 26 

37 30 

37 30 

37 31 

37 32 

37 41 

Simpson's Peak 37 41 

Camp. 

100 46 1874. 5 -14. 97 +o. 67 -14. 30 W. L. Marshall. 

IDS 26 1873. 5 -14. 12 +o. 6<) -13. 4 \Y. L. Marshall. 

lo6 47 I 874, 5 -15.02 +0.67 -14. ~. S. L. Marshall. 

102 03 1872.9 -12.50 +o. 71 -11. 79 J. J. Major. 

IDS 01 1873. 5 -14.01 +o. 69 -13. 32 W. L. Marshall. 

-14.00 +o. 67 -13. 33 A. W. Whipple. 

-14. 12 +o. 6<) -13. 43 W. L. Marshall. 

1o6 14 1873. 5 -14. 88 +o. 6<) -14. 19 W. L. Marshall. 

107 22 1874, 5 -14. 50 +o. 67 -13. 83 W. L. Marshall. 

Diana Creek. 37 42 107 48 1874. S -14. 53 +o. 67 -13. 86 W. L. Marshall. 

Rio Grande. 

East Boundary, 

154th. Station. 

Dolores River. 

San Juan Mines. 

La Junta, nea:: 

Eclipse Station. 

Wet Mountain Val

ley. 

Saguache, Craig's 

Ranch. 

East Boundary, 

13oth. Station. 

Fort Lyon, 

' Los Pinos, Indian 

Agency. 

East Boundary, 

U3d. Station. 

37 45 IO'/ 27 1874. S -14. 83 +o. 67 -14. 16 W. L. Marshall. 

37 47 

37 471 
37 50 

37 59 

38 02 

38 02 

38 o8 

38 12 

38 15 

102 03 1872.9 -13. oo I +o. 71 

107 57 1874- s -14. 16 +o. 67 

103 33 1878. 58 -14. 06 +o. 52 

105 25 1873- S -14. 33 +o. 69 

1o6 37 1873. S -14. 58 +o. 6<) 

102 03 1872. 9 -13. o8 +o. 71 

102 50 1866. s -14. so I +o. 88 

-14.83 I +o.67 

-13. 17 I +o. 71 

I 

1o6 49 '1874. s 

102 03 1872.9 

-12. 29 [ J. J. Major. 

-13. 491 A. W. Whipple. 

-13. 951 W. L. Marshall. 
I 

-13. 541 T. E. Thorpe. 

-13. 64 \ W. L. Marshall. 

-13. 89 I W. L. Marshall. 

-12. 371 J. J. Major. 

I 
-13. 62 I J- Prince. 

I 
-14. 16 i W. L. Marshall. 

-12.46 ! J. J. Major. 
I I 
I I 

Reference. 

, Rep. Ch. of Eng's, 

I 1876. 

I 
Rep. Ch. of Eng's, 

1876. 

i Rep. Ch. of Eng's, 

I 1876. 

I
I Rep. Ch. of Eng's, 

1876. 

I 
Rep. General Land 

Office. 

I 
Rep. Ch. of Eng's, 

1876. 

I 
Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. General Land 

Office. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Proc. Roy. Soc., 

188o. ' 

Rep. Ch. of Eng's, I' 

1876. 

Rep. Ch. of Eng's, . 

1876. i 
I 

Rep. General Land \ 

Office. I 
MS. in C. & G. S. I 

Office. I 

Rep. Ch. of Eng's, I' 

1876. 

Rep. General Land 

Office. 
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Table of Obseri,ed Jiagnetie Declinati-Ons ltnd Values reduced to the Year 1890-Contiuued. 

Nan1e of station. 

Hayclen Creek. 

East Boundary, 

I I Ith. Station. 

Arkansas River. 

Currant Creek. 

High Creek. 

Ilu!Talo Slough. 

i 
East Boundary, 68th.: 

Station. 

Fair-play. 

EastBoundary,4oth. ! 
I 

Station. i 

· East Boundary, 7th. i 
Station. 

COLORADO-Cont·nued. 

,l Observer. Reference. 
i I D .d I> : D18'l()•O 

-------'-------[ 

3; 2~ 1:5 ~7 1874. 5 I~ 1:. 09- +o~ 67 -1;. 42 W. L. Marshall. I Rep. Ch. of Eng's, 

I I 1876. 

!02 03 
1 

1872. 8 I -13. 50 +o. 72 -12. 78 J. J. Major. j Rep. General Land 

I 1

1 Office. 

38 28 105 51 1873. 5 --14. 68 . +o. 69 • -13. 99 ! W. L. Marshall. . Rep. Ch. of Eng's, 

I ! I 1876. 
38 40 I05 30 1873. 5 I -14. 40 ! +o. 69 -13. 71 W L. Marshall. 1 Rep. Ch. of Eng's, 

I I 1876. 
38 41 ' I05 18 

1 

1873. 5 i -15. 01 +o. 69 -14. 32 1 W. L. Marshall. / Rep. Ch. of Eng's, 

I
I -14. 41 i 1876. 

38 48 105 42 '1873. 5 +o. 69 ' -13. 72 : W. L. Marshall. Rep. Ch. of Eng's, 

38 25 

/ . 1876. 
102 03 1872. 81-13. 50 · +o. 72 -12. 78 : J. J. Major. Rep. General Land 

Office. 

39 14 106 oo : 1879. 5 -14. 43 +o. 49 : -13. 94 (Engineer Officer). Tab. Geo. Pos. lJ. S. 

39 01 

I Eng's, 1883. 

39 26 102 03 1872. 81-13. 58 
1 

+o. 72 --12. 86 I J.]. Major. Rep. General Land 

I Office. 

39 52 102 03 1872. 8 -14. 08 +o. 72 : -13. 36 i J. J. Major. Rep. General Land 

Office. 

East Boundary, 6th. 39 54 102 03 1872.8 -14. oo ! +o. 72 -13. 28 i J. J. Major. 
i 

Rep. General Land 

Office. Station. 

East Boundary, 3d. 39 57 

Station. 

East Boundary of ' 39 59 

Colo. 

North Boundary of ; 41 oo : 

Colo. 

i Stamford. 

Norwalk. 

Black Rock. 

llridgeport. 

:\[ilford. 

Saybrook. 

Tashua. 

41 04 I 
I 

41 071 

41 09 i 
I 

41 IO 

41 16 

41 16 

' i i 
102 03 1872. 8 -14. oo I +o. 72 : -13. 28 I J. J. Major. 

I 
102 03 1872. 82 -14. 17 +o. 72 -13. 45 j J. J. Major. 

rn5 oo 1866. 5 -15. 25 +o. 88 / -14. 37 j J. Prince. 

. I 

CONNECTICUT. 

73 32 1844. 70 [ + 6. 60 J +2. 641 + 9. 24 J. Renwick. 

I 
I I 

73 25 1844. 70 + 6. 82 +z. 64 + 9. 46 J. Renwick. 

73 13 1845.72\ + 6.89 +z.82 + 9.71 1 J. R-enwick. 

! 
73 II 1845. 71 I + 6. 32 +z. 82 + 9. 14 J. Renwick. 

I I 
73 04 1845. 72 + 6. 64 : +2. 82 

I 
12 21 1845. 63 + 6. 83 I +2. 94 

I 
73 15 1863.69 + 8.04 j +1.64 

I 

+ 9. 46 J. Renwick. 

+ 9. 771 J. Renwick. 

I + 9. 68 f G. W. Dean and S. 

1

1

, H. Lyman (A. 
D. Bache). 

Rep. General Land 

Office. 

Rep. General Land 

Office. 

MS. in C. & G. S. 

Office. 

Group I. 

f C. and G. S. Rep., 

1881,App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881,App.9. I 

C. and G. S. Rep., I 
1881,App.9. 

C. and G. S. Rep., I 
I 

1881, APP· 9. • 

I 
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Table of Ob-served Magnetic Declinations and Values reduced t-0 the Year 1890-Continued. 

CON:'.'\ E CTI CUT-Continued. 

Name of station. rp 

-----•------- ----·--- ---- ---- -------

, Sachem's Head. 41 17 

i I Fort Wooster. 41 17 

I Oyster Point. 41 J 7 

New Haven Pavil- 41 18 

ion. 

New I;Iaven, Yale 41 18 

College (S.V. S.). 

New London, Gro· 41 18 

ton Pt. 

Stonington. 41 20 

''fooster. 41 21 

Sandford. 41 28 

Hartford (S. V. S.). 

Box Hill. 

Ivy. 41 52 

Bald Hill. 41 58 

Double Beach. 

South End. 41 14 

Lyme. 

YaleCollege(S.V.S.). 41 19 

0 , 

72 44 , 1845. 64 + 6. 25 +3· 02 i + 9. 27 , ]. Renwick. 

i 
72 56 1855. 63 + 7. 04 ! + 9. 52 C. A. Schott. 

! 

72 55 1848.61 + 6.63 + 9. 52 , J. S. Ruth. 

72 56 1844.66 · + 5. 75 + 9. 52 • ]. Renwick. 

I 
72.00I1845.62 + 7.49 1 +2.64 +-10. 13 J. Renwick. 

71 54 1845. 6o + 7. 64 +z. 64 ' +10. 28 J. Renwick. 

i 
73 29 1864. 59 + 7. 63 ! +1. 52 

7257:1862.77: + 7.03. +1.82 

72 40 .1879.56 1 + 8.57 

+ 9. 15 R. E. Halter (A. 

D. Bache). 

+ 8. 85 E. Goodfellow (A. 

D. Bache). 

i + 9. 22 , ]. B. Baylor. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

72 27 1861. 79' + 8. 51 +1. 72 +rn. 23 G. \\'. Dean, R. E. C. and G. S. Rep., 

73 14 i 1863. 58 -!- 8. 43 

l I 
72 12 1861. 71; + 8.84 

I ! 
' 

I : 
12 51 I 1884. ss I + 9. 43 

I I 

" 53 ''"· ss f + s. n 

I I 

72 17 1810. 5 
1 
+ 4· 50 I 

Halter (A. D. 1881, App. 9. 

Bache). 

+1. 67 +rn. IO I G. W. Dean, S. H. 

Lyman (A. D. 

Bache). 

+1. 72 : +rn. 56 G. W. Dean, R. E. 

+o. 36 i + 9· 79 

I 
+0.361+9. 13 

+4· 70 + 9. zo 

+ 9· 52 

Halter (A. D. 

Bache). 

0. T. Sherman. 

0. T. Sherman. 

A. Miller. 

0. T. Sherman. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

Group 2. 

Rep. Board of Man., 

Yale Coll. Obs., 

1884-'85. 

Rep. BoardofMan., 

Yale Coll. Obs., : 

1884-'85. 

Sill. J our., \' ol. 34, i 

1838. 

725611885.3 +9·001 

------'----'----'-I _ __,____..c__I _1 

Rep. BoardofMan.,' 

Yale Coll. Obs., : 

1884-'85. 
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'1.'able of Observed Jfagnetic Declinati-Ons and V11lties .reduced to the Year 1890-0ontinued. 

Name of station. 

Danbury. 

Centerville. 

Hebron. 

East Hartford. 

Above Hartford. 

Pomfret. 

Above Hartford. 

j-0-,-1 
I I 
I 41 22 1 

i I 
I 41 23

1 

!I. 41 38 ! 
41 46. 

1

1 .. ~ 
. 41 52 

Dag;sborough. 38 35 

Cape Henlopen 38 47 

(S. V. S.). 

Pilot Town. 38 47 

Lewes Landing. 38 49 

\ Bombay Hook. 39 22 

Fort Delaware. 39 35 

I Sawyer. 39 42 

Wilmington. 39 47 

Delaware City. 39 35 : 

CONNECTICUT-Continued. 

D ,;JD 

o , o I o 

13 23 1810. 5 + 5. 68 +4· 34 I +10. 02 

72 54 1884. 59 + 9· IO +o. 361 + 9· 46 

1835.5 +6.oo +3·581+9.58 
I 

72 1810. 5 I + 4. 77 +3· 971 + 8. 74 

! I I 
1875. o + 9. 04 I +o. 921 + 9· 96 

7157 1810.5 +s.08 +4.67 1 +9-75 

I 
72 38 1875. o + 9· 22 +o. 92 I +10. 14 

15 16 I 1856.66 

75 05 / 1885.58 

I 

*Corrected. 

DELAWARE. 

+ 2.68 + 5.13 

+ 4.99 + 5.56 

Observer. 

A. Miller. 

0. T. Sherman. 

G, Gillet. 

A. Miller. 

T. C. Ellis. 

A. Miller . 

T. C. Ellis. 

C. A. Schott. 

J. B. Baylor. 

75 10 ( 1846. 50 + 2. 71 +3· 14 + 5. 85 ! J. Locke. 

75 1211846. 50 + 2. 75 +3· 14 + 5. 89 J. Locke. 

75 31 l 1846. 46 + 3. 31 +3· 14 + 6. 45 J. Locke. 

I 
75 34 1846. 45 + 3. 28 +3· 14 + 6. 42 J. Locke. 

75 34 1846. 42 i + 2. 8o +3· 14 + 5. 94 J. Locke. 

75 32 1875. 55 + 3. 74 +r. 12 + 4. 86 J.M. Poole. 

Reference. 

Sill. Jour., Vol. 34, 

1838. 

Rep. BoardofMan., 

Yale Coll. Obs., 

1884-'85. 

Sill. Jour., Vol. 34, 

1838. 

Sill. Jour., Vol. 34, 

1838. 

Rep. Ch. o~ Eng's, 

1878. 

Sill. Jour., Vol. 34, 

1838. 

Rep. Ch. of Eng's, 

1878. 

Group I. 

C. and G. S. Rep., 

1881,App.9. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., I 
1881, App. 9. ·; 

C. and G. S. Rep., j · 
1881, App. 9. j 

\. 
C. and G. S. Re_p., j · 

1881, App. 9. 
1 

C. and G. S. Rep., !' 
1881, App. 9. 

C. and G. S. Rep., \" 

1881,App.9. . 

C. and G. S. Rep., 

1881, App. 9. 

Group 2. 

i I I l I 75 36*lr 1842. 50

1

, + 3. 50 +3· 38 + 6. 88 -- Barnett. I' Phil, Trans. Roy. 
1

: 

S<>c., 1875. 
_____________ , ___ ·____ ----~'------~---------'\. 

*Corrected. 

FLORIDA. Group r! 

I i I ; i I Sand Key. , 24 27 Sr 53 i 1849. 64 · - 5. 48 -j-2. 53 - 2. 95 J. E. Hilgard. C. and G. S. Rep., 

I I I ' ! I ~~~ App 9 

_i _K_e_y _'_v_e~t-(_S_. _v :_·)_l_24-3_3_1 ~ ~ I "'' 09 i ---3·_" I~~---- -~--2_. 9-6-· J- B. "YIM. _J_~ ....; ~- s 
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Table of Obser·ved Magnetic Declinations"and Values reduced to the Year 1890-Continued. 

FLORIDA-Continued. 

I 

Observer. Reference. I I D AD I D1B90·0 

--'---1-~-;---:-·i-o-~1 o 
:Kame of station. tp 

~~~~~~~ ~~~~~~~! 

Bird Key, Dry Tor- 24 37 82 54 ! 1880. 04; - 3. 71 ! +o. 58 1 - 3. 13 
' ' I 

S. M. Ackley. 

tugas. i 
Cape Sable, base line. 25 08 81 02 : 1855. 4 - 5. 38 +2. 19 ' 3. 19 A. -V. Bache. 

Cape Florida, Key 25 40 

Biscayne. 

Hills,llillsboro River', 26 16 

Punta Rasa. 26 29 

Spencer,Lake Worth.i 26 44 

Fort Jupiter. 26 54 

Indian River, House : 27 12 

of Refuge No. 2. 

Bell, Indian River. 27 28 

Saint Lucie, Fort 27 29 

Capron. 

Tampa. 27 ·57 

Turkey Creek. ' 28 04 ' 

Eau Gallie. 

Enterprise. 

Depot Key, Cedar 

Keys. 

Cedar Keys, Transit 

of Venus Station. 

St. George's Island. 

Gainesville. 

Cape San Blas. 

Apalachicola. 

Dotg Island Light. 

Saint Augustine. 

28 09 

28 53 

29 08 

29 08 

29 37 

29 40 

29 43 

29 47 

29 54 

80 IO 1850. I 5 - 4. 42 +2. 50 - I. 92 J. E. Hilgard. 

So 05 : 1884. 06 - 2. 72 +o. 36 - 2. 36 : B. A. Colonna. 

82 01 I 1866. 49 - 4• 02 +r. 47 - 2. 55 A. T. Mosman. 

8o 02: 1884.21 2.86 +o. 35 - 2. 51 B. A. Colonna. 

I 

So 05: 188o. 18· - 2.84 +o. 6o - 2. 24 J. B. Baylor. 

80 Io I 1883.04: - 2.60 +0.42 - 2. 18 B. A. Colonna. 
i 

8o 20; 1883. 34 -- 2.20 
i 

+0.40 1.80 B. A. Colonna. 

8o 15 1880. 17 - 2.42 +o.6o - 1.82 J.B. Baylor. 

i 
82 27 1887. 081 - 3. 03 +o. 17 - 2. 86 ' J. D. Baylor. 

8o 35 1878. 38 - 3. 15 +o. 71 - 2. 44 R. M. Bache. 

8o37 1880.15 -2.00 +o.6o -1.40 J.B.Baylor. 

I 
188o. 13 i - 2. 77 +o. 6o ' - 2. 17 J. B. Baylor. 

1852. 20 i - 5. 34 +z. I I - 3. 23 J. E. Hilgard. 

i 
1887. 121-- 3. 371 +o. 17 - 3. 20 J. B. Baylor. 

1853. 26 'I - 6. 04 J! +1. 94 - 4. 10 J. G. Oltmanns (F. 
H. Gerdes). 

- I . 
1887. 13 

1 
- 3. oo : +o. 17 : - 2. 83 , J. B. Baylor. 

85 o6 

I i 
1854. 08 I - 6. u I +1. 90 I - 4. 21 J. G. Oltmanns (F. 

! I I H. Gerdes). 
186o.09l

1

_6.20 i +1.66 1 - 4.54 G.W.Dean. 
I . 

1853. 25, - 5- 85 I +1. 94 I - 3. 91 J. G. Oltmanns (F. I I I 

188o. 111- 2.421 

I 

I. 82 

H. Gerdes). 

J. B. Baylor. +o.6o i -

I 

85 22 

81 19 

C. and G. S. Rep., I 
1881,App.9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

:\IS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

1 C. .and G. S. Rep., 

1881, App. 9. 

MS.in C.andG.S. 

Office. 

C. and G. S. Rep., 

1881,App.9. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 
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Table of Obserl'Cd .l1agnetic .Der.:linations and Values reduced to the Year 1890-Continue<l.. 

j Kame of station. 

i 

I Saint Marks, Light. 

Hurricane Island. 

Baldwin, Duvall Co. 

Jacksom·ille. 

Pensacola. 

30 04 

30 04 

30 I9 ' 

30 20. 

30 25 

FLORIDA-Continued. 

85 39 1854. ID 

8I 56 1887.06 

81 39 I88o. 09 

87 12 I861. 02: 

1 I l 
D Observer. [ .dD 1· Disoo·o I 

i--- ---i-------
1 I . 0 i 0 0 i 

5. 49 i +1. 981- 3. 51 I J.E. Hilgard. 

- 6. 20 I +1. 90 1 - 4. 30 1 J. G. Oltmanns (F. 

I i H. Gerdes). 

2. 58 +o. I7 ' 2. 4I J.B. Baylor. 

2 341 +o. 6o 

- 6. 70 ! +I. 49 

' - I. 74 

5.21 

J. B. Baylor. 

G. W.Dean. 

Fernandina. 30 40 ' 8I 27 I879. IO! - 2. 50 I +o. 66 1. 84 i S. M. Acklt>y. 

I 
I 

i ---------·-·--··----i---

i Off west end Florida I 24 15 82 40 I 1818. 5 +3· so I 
I ' Reef. 

1 

Egmont Key, Tampa 2.7 36 

Bay. 

Titusville. 

Daytona. 

Saint Joseph's Bay 

Light. 

Saint l\Iarks. 

Lake City. 

! Jacksonville. 

I 
i Pensacola ~avyYard". 

I l Tallahassee. 

Du Pont or Lawton. 

Brunswick. 

Waycross. 

Butler, St. Simon's 

lsd. 

28 36 

29 08 

30 08 

JO II 

30 20 

30 21 

30 26 

30 58 

31 og 

31 II 

31 18 

82 46*! r843. 5 
I 

6.55 

5.42 +2. 54 

2. 75 j -- Livingston. 
I 

I 
2. 88 L. l\L Powell. 

80 48 ; I879. 68 - 2. 08 +o. 63 - l. 45 J. F. Le Baron. 

i 
80 58 : 1876. 20 - 3. 24 +o. 84 - 2. 40 D. D. Rogers. 

85 23 1 1843. S -- 6. 40 +z. 17 - 4. 23 L. M. Powell. 

84 II I875.38 - 4.50 

82 37 I875.37 - 3.34 

81 39 1884.5 - 2.33 

I 

! . 
+o. s1 I - 3. 03 

+0.891' - 2.45 

+0.34 - 1.99 

J.M. Poole. 

J.M. Poole. 

J. F. Le Baron. 

- 6.90 +1.821- 5.08' 

I I 
L.M.Powell. 

84 17 
1

I875.38, - _ _:~o I +o. 87 I 2. 83 \_J_._M_._1_'0-ol_e_. _ 

82 47 I 188o. 08. 

81 30 I 1887. 15 

! 
82 30 I I887. r4 

81 21 11872. 20 

I 
I 

*Corrected. 

GEORGIA. 

+o.6o I. 83 J.B. Baylor. 

- 1.81 +0.17 1. 64 J.B. Baylor. 

- 2.02 +0.17 I. 85 J. B.'>Baylor. 

- 2.72 I. 63 A. T. Mosman. 

I 

Reference. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

188I, App. 9. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

188I,App. 9. 

Group 2. 

Becquerel's Tr. du 

Mag., 1846. 

U. S. N. Report, 

1843. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

U. S. N. Report, 

I843. 

Nat. Acnd. Sc. 

Nat. Acad. Sc. 

MS. in C. and G. S. 

Office. 

U. S. N. Report, 

1843. 

Nat. Acad. Sc. 

Group 1. 

C. and G. S. Rep., 

1881, App. 9. 

MS.inC.andG.S. 

Office. 

MS. in C. and G. S. I 
Office. [ 

C. and G. S. Rep., 

1

. 

1881, App. 9. 
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1'1tble of Observed Magnetic Deelinations and Values reduced to the Year 1890-Uontinued. 

GEORGIA-Continued. 

-- ----·~~ 

Name of station. <p Jc D ..dD D1s90-o Observer. Reference. 

! I ---, ·---
I 

1887. 171- 1~75 
I 

0 I : 0 I I 
Jesup. 31 36 i 81 55 +o. 17 I. 58 J.B. Baylor. :\!S. in C. and G. S. \ 

I I 

I I 
O&ice. I 

Skiddaway, north 31 56 I 81 02 1856.3 - 3.42 I +2. 02 J. 40 A. W. Longfellow. C. and G. S. Rep., i 
I 

base. I ! 1881, App. 9. I 

Tybee Light. 32 02 80 51 1870. 38 2.34 I +1_21 l. 13 C. 0. Boutelle. C. and G. S. Rep., 

1881, App. 9. 
I 

Savannah, Hutchin- 32 05 81 05 1886.02 !. 62 I. 45 J.B. Baylor. MS. in C. and G. S. 

son's I. (S. V. S.). Office. 

l\1acon, Dibb County 1 32 50 83 38 1855.03 4.61 +1. 81 2.So G. \V. Dean. C. and G. S. Rep., 

Academy. I 1881, App. 9. 

Milledgeville (S. V. i 33 04. 83 IO 1887. 18 3.61 3.36 J.B. Baylor. MS. in C. and G. S. 

S.). ! Office. 

Middle Base, Peach I 33 54 84 17 1873. 12 3.58 +o. 97 2.61 F. P. Webber. C. and G. S. Rep., 

Tree Ridge. 1881, App. 9. 

Academy, Lawrence- 33 58 84 00 1874.94 . 3.41 I +0.89 2.52 C. 0. Boutelle. C. and G. S. Rep., 

Yille. 1881, App. 9. 

Kenesaw. 33 59 84 35 1873. 58 4.72 +0.95 - 3.77 F. P. Webber. C. and G. S. Rep., 

1881, App. 9. 

Carnes. 34 00 85 01 18iJ. 97 4.09 +o. 88 1- 3. 21 F. P. \Y ebber. C. and G. S. Rep., ; 
! 1881, App. 9. 

Sweat. 34 04 84 27 . 187J.77 5.61 +0.91 1- 4.70 F. P. Webber. C. and G. S. Rep., 
I 1881, A pp. 9. 

Cumming. 34 12 84 08 i r87J. 86 3.22 +0.91 I- 2.31 H. \V. Blair (C. 0. C. and G. S. Rep., 

! Boutelle). 1881, App. 9. 

84 IO i I87J. 83 
I 

Sawnee. 34 14 - 2. +0.91 -2. 01(?)' C. 0. Boutelle. C. and G. S. Rep., 

I 1881, App. 9. 

Pine Log. 34 19 : 84 38 I 1874. 61 - 4.00 +o. 85 - 3· 15 F. P. Webber. C. and G. S. Rep., 

I I 1881, App. 9. 

Lavender. 34 19 85 17 I 1874.951- 3.98 +o. 83 - 3. 15 F. P. Webber. C. and G. S. Rep., i 

84 20 11874. 56

1

- 3.6o 

I rS81,App.9. i 
! 

Grassy. 34 29 +o. 85 1- 2. 15 C. 0. Boutelle. C. and G. S. Rep., i 
I I 1881,App.9. i 
I 

C. and G. S. Rep., \ Skitt. 34 30 8343I1874.63 - 2.59 +o. 90 1- l. 69 C. 0. Boutelle. 

I 1874.So 
1881' App. 9. I 

Currahee. 34 32 83 23 - 2.So +o. 90 j- 1.90 C. 0. Boutelle. C. and G. S. Rep., 

I 1881, App. 9. l 

Johns. 
34 371 

85 06 i 1875. 47 - 3.95 +o. 80 - 3. 15 F. P. Webber. C. and G. S. Rep., i 

I 1881, App. 9· I 
--·---

Group 2. 

30 SS I I ' ' 
Bainbridge~ 

I I 

84 46 1839.5 1- s.so +2.30 - 3.20 (Geo I. Sur.). I Sill. Jour., \'ol. 39, I 

Darien. 31 20 81 1838.5 1-5~ +2.8o - 2.28 (Geo!. Sur.). 

I 1840. . 

37 ; Sill. Jour., \'ol. 39· 
I 

I 
1840. 

I 
B. Ex. 55-17 
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Table of Observed Magnetic .Declinations and Values reduced to the Year 1890-Continned. 

GEORGIA-Continued . 

Name of st~tion. q; ,. D .dD D1s9o·o Observer. Reference. 

!----
I 

I Fort c.;o~. 
/ I 0 / i 0 

JI J8 I 85 09*! I8J9. 5 - 5·5 2 +2.01 - J·5 1 (Geo!. Sur.). Sill. Jour., Vol. 39, 

I ! 1840. 

Liberty, court-house. 31 48 i 81 37 !, 1838. 5 - 5.08 +2.8o - 2.28 (Geo!. Sur.). Sill. Jour., Vol. 39, 
I 

I 1840. 
I 

I 1839. 5 Cuthbert. 31 49 ! 85 02 - 5.50 +2.01 - 3.49 (Geol. Sur.). Sill. Jour.,"Vol. 39, ~ 

Lumber City. 82 45 • 1875. 46 - 3.18 +o.86 J. ~I.Poole. 
I 1840 . 

JI 57 - 2.32 Nat. Acad. Sc. 

Bryan, court-house. 32 02 8r 32 . 1838. 5 - 5.08 +z.8o - 2.28 (Geo]. Sur.). Sill. Jour., Vol. 39, 

1840. 
i 

Lumpkin. 32 og 84 55 i 1839. 5 - 5.45 -t2-. OJ - 3.44 (Geol. Sur.). Sill. Jour., Vol. 39, I 

1840. 

Springfield. 32 21 81 30 i 1837. 5 - 5.08 +2.83 - 2.25 (Geo!. Sur.). Sill. J our., Vol. 39, 

I 1840. 

Columbus. 32 28 85 01*\ 1839. 5 - 5.50 +2.07 - J·43 (Geol. Sur.). Sill. J our., Vol. 39, 

1840. 

Black Creek, Scriven 32 39 8120I1837.5 - 5.07 +2.83 - ·2.24 (Geol. Sur.). Sill. Jour., Vol. 39, 

Co. 1840. 

Swainsborough. 32 39 82 30 j 1838. 5 - 5.07 +2.46 - 2.61 (Geo!. Sur.). Sill. Jour., Vol. 39, 
I 

j 

- 2. 53 I (Geol. Sur.) . 

1840. 

Birdsville. 32 48 82 13 • 1837. 5 - 5.02 +2.49 Sill. Jour., Vol. 39, 

1840. 

J acksonborough. 32 49 81 43 ! 1837. 5 - 4.92 +2. 77 2.15 (Geo!. Sur.). Sill. Jour., Vol. 39, 

I 1840. 

Millen. 32 50 Sr 50 : 1875. 47 - 2.62 +o.86 - 1. 761 ]. M. Poole. Nat. Acad. Sc. 

Macon. 32 50 83 37 1888.2 - 2.50 -to. II -- 2. 39 ]. C. Wheeler. MS. in C. and G. S. 

Office. 

Mill Haven. 32 56 81 47 1837.5 - 5.07 +2.77 - 2.30 (Geo]. Sur.). Sill. Jour., Vol. 39, 

82 591 1838. 5 

1840. 

Sandersville. 32 57 - 5.45 +2.20 - 3.25 (Geol. Sur.). Sill. Jour., Vol. 39, 

J ,Vaynesborough 

1840. 

33 °3 82 09 1837.5 - 5.07 +2.21 - 2.86 (Geo!. Sur.). Sill. Jour., Vol. 39, 

1840. 

Eatonton. 33 21 83 34 1838.5 - 4.53 ·'*"2. 20 - 2.33 (Geol. Sur.). Sill. Jour., Vol. 39, 

1840. 

Augusta. 33 26 82 01 1837.5 - 5.07 +2.56 - 2.51 (Geo!. Sur.). I Sill. Jour., Vol. 39, 
1840. 

1 

Applington. 33 32 82 27 1837.5 -- 5.00 +2.56 - 2.44 {Geo!. Sur.). I Sill. Jour., Vol. 39, 

I 1840. 

; Madison. 33 34 83 40 1838. 5 - 4.48 +2.20 - 2.28 (Geo!. Sur.). Sill. Jour., Vol. 39, 

I """"'"" 
I 1840. 

33 46 82 38 r837.5 - 5. 15 +2.56 - 2.59 (Geo!. Sur.). Sill. Jour., Vol 39, I 1840. 

33 51 83 53 1838. 5 - 5.17 +z.20 - 2.97 ! (Geo!. Sur.). 
11\Ionroe. 

I Sill. Jour., Vol. 39, 

I 1840. 

*Corrected. 
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. Tabk of Observed Magnetic Declinations and Values reduced to the Year 1890-Continued. 

GEORGIA-Continued. 

Name of station. <p A. D ..i1D D1~00·0 Observer. Reference. 

---------
____ , 

' ----·---- .. ---- -·---·-

0 , 0 , 
I 

Goshen. 33 52 82 40 '1837. 5 -- 5. 15 +2.21 i - 2.94' (Geo!. Sur.). Sill. Jour., Vol. 39, ! 
1840. i 

I 
I 

Athens. 33 57 83 23 1837.5 ... 4· 52 +z.21 - 2.31 --McCay. Sill. Jour., Vol. 34, I 

1838. 
I 
I 

Lawrenceville. 33 58 84 IO 1839.5 - 5.00 +2. 19 - 2.81 (Geol. Sur.). Sill. Jour., Vol. 39, \ 

1840. i 
; Elberton. 34 06 82 59 1837.5 -- 4·55 --t-2. 21 - 2.34' (Geo!. Sur.). Sill. Jour., Vol. 39, 
I 1840. I 
I Carnesville. 34 25 83 25 1837. 5 - 5.02 +2.21 - 2.81 (Geol. Sur.). Sill. Jour., Vol. 39, ' 
! 1840. i 
i 

-- 5.00' - 2. 79' sm. Jo"'·· Vol. 39, I I Toccoa Falls, Hab- 34 36 83 20 1837.5 +2.21 (Geo!. Sur.). 

ersham Co. 1840. 

--------

IDAHO TERRITORY. Group 1. 

Lewiston. 46 28 1881. 71 I I 
117 05 -21. 44 -j-0. 09 -21. 35 I J. S. Lawson. C. and G. S. Rep., ! 

! 
! 1881, App. 9. 

Lake Fend d'8reille, 47 58 116 30 1881. 70 -22.09 +0.09 ! -22. oo i ]. S. Lawson. C. and G. S. Rep., 

Steamboat Land-
I 

1881, App. 9. 

ing. 

I Siniaquoteen. 48 IO 116 45 1881. 67 
! 
-22.48 +o.og -22. 39 ]. S. Lawson. C. and G. S. Rep., 

1881, App. 9. 

Group 2, 

I 

1-18. 75 

--------
u. s. Land Survey f 42 00 II6 22 1867. 5 +0.34 1-18.41 L. F. Cartee. MS. in C. and G. S. 

Stations, mean 

I~., " I 
Office. 

pasition. 

Saint Charles Calion. 42 os Ill 32 1877.5 -18. 13 +0.35 S. E. Tillman. Rep. Ch. of Eng's, 

1878. 

Robbin's Ford. 42 10 III 49 1877. 5 -17. So + 0·35 -17.45 S. E. Tillman. Rep. Ch. of Eng's, 

I 1878. 
I i Malade City. 42 II II2 16 1877. 5 -17.73 +0.35 -17. 38 R. Birnie. Rep. Ch. of Eng's, 

1878. 
Bear River. 42 13 III 08 1877- 5 -17.99 +0.35 -17.64 S. E. Tillman. Rep. Ch. of Eng's, 

-17. ss I +o. 35 
I 1878. 

Mink Creek. 42 13 I II 44 1877.5 l-17. 50 S. E. Tillman. Rep. Ch. of Eng's, 
I 
! 1878. 

Camp So. south of 42 14 II2 01 1877- 5 -1&.35 +a. 35 (-18.oc ; W. Young. \ Rep. Ch, of Eng's, 
Oxford Settlement. ! . 1878. i 

Camp 77, NW. of 42 16 112 05 18]7. 5 1 -17. 83 +0.35 1-17.48 W. Young. / Rep. Ch. of Eng's, 

Oxford Peak. 

I +0.35 
I I i 1878. 

I I I Camp 78, NE. of 42 23 112 13 I r8n s -17. 85 :-17. 50 ! W. Young. i Rep. Ch. of Eng's, 

Elkhorn Peak. i i \ I 1878. 
I 
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Table of Observed 1lla!Jnetic .Declinations and Values reduced to the Year 1890-0ontinueu. 

IDAHO TERRITORY-Continued. 

i\ame of :-;tat ion. 'P A D AD 
i 

D1soo·o I Observer. Reference. 

' :---.- ---i ---1 

I S. E. Tillman. 
0 I 0 0 0 I 0 

Camp 53, SE. of 42 28 l II 47 18n. 5 --18.30 +0.35 \ -17.95 Rep. Ch. of Eng's, 

Mt. Sedgewick. 
I 

1878. 

Hawkins Creek. 42 32 112 20 18n. 5 -22. 78 +0.35 -22.43 W. Young. I Rep. Ch. of Eng's, 
1878. 

Raft Creek. 42 36 113 08 1859. 591 -16.75 0.00 -16. 75 J. Dixon. Sen. Pub. Doc.,Yol. 
I 9, 1859-'60. 

Camp 71. 42 38 112 23 1Sn. 5 -18.62 +o. 35 -18. 27 W. Young. Rep. Ch. of Eng's, 

i878. 

Soda Springs Yil- 42 40 I II 35 1877- 5 -21. 17 +0.35 -20.82 S. E. Tillman. Rep. Ch. oi Eng's, 

!age. 1878. 

Salmon River Falls. 42 42 114 39 1859.58
1

-17.18 0.00 -17.18 J. Dixon. Sen. Pub. Doc.,Yol. 

I 9, 1859-'6o. 

Shadow Lake. 1877. 5 
i 

42 43 IIJ 05 -16.07 + 0· 35 -15. 72 R nirnie. Rep. Cl1. of Eng's, 

1878. 

Game Creek. 42 46 Ill 15 1877.5 -18. 32 +o. 35 -17.97 S. E. Tillman. Rep. Ch. of Eng's, 

1878. 

Little Caf10n of 42 47 Ill OJ 1858.68 -19.20 +0.14 -19.o6 W. H. Wagner. MS.inc. and G.S. 

Smoky Creek. Office. 

Magnetic Station. 42 47 I II 57 1889. 36: -18.05 +0.02 --18.03 N. P. Anderson. MS. in C. and G. S. 

Office. 

Port Neuf River. 42 47 112 16 1877. 5 -18.73 +o. 35 -18.38 S. E. Tillman. Rep. Ch. of Eng's, 

1878. 

Lane's Fork. 42 55 III 18 1877. 5 -18.43 + 0-35 -18.08 S. E. Tillman. Rep. Ch. of Eng's, 

1878. 

Rattlesnake Mead- 42 56 IIS 06 1859.58 -r7. oo o.oo -17.00 J. Dixon. Sen. Pub. Doc.,Vol. 

O\VS. 9, 185g-'6o. 

Little Blackfoot 4z 57 112 oo(?) 1877.5 • -18. 87 +o. 35 -18.52 S. E. Tillman. Rep. Ch. of Eng's, I 

River. 1878. 

Tincup Run. 4z 59 III 16 ; 1877. 5 -18. 53 + 0·35 -18.18 S. E. Tillman. Rep. Ch. of Eng's, 

1878. 

Jack Knife Creek. 43 02 I III 07 ! 1877- 5 -18.45 + 0· 35 -18.10 S. E. Tillman. Rep. Ch. of Eng's, 
! 1878. 

Camp 41, XE.of Mt. 43 07 III 15 1877.5 -18.33 +0.35 -17.98 S. E. Tillman. Rep. Ch. of Eng's, 

Pisgah. 
I 

1878. 

Fort Hall. 43 09 112 12 1877- 5 i -18.22 + 0 • 35 -17.87 R. Birnie. Rey. Ch. of Eng's, 

1878. 

Camp 43· 43 IO I II 48 1877.5 -18.72 + 0·35 -18. 37 S. E. Tillman. Rep. Ch. of Eng's, 

1878. 

Highane's Ranch. 43 14 112. 26 1872. 77. -17.83 +o. 21 -17. 62 F. V. Hayden. Geol. Sur. of Ter., I 

1867.5 -18.75 
i L. F. Cartee. 

18n I 
U. S. Land Survey 43 22 II4. 17 --fo. 15 -"'°1 MS. in C. and G. S. 

Stations, mean po- Office. 

sition. 

U.S. Land Survey 43 22 116 30 1867.5 -18.45 +o. 15 -- 18. 30 f L. F-. Cartee. MS. in C. and G. S. 

Stations, mean po-

I 
Office. 

sition. 
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Table of Observed Magnetic Declinations and Values reduced to the Year 1890-Continued. 

IDAHO-Continued. 

__ N_a_m_e_o_r_s_t_at-io_n_. ___ "' __ / __ ~. __ '---,--D-- __ A_D _ _ D_,890
_.

0
_ ---0-bs_e_rv_e_r. ____ i_ze_f_er_e_nc_e_. __ 

O I 

Hot Springs. 43 23 

U. S. Land Survey 43 25 

Stations, mean po· 

sition. 

Willow Creek. 43 34 

: I 0 

II6 18 1859.56: -17.83 -o. 04 -17. 87 J. Dixon. 

I -18. 25 i 

I 
I 16 22 +o. 15 ' -18. IO L. F. Cartee. 

II 421 1872. 77: -17. 92 +o. 37 -17. 55 F. V. Hayden. 

I 
Sen. Pub. IJoc.,\"ol. i 

9, 1859-'6o i 
! 

'.\1S. in C. and G. S. : 

Office. 

Geo!. Sur. of Ter., 1 

1873. 

Camp 52. 43 35(?) I I I 3o(') 1872. 77 -18. 00 +0.37 -17.63 F. V. Hayden. Geol. Snr. of Ter., 

1873. 

Snake River, 8 miles 43 40 

below Canon. 

Camp 16, mouth of 44 01 

Fall River. 

U. S. Land Survey 44 IO 

Stations, mean po· 1 

sition. I 
Henry's Fork. ! 44 19 

+0.37 -17. 61 F. V. Hayden. 

III 30 ;1872.55 -18.20 +0.37 -17.83 F.V.Hayden. 

! 
116 22 11867.5 -19.12 +0.15 -18.97 L.F.Cartee. 

I I I 20 I 1872. 59 
1 
-18. 42 +0.37 '-18.05 F. V. Hayden. 

I 

i Geo!. :-iur. of Tcr., ' 

1Sn 

Geol. Sur. of Ter., 

I87J. 

'.\IS. in C. and G. S. 

Office. 

Geol. Sur. of Ter., 

187]. 

Camp 26. j 44 30(?) lI I 20(?) 1872. 60 -19. 22 i +0.37 

I +0.37 

-18.85 F. V. Hayden. Geo!. Sur. of Ter., 

I87J. 
! 

Camp 27, Henry 1 44 38 
i 

Lake Valley. 

U. S. Land Survey 44 45 

Stations, mean po· i 

sition. : 

U. S. Land Survey I 45 14 

Stations, mean po· I 

sition. 

U. S. Land Survey [ 45 44 

Stations, mean po· 

sition. 

U. S. Land Survey ! .i.5 50 

Stations, mean po- i 

sition. 

U. S. Land Survey 146 17 

Stations, mean po· , 

sition. 

Fort Lapway. 

Sohon Pass. 47 27 

Cceur d'Alene Mis- 47 33 

I sion. 
Pack River. 148 22 

Chelemta River. 

1

48 41 

Boundary Station. , 49 oo 

-18. 36 F. V. Hayden. Geo!. Sur. of Ter., : 

I87J. 

116 22 1867,5 -19. 17 +0.05 -19.12 L. F. Cartee. MS. in C. and G. S. 

Office. 

u6 22 1867. 5 -21. 17 +o. 05 -21. 12 L. F. Cartee. MS. in C. and G. S. 

Office. 

u6-22 1867,5 -20.94 o.oo -20.94 L.F.Cartee. MS. in C. and G. S. 

Office. 

l 14 40 1867. 5 -19. 75 +o. JO -19. 65 L. F. Cartee. '.\IS. in C. and G. S. 

Office. 

u6 22 1867. 5 -20. 32 o. oo -20. 32 L. F. Cartee. MS. in C. and G. S. 

Office. ,.,. 

116 54 : 1876. 4 -19. 75 +o. 08 -19. 671 W. M. Miller. 

115 43 186o.5 -20.62 o.oo -20.62 J.Mulla11. 

Rep. Ch. of Eng's, 

1876. 

. Stone's \fag. Var's, 

I 1s1s. 
I Stone's Mag. Var's, : II6 21 186o. 5 -20. go o. oo -20. go J. Mullan. 

116 28 1861.5 -22.85 o.oo -22.85 R.W.Haig. I' 1878. / 

Phil. Trans. Roy. ! 
! Soc., 1864. 1 

I 16. 19 1861, 5 -22. 18 o. oo -22. 18 R. ,V, Haig. : Phil. Trans. Roy. / 

I I Soc., 1864. I 
116 33 l86o. -22. 62 ) o. oo -22. ~2 I J._s_._H_a_rn_·_s. _____ I N_'_''_·._n_o_u_n_da_ry_c_h_ar_t~. 
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Table of Observed Magnetic Declinations and Values reduced to the Year 1890-Continned. 

ILLINOIS. Group I. 

l--:K_am_e_o_r_sta_t_io_n_. -1--;~1-;~--1--1 ~ :_L1_~_, __ n_,~_.0_ 1 ___ o_b_se_rv_er_. __ i
1
_----~-e--fe-re_n_c_e. __ 

1 

Cairo. 37 01 

1

. 89 IO 1877. 91 f -- 6. 01 , +o. 88 , - 5. 13 A. Braid. C. and G. S. Rep., 

Mound City. 

Springfield. 

Chicago, near old 

University (S. V.S. ). 

Golconda. 

Kaskaskia. 

New Athens. 

Cahokia. 

Collinsville. 

Highland. 

East Base. 

Alton. 

Belle Air. 

p bl u ic Land Survey 

Station. 

Macon. 

Jacksonville. 

Palermo. 

Public Land Survey 

Station. 

Beardstown. 

Pilot Grove. 

1 
Public Land Survey . 

Station. ! 
Public Land Survey 

Station. 

,,' I I ,1, . 
1 

: f , r881,App.9. i 
37 05 89 04 I 1865. 01: - 7. 53 , +1. 61 I - 5. 92 A. T. Mosman. C. and G. S. Rep., I,, 

I i i 1881,App.9. 'I 

39 so 

41 50 

37 23 

37 57 

38 II 

38 36 

38 39 

38 45 

'38 52 

38 52 

39 II 

39 30 

39 42 

39 45 

39 53 

40 00 

40 00 

40 12 

40 20 

40 30 

I I i 
89 39 l,· 1878. 931· - 5· 81 +o. 81 1- 5. 00 J.B. Baylor. C. and G. S. Rep., 

r : 

1 
1881,App. 9. 1 

87 37 11888. 63 i - 4. 12 ------ I - 3. 96 J.B. Baylor. MS. inc. and G. s. I 
I ( i I Office. 

I 

88 25 I 1872.46 - 6. IO +1. 24 
I 

: :: I::.:,!=:::: 1 :::: 

I ' I 
90 09 I I8I0,5 i - 8.42' +3· 14 

90 04 1880. 38' - 6.51 +0.70 

8g 41 1872. 67 I - 6.57 +1.25 

88 02 1879. 821 - 5. oo +0.74 

90 12 1840.5 - 7,75 +2.96 

87 52 1879.78 - 5. 13 +0.74 

88 32 8 I 21. 5 - 8 .oo + 3.25 

89 10 1872.66 - 5.36 +1. 25 

90 18 1833.5 - 8. 75 +J.13 

87 52 1879. 72 - 5.20 +o.74 

88 32 1822.5 - 7.92 +2.86 

90 29 188o. 6o - 6.72 +o.68 

87 50 1879.68 - 4.48 +0.62 

88 32 ' 1823. 5 - 7.67 +2.86 

88 32 /1823.5 - 7.50 +2.86 

I 

- 4. 86 I T. C. Hilgard. 

- 4, 20 ! (Public Sur.). 

I 
- 5. 15 · F. E. Nipher. 

- 5. 28 J. Mansfield. 

·- 5.81 F. E. Nipher. 

- 5.3:i T. C. Hilgard. 

- 4. 26 I J. H. Darling. 

- 4-79 H. Loomis. 

- 4.39 J. H. Darling. 

- 4.75 u lC ur .. (P bl' S ) 

- 4.n T. C. Hilgard. 

- 5.62 -- Sturtevant. 

- 4.46 J. H. Darling. 

- 5.06 (Publi~ Sur.). 

- 6.04 F. E. Nipher. 

- 3.86 J. H. Darling. 

- 4. 81 , (Public Sur.). 
i 

- + 64 i (Public Sur.). 
I 
I 

I 

Group 2. 

I I , I I Nat. Acad. Sc. i 
1 Sill. J our., Vol. 34, I 
I 1838. 

1

1 
Trans. St. Louis 

Acad. Sc. 

( Sill. Jour., Vol. 34, 

I 1838. 

Trans. St. Louis 

Acad. Sc. 

Nat. Acad. Sc. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Sill. J our., Vol. 39, 

1840. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Sill . Jour., \'.ol. 39, 

1840. 

Nat. Acad. Sc. 

Sill. Jour., Vol. 34, 

1838. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Sill. Jour., Vol. 39, 

1840. I 
St. Louis. Acad. Sc. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Sill. Jour., Vol. 39, 

1840. 

Sill. Jour., Vol. 39, 

1840. 
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Table of Observed JJfagnetic Declinations and Values reduced to the Year 1890-Continued. 

ILLINOIS-Continued. 

I. N· f . I ' i · ame o stat1•n. cp . "' ; , _______ [ ___ ' D LID D,890•0 Observer. 

Public Land Survey 

Station. 

Public Land Survey 

Station. 

'Venona. 

Public Land Survey 

Station. 

Public Land Survey 

Station. 

Rock Island. 

Willow Springs. 

Mount Forest. 

Fulton. 

Winetka. 

Rockford. 

Waukegan. 

Galena. 

Sherwood. 

Dunleith. 

New Harmony. 

Vincennes. 

Terre Haute. 

lndia!ll'polis. 

Richmond. 

0 I I 
40 so I 

I 
41 00 I 
41 05 ' 

41 IO I 

41 15111 

41 31 

41 44 

41 45 

41 52 

42 06 

42 17 

42 21 

I 

38 o8 I 

38 42 \ 

39 28 

39 47 

39 50 

·----1 
o I , o I o 

88 32 : 1833. 5 ' - 7. 7 2 1 -t-2. 67 : - 5. 05 (Public Sur.). 
I ' 
I I 
1 - 6. 83 I -2. 38 

i 
88 32 : 1838. 5 - 4. 45 (Public Sur.). 

89 26 1872.66 - 6. 10 

88 32 1838.5 ' - 7.42 

88 32 1821.5 ! - 8.25 

-;-!. 04 

+2.38 

+2.86 

- 5. 06 T. C. Hilgard. 

- 5. 04 (Public Sur.). 

- 5. 39 (Public Sur.). 

i 
I 

- 6. 24 ' C. F. Powell. 

87 51 1879. 55 - 5. 17 +o. 64 - 4. 53 
1 J. H. Darling. 
! 

87 52 1876. 66 - 4. 59 
I 

89 07 

1844. 08; -- 8. 25 

I87J.5 i-4.97 

I 
1876.77 1 - 5.30 

! 

87 50 1873.5 ! - 5. 18 

I 
90 26 1876.74: - 9.14 

90 37 1839.78 - 9.00 

-t-o. 82 - 3. 77 . D. W. Lockwood. 

' +z. 14 I - 6. 11 (U S. Land Sur.). 

+I. oo ! -- 3. 97 ! H. Custer. 

I 
I 

+o. 99 I - 4· 31 C. F. Powell. 

+ 1. 20 i - 3. 98 H. Custer. 

, +o. 99 I - 8. 15 j C. F. Powell. 

I 
+z. 6o 1- 6. 40 i ---- ··-----------

+2. rs I - 6. 43 I K. Friesah. 

I ! 

INDIANA. 

87 50 188o. 84 i - 5. 08 l -t-O. 63 ! - 4. 43 J.B. Baylor. I I . I I 
188o. 831- 4. 38 [ +o. 63 I - 3. 75 ' J.B. Baylor. 87 32 

I ! 
87 20 I 1888. 62 I J. B. Baylor. - 3-74 +0.09 - 3.65 

I 
I 

8608l188o.86 - 2.78 -j--o. 63 -- 2.15 J.B. Baylor. 

I 
84 50 I 188o. 88 - z.88 +0.54 - 2.34 J.B. Baylor. 

Reference. 

Sill. _Tour., Vol. 39, 1 

1840. 

Sill. Jour., Vol. 39, 

1840. 

: Nat .. \cad. Sc. 

Sill. _Tour., Vol. 39, 

1840. 

Sill. Jour., Vol. 39, 

r840. 

Lake Sur. Rep., 

1879. 

: P. P., l'. S. Eng's, 

No. 24, 1882. 

Rep. Ch. of Eng's, 

1877. 
l 
I MS. by 0. Sprague. 

\ P. P., U. S. Eng's, 

I 
No. 24, 1882. 

Rep. Ch. of Eng's, 

\ r8n, 

i P. P., U. S. Eng's, 

I 
No. 24, 1882. 

Rep. Ch. of Eng's, 

\ 1877. 
\ Locke's Rep. Min. 

j Lands, 183g-'40. 
i 

K. K Aca<l. Sc., 

Vienna, 1858. 

Group I. 

C. and G. S. Rep., I 
1881, App. 9. 

C. and G. S. Rep., I 
1881,App.9. I 

MS. in C. and G. S. 

Ufiice. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 
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Table of Observed Magnetic Decli1iations and Values reduced to the Year 1890-Continued. 

C\ame of station. 
,: ; ______ , ____ _ 

;\Iouth of ·wabash. 

, Ohio River. 

}"alls of the Ohio. 

: Madison. 

South Hanover. 

Lo;::ansport. 

Reynolds. 

I I 
38 00 i 

I 
38 lO I 

I 
38 20 I 
38 45 I 

I 

38 451 

40 45 I 
! 

Fort \Vavne. . 

GrandC~lumet River.! 

40 451 
41 06 I 

41 37 l 

I Atoka. 

I 
I :: ~: I 
I i 

Eufaula. 

I Vinita. 36 38 I 

I 

I 

i 
! I Wilson Rock. 35 19 

i i 

I 

i Jack Brown's. 35 20 ! 
I 

I 
Canadian. I 35 25 

i 
I 
I 
) Weller's Falls. 35 3° 

I 
) Fort Gibson. 35 48 

I 
I 

INDIAN A-Continued. 

D AD Observer. 

--- -----·---- ---------
0 I 

88 00 1810.5 ! - 7. lj ! +J·Lt - 4.03 J. Mansfield. 

I 
86 30 18ro. 5 - 6.50: +3· 17 i 

I 
- 3.33 J. Mansfield. 

85 40 1810.5 - 5.83 +3· zo - 2.63 J. Mansfield. 

85 15 1810.5 - 5.42 +3.20 2. 22 ! J. Mansfield. 

85 "3 1837.5 - 4.58. +z.64 I l. 94 -- Dunn. 

86 z4 1836.5 - 5. 58. +z.55 1 - 3.o3 (Map of Town). 

86 48 1874.65 - 3.50 +0.90 - 2.6o F. E. Hilgard. 

85 03 
I 

1874.65 - 2.48 +0.90 I. 58 F. E. Hilgard. -

87 15 187 I. 74 - 4.50: +1. 07 - 3.43 L. Foote. 
I I 

86 54*1 I87J. 64 
I 

- 2. 851 ; A. N. Lee. - 3.98; 

I 
I 
I 
I 

*Corrected. 

INDIAN TERRITORY. 

96 05 I 1878. 54 / - 9. 19 +o. 60 I - 8. 59 J.B. Baylor. 

I I I • 
95 3311878. 541- 9. 17 +o. 60 1- 8. 57 J.B. Baylor. 

95 081 1888. 78 - 8. So +o. 071- 8. 731 J.B. Baylor. 

I I 
94 37 1870.3 1- 9.33 +1.00 - 8. 331 S. T. Abert. 

I- 9.43 I 94 "15 1870. 3 +1.00 - 8.43 S. T. Abert. 

95 00 i870.3 1- 9.15 +1.00 - 8.15 S. T. Abert. 

I 
1870.3 95 07 I - 9.5o +1.00 - 8.50 S. T.Abert. 

I 
I 
! 

95 20 1870.3 1- 9.8o 
+1.00 - 8.8o S. T. Abert. 

( ;rnup ~-

Reference. 

Sill. Jour., Vol. 34, 

1838. 
1 Sill. Jour., VoL 34, 

1838. 

Sill. Jour., Vol. 34, 

1838. 

Sill. Jour., Vol. 34, 

1838. 

Sill. J our., Vol. 34, 

1838. 

! Sill. Jour., Vol. 39, 

1840. 

i Nat. Acad. Sc. 
I 
j Nat. Acad. Sc. 

1 

P. P., C. S. Eng'•, 

I No. 24, 1882. 
MS. in C. and G. S. 

I Office. 

Group z. 

C. and G. S. Rep., . 

1881, App. 9. 

C. and G. S. Rep., 

1881,App.9. 

MS. in C. and G. S. 

Office. 

Group 2. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

~IS. in C. and G. S. 

Office. 

I 
! 

I 

I 
I 
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Table of Observed Magnetic Declinations and Yalues reduced to the Yea1· 1890-Continued. 

• IOWA . Group 1. 

N atne of station. rp I. D AV Dii«Jo·u Observer. Reference. 
: --- 1---I --~-- ·-----: 

0 

Keokuk. 40 26 91 25 ! 1888. 69 - 6.74 +o.og - 6.65 : J.B. Baylor. ).!S. in C and G. S. 
I 
I 

i 
Office. 

Ottumwa. 41 02 92 25 1888. 70 - 7.82 +0.09 - 7.73 J. B. Bay !or. :11s. in C. and G. S. 

I Office. 

90 38 1888.68 - 6, 15 
I 

!>IS. in C. and G. S. Davenport. 41 30 +0.09 - 6. 06 i J.B. Baylor. 

- 8. 371 J. B. Baylor. 

Office. 

Des :'.\foines. 41 36 93 36 1888. 72 - 8.46 +o.og :.rs. in C. and G. S. 

I 
Office. 

Dubuque. 90 44 ! 1880. 81 - 6.76 I +0.69 - 6.07 I C. and G. S. Rep., 42 30 I J. B. Baylor. 

1881, App. 9. 

Sibley. 43 24 95 50 18n.77 -10.84 +0.91 - 9.93 i A. Braid. C. and G. S. Rep., 
I 1881, App. 9. I 
! 

Group 2. 

-.------ ------
i 

1878.58
1 

- 7.58 Keokuk. 

I 
40 25 91 28 +0.83 - 6.75 F. E. Nipher. Trans. St. Louis 

Acad. Sc. 

Near Winchester, ! 40 50 91 56 1879.74 - 8.17 +o. 75 - 7.42 . J.B. Kaufman. :\IS. in C. and G. S. I 

Van Buren Co. i Office. 

Glenwood, Mills Co. [ 41 04 95 42 1883.79 -10.38 +0.46 - 9.92 S. Dean. :\IS. in C. and G. S. 
i Office. 

Council Bluffs. I 
41 15 95 52 1878.66 -10.66 +0.84 - 9.82 T. E. Thorpe. Proc. Roy. Soc., I 

I I I 1880. I I 
Station Mo. River 41 24 95 44 1885.77 -IO. 25 I +0.31 - 9.94 S. Dean. :\IS. in C. and G. S. 

Bottom, near 

I 
Office. 

Long's Eng'rCan-

tonment, 1819. I 
Near Atalissa. 41 38 91 14 1882.65 7.34 +o. 54 - 6.80 F. E. Nipher. :\IS. in C. and G. S. 

Office. 

Lost Grove. 41 39 90 09 1839.73 - 8. 17 +2.96 5.21 ----·----------- Locke's Rep. on 

Min. Lands, 

183g-'40. 

Iowa City. 41 40 91 32 1879.50 - 8.06 +0.78 7. 28 F. E. Nipher. Trans. St. Louis 

I 
Acad.Sc. 

Near Iowa City. 41 40 91 36 188o.46 - 8.83 +0.71 - 8. 12 [ F. E. Nipher. Trans. St. Louis 

Acad. Sc. 

Aikins, Cedar Co. 41 43 91 14 1882.66 - 7.81 +0.54 7. 27 F. E. Nipher. MS. in C. and G. S. 

Office. 

Wapsipmecon River. 41 44 go 23 1839.73 - 8.42 +2.96 - 5.46 J. Locke. Locke's Rep. on 

: Min. Lands, 

J. Locke and others. I 
1839-'40. 

Iron Ore. 41 55 90 40 1839.74 - 7.71 +2.96 - 4.75 Locke's Rep. on 

Min. Lands, 

183g-'..;o. 
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Table of Obseri1e,d 1lfagnetic Decl-inations and Values reduced to the Year ~890-Continued. 

IOW A-Continu~d. • 

Kame of station. D .dD Observer . Reference. 

', ------- I ----- ------ 1---1 --
I ' I 

I 
0 I 0 I 0 : 0 j 0 

Elkford. 42 00 90 52 1839. 74 9. 25 1 +2. 96 I - 6. 29 ---------------- Locke's Rep. on 

i I ! I 
Min. Lands, 

I I 

/ J. Locke. 

1839-'40. 
i 

i I I 
Small Mill. 42 04 91 02 1839.75 - 9.07. +2.96: - 6. II I Locke's Rep. on 

I I I Min. Lands, 
I I 
I ! I 1839-'40. 

I I 

Bridge. 42 o6 91 02 1839.75 - 9.33 +2.961- 6.37 --·----- -------· I Locke's Rep. on 

Miu. Lands, 
[ 1839-'40. 
I 

Mill. 42 10 ! 90 37 1839. 75 - 9.25 +,.,,I_,.,, ------------ ---- Locke's Rep. on 

Min. Lands, 

1839-'40. 

Cheney's. 42 12 90 21 1839. 76 - 9.08 -'-2. 96 i - 6. 12 ---------------- Locke's Rep. on 

I Min. Lands, 
I 

1839-'40. 

+2.96 I - 6.22 Farmer's Creek. 42 13 90 23 1839. 76 - 9. 18 ]. Locke. Locke's Rep. on 

I 
Min. Lands, 

1839-'40. 

Makoqueta River. 1839.75 
I 

Locke's Rep. 42 14 90 57 - 8.75 +2.961- 5. 79 ............ .,. ..... .,. __ a• .... on 

:V!in. Lands, 
i I 1839-'40. 

White Water. 42 18 90 38 1839. 77 - 9. 17 +z.961- 6. 21 ------------ ---- Locke's Rep. on 

' Min. Lands, ' I I 
1839-'40. 

' 
North Branch Maks- 42 23 90 52 1839. 77 - 9.58 +2.96 - 6.62 -------------"-- Locke's Rep. on 

qui ta. I Min. Lands, 

1839-'40. 

Little Makoqueta. 42 31 90 31 1839.80 - 8.50 +z.96 - 5.54 Locke's Rep. on 

I 
---------------~ 

Min. Lands, 

1839-'40. 

Sherald's Mound. i 
42 35 <JO 33 1839.8o 8.17 +z.96 - 5.21 Locke's Rep. -

--------------~-
on 

I 
Min. Lands, 

1839-'40. 
i I 

Log House. 42 38 90 43 I r839.8o - 9.00 +z.96 - 6.04 
_________ ... ___ ..,. __ 

Locke's Rep. on 

I 
Min. Lands, 

I 1839-'40. 

Turkey River. i 
90 48 t 1839.81 

: 
42 42 - 9.00 +2.96 - 6.04 

--~-------------
Locke's Rep. on 

I 
I Min. Lands, 

I Cherokee, ,; 38 I •86')."' 

1839-'40. 

Eclipse 42 46 -II. 53 +1.46 -10.07 J. Blickensderfer. C. S. Rep., 1869. 

I Station. 
Ferry o pp o s it e ', 43 03 90 53 I 1839.82 - 9.08 +z.96 - 6. 12 ___ , ____ ,. ---- .. ..,. __ Locke's Rep. on 

Prairie du Chien. ' 

I 
Min. Lands, 

1839-'40. 
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Table of Observed JJfagnetic Declinations and Values red.Med to the Year 1890-Coutiuued. 

KANSAS. Group !. 

N arne of station. 

-- ------- ----. - - i ____ i ___ - I 
I I 

t lJ . LID ! D1890·o I Reference. Observer. 

---------,-------- ____ : ___ , ___ 1----!------- _______ , 

Wichita, Garfield 

University. 

Dodge City. 

Humboldt. 

Sargent. 

' Great Bend, Fort 

Zarah. 

Etnporia. 

, Lawrence. 

Junction City. 

Parsons. 

Fort Lamed. 

0 i 
-10. 09 ! J.B. Baylor. 

i t 

37 40 1· 97 20 ; 1888. 79: -IO. 16 , +o. 07 MS. in C. and G. S. 

I I i Office. 

37 441 99 59 i 1888. 8o: -I I. 77 I +o. 06 -I I. 7I J.B. Baylor. MS. in C. and G. S. 

I l Office. 

37 49 II 95 26 I 1878. 55 -IO. 08 +o. 67 - 9. 41 J.B. Baylor. C. and G. S. Rep., i 
i I ; I881, App. 9· 

38 05 I IOI 58 I 1878, 61' -I2. 74 +o. 67 -12. 07 I J. n. Baylor. c. and G. s. Rep., 

I 

I I I88I, App. 9. 

38 24 98 43 I 1878. 58 -I I. 08 +o. 67 -IO. 41 1 J.B. Baylor. C. and G. S. Rep., 

I I I881, App. 9· 

31:> 26 

1

: 96 1211888. 77 -IO. 14 . +o. 08 -IO. 06 ! J.B. Baylor. MS. in C. and G. S. : 

Office. j 
38 58 II 95 15 i 18n. 87 - 9. 86 i +o. 70 - 9. 16 

1 

A. Braid. C. and G. S. Rep., I 
l ' 1881, App. 9. 

39 021 96 53 ! 1888. 76 -IO. 091 +o. 07 -IO. 02 : J.B. Baylor. MS. in C. and G. s. I 
I Office. 

1 ____ • ______ ! _____________________ _ 

37 20 95 17 

g8 57 

1879. 65 _ 9. ;;I +o. 61 - 8. 94 l F. E. Nipher. 

I 

Group 2. 

I 

Trans. St. Louis 1 

Acad. Sc. 

MS. in C. and G. S. 

Office. 

Alexander, Rush Co. 38 24 99 37 

1867. so -12. 00 I +1. 2I 

1879.7 -12.17 ! +o.6o 

1879. 681-12. 50*1 +o. 6o 

-IO. 791 M. R. Brown. 

-II. 57 J.B. Kaufman. MS. in C. and G. S. 

Hays City. 38 52 

Wallace. 38 SS 
Ellis. 38 56 

New Fort Hays. 38 59 

NearDetroit(4miles 39 oo 

north) Dickinson 

Co. 

Manhattan, 

Fort Leavenworth. 

39 12 

39 21 

Stockton, Rooks Co. 39 24 

99 25 

IOI 35 
99 40 

99 20 

96 35 

94 54 

99 25 

I 
1872. 18 -13. 30 I -l-o. 92 

1872.77 -12.421 +0.92 

1867. 5 -·12. So +r. 21 

1872.76 1 -10.86 I ..Lo.92 
I : 

1858. 5 -IO. 98t: ...._I. 58 

I 
1888.4 -11.64 ! -l-o.og 

I 

-II. go J.B. Kaufman. 

-I2. 38 T. C. Hilgard. 

-11.50 T. C. Hilgard. 

-II. 59 M. R. Brown. 

-10. 15 J.B. Kaufman. 

-:- 9· 94 T. C. Hilgard. 

- 9. 40 J. H. Simpson. 

-1 I. 55 J. T. Locke. 

Office. 

MS. in C. and G. S. 

Office. 

Nat. Acad. Sc. 

Nat. Acad. Sc. 

i MS. in C. and G. S. I 
Office. 

MS. in C. and G. S. 

Office. I 
Nat. Acad. Sc. 

Stone's Mag. Var., 

1878. 

MS. in C. and G. S. 

Office. 

Salina. 39 30 97 39 1872. 77 -12. So ' +o. 92 -1r.88 T.C. Hilgard. Nat. Acad. Sc. 

MS. in C. and G. S 

Office. 

Goodland, Sherman 

Co. 

Vermillion Creek. 

Big Blue River. 

*Approximate. 

39 30(?) 102 oo(?) 1888. 5 -12. 40 +o. og -12. 31 D. A. Long. 

39 57 

40 00 

96 16 1858. 6 -I I. 58t +1. 86 - 9. 72 J. H. Simpson. 

96 35 1858.6 -14.17t: +1.86 -12.31 J.H.Simpson. 

Stone's Mag. Var., 

1878. 

Stone's Mag. Var., 

1878. 
---- -------------

f An index correction of + 1° was applied to Captain Simpson's declinations.-[ScH.J 
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Table of Observed Magnetic Declinations antl Values reduced to the Year 1890-Continned. 

KE~TUCKY. Group r. 

Name of station. q.> I. t D .dD D18'.l0· I Observer. Reference. I I I ------1 1---i ---! 
i ' 

0 I I I • 0 I 
C. and G. S. Rep., I i 0 I i 

Hickman. 36 34 i 89 12 : 1881. 73: 5.79 +o.6o : - 5. 19 I J. B. Baylor. 
I , I 1881, App. 9- I 
! 

- 4- 6z [ J. B. Baylor. Mayfield. 36 45 ! 88 41 1881. 74' - 5- 22 +0.60 C. and G. S. Rep., i 

I 
I 

1881, App. 9. I 
- 5· 671 A. T. Mosman. Twenty-seven-mile i 36 57 l 88 14 1865. 15 ! - 7.37 +1. 70 C. and G. S. _Rep., 

Island. I I 
1881, App. 9. 

I 
Oakland. 37 02 86 15 187i.85: - 6. 24 +1. 26 - 4. 98 : A. T. Mosman and C. and G. S. Rep., 

i E. Smith. 1881, App. 9. 
I 

Patterson's Land- 37 03 88 25 1865. ll< - 6.73 +x. 70 - 5.03 i A. T. Mosman. C. and G. S. Rep., 

ing. I 1881, App. 9. 

Upper Point of 37 04 88 17 1865. 13 - 7.42 +1. 70 - 5· 72 [ A. T. Mosman. C. and G. S. Rep., 

Rucks. i i 
- 5. 05 I A. T. Mosman. 

1881, App. 9. 

88 37 1865. IO: 
I 

C. and G. S. Rep., Paducah. 37 05 - 6. 75 i +r. 70 
1881, App. 9. 

Madisonville. 37 19: 87 33 1881. 76 - 5.10 i +o.6o - 4.50 J. B. Baylor. C. and G. S. Rep., 

1881, App. 9. 

Livingston. 37 23 84 20 1881. 80 - I. 61 +o.6o - I.01 J. B. Baylor. C. am! G. S. Rep., 

1881, App. 9. 

Leitchfield. 37 30 86 22 I88I. 77 - 3.32 +o.6o - 2.72 J. B. Baylor. C. and G. S. Rep., 

1881, App. 9. 

Stanford. 37 31 84 44 t88I. 79 - 4.26 +o.6o - 3.66 J. B. Baylor. C. and G. S. Rep , 

1881, App. 9. 

Lebanon. 37 36 85 r9 1881. 78 - 3· 73 +0.60 - 3. 13 J. B. Baylor. C. and G. S. Rep., 

1881, App. 9. 

Shelbyville. 38 13 85 13 187I. 90 - 3.04 --:--!. 17 - 1.87 f A. T. Mosman and C. and G. S. Rep., 

I E. Smith. 1881, App. 9. 

Grayson. 38 18 82 59 188r. 84 - I. 46 : +0.48 - o. 98 I J. B. Baylor. C. and G. S. Rep., 

I 1881, App. 9. 

Flemingsburg. 38 26 83 46 1881. 83 - 1. 76 I +0.48 - 1.28 J. B. Baylor. C. and G. S. Rep., 

1881, App. 9. 

Cynthiana. 38 26 84 25 1881. 81 -- 2. 47 +0.48 - 1.99 J. B. Baylor. C. and G. S. Rep., 1 
I 

- 2. 29 I E. Goodfellow. 
1881, App. 9· I I 

Falmouth, Cole- ! 38 41 84 17 1872. 01 1- 3. 36 I +1.07 C. and G. S. Rep., 

man's farm. 
I I 1881, App. 9. 1· 

• i 

Group 2. 

Guthrie. 36 38 87 20 1875. 471- 6. 73 +r.031- 5. 70 j F. E. Hilgard. Nat. Acad. Sc. 

Williamsburg. 36 47 84 IO .. ,,. ,, 1- "°' +1.o6 - 1.01 IF. E. Hilgard . Nat. Acad. Sc. 

Crofton. 37 02 87 40 1875.48 - 6.26 +1.03 - 5.23 F. E. Hilgard. I Nat. A~d. Sc. 

Cave City. 37 JO 85 55 1875.50; - 5.91 +0.97 - 4·94 F. E. Hilgard. I Nat. Acad. Sc. 

Muh- 87 15 1- 3" Central City, 37 20 1886.8 +0.24 - 3.35 T. C. du Pont. l MS. in C. and G. S. 

lenberg Co. 
I 

Office. 
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Table of Observed Magnetic Declinations and Values reduced to the Year 18'.lO-Continued. 

KENTUCKY -Continued. 

Name of station. ' l I cp I D .dD D 1890.o Observed . 

1--------i---1----1----:----
0 I I 0 I I i 

Centre College, 

Danville. 

Nicholasville. 

Portlar,d. 

Kinniconnick Creek. 

' 
Vanceburg, Lewis : 

Co. I 

Mouth of Salt Lick • 

Creek. 

Maysville. 

Augusta. 

South \Vest Pass, j 

near Stake Island. I 
Isle Derniere. I 

Cubitt. 

Pass a Loutre. 

Fort Livingston. 

Magnolia Base. 

Marsh Island Light· 

house. 

Morgan City. 

Cote Blanche. 

Barrel Key, Chande

leur Sound. 

New Orleans, City 

Park (S. V. S.). 

I 

2.03 +0.03 
i 

- 2. oo : A. B. l'elson. 

\ 

; MS. in C. and G. S. 

Office. 

37 37 l 84 52 1889. 4 I 

37 561 84 38 1875, 51 j - 2.8o +o. 94 - I. 86 ' F. E. Hilgard. i Nat. Acad. Sc. 
I I 

38 16 i 85 55 1875. 50 I - 3.63 +o. 94 - 2. 69 F. E. Hilgard. .:\at. Acad. Sc. 

38 30 i 
I 

38 361 

I 
38 36 • 

38 41 I 
I 

38 50 l 

I 
I 

28 59 f 

I 
29 021 

29 IO 

29 16 

29 35 

29 54 

29 57 

l. 37 ]. W. Rand. :\IS. in C. and G. S. 

Office. 

83 17* 1888. 50 - 2. 02 ~ +o. 08 I. 94 1 J. W. Rand. 
I 

MS. in C. and G. S. 

Office. 

+o. 32 I. 96 i J. W. Rand. MS. in C. and G. S. 

Office. 

+o.86 + o. 85 F. E. Hilgard. i Nat. Acad. Sc. 

83 50 ! l8o5. 5 

I 
I 

+J. 15 I Sill. Jour., Vol. 34, 

I 183s. 
I 

- r. 85 : (Public Surveyor). 

I 
*Supplied. 

LOCI SIANA. Group 1. 

: I 

1872.17\ - 6.09 +I. 15 - 4. 94 i T. C. Hilgard. i C. and G. S. Rep., 
I 

90 54 

89 01 

92 02 

91 43 

I 
1853. 141 - 8.32 

1859.95! - 7.53 +1. 75 

I I 
1859. 991' - 7. 50 : +1. 75 

1853.02 - 7.64 +z.oo 

1872. os l - 6. 78 -f-I. 16 
I 
I . 

1886. 04 I - 6. 90 i +o. 28 
I 
' I 

I 1881,App.9. 

6. 32 J. G. Oltmanns (F. I C. and G. S. Rep., 

H.Gerdes). I 1881,App.9. 

5. 78 J. G. Oltmanns (F. C. and G. S. Rep., 

IL Gerdes). 1881, App. 9. 

5. 75 J. G. Oltmanns (F. C. and G. S. Rep., 

II. Gerdes). 1881, App. 9. 

5. 64 J. G. Oltmanns (F. C. and G. S. Rep., 

H.GerdesJ. 1881, • .\pp.9. 

5. 62 T. C. Hilgard C. and G. S. hep., 

1881, App. 9. 

6. 62 J. B. Baylor. MS. in C. and G. 

S. Office. 

1886.38! - 6. 50 
I 

+o. 25 - 6. 25 J. 13. Baylor. MS. in C. and c:. 

1860. 171- 8. 36 

S. Office. 

C. and G. S. Rep., 

1881, App. 9· I 

+1.74 - 6.62 J.G.Oltmanns(F. 
I 

IL Gerdes). 

89 08 1857. 29, ·- 7. 60 +1. 86 - 5. 74 S. Harris. I c d G "' l' I . an . ..,, ,ep., I 

90 08 1872.121· - 6.66 

I 
90 04 1858.26 - 1.86 r - 5.91 

(T. C. Hilgard. 
! 
I 

-{ G. W. Dean. 

1881,App.9. 

C. and G. S. Hep., 

1881,App.9. 

New Orleans, Canal 

and Basin streets 

C. and G. S. Rep., 

1881, App. 9. I 

I lJ. B. Baylor. N<~5·o:~ F,;., '9" ,., 05 "'""'"- '·•' J C.ood G. s. R<p .. 
Grounds (S. V. S.J.j I I 1881, App. 9. 

~S-h_rev_e_po_r_t·---~1~3-2_3_0 __ 9_3_4_5~1-18_8_8_. -98J~-~- 40 :~· 04 _l_-_7_· -36~-J-· _n_. -B-ay-1-or_. __ ~_l\_l~-:_o_inffi_~_ .. _a_n_d_G_.~ 
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Table of Observed Magnetic Declinations and Values reduced to the Year 1890-Continued. 

LOUISIANA-Continued. Group 2. 

Name of station. 

-------, ----, -----
1 

D LID Reference. 
i , D,,,., o Observer. <p A 
' 1--------;----1--------------1 

, __________ j __ _ 

Balize, Pass a Loutre.

1

1 

Osgood Island. 

Brashear City. i 
Public Survey Sta-

tion. 

Avery's Island. 

Baton Rouge. 

Cheneyville. 

Alexandria. 

· Gaines's Ferry. 

Public Survey Sta

tion. 

Public Survey Sta

tion. 

Grand Ecore. 

Public Survey Sta- , 

I 

' 

ti on. 

Public Survey Sta

tion. 

Monroe. 

[ Public Survey Sta-

l tion. 

29 ~ I 89° o: 
29 Ir 

29 41 

29 41 

89 05 

91 14 

94 00 

29 5-5 91 45(?) 
30 26 91 12 

31 oo I 92 is 

31 17 ! 92 27 

31 28 93 45 

31 40 92 32 

31 45 9.2 22 

31 48 93 07 

31 50 92 32 

32 29 9.2 08 

32 50 92 22 

I 

1838.5 

1872. 18 

1872.22 

1840.5 

1872.20 

1872.25 

I 18o7.5 

1872. 30 

1840.4 

1835.5 

-IO. 25?: 

- 6.18. 

- 6.88 

- 8.68 

- 7.33 

- 6.99 

- 9·33 

- 7.73 
- 8.68 

- 8.67 

- 8.50 

1872. 27 - 7. 87 

1834. 5 - 8. 50 

1836. 5 - 8. 50 

1872.32 - 7.59 

1835.5 - 8.67 

I 
I 

------ I 
+1.15 I - 5.03 

+1.15 !- 5.73 

+1.88: - 6.80 

+1. 15 - 6. 18 

+1.15 - 5.84 

+1.59 - 7.74 

A. Talcott. 

T. C. Hilgnrd. 

T. C. Hilgard. 

(Bound. Comm.). 

T. C. Hilgard. 

T. C. Hilgard. 

(Pub. Sur.). 

+1. 14 - 6. 59 T. C. Hilgard. 

+2. 24 - 6.44 J._D. Graham. 

+2. 25 - 6. 42 (Pub. Sur.). 

I 
- 6. 261 (Pub. Sur.). 

I 
- 6. 73 I T. C. Hilgard. 

I 
- 6. 261 (Pub. Sur.). 

- 6. 25 

1 

(Pub. Sur.). +2.25 

- 6. 45 / T. C. Hilgard. 

I 
+2.25 - 6.421 (Pub. Sur.). 

! 

MAINE. 

C. S. Rep., 1845. 

Nat. Acad. Sc. 

Nat. Acad. Sc. 

Sill. Jour., Vol. 39, 

1840. 

Nat. Acad. Sc. 

Nat. Acad. Sc. 

Sill. Jour., Vol. 34, 

1838. 

Nat. Acad. Sc. 

Am. Phil. Soc., 1846.[ 

Sill. Jour., Vol. 39, I 
1840. 

Sill. J our., Vol. 39, 

1840. 

Nat. Acad. Sc. 

Sill. Jour., Vol. 39, 

1840. 

Si!L Jowr., Vol 39, 

1840. 

I Nat. Acad. Sc. 

Sill. Jour., Vol. 39, 

1840. 

Group 1. 

i 

:

1

-K--i-tt-ery_P_o-in-t-(S-. V-.S-. )-1

1

-43_0_5 __ 7_0_4_3_1_8_79 ___ 6_2_! _+_12-.-5-2_1 _________ -_-, _+_1_3_ . .z-9--]-. B-. _B_a_y_l-or-. --,-C-.-a-nd_G ___ S~R-ep-.-, 

I 1881, App. 9. 
I I 

Cape Neddick. i 43 12 70 36 1851. 66 +11. 151 +2. 57 +13. 72 J.E. Hilgard. C. and G. S. Rep., 

I I I 88 ' I ' I I 1,App. 9- I' 
Agamenticus. 

Kennebunkport. 

Fletcher's Neck. 

Richmond Island. 

Portland, Bramhall 

Hill (S. V.S.). 

Portland, Mount Joy · 

Obs. (S. V. S.). 

43 13 

43 21 

43 27 

43 33 

43 39 

43 40 

704211847.74, +10.16 ! +2.85 +13.01 T.J.LeeandR.H. C.andG.S.Rep.,, 

I
I / . Fauntleroy. 1881, App. 9. f: 

70 28 1851. 65 +u. 39 ii +2. 49 +13, 88 J.E. Hilgard. C. and G. S. Rep., j 
I 1881, App. 9. I 

70 20 : 1850. 69 +11. 29 I +2. 59 
1 

+13. 88 ]. E. Hilgard. C. and G. S. Rep., 

i I I 1881, App. 9· I 
70 14 I 1850. 7r +12. 30 : +2. 47 

1

1 +14. 77 J.E. Hilgard. C. and G. S. Rep., 
I I I 1881, App. 9. 

7017f1887.79

1

1 +13.85
11 

•. 1 ------1 +14.08 J.B. Baylor. MS.inC.andG.S. 

j Office. 

7° 15

1

, 1873. 6g I +12. 73 :

11

• ![. +13. 91 T. C. Hilgard. C. and G. S. Rep., 
1881, App. 9-
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Table of Observed Magnetic Declinations and Val1tes reduced to the Year 1890-Continued. 

MAINE-Continued. 

Name of station. ;t 
i 

D LID D1890·o I Observer. q> _'I 
I 

Reference. 
I 
I 
I 

I 
! 

0 I 0 

C. and G. 5. Rep., I Harpswell. 43 44 70 or r863.55 I -tr4.42 +r. 54 J -tr 5. 961 C. A. Schott. 

+2.54 ! 

r88r, App. 9. I 
Mt. Independence. 43 46 70 r9 r849. 771-t II. 77 +14..Jr I G. Davidson. C. and G. S. Rep., I 

i 1881, App. 9. 
i 

C. and G. S. Rep., ! Cape Small. 43 47 69 51 1851.Sol +12.09 +2.39 i -t14.48 1 G, W. Dean (A. D. 

I I Bache). 1881, App. 9· I 
Freeport. 43 51 70 o6 1863. 531 -t14. 20 +1. 54 I +r5. 74 C. A. Schott. C. and G. S. Rep., i 

I 

I I 1881, App. 9. j 
1873. 701 Brunswick. 43 54 69 58 + 14.30 +o.86 i +15. 16 T. C. Hilgard. C. and G. S. Rep., ! 

I 
I i 1881, App. 9. 

Bath. 43 55 69 49 r863.52i -t12.86 +1. 54 1 +14. 40 C. A. Schott. C. and G. S. Rep., 

I 
+0.11 I 

1881, App. 9. 

Damariscotta. i 44 02 69 32 r887.6oi -t15.21 -t15· 32 J. B. Baylor. MS. in C. and G. S. 

+2.40 I 
Office. 

:\it. Pleasant. 44 02 70 49 185 I. 64 -t14. 53 +16. 93 G.W. Dean. C. and G. S. Rep., 

I 1881, App. 9. 

Rockland. 44 06 69 06 1863. 52 +15.04 +1.54 +r6.58 C. A. Schott. C. and G. S. Rep., 

! r88r, App. 9. 

Mt. Sebattis. 44 09 70 05 r853.51 I +12.89 +2.26 -j-r5. r5 J. E. Hilgard (A. C. and G. S. Rep., 
i D. Bache). 1881,App. 9. 
I 

Camden Village. 44 12 ! 69 05 1854.831 +r3.95 +2.17 +16. 12 G. ,V. Dean and R. C. and G. S. Rep., 

I J. Breckinridge. 1881,App. 9. 

Mount Ragged. 44 rJ 69 09 1854.74 -tr4.28 +2. 18 +r6.46 G. \V. Dean and S. C. and G. S. Rep., 

Harris. 1881, App. 9. 

South West Hatbor. 44 r5 68 ·18 r856.74 +15.42 +1.So +17. 22 S. Harris (A. D. C. and G. S. Rep., 

I 1856. 77 

Bache). r881,App. 9. 

Mount Desert. 44 21 68 r4 +15. 24 +1. 8o +r7.04 G. W. Dean (A. D. i C. and G. S. Rep., . 

Bache). 1881,App. 9. 

Belfast. 44 26 69 OJ 1863.52 +15. 50 +1. 52 +17.02 C. A. Schott. C. and G. S. Rep., 

1881, App. 9. 

Mill Bridge, Wash· 44 32 67 54 r887.62 +17.08 +0.08 +17 .. 16 J. B. Baylor. 1\IS. iu C. and G. S. 

ington Co. Office. 

Howard. 44 38: 67 24 1859.61 +r8. 53 +1.38 +19.91 G. W. Dean (A. D. C. and <;I. S. Rep., i 
l 

Bache). 1881, App. 9. 

Mount Saunders. 44 39 :, 68 36 1856.52 +14. 99 +r.8r +16. 80 G. W. Dean and J. C. and G. S. Rep., 

H. Toomer. 188r,App. 9. 

Epping Base, East 44 40 67 50 1857. s -t16. 33 -tr. 62 +17.95 C. 0. Boutelle. C. am\ G. S. Rep., 

End. 1881, App. 9. 

Mount Harris. 44 40 69 09 1855.67 
' 

+14.58 +2.1r +16. 69 G. W. Dean and T. C. and G. S. Rep., 

M. Mciver. 1881,App. 9. 

Fannington, Frank· 44 40 70 09 -tr4. 94 +0.09 -t15. 03 J. B. Baylor. MS. in C. and G. S. 

Jin Co. Office. 

Machiasport, Wash· 44 41 67 24 r887. +17. 72 +0.04 +17. 76 J. B. Baylor. MS. in C. and G. S. 

ington Co. Office. 
i _____ ] 
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Ta/Jle of Observed ilfagnetic Declinations and Values reduced to the Year 1890-Continued. 

-!-
Name of station. 

o I 

Pittsfield, Central 44 46 

Maine Inst. 

Bangor (S.V. S.). 1 44 48 

I 

Humpback. 44 52 I 

I i Eastport, Fort Sulli- 44 54 

van (S.V. S.). 

Cooper. 44 59 

Calais. 

I Greenville, Piscata

quis Co. 

Mattawamkeag. 

' 
'. Vanceboro', \\~ash. 

ington Co. 

! Danforth, \\'ashing-

1

1 ton Co. I 
. Houlton, Aroostook j 

I Co. J 

I Presque Isle, Aroos- I 
I took Co. i 
1 I 

45 II 

45 28 

45 31 

45 34 

45 40 

46 39 

Hiram. I 43 50 I 

\Vest Thomaston. 43 56 

Raymond. 43 57 

Greenwood. 

Bethel. 44 27 

I Waterville. ' 44 28 

I 
North Vassalboro ugh. 44 30 

Rumford. 44 30 

I 

MAINE-Continued. 
--------~-----, ---·-- --

D .dD 

o I 

+16. 53 ; +1. 37 

Observer. 

0 

-r-16. 95 J.B. Baylor. 

+17. 34 G. W. Dean, A. T. 

Mosman (A. D. 

Bache). 

+18. 92 J. B. Baylor. 

+17. 90 G. W. Dean (A.D. 

Bache). 

67 17 1857. 71 +15. 35 +r. 50 +16. 85 G. W. Dean and S. 
Harris. 

I 
69 43 1887. 73 +16. 8o I +o. 04 +16. 84 J. B. Boylor. 

68 24 1887. 72 +17. 94 +o. 04 +17. 98 J. B. Baylor. 

6753!1887.68' 

i 
68 00 ! 1887.66 

I 

+18.36 +0.04 +18.40 

+•8. 381 +o. "< I +•8. 4' 
I I 

+19. 00 I +o. 04 I +19. 04 

+'o. 001 +o 01 I +w. rn 

J. B. Baylor. 

J. B. Baylor. 

J. B. Baylor. 

J. B. Baylor. 

7045 1 1845.18 +11.971 +2.88 
i 

+ 14. 85 I -- Wadsworth. 

I 
+15. 19 \ (3d Geol. Rep.). 

I 

70 24 1838. 5 + 9· 75 +3· 36 +13. 11 I (3d Geol. Rep.). 

I 
+14. 98 (3d Geo!. Rep.). 

70 51 1845. 5 +u. 83 +z. 85 +14. 68 (3d Geo!. Rep.). 

6932 1840.5 +12.60 +3.27 +15.87 (3dGeol.Rep.). 

69 40 188o. S +15. 58 +o. 48 +16. o6 I.E. Getchell. 

+11. 17 (3d Geol. Rep.). 

Reference. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

I Office. 

1 
MS. in C, and G. S. 

I ~~cc . 
\ MS. m C. andG. S. 

1 Office. 

I MS. in C. and G. S. 

I Office. 
I 

Group 2. 

MS. iu C. and G. S. 

Office. 

Getchell's Tables, 

1880. 

Sill.Jour., Vol. 39, 

1840. 

Getchell's Tables, 

188o. 

Getchell's Tables, 

1880. 

Getchell's Tabl$!s, 

1880. 

Getchell's Tables, 

1880. 

Getchell's Tables, 

188o. 
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Table <>f Observed Alagnetic Declinations and Valites rediwed to the Yea1· 1890-Coutinued. 

MAINE-Continued. 

:-fame of station. v .4V Observer. 

···-------- ·------· -------
O I O 

I Dixfield. 44 32 70 14 ! 1840. S +12. 17 +3· 27 +15. 44 (3d Geo!. Rep.). 
I 

Farmington. 44 40 70 oy 1840. 5 +u. 50 · +3.27 +14. 77 (3d Geo!. Rep.). 

: 

Umbagog Lake. 44 42 7053 1838.5 +13.00 +3-42 +16.42.(3dGeol.Rep.). 

Hampden. 
I 

44 44 68 50 1 1840. 5 +13. 37 +3· 27 +16. 64 N. Barker. 

I 

: Orono. 44 54 i 68 40 : 1878. 5 +16. 67 +o. 56 +17. 23 (State College). 

Mouth of St. Croix. 4505 67121797.5 +12.32 +6.o +18.3 (Chart.) 

Greenville, near. 45 24 

Forks of Penobsccit. 45 30 

Penobscot. 45 30 

Taschereau. 45 49 

Source of St. Croix. ' 45 55 

: Near St. Croix River. 45 57 

Park's Hill. 46 07 

' Canada Boundary. 46 25 

Near Mars Hill. 46 30 , 

Burgeois House and 46 31 ! 
Massardis River. 

Blue J:Iill. 

Fort Fairfield. 

Aroostook Hill. 

Big Black River. 

Peconk Hill. 46 59 I 

St. Francis River. ., .. I 

H. Ex.55-18 

69 35 i1838.5 +u.oo i +3·33 +14.33 (3dGeol.Rep.) 

68 30 1840.5 +15.42 +J.17 +18.59 N.Barker. 

68 45 1825. 5 +14. 75 : +4· 36 +19. 11 J. Herrick. 
' 

+14. 12 ! +3· 28 +17. 40 J. D. Graham. 

1 ; 

67 55 1817. 5 +14. oo ; +4· 90 ' +18. 90 , J. Johnson. 

67 47*i [ 841. 5 

I 
70 03 : 1850. 5 

! 
: 

67 54 i 1856. 5 

I 

68 22 ! 1842. 0 
I 

67 47 1841. 5 

6g 27 1844. 5 

67 471' 1841. 5 

68 56 , 1842. 5 

+16. oo 
1 

+3· 33 . +19. 33 
1 

J. D. Graham. 
! 

+16. 15 +3· 25 i +19. 40 , J. D. Graham. 

+15. 75 +2. 6o : +18. 35 N. Barker. 

+ 18. oo +1. 51 +19. 51 N. Barker. 

+17. 34 , +3· 12 +20. 46 (Bound. Sur.). 

+17. 25 : +3· 34 

! 
+17.45 j +3·34 

! 
+17.47 i +3·34 I 

i ' 
+16.481 +2.96 

+17.72 i +3·34' 

+'7.05 I H•8 

*Corrected. 

+20. 59 (Bound. Sur.). 

+20. 79 i (Bound. Sur.). 

+20. 81 ' J. D. Graham. 

+19. 44 J. D. Graham. 

+21.o6 J.D.Graham. 

+20. 23 (Bound. Sur.). 

Reference. 

Getchell"s Tables, 

1880. 

Getchell's Tables, 

18So. 

Sill. Jour., Vol. 39, 

1840. 

Getchell's Tables, 

1880. 

Getchell's Tables, 

1880. 

Sill. Jour., Yo!. 34, 

1838. 

Sill. Jour., Yo!. 39, 

1840. 

Getchell's Tables, 

1880. 

Becg_uerel's Tr. <lu 

Mag., 1846. 

Trans. Roy. Soc., 

1872. 

Sill. ]our., Vol. 34, 

1838. 

Trans. Roy. Soc., 

1872. 

Trans. Roy. Soc., 

1872. 

Getchell's Tables, 

1880. 

Getchell's Tables, ' 

188o. 

Trans. Roy. Soc., 

187~. 

Trans. Roy. Soc., 

1872. 

Trans. Roy. Soc., 

1872. 

i Trans. Roy. Soc., 

I 1872. 

, Trans. Roy. Soc., 

1872. i 
Soc.,/ , Trans. Roy. 

1872. 

Trans. Roy. Soc., ! 

1872. 



 

274 UNITED STATES COAST AND GEODETIC SURVEY. 

Table of Observed Magnetic Declinations and Values reduced to tlte Year 1890-Uontinued. 

MAINE-Continued. 

Reference. 
' I Ii 

Name of station. <P i I. i t [ D 4D I D 1eoo.0 Observer. 

1--------·--~--i--0-/-1---1--0--1---1--0--1-------r-------l 
! Matwaska. 47 12 68 10 ! 1818. 5 i +16. 75 +S· 1 +21. 8 1 J.Johnson. Sill. Jour., Vol. 34, j 

f I' I 1838. t 
Lake Cle,·e!and. 47 I2 i 68 14 1842. 5 +17. 88 +3· 18 +zz.o6 I (Bound. Sur.). Trans. Roy. Soc., !'· 

I 1872. 

St. Francis River. 47 14 69 01 1843. 5 + 17. 40 +3· 07 +20. 47 (Bound. Sur.). Trans. Roy. Soc., , 

Fort Kent. 47 15 

' Savage Island. 47 16 

MouthofGreenRiver 47 19 : 

\ Mason's Landing. 

Davis. 38 20 

Calvert. 38 22 

Oxford. 

1872. I 
68 35 1843. 5 (Me.andMass.Sur.)[ Getchell's Tables, i 

I 188o. I 
(Bound. Sur.). I Trans. Roy. Soc., \ 

681011843.5 
1872. I 

(Bound. Sur.). Trans. Roy. Soc., i 

l\IARYL\ND AND DISTRICT OF COLUMDIA. 
~---- -----------;------~----,---· 

' 75 15 1856.66 + 2.38: +z.441+4.82 C. A. Schott. 

75 o6 1 I85J. 73 + 2. 55 +:z. 66 i + 5· 2I J. E. Hilgar<l. 

i 
76 24 1 1871. 58 + 2. 82 + 1, 32 -+- 4. 14 A. T. Mosma 

76 IO 1856. 64 + 2. 69 +2. 22 + 4. 91 c. A. Schott. 

1872. 

Group 1. 

1 
C.and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

Marriott, trian. sta- 38 52 76 37 1849.46 + 2.08 -t-2.51 ·-+- 4.59 J.Hewston(A. D. C.andG. S. Rep., 

ti on. 

Washington, south of 

C. andG. S.Office, 

Capitol Hill (S.V. 

S.). 

\Vashington, eastern 

i park of Capitol. 

\Vashington, Second 

I and C streets, S. E. 

Washington, First 

an<l ll streets, S. E. 

38 53 

38 53 

38 53 

38 53 

Kent Island, south 38 54 

base. 

Hill, trian. station. 38 54 

Causten, Georgetown 38 56 

Heigh's. 

Taylor trian. station. 

Kent Island, Station 

I. 

39 00 

39 02 

! 

77 00. 1889. 73 + 4.25 

77 00 1856.62 + 2.02 

1 

! 

77 00 1876.33 + 3.31 

77 00 1886.45 + 4.14 

1 
I 
r-- ----

J 

+ 4.33 

Bache). 

r E. D. Preston. 

I 
I i C. A. Schott. 

j C. A. Schott. 

I C. A. Schott and 

l E. D. Preston. 

76 22 1845. 42 + 2. 40 +z. 94 + 5. 34 T. J. Lee. 

76 53 1868.83 + 2.85 +1.47 + 4-32 C.O.Boutelle. 

77 04 1855. 77 -t- I. 07 +2- 05 , + 3. 12 C. A. Schott. 

+2.66 ! -+- 4.96 i T.J.Lee. 
I . ' 
I I 

76 19 1849. 49 + 2. 50 +z. 65 j + 5. 15 i J. Hewston. 

-~I J 

1881,App.9. 

MS. in C. and G. S. 

OffiCP 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881,App. 9. 
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Table <>f Observed Magnetic Declinations and Values reduced to the Year 1890-Contiuued. 

MARYLAND AND DISTRICT OF COLCMBIA-Continued. 

---------,------------,----,...---------------·· 
Name of station. tp Observer. 

---------~~-

Webb, trian. station. 
o I 

39 05 

/ AD 

76 40 1868. 73 +--2-.~-3-1-+-1°-. 3-7-
1
+ 4. 30 

D 

C. 0. Boutelle. 

Soper, trian. station. 
! 

Stabler, trian. station.: 

39 05 

39 07 

i I 
76 57 11850. 571+ 2. 12 

1

, +2. 44 + 4. 56 ' G. \\'.Dean (A. D. 

Bache). 

76 59 1869. 65 I+ 2. 66(?)! +1. 32 + 3. 98(?) C. 0. Boutelle. 

I 
Bodkin Light. 39 08 76 26 1847. 3 r + 2. 03 / +2. 62 + 4. 65 T. J. Lee. 

' North Point. 39 12 I 76 27 1847.32 + 1.66 · +z.62 + 4.28 T.J. Lee. 

Fort McHenry (S. 39 16 
V.S.). 

Pool's Island. 39 17 

Rosanne. 39 18 

\ Maryland Heights. 39 20 

Finlay. 39 24 

Osborne's Ruin. 39 28 

Susquehanna Light. 39 32 

Cumberland. 39 39 

I 
76 35 · 1885. 6o + 4, 49 / + 4. 74 ' J.B. Baylor. 

1847. 48 I+ 2. 49 I =~~~~ 5. IO T. J. Lee. 76 16 

76 43 ""'" ·+ '· ,, I +'-73 + 4· ,, T. J. Ltt. 

i7 43 1870.821+ 

76 32 : 1846. 29 \+ 
76 17 1845.471+ 

76 05 : 1847.51 I+ 

. I 
78 45 I 1864. 221-~ 

I 

! 

2. 93 ! +I. 31 + 4. 24 C. 0. Boutelle. 

I 
2. 31 +z.68 ,+ 4.99 T. J. Lee and J. 

Locke. 

2.54 T.J. Lee. 

2.23 T.J. Lee. 

A. T. Mosman. 

Vi;:'.'" ~h:.;•~13' ~ 1-,; 49 1~86 ~ ~-~ 83 +o '3 I+ 5 00 'J W. Thom!""· 

Cheltenham. I 38 42 J 76 15 11889. 39 + 4. 17 +o. 03

1

+ 4. 20 J.B. Kaufman. 

I I 

::;:'~·"· : : I :: : 1 .• :::::3: :::: ! :::: 1: :::: . :::::· 
I I I 

I I I 
39 34 . 78 58 i 1879. 55 + 3· oo 1 +o. 74 1+ 3. 74 F. E. Bracket. 

I t I 
--~--' _____ ! ____ ! --------·--

Lonaconing. 

Reference. 

i 
C. and G. S. Rep., i 

I88r,App.9. 1 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881' A.pp. 9· 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

:\1S. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881,App. 9. 

C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881,App.9. 

C. and G. ·s. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881, App. 9. 

Group 2. 

:\1S. in C. and G. S. 

Office. 

: ~iS. in C. and G. S. 

Office. 

Smith'n Cont's to 

Kn., 18;3. 

MS. in C. and G. S. 

Office. 

:\iS. in C. and G. 

Office. 
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Tab"UJ of Obser-ved Jllagnetic Declinations and Values reditced to the Year 1890-Continued. 

MASSACHUSETTS. Croup I. 

--·---- ~--~-··-- - -------~-- - ·------- --~~--------~-------

Kame of station. tp ;;. D .:JD D1soo·o Observer. Reference. 

------~·--- i 
0 / 0 0 0 I 

Nantucket CI i ff 41 17 70 06 1879.59 

+"·•' i}----- ir· D. 1"ylo<. C. and G. S. Rep., 

(S. V. S.). +u.31 1881,App.9. 

Nantucket Beach. 41 18 70 06 1855.64 + 9.91 I I C. A. Schott. 1 C. and G. S. Rep., 

1881, App. 9. 

Sampson Hill. 41 23 70 29 ! 1846. 56 + 8. 81 ! +2. JI +11. 12 T.J.Lee. C. and G, S. Rep., 

1881, App. 9. 

Indian. 41 26 70 41 I 1846.61 + 8.82 +2. JI +11. 13 ' T. J. Lee. C. and G. S. Rep., 

1881, App. 9. 

Vineyard Haven. 41 28 70 36 1875.12, +IO. 57 +0.69 +u. 26 J. 1\1. Poole. C. and G. S. Rep., 

1881, App. 9. 

j Tarpaulin Cove. 41 28 70 45 1846.60 + 9· 20 +z.31 +u.51 T.J. Lee. C. and G. S. Rep., 

1881,App. 9. 

Fairhaven. 41 37 70 54 1845.80 + 8.go +z.31 +u. 21 T.]. Lee. C. and G. S. Rep., 

1881, App. 9. 
' ; T.J. Lee and R.H.! Hyannis. 41 38 70 18 : 1846. 65 ' + 9.36 +2. 31 I +u.67 C. and G. S. Rep., ! 

I Fa1111tleroy. i 1881, App. 9. 
I i Chatham. 41 40 69 57 :1860.69 +11. 19 +1. 28 +12.47 C. A. Schott. C. and G. S. Rep., 

Shootflying. 41 41 70 21 1846.66 + 9· 67 ! +2.31 +u.98 

1881, App. 9. 

T.J. Lee and R.H. C. and G. S. Rep., 

I Fauntleroy. 1881, App. 9. 

I Copecut. 41 43 71 04 ; 1844. 77 + 9· 15 +2.58 +11. 73 T.J. Lee. C. and G. S. Rep., 

1881, App. 9 . 

; Cron1eset. 41 44 70 43 • 1887. 47 +u. 77 +0.12 +11. 89 G. Bradford. MS. inC. and G. S. 

Office. 

Welllleet. I 41 56 70 02 I 186o. 70 ~ +10.72; +1.44 +12. 16 C. A. Schott. C. and G. S. Rep., 

1881,App. 9. 

~lanomet. 41 56 70 36 •1867.58 +10.41*! +1.08 +11.49 C. 0. Boutelle. C. and G. S. Rep., 
1 

I 1881, App. 9. 
I 

I'rovincetown (S. V. 42 03 70 11 I 186o, 7I + 11. 39 ! +12.38 C. A. Schott. C. and G. S. Rep., 

S.). I 1881, App. 9. I 

Springfield. 42 06 72 32 I 1859. 57 I + 8. 651 +r.96 +10.61 C. A. Schott. C. and G. S. Rep., 

1 I 1881,App.9. 
I • I 

Blue Hill. 
! 

+2.48 ; T.J. Lee. C. and G. S. Rep., 42 13 71 07 • 1845. 75 . + 9· 22 i +11. 70 
I 1881,App.9. I 

Easthampton. 42 15 i 72 40 i 1862. 52 + 9.07 l +1.80 +10.87 E. Gooufellow (A. C. and G. S. Rep., 

I D.Bache). 1881, App. 9, 

Nantasket. 42 18 70 54 1847. 671 + 9. 621 +2.24 +11. 86 T.J. Lee. C. and G. S. Rep., 

1881, App. 9-

South. B-0ston (S. V. 42 20 : 71 02 1872. 75 
1 
+n. 25 j +11. 91 A. H. Scott (E. C. and G. S. Rep., : 

S.). ! Goodfellow.) 1881,App.9. 
I 

; C. and G. S. Rep., Camilri<lge, Harvard 42 23 71 08 1879.6o +II.77 i +u.90 J. B. Baylor. 

Coll.Ubs. (S.V. S.). I 1881,App.9. 
I Che;;terfield (S.V.S. ). 42 24 72 51 1859. 56 + 8.90 i +11.96 C. A. Schott. C. and G. S. Rep .• 
I 1881, App. 9. 
! 
I 

~-----------------

*Corrected. 
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Table o} Observed 1llagnetic Declinatfans and Values reduced to the l'ear 1890-ContinuE.>d. 

MASSACHUSETTS-Continued. 

-- --------------------~~------------- ·- --------~-

Name of station. cp 

I 
o r I 

Little Nahant. 42 26 I 

i 
\ 

V.'achusett. 42 29 : 

Coddon's Hill. 42 31 

Baker's Island. 42 32 

1 

Fort Lee, Salem \ 42 32 

(S. V. S.). 

Deerfield. 42 33 

Beaconhill, Glou- 42 36 
cester. I 

I 
, Thompson. 

I 
42 37 i 

1 Annisquam. 42 39 : 

; Rockport. 42 40: 
i 

! Ipswich. 
42 41 ! 

Plum Island, New- 42 48 I 
Luryport (S.V.S.}. I 

I 
I 

----·----

Off Tarpaulin Cove. I 41 

Plymouth. I 
Bridgewater. 42 00 

House Point Island, 42 03 

Cape Cod. 

Southwest comer of 42 03 

Mass. 

Southwick. 42 04 

Near Springfield. 42 05 

Near South Hadley. 42 12 

Pittsfield. 42 27 

/. D L1 lJ l)ll:KI0-0 Observer. 

r 0 

70 56 1849.63 + 9.68 +2.52 +12. 20 G. \V. Keely. 

71 53 186o. 72 + 8.8o +2.05 +10. 85 · G. W. Dean, R. E. 

Halter (A. 

Bache). 

70 51 1849. 68 +11. 83 +3·36 +15. 19 G. W. Keely. 

70 47 ! 1849. 67 +12.28; +3·36 +15.64. G. \\'.Keely. 

I 
70 52 18S7. 81 ! +12. 64 +12.97 ; J.B. Baylor. 

: 
i 

72 36 1859. 56 • + 9.42 +2.0I +11. 43 : C. A. Schott. 

7039i1859.52 +12.05 +1.So + 13.85 C. A. Schott. 

70 44 1S59. 52 I +II. 15 +1.80 +12.95 C. A. Schott. 

! 
i 

70 41 1849. 66' +u. 61 +2.62 +14. 23 G. W.Keely. 

70 37 1859.52 +11. 62 +1. So +13.42 C. A. Schott. 
I 

i 
70 50 1859. 53 ' +u. 231 +1. So +13. 03 C. A. Schott. 

1887. 8o I +12. 20 I +12. 48 J.B. Baylor. 70 49 

I I 

I r 

I i 
70 45*11775.5 I+ 9. 50 

. I 
70 39: 1876.53' +10.91 

70 58 I 1882.6 i +11.43 
I I 

70 04 I 1835.5 I+ 9. 33 

i I 
73 32 i 1787.56\ + 5.05 

I I 

72 46; 1838.5 I+ 8.25 

12 36 1875 I+ 9.35 

72 36 1875 I+ 9.47 

I 
73 15 1886.501 +10.05 

+5· 2 +14. 1 

+o. 54 -f-11. 45 

-f-o. 42 +11. 85 

F. E. Hilgard. 

J. S. Leach. 

+J.13 +12.46 (Gcv'tSur.). 

-l-3·53 

+0.24 

+ 9. 5 \ D. Rittenhouse. 

l 
-!- l 1. 78 j A. Holcomb. 

+ 10. 35 I T. C. Ellis. 

+10. 47 I T. C. Ellis. 
I 
I 

+10. 29 j A. Walker. 

I 
I 

*Supplied: 

D. 

Reference. 

C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

:.1s. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881,App.9. 

. C. and G. S. Rep., 

18S1,App.9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

: C. and G. S. Rep., 
I 
, 1881,App.9. 

I MS. in C. and G. S. 

Office. 

-----------

Group 2. 

Des Barres' Atl'c. 

Keptune, 1781. 

Kat. Acad. Sc. 

MS. in C. and G. S. 

Office. 

Sill. Jour., Vol. 39, 

1840. 

MS. in C. and G. S. 

Office. 

i Sill. Jour., 1840. 
1 

Rep. Ch. of Eng's, 

1878. 

Rep. Ch. of Eng's, 

1878. 

MS. in C. andG. S. 

Office. 
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Tohle of Observed Magnetic Declinat·ions and Values reduced to the Year 1890-Continued. 

MASSACHUSETTS-Continued. 

I t i D I L1D I DiS!))·o Observer. j · 

!---] i -i !---- -------

! i 0 i 0 l 0 I 
1877. 5 1 +11. 25 [ +o. 68 i +II. 93 j J. K. Harris. MS. in C. and G. S. 

I I I I Office. 
1781. 5 . + 7. 05 +6. 7 

1 
+13. 7 I ____ --------- ___ Mem. Am. Acad., 

I I I I 1846. 

1876. 55 i +ro. 73 i +o. 88 l +u. 61 I F. E. Hilgard. Nat. Acad. Sc. 

1876. 57: +ro. 34 I +1. 02 \ +u. 36 ! F. E. Hilgard. Nat. Acad. Sc. 

1876. 55: +rn. 80 i -j-o. 85 ! +11. 65 ! F. E. Hilg:ml. Nat. Acad. Sc. 
. I . I 

1741. 2 · + 7. 40 Ji ---- -- Ii ---· __ . R. Hazzen. :MS. in C. and G. S. 

. I Office. 

Name of station. rp 1 

l 
0 , 

i Lynn. 42 2s I 70 56 

Beverly. 42 331 70 52 

Fitchburg. 42 351 71 48 
I 

Greenfield. 42 35 : 72 35 
Lowell. 42 39 I 71 20 

Near Lowell. 42 42 J 71 20 

North Adams. 42 42 I 73 08 
Williamstown (S.V. ' 42 43 I 73 13 

I 

Reference. 

S.). 
I • 

::~:: ~: :::: !; I ~~~ ~~ ; ::~: !~ Ii :-. ~~:~~:;ra~d T. • :~.· i~~~~~5:~. S. 

I 
/ H. Safford. ; Office. 

----------~---------~------ --------·-------I 
MICHIGAN. Group 1. 

-----------------------~----------------------

83 4411870. 66: - o. 341 +1. 251· + o. 91 

1

1 J.E. Hilgard. 

I 
Ann Arbor. 

Kalamazoo. 

Detroit (S.Y. S.). I 
I 

Grand Haven (S.V. f 

S.) I 
Mackinac. I 

Sault de Ste. C\farie, I 
near Fort Brady i 

I 
(S.V.S.). 

Ontonagon. 

Near Buffalo. 

La Salle. 

Stony Point. 

Sai~t Jo~eph. • I 
Ypsilanti (S. \ .S.).

1 

i2 21 

43 05 

45 51 

41 50 

41 561 
42 o6 I 

42 141 

I 

i I I I 

85 35 1890. 50*; - I. 92 -o. 031- I. 95 j. M. Baker. 

· I f 

83 03 1885. 67 I + o. 52 + o. 58 

1

! J.B. Baylor. 

I 
86 13 ! 1880. 55 - 2. 43 - r. 5 I I J.B. Baylor. 

'4 38 I •8&>. S7 + ~ 34 +o. '4 + o. 98 ). n. Baylw. 

'4 w 1•88o.6o + •.o8 + •. '' ). B. Boylw. 

89 20 I 1880. 63 - 4. 69 +o. 41 - 4. 28 J.B. Baylor• 

I I I 
*Added, Sept., I B9o-

86 451 1872. 5 - 4· 8o 

8325I1877.57 _ 0.22 

83 16 '1877. 67 - o. 30 

I 
86 30 I 1871. 6 - 3- 88 

., ,, I,,. .... / i- •. ,, 

I I 

+1.02 - 3.78 H.Custer. 

+o. 75 + o. 53 A. C. Lamson. 

+o. 74 + o. 44 A. C. Lamson. 

+ 1. 41 - 2. 47 H. Custer. 

+ 1.48 C. S. Woodard. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., I 1881, App. 9· 

Group 2. 

I 
P. P., U. S. Eng's, ! 

No. 24, 1882. ii 

P. P., U.S._ Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24. 1882. 

P. P., U.S. Eng's, 

No. 24, 1882. 

MS. in C. and G. S. 

Office. 
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Table of Observed Jlfagnetic Declinations and Values reduced to the Year 1890-Continued. 

MICHIGAN-Continued. 

Name of station. I ..dD Observer. 

---- -------
o I 

Scvenmilcsnorthof' 42 14' 86 22 1871.6 -- 3.95 +1.41 - 2.54, H.Custer. 

St. Joseph. 

Marshall. 42 16 84 58 1876. 79; - 1. 70 +o. 79 - o. 91 , C. F. Powell. 

Reference . 

P. P., l:. S. Eng's, 

No. 24, 1882. 

Rep. Ch. of Eng's, 

18n. 

South Haven. 42 24 86 16 l 1871. 6 - 3. 50 +I. 41 - 2. 09 . F. l7. Farquhar and P. P, l". S, Eng's, 

Public Survey Sta- 42 30 

ti on. 

Five miles north of 42 31 

Milk River. 

H. Custer. 
; 

84 22 • 1826. 5 ; - 4. 42 +4· 16 - o. 26 (Pub. Sur.). 

82 52 1868. 5 - o. 70 +I. 07 + o. 37 A. Molitor. 

Plumberville. 42 32 86 14 1871. 6 - 2. 77 +i. 41 r. 36 H. Caster. 
I 
i 
! Mouth of St. Clair 42 34 ' 82 40 1842. 5 - 1. 42 +2. 54 + 1. 12 J. N. l\facomb. 

River. 
' i Middle Pass of St. 42 34 
1 

Clair River. 

' General Land Survey 42 35 

Station. 

: General Land Survey 42 35 

Station. 

: General Land Survey 42 35 

Station. 

Algonac. 

Saugatuck. 

Black Leg Harbor. 

j Public Survey Sta

tion. 

· Stag Island ; St. 

Clair River. 

Grand River. 

Fort Gratiot. 

42 37 

42 55 

43 00 

: Public Survey Sta- 43 oo 

i tion. I 
I Two miles south of I 43 05 

I Lake Port. I 
I Four ~es southof I' .43 12 
i Lexmgton. I 
j "Muskegon. I 43 13 · 

1 · I ,. 

82 41 , r856. 8 : - o. 8o +r. 75 + o. 95 G. W. Lamson. 

85 48 : 1826. 5 - 5. 36 +3· 72 I. 64 ' (Pub. Sur.). 

85 56 1830. 2 - 5. 20 + 3. 63 1. 57 (Pub. Sur.). 

86 03 1831. 8 - 5· 58 , +3· 63 -- I. 95 (Pub. Sur.). 

82 32 : 1866. 96 - o. 07 +I. 15 + I. 08 · 0. N. Chaffee. 

86 12 1871. 6 - 2. 37 +1. 41 - o. 96 H. Custer. 

86 12 1871.63 - 2.40 +1.41 - 0.99 F. U. Farquharand 

82 27 1866.5 

86 IO i 1837. 5 
i 

I 

I L. Foote. 

- 4.92 i 
I I 

+J.87 1 - I,05: (Pub. Sur.). 

i 
I 

- o. 37 ~ +x. 38 
I 
I 

I I 
+ 1.01 1 F.M.Towar. 

- 4. 50 : +3· 70 - o. 80 (Geo!. Rep.). 

82 25 1873. 53 + o. 62 +o. 92 : + 1. 54 i A. N. Lee. 

I I 
84 22 1 183r. S - 3. 45 i +3· 72 + o. 27 I (Pub. Sur.). 

I I 
82 28 

1 
1859. 75 + o. 25 +2. 07 ';., + 2. 321 W. H. Bearding. 

i I 
82 30 j 1859. 751 + o. 6o +z. 071 + 2. 671 W. H. Bearding. 

86 r9 j 187r. 50 J - 4. 03

1 

+z. o61- I. 97 , L. Foote. 

i I ' I 
------

Ko. 24, 1882. 

Sill. Jour., Vol. 39, 

1840. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., V. S . .Eng's, 

No. 24, 1882. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U.S. Eng's, 

No. 24, 1882. 

I Sill. Jour., Vol. 39, 

I 1840. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Sill. Jour., Vol. 39, 

1840. 

U. S. Sur. N. and 

N. ,V. Lakes, 

1873. 

Sill. Jour., Vol. 39, 

1840. 

P. P., U.S. Eng's, 

No. 24, 1882. 

P. P., U.S. Eng's, 

No. 24, 1882. 

P. P., U.S. Eng's, 

No. 24, 1882. 
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Table of Observed Magnetie Declinations and Values reduced to the Year 1890-Continued. 

Xame of station. 

One mile south of I 
Lexington. 

j One mile north of : 
1 Lexington. 

Public Survey Sta

tion. 

Three miles south 

of New London 

Point. 

o I 

43 15 

43 16 

43 19 

43 20 

Public Survey Sta· 43 20 

MICHIGAN-Continued . 

D .dD Observer. 
< , I I I ---',---·----,_----;----·· -------

0 , 0 I o i o 

I.00 ! +2.08 i + 3.08' 
' i 

82 31 11:159. 66 + 1. 35 · +2. 08 I + 3. 43 
! 
' 

s559I1837.5 - 6.25 +3· 10 I - 2. ss 

82 31 : 1858. 77 + I. 23 
'1 

+2. 13 + 3. 36 

W. H. Hearding. 

W. H. Hearding. 

(Pub. Sur.). 

\V. H. Hearding. 

84 22 1832. 5 - 3. oo +3· 69 + o. 69 (Pub. Sur.). 

ti on. 

\Vahley. 43 22 82 32 186o. 36 + 1. 08 + 1. 86 + 2. 94 \V. P. Smith. 

\' hite.hall. 43 22 

New London Point. 43 23 : 

I 

86 25 i1871.51 ·· 4.03 I +z.06 

82 JI : 1858. 76 + 0, 72 +z. 13 + 2.85 

F. U. Farquhar and 

L. Foote. 

W. H. Hearding. 

Reference. 

P. P., U. S. Eng's, I 
No. 24, 1882. 

P. P., C. S. Eng's, 

No. 24, 1882. 

Sill. Jour.,· Vol. 39, 

1840. 

P. P., U.S. Eng's, 

Xo. 24, 1882. 

Sill. Jour., Vol. 39, 

1840. 

li. S. Lake Sur. 

Rep., 1882. 

P. P., C". S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Saint Louis. 43 24 84 36 1876. 79 - o. 98 +o. 99 + o. m D. W. Lockwood. Rep. Ch. of Eng's, 

Port Sanilac. 43 25 ! 82 32 1858. 71 + o. 50 +2. 14 + 2. 64 W. H. Hearding. 

Saginaw. 43 25 83 58 1876. 72 - o. 39 +r. or + o. 62 D. W. Lockwood. 

Miller's Creek. 43 28 82 33 1858. 67 + o. 72 +z. 14 + 2. 86 W. H. Hearding. 

Cherry Creek. 43 30 82 34 1858. 65 + o. 70 +z. 14 + 2. 84 W. H. Hearding. 

Little Point aux 43 3r 

Sables. 

Benona. 

Elk Creek. 

Three miles W. of 

I Quannakissee I River. 

I Saginaw River. 

, Forestville. 

Four milesN. W. cf II 

Saginaw River. 

White Rock. / 

i 

43 34 

43 37 

43 37 

43 39 

43 40 

43 4r 

43 431 

85 54 1837. 5 - 6. oo +3· 70 -- 2. 30 (Geo!. Rep.). 

86 30 1870.65 - 4.93 +r.88 - 3.05 J. W.Cuyler. 

82 35 1858. 61 + o. 58 +z. 14 + 2. 72 W. 11. Hearding. 

83 43 1857. 73 

., ,. 1 •• , •. , 

- 1.53 +z.20 + o. 67 W. H. Hearding. 

+z.28 + o. 81 (U. S. Lake Sur.). 

82 34 1873.53 + 1.51 +r. 15 + 2. 66 A. N. Lee. 

+ o. 81 I W. H. Hearding. 

I . 
+ 2. 491 W. H. Hearding. 

1877. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Rep. Ch. of Eng's, 

1877. I 
P. P., U. S. Eng's, I 

No. 24. 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Sill. Jour., Vol. 39, 

1840. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, I 882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

MS. of W. F. Ray

nolds. 

U. S. Lake Sur. 

Rep., 1873. 

; P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882, 
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Table of Observed Magnetic Declinations and Values reduced to the rea1· 1890-<;:ontinned. 

!lfICIIIGAN-Continued. 

Name of station. ?. D .:JD Dt~}ll•O Obsener. 

/ 

Pere Marquette River, 43 44 , 85 43 1837. 5 - 4· 57 -;-3. 70 o. 87 (Geo!. Rep.). 

Public Survey Sta- 43 45 84 22 1832. 5 2. 92 ' + 3. 69 o. 77 (Pub. Sur). 

tion. 

Nyahquing Point. 43 46 S3 56 : 1856. 5 I. 23 ; -i-2. 28 I. 05 W. H. Bearding. 

Sharpe's Bay. 43 47 82 36 1858. 53' + o. 30 +z. 15 + 2. 45 W. H. Bearding. 

Pentwater. 43 47 86 26 187r.6 - 4.25 +1.80 2.45 FC.Farquhar. 

Crane's Point. 43 50: 82 38; 1858. 53: -1_ o. 27 +2. 15 + 2.42 W. H. Hearding. 

South of Pointe aux 43 51 82 42 1835. 5 - I. 63 +3· 3(; · + I. 76 (Geo!. Rep.). 

Barques. 

'Twenty miles W. of 43 51 83 06 1835. 5 - 2. ID +3· 39 T r. 29 (Geo!. Rep.). 

Pointe aux Barques. 

Stony Isla~d. 43 52 83 26 1857. 49 ! - o. 40 : +z. 22 + r. 82 W. H. Heanling. 

Forest Bay. I 43 53 82 40 ' 1858. S - o. 05 +2. 15 + 2. 10 \\'. H. Bearding. 

Sand Point. 43 55 83 23 1858. 71 - o. 53 +2. l4 + r. 61 W. P. Smith. 

i Stafford. 43 57 1 82 42 . 1858. 5 + o. 20 , +z. 15 + 2. 35 \\'. II. Ilearding. 

Pere Marquette. 

Near Oak Poiut. 

Pointe aux Gres. 

Little Lake Sable. 

Two miles N. of 

Stafford. 

Near Pointe aux 

Barques Lt. 

Partridge River. 

Hat Point. 

Pointe aux Barques. 

Willow River. 

43 57 86 27 : 1871.6 - 4. 30 +1. 8o - 2. 50 F. U. Farquhar. 

i 
43 59 i 
43 59 i 

j 

43 59 i 

44 00 I 

44 00 I 
i 

44 oo I 

44 oo I 

44 ., ! 

44 021 

86 28 1866. 74: 
I 

82 45 : 1858. 5 

I. 08 i +2. 20 + I. 12 W. H. Bearding. 
i 

i 
I. 50 i +2. 20 + o. 70 , G. W. Lamson. 

I 

\ 
- 4. 20 i +2. 18 -- 2. 02 A. F. Chaffee. 

- o. 13 I +2. 15 I + 2. 02 W. H. Heardmg. 
I 
i 
I 

- o.oS ! +2. 15 + 2,07 W. H. Hearding. 
! 

1 i 

83 03 1857. 59 - o. 13 I +z. 21 i + 2.08 

\ 

83 o6 1857. 70 - o. 67 II 

82 47 1857.5 + 0.01 

82 50 1857.43 + o. 20 I 
I 
! 

+2. 20 i + r. 53 
I 

+2. 22 I + 2. 23 

+2.221 + 2.42 

G. W. Lamson. 

G. W. Lamson. 

(U. S. Lake Sur.). 

W. H. Bearding. 

Refer;:nce. 

i 
~ill. Jour .• \-ol. 39, I 

1840. 

;;j]). J our.,\" ol. 39, : 
l 

l'. I'., l'. S. Eng's, 

i'\o. 24, 1882. 

P. P., l'. S. Eng·s, 

No. 24, 1882. 

' 

PPC<.;F' 
1 

. ., . . . ~ng s, 
1 

No. 24, 1SS2. 

J>. P., l'. S. Eng·s, ~ 
Xo. 24. 1882. 

Sill. Jour., \"ol. 39, j 
1840. 

Sill. Jour., \"ol. 39, 

1840. 

P. P., l'. S. Eng's, 

No. 24, 1882. 

P. I'., l'. S. Eng's, 

No. 24, 1882. 

U. S. Lake Sur. 

Rep .. 1859. 

P. P., t:. S. Eng's, 

Ko. 24, 1882. 

P. P., V. S. Eng's, 

Ko. 24, 1882. 

P. P., l'. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U.S. Eng's, 

No. 24, 1882. 

P. P., L'. S. Eng's, 

No. 24, 1882. 

P. P., l'. S. Eng's, ~ 

No. 24, 1882. 

P. P., L'. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

Ko. 24, 1882. 

MS. of W. F. Ray

nolds. 

P. P., U. S. Eng's, 

~o. 24, 1882. 
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Table of Observed Magnetic Declinations and Values reduced to the Year 1890-Continned. 

:_~I Name of station. ;1, 

, I 
0 I i 

Gravelly Point. 44 03 \ 83 34 
I 

Pointe aux Barques. 44 041 82 57 

Six miles N. of) 
I 

83 33 44 12 i 

Stone! 
I 

White I 

! 
Point. 

is I Manistee. 44 86 20 
i 
I 
I 

Four miles s. of 44 18 : 83 24 

Tawas Point. 

Sable River. 44 25 83 19 

Korth Bar Lake. 44 29 86 15 

Geological Station. 44 31 83 50 

s Geo ogical . 'tation. 44 31 ' 8 s 4 2 
: 

Geological Station. 
I 

84 56 44 31 

Michigan Shore. 44 31 85 32 

Four miles s. of 44 36 83 19 
Harrisville. 

River aux Bees 44 37 86 15 

Sci es. 

·Sturgeon Point. 44 43 83 14 

The Cove. 44 46 83 17 

Grand Traverse Bay. 
I 

44 46 85 30 

i 

Traverse City. 44 46 85 37 

Grand Traverse Bay. 44 50 85 33 

Grand Traverse Day. 44 51 85 27 

Grand Traverse Bay. 44 51 85 39 

[ 

MICHIGAN-Continued. 

I t I D 

I I 

..dD D1eoo·o I Observer. 
___ 1 ___ -------
I I 0 0 0 ' 

11857. 671- I. 42 +2.20 + o. 78 i G. W. Lamson. 

! 1857. 54 o.oo I +2.21 + 2.21 W. H. Hearding. 

1857. 47' - 0.571 +2.22 I + 1.65 G. W. Lamson. 

I 
1866.7 - 4.00 +1.95 - 2.05 \V. T. Casgrain. 

1856. 5 - 2.08 +2.15 + 0.07 ' G. \V. Lamson. 

1856. 5 - 2.20 +2.15 - 0.05 ; W. H. Hearding. 

1866.72 - 3.27 +r.95 - 1.32 0. N. Chaffee. 

1838.5 - 2.00 +z.95 + o.95 (Geel. Rep.). 

(G 1838.5 - 2. 75 ; +2·95. + 0.20' eol. Rep .. 

I ' 
' 

1838.5 1- 2.83' +2.95 + o. I2 (Geo!. Rep.). 

1838. 5 - 4· 50 · +2. 95 - 1.55 (Geel. Rep.). 

1858.65 - 0.48 +2.03 + 1.55 H. C. Penny. 

1866.48 - 4.28 +1.92 - 2.36 A. F. Chaffee. 

I 

1858. 741 - 1.03 +z.03 +LOO W. P. Smith. 

1858. 691 + 0. 32 ' +2.03 + 2·35 H. C. Penny. 

I86o. 71 - I. 87 +2.21 + o.34 W. H. Hearding. 

186o. 5 - 2.39 +2.22 - 0.17 W. P. Smith and 

H.C. Penny. 

i"86o. 73 - 2.42 +2.21 - 0.21 W. H. Hearding. 

186o. 67 - 1.48 +2.21 + 0.73 W. H. Hearding. 

186o. 7 - 2.77 +2.21 - 0.56 H. C. Pe1U1y. 

Reference. 

P. P., U. S. Eng's, 

No. 24, 188-z. 

P. P., U.S. Eng's, 

No. 24, 1882. 

P. P., U.S. Eng's, 

No. 24, 1882. 

P. P., U.S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Sill. Jour., Vol. 39, 

I 1840. 
Sill. Jour., Vol. 39, 

1840. 

Sill. Jour., Vol. 39, 

1840. 

Sill. Jour., Vol. 39, 

1840. 

P. P., U.S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

u. s. Lake Sur. 

Rep., 1859. 

P. P., U. S. Eng's, 

No. 24, i882. 

P. P., U.S. Eng's, 

No. 24, 1882. 

MS. of W. F. Ray-

nolds and I'. P., 

U. S. Eng's, No. 

24, 1882. 

P. P., U.S. Eng's, 

No. 24, 1882. 

P. P., U.S. Eng's, 

No. 24, 1882. 

F. P., U.S. Eng's, 

No.24, 1882. 
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Table vf Observed Magnetic Declinations and Values reduced to the Year 1890-Continued. 

j Name of station. <p 

j------ -----

l I Grand Traverse Bay, 

I Tucker's Point. 

I Grand Traverse Bay. 
1 

[ Glen Arbor. 

Grand Traverse Bay. 

North Unity. 

Grand Traverse Bay, 

Old Mission Point. 

O I 

44 53 

44 54 

44 54 

44 57 

44 57 

44 58 

GoodHarborLeland. 44 58 

l 

Grand Traverse Bay, 

Sutton's Bay. 

Thunder Bay. 

l ThunderBay, north 

point. 

South Manitou Isl· 

and, east side. 

Alpena. 

Menomonee River. 

45 00 

45 02 

45 02 

45 02 

45 04 

45 05 

NearN.endofTorch 45 o6 

Light Lake. 

North Manitou Isl- 45 o6 

and, west side. 

North Manitou Isl- 45 07 
and, east side. 

Grand Traverse Bay. 45 08 

North Port. 45 08 

MICHIGAN-Continued. 

il I IJ 

---·----i 
0 I I 0 

85 34 186o.7 I_ 2.45 

85 25 186o. 67 I - I. 75 

I 

JD I 
I 

----1 
+2.21 

+2. 21 

DiR90·o I Observer. 

--·------1----

- :. 241 W. H. Hearding. 

I 
+ o. 46 ! W. H. Bearding. 

86 00 186o.461 - 3·53 -t-2. 22 - I. 31 H. C. Penny. 

85 34 186o. 72 I - 2. 10 +2. 21 T 0. II w. H. Hearding. 

i 

85 54 I t86o. 55 I -- 3· 53 +2. 22 - I. 31 H. C. Penny. 
I ' 

! I 
85 29 186o. i : - 2. 33 +2.21 - o. 12 W. II. Bearding. 

85 47 186o. 52 ! - 3. 52 +2. 22 I. 30 11. C. Penny. 

8s 36 1s6o. 12 - 3. 45 I +2. 21 1. 24 H. C. Penny. 

I 
83 09 1858. 64 + I. 23 +1. 93 + 3· 16 W. P. Smith. 

83 16 1858.5 + LOO 
I +1. 94 + 2.94 G. \\'. Lamson. 

! 
86 o6 I 186o. 69 - 3· 53 +2. 21 I. 32 D. F. Henry and 

W. P. Smith. 

83 25 1858. 5 + o. 60 +1. 94 + 2. 54 G. \Y. Lamson. 

87 35 1863. 8 - 6. 33 +2. 02 - 4. 31 D. F. Henry. 

Reference. 

I'. P., U. S. Eng's, 

No. 24, 1882. 

I'. P., U. S. Eng's, 

l'\o. 24, I 882. 

P. P., lJ. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24. 1882. 

I'. l'., U. S. Eng's, i 
l'\o. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., l.J. S. Eng's, 

No.24, 1882. 

P. I'., U. S. Eng's, 

No. 24, 1882. 

U. S. Lake Sur., G. 

G. Meade, 1859. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882,and 

U. S. Lake Sur. 

Rep., 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

85 22 186o. 64 - 2. 33 +2. 21 - o. 12 W. II. Hearding. P. P., U. S. Eng's, 

86 04 186o. 5 - 3. 48 +2. 22 1. 26 D. F. Henry. 

85 59 186o. 5 - 4.02 +2. 22 [. 80 D. F.Henry. 

85 22 186o. 62 - 2.18 [ +2.21 + 0.03 W. H. Hearding. 

85 36 t86o. 66 - 2. 50 +2. 21 - o. 29 H. C. Penny. 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U.S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Middle Island. 45 12 i 83 19 1858. 59 + 1. 07 +1. 93 + 3. oo H. C. Penny. P. P., U. S. Eng's, 

No. 24, 1882. 

Near Fisherman's 45 17 
Isd. 

False Presque Isle. , 45 18 

I 

85 20 1 186o. 53 - 3. 23 +2. 09 - I. 14 W. H. Hearding. 

H. W Bayfield. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Phil. Trans. Roy. 

Soc., 1872. 
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Table of Observed Jfagnetic Declinations and Values reduced to tlte Year 1890-Continued. 

MICHIGAN -Continued. 

~ame of station. D Observer. Reference. i I __________ i _____ ----· ----

0 /' ----1 ___ [ ! 
0 / 

Point Rochereau. 45 18 

Presque Isle Harbor. 45 20 

Little Traverse Bay. 45 20 

Little Traverse Bay. 45 22 

Little Traverse Bay. 45 22 

Little Traverse Bay. 45 23 

: South Fox Island. 

Adams Point. 

'" 
Little Traverse Bay. 

1 

: Point opposite Little 

Traverse Bay. 

Cedar River. 

Point northward of 

Little Traverse 

Bay. 

! Seven-Mile Point. 

East of Hammond's 

Bay. 

Hammond's Bay. 

Middle Village. 

Beaver Island, SO\lth 

point. 

North of Little Tra

verse Bay. 

Beaver Island, Sta-

tion 34, south side. 

i Beaver Island, Sta

l tion 40, south side. 

I Bark River. 

45 23 

45 24 

45 24 

45 25 

45 25 

45 26 

45 28 

45 29 

45 31 

45 33 

45 34 ; 

! 
I 

45 35 

45 35 

45 35 

45 35 

0 

8726:1863. 8 I - 4.72 
! 

+z. 02 i - 2. 70 j A. Molitor. 

8327.1858.461 - 0.80 

i I 
85 15. 186o.531 - 2.48 

+r.94 + I. I4 H. C. Penny. 

+2. 09 - o. 39 W. H. Hearding. 
I 

85 02 186o.47 I - 3.45 +z. 09 1 

- 1. 36 W. H. Hearding. 

I 
85 09 186o.5oi -- 2.67 +2.09 - o. 58 W. H. Hearding. 

84 55 r86o. 5 - 3. 45 +2. 09 I. 36 W. H. Hearding. 

85 50 1862. 73 - 3· 57 +1. 98 I. 59 J. R. Mayer. 

+ J. 88 + I. 20 H. C. Penny. 

85 04 186o.45 - 2.87 W. H. Hearding. 

+2- 09 --- o. 33 W. H. Bearding. 

87 21 1863.5 - 3.95 +2.04 - 1. 91 H. C. Penny. 

85 03 186o.44 - 2.98 W. H. Hearding. 

85 05 186o.5 - 2.68 +2·09 - 0.59 W. H. Hearding. 

83 55 1859.6 + I. r8 +1.88 + 3.o6 H. C. Penny. 

H.:c. Penny. 

85 08 186o.5 - 2.57 W. H. Bearding. 

85 29 1855.5 - 4.05 +2- 35 - I. 70 (Chart). 

I I' 
I P. P., U. S. Eng's, 

No. 24, 1882. 

I P. P., U. S. Eng's, 

]'\ 0. 24, 1882. 

P. P., U. S. Eng's, 
1 

No. 24, 1882. 

I P. I'., U. S. Eng's, 

No.24, 1882. 

1'. P., U. S. Eng's 

No. 24, 1882. 

P. P., U.S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

Xo. 24, 1882. 

P. P., U. S. Eng's, 

No.24,1882. j 
P. P., U.S. Eng's, j 

Xo. 24, 1'882. j 
P. P., U. S. Eng's, I 

N 0. 24, 1882. L 
P. P., U. S. Eng's, j 

No.24, 1882. J 

P. P., U. S. Eng's, i 
No. 24, 1882. \ 

P. P., U. S. Eng's, j 

No.24, 1882. '1 
P. P., V. S. Eng's, , 

No. 24, 1882. 

P. P., U. S. Eng's, I: 
No. 24, 1882. J.' 

P. P., U. S. Eng's, f, 

No. 24, 1882. ! 
U.S. Lake Survey. 

85 o6 1853. 661- 2. 63 +2- 42 - o. 21 W. F. Raynolds. P. P., U.S. Eng's, I: 
" No. 24, 1882. · 1: 

85341855.51-4.05 +2.35 -1.70 W.H.Hearding. P.P.,U.S.Eng's,'' 
I 

I No.24, 1882. t 
85 35 1855. 5 ! - 3. 78 +2. 35 - I. 43 W. H. Hearding. P. P., U. S. Eng's, I 

I No.24, 1882. f; 

87 14 1863. 5 J - 3. 62 +2. 04 ' - I. 58 H. C. Penny. P. P., U. S. Eng's, J: 

/ No. 24, 1882. \" 
i--~~~~~~~'~~_._~~~~-· 
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!fable of Observed ,~fagnetic Declinations and Values reduced to the Year 1890-Continued. 

MICHIGAN -Continued. 

:Kame of station. 'P ;t D . D1,..,.,.0 Obsen-er. Reference. 

Beaver Island, Sta

tions 53 and 76, 

west side. 

Near Duncan City. 

0 , 

45 36 

45 37 

East of Cheboygan 45 37 

Light-House. 

Beaver Island, Sta- 45 38 

tion 60, west side. 

Beaver Island, Sta- 45 39 

tion 1\1, east side. 

Four miles \V. oflsle 45 40 

aux Gale!' s Light. 

Point Detour. 45 40 

Beaver Island, Sta- 45 41 

ti on 7, east side. 

Near Escanaba. 45 41 

Gull Island. 45 42 

Beaver Island, Sta- 45 43 

ti on R, westside. 

West of Chippewa 45 43 

Point. 

South Portage Bay. 45 44 

Little Bay of No

quette, east side. i 

Little Bay of No

quette. 

Beaver Island. 

Waugoshane Point. 

McGulpin's Point. 

Garden Island. 

Saint Vital Point. 

Bois Blanc Island, 

north side. 

·1 Dois Blanc Island, 
west side. 

45 44 

45 44 i 
45 45 

45 47 

45 47 

45 49 

45 49 

o I l 
85 37 11855. 5 

I 
84 07: 1851. 5 

! 
84 12 11851.5 

85 37 1855. 5 ! 

85 29 . 1855. 5 

85 JO 1853. 5 

: ____ i--~-------
0 I 

+2 • 35 r. 15 W. H. Heanling. 

- 1.88 +z.23 + o. 35 (Chart). 

r. 90 +z. 2j + o. 33 W. F. Raynolds. 

3. 6o 1 +2. 35 - I. 25 W. H. Hearding. 

3. 03 + 2. 35 - o. 68 W. II. Hearding. 

2. 75 +2. 15 - o. 60 (Chart). 

1.44 W. T. Casgrain. 

P. P., U. S. Eng's, 

No. 24, 1882. 

C. S. Lake Survey. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

U.S. Lake Survey. 

P. P., U. S. Eng's, 

No. 24, 1882. 

86 37 ' 1864. 5 

i 
85 30 ! 1855. 5 3· 37 i +2. 35 - I. 02 \\'. H. Hearding. P. P., 1.:. S. Eng's, 

No. 24, 1882. 

1. 90 +z. 04 + o. 14 (G. S. Lake Sur.). MS. of W. F. Ray-

nolds. 

85 50 1855. 5 - 4. 42 +z. 07 2. 35 G. W. Lamson. ' P. P., U. S. Eng's, 

No. 24, 1882. 

85 34 1855. 5 - 3· 15 +z. 07 1. 08 W. H. Hearding. P. P., U. S. Eng's, 

.No. 24, 1882. 

86 54 . 1864. 5 - 3. 83 +1. 99 1. 84 A. F. Chaffee. P. P., U.S. Eng's, 

No. 24, 1882. 

86 32 1864. 5 - 3. 53 +I. 99 - I. 54 W. T. Casgrain. P. P., U. S. Eng's, 

86 59 1863.So - 3.95 +2.02 - r.93 H. C. Penny. 

+z.02 + o. 12 H. C. Penny. 

85 30 186o.75 2.72 - 0.91 W. I'. Smith. 

85 oo 1853. 5 - 2. 22 +-2. 14 - o. 08 W. F. Raynolds. 

I , 
+z. 18 I - o. 14 [ W. F. Raynohh. 

I 
- 2.72 +z. II - o. 61 W. F. Raynolds. 

86 47 1864.5 - 3.o8 +r. 99 I. og i A. F. Chaffee. 

I. 52 . +z. 29 + o. 77 J. N. ~lacomb. 
I 

1. 98 +2. 29 + o. 3r R. \V. Burgess. 

No. 24, 1882. 

P. P., U.S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U.S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, I 
No. 24, 1882. i 

P. P., U. S. Eng's, II 

No. 24, 1882. 
P. P., U.S. Eng's, 

No. 24, 1882. j 

~-~---~~~----~--

P. P., U. S. Eng's, I 
No. 24, 1882. 

----- - - ------ -
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Table of Observed Magnetic Declinati<Jns and Values reduced to tke Year 1890-Continued. 

Name of station. rp 

Hat Islaml. 

Whiskey Island. 

Twenty-five miles E. 

of Fort ~Iackinac. 

Round Island. 

0 

45 49 

45 49 

45 50 

45 50 

I 
Mackinac, at the fort. · 45 51 

Pointe St. Ignace. 45 51 
! 
I 

Rabbit's Back Point. 45 52 

Drummond Island. 45 55 

Drummond Island, 

near Harbor Isl

and. 

Seu! Choix Point. 

Drummond Island, 

south side. 

Drummond Island, 

SW. point. 

Drummond Island, 

east side. 

Scott's Point. 

Monistique River. 

Pointe au Barque. 

Point Brulee, Sta

tions n and 18. 

Point Brulee, Sta

tion 17. 

Isle Saint Martin. 

Grosse Point. 

45 55 

45 55 

45 56 

45 56 

45 57 ' 

45 57 

45 57 

45 57 

45 58 . 

45 58 

45 58 

45 58 

MICHIGAN-Continued. 

D AD Observer. 

---------· --------
o I 

85 18 1853.5 i - 3.20 I. 06 W. F. Raynolds. 

85 36 1854. 5 3.82 - I. 71 W. F. Raynolds. 

I. 88 +2. 23 + o. 35 (Chart). 

84 37 1853.5 - 2.08 +z. 15 + 0.07 W. Y. Raynolds. 

84 36 1888. 63 + I. 14 +o. IO + I. 24 C. S. Woodard. 

84 43 1849. 6 - 2. 15 +2. 29 + o. 14 E. P. Scammon. 

83 30 1859. 50 + o. 85 +I. 88 + 2. 73 W. H. Hernling. 

83 34 I 1859. 53 

I 
85 50 I 1855. 7 

i 
83 38 11859. 58 

I 
83 42 ! 1859. 6o 

' i 
83 29 i 1859.48 

I 

85 41 I 1855. 5 

86 10 / 1864. 5 

86 20 I 1864.5 
I 
I 

84 32 11849.67 

I 

+ 0.83 

- 3.93 

+ 0.43 

- 0.22 

+ 0.43 

- 3· 10 

- 3. 10 

3.47 

s4 33 I 1849.71 - 1.11 

I 
8435I1849.64

1 

_ 0.53 

84 41I1849.6ol - 2.00 

l I 

+1.88. + 2.71 W. H.Hearding. 

+2. 06 - 1. 87 W. H. Hearding. 

+1. 88 ' + 2. 31 W. H. Hearding. 

I + 1. 88 i + 1. 66 i W. H. Hearding. 

I 
+1. 88 + 2, 31 W. H. Heardillg. 

+2. 07 1. 03 W. H. Hearding. 

+1. 99 - 1.11 (U.S. Lake Su>.). 

+2.29 

+2.29 

+2.29 

+ o. 89 E. P. Scammon. 

+ 1.121 E. P. Scammon. 

I 
+ 1. 761 E. P. Scammon. 

Reference. I _____ [ 

P. P., U. S. Eng's, I 
No. 24, I 882. / 

P. P., lJ. S. Eng's, i 
No. 24, 1882. 

U. S. Lake Survey.! 

P. P., U. S. Eng's, 

No. 24, 1882. 

MS. in C. ,nd G. 

S. Office. 

P. P., U. S. Eng's, i 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng·s, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, ~ 
No. 24, 1882. , 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

MS. of W. F. Ray

nolds. 

P. P., U. S. Eng's, 

No. 24, 18S2. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 18!fa. 

j Point Patterson. 45 58 85 39 I 1854.5 I - 2.85 +2. II 

+ o. 29 \ E. P. Sc:um:noa.. 

- o. 741 G. W. Lamson.. P. P., U. S. Eng's, j 

j I I 
i I ____ _ 

No. 24, 1882. , 

-----~------- ,·: I 
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Table of Observed Magnetic Declinations and Values reduced to the l"ear 1890-Continued. 

MICHIGAN-Continuer!. 

I 
----~--· --------~ ---------------

Name of station. <p it , D .dD DiB!lO·o j Observer. 

0 
I ,-0 -,- --0--, :--

1 Se~~h Bay,Station11

1

. 

I 45 59 I 84 JI I849. 68 i -0. 8o 
, Pointe St. Martin, I 

+2. 29 j + I. 49 , E. P. Scammon. 

I 
Station 16. J 1 

1 
Pointe St. Martin, 45 59 

I
. Stations 12 and 13. 

Point Brulee, Sta· 45 59 

I tions E and C. 

I Search Bay, Station 46 oo : 

B. 
Point Brulee, Sta- 46 oo 

tions F and G. 

East of B '' i I i n g 46 02 

Spring Point. 

Sault Island, north 46 02 · 

of Drummond hd. 

Boiling Spring Point. 46 02 

Pointe Epoufette. 46 04 ! 
Twin Island, Mud 46 12 

Lake. 

WestNeebishRapids: 46 18 ' 

EastNt:ebishRapids.' 46 20 : 

Grand Island, south 46 28 

end. , I 
Laughing Fish River.[ 46 28 I 

I 
Sugar Island Rapids. / 46 29 

Iroquois Point. I 46 29 

Sugar Island, NE. I 46 30 

side. I'. Chocolate River. 46 30 

Shot Point. 46 31 , 
I 
I 

Small River. 46 32 
1 

Marquette. 46 33 

Grand Island, near 46 34 l 
light-house. I 

+2. 29 ' + I. 33 E. P. Scammon. 

84 34 '1849. 70 -1.07 -j-2. 29 . + I. 22 E. P. Scammon. 

+2. 29 + I. 62 E. P. Scammon. 

I. 32 +z. 29 + o. 97 E. P. Scammon. 

84 35 1849. 58 - I. 53 +z. 29 + o. 76 E. P. Scammon. 

83 45 1854. 5 l+ I. 38 
i . 

I I 
84 38 'I849.59'- 1.98 

85 07 

1

: I854. 7 1- 2. 50 

84 o6 ' 1854. 5 !+ 2. 62 

I i 
84 I2 'I854. 5 !+ 2.05 

! 

84 IO 
1 

I853. 5 - O. 25(?) 

+z. 1 I + 3. 49 E. P. Scammon. 

+2. 29 i + o. 31 E. P. Scammon. 
I 
I 
I 

+z. IO '. - o. 40 : (Chart). 
i +2. II + 4. 73 ; E. P. Scammon. 

+2. II + 4. 16 ; E. P. Scammon. 

(Chart). 

86 40 I859. 7 - 4. 22 ! +1.88 i - 2.34 G. W. Lamson. 

86 55 1867. 5 - 5. oo +I. 45 - 3. 55 H. Gillman. 

I 
84 18 f 1854. 5 '- o. 28 +2. 11 + I. 83 E. P. Scammon. 

84 37 
i 

1867.73i- 0.65 

1853. 5 1_ o. 67 

87 20 1867. 6 - 5, 42 

I 
87 IO 1867.6 !- 5.32 

I 
1 

87 IO I824.5 I- 7.35 

I 
87 24 1873.57 !- 4.51 

I 
86 40 1867.66'..:... 3.IO 

+1.44 : + o. 79 0. B. \\'heeler. 

+z. 15 + 1. 48 . E. P. Scammon. 

I +I.44, - 3.98 '. H.Gillman. 

• ,I i 
+1.44 ! - 3. 88 H. Gillman. 

I I I I \ ------ I ____ __ H.W. Bayfield. 

I I 
i +I. 091- 3.42 A. N. Lee. 
I 

i +1. 441- 1. 66 0. B. Wheeler. 

I , 
I I 

Reference. 

( P. P., U.S. Eng's, 

L No. 24, 1882. 

I'. P., l'. S. Eng's, 

No. 24, 1882. 

P. P., l'. S. Eng's, 

No. 24, 1882. 

P. P., l'. S. Eng's, 

No. 24, 1882. 

1'. P., l'. S. Eng's, 

No. 24, 1882. 

I'. P., l'. S. Eng's, 

l\o. 24, 1882. 

P. P., l'. S .. Eng's, 

No. 24, 1882. 

P. P., V. S. Eng's, 

No. 24, 1882. 

U.S. Lake Sun·ey. 

P. P., l'. S. Eng's, 

l\ o. 24, I 882. 

' P. P., U. S. Eng's, 

No. 24, I882. 

lJ. S. Lake Survey. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., t:. S. Eng's, 

No. 24, I882. 

' P. P., U. S. Eng's, 

Ko. 24, 1882. 

: P. P., U. S. Eng's, 

No. 24, 1882. 

P. l'., U. S. Eng's, 

No. 24, 1882. 

, P. P.,U. S. Eng's, I 
No. 24, I882 . 

P. P., l'. S. Eng's, 

No. 24, 1882. 

Phil. Trans. Roy. 

Soc., 1872. 

L". S. Lake Sur., 

187J. 

P. P., U. S. Eng's, 

::\o. 24, 1882. 
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Table of Ob,served 1llagnetic Decl-inations and Values reduced to tke Year 1890-Continued. 

MICI{IGAN-Continued. 

---- ----~------·· ----- ··----···-----------
I 

!'iame of station. cp }. D L1D I Duioo-o i ___ o_b_se._r_v_er_. ____ R_e_f<_e_re_n_c_e. __ 

Grand Island, north 

end. 

Little Girl's Point. 

Granite Point. 

Black River. 

Grand '.llarais. 

Pine Cliff. 

Whitefish Point. 

o I 

Lone Rock, near Por- : 46 48 

cupine '.\It. 

Point on shore. 

Little Jron River. i 46 49 

Iron River. 

Huron River. 

Portage Entry. 

. o I I 0 

86 41 1859.5 - 3.67 + r. 88 I 1. 79 G. ·w. Lamson. 

90 17 1868. 6 - 8.oo 6.61 H. Gillman. 

87 27 1866. 5 - 3· 07 +1. 50 1. 57 A. '.lfolitor. 

90 02 1868. 50 - 7. 83 +r. 39 
i 

6. 44 ' H. Gillman. 

85 57 1867. 7 - 2. 03 +1. 43 - o. 6o , (Chart). 

85 53 1867. 69 • - 2. 02 +1. 44 - o. 58 0. B. Wheeler. 

84 57 i 1867. 7 - o. 92 +1. 44 + o. 52 A. Molitor. 

89 49 , 1868. 5 -II. 50* J. E. Griffith. 

90 01 1824.5 -IO. 25 H. W. Bayfield. 

87 35 1866. 6 - 4. 35 +r. 50 2. 85 A. Molitor. 

5. 40 J.E. Griffith. 

88 07 '1824.5 - 7.93 H. W. Bayfield. 

88 25 1863. S - 4. 62 +1. 66 - 2. 96 ' J. U. Mueller. 

Misery River. 47 oo · 88 59 1S65. 65 - 7. 72 +1. 55 - 6. 17 II. Gillman. 

Torch Bay. 47 05 88 26 1863. 5 - 3. 68 i +1. 67 - 2. 01 J. U. Mueller. 

Point above Elm 47 05 
River. 

88 55 i 1865. 6 , - 6. 68 ; +1. 55 - 5. 13 H. Gillman. 
i 

Dollar Bay. 47 07 88 29 : 1863. 5 - 4. 05 +1. 67 - 2. 38 J. U. Mueller. 

Salmon Trout River. 47 og 88 45 1865. 57 - 7. 68 : +1. 55 - 6. 13 H. Gillman. 

Two miles north of 47 11 

Traverse Point. 

' Torch Lake. 

Portage Lake, north , 

end. 

Isabella Point. 

47 12 

! 

47 13 l 

47 .21 

88 15 1865. 61 - 3. 92 -rI. 55 - z. 37 A. Molitor. 

88 24 1864.56 - 5. 18 +1.61 - 3. 57 H. Gillman. 

88 36 1863.5 - 4.55 - 2. 88 J. U. Mueller. 
I 

87 56 ' 1865. 42 - 4. 88 : +1. 57 - 3. 31 A. Molitor. 

------------·----------·-·-
*Supposed local deflection. 

P. P., U.S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No, 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng·s, 

No. :;q, 1882. 

: U.S. Lake Survey, 

1872. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Phil. Trans. Roy. 

Soc., 1872. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Phil. Trans. Roy. 

Soc., 1872. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

:-.;o. 24, 1882. 

P. P., U, S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. l'., U. S. Eng's, i 
No. 24, 1882. 

P. P., U. $. Eng's, 

No. 24. 1882. 
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Name of station. 

i 
I Gratiot River. 

·1 
I West Eagle River. 

I 

I Eagle River. 
I 
I 
I i Fort Wilkins, Cop· 

i per Harbor. 

! Copper Ha,-bor. 

I Agate Harbor. 

I Eagle Harbor. 

! South shore of Isle 

I Royale. 
I 

Keweenaw Day. 

Washington Harbor, 

Isle Royale. , 

Siskawit Point, Isle I 
Royale. i 

o I 

47 21 

47 23 

47 25 

47 28 

47 28 ! 
! 

47 28 ' 

47 28 : 

47 50 

47 52 ! 

47 53 : 

I 
47 54 l 

Wright's Island, Isle 47 58 
Royale. 

Todd's Harbor, Isle 

'. j Royale. 

. ; Fish Island, Isle 

'i Royale. 
.I 

I 
Scoville Point, hle 

, Royale. 

Heron Lake. 

Fort Snelling 

ervation. 

I 
Res. j 

Minneapolis. 

Brainero. 

Glyndon. 

43 48 I 

44 54 

44 59 

46 21 

MICHIG AK-Continued. 

D LiD Observer. 

O I 0 0 

88 27 1865.5 7.62 +1.57 6. 05 JI. Gillman. 

88 21 1855. 5 6. 20 +2. 07 ; - 4. 13 ; W. F. Raynolds. 

88 17 i 1855.5 6. 7i +2. 07 - 4. 70 : W. F. Raynolds. 

4.73 
[ 

+1. 61 : - 3. 12 

A.N. Lee. 

I 

88 03 1855. 5 '- 5. 33 ' +2. 07 - 3. 26 W. F. Raynolds. 

8808l1855.5 
I 

2. 67(?) J. V. Mueller. 

I 
89o6I1868. 5 4· 93 +1. 40 - 3. 53 B. D. Greene. 

88 28: 1864.69 4·75 +1.6o - 3.15 II.Gillman. 

89 13 1868.5 6.60 - 5.20 A. C. Lamson. 

88 54 1868. 5 1- 4. 50 +1.40 - 3.10 B. D. Greene. 

! 
88 49 1868. S - 4. 27 +1. 40 ' - 2. 87 B. D. Greene. 

I 

88 45 1868.5 6.50 +1. 40 , - 5. IO J. 1;, Mallery. 

88 37 1867.5 5. 13 A. C. Lamson. 

I 
88 26 1867.5 1-- 6.47 

I 

i 
+1.45 1- 5.02 B. D. Greene. 

i 

MINNESOTA. 

I ! 

95 24 I 188o.76i -IO. 23 

I 
I 

93 I I 1880. 741-IO. 23 

93 14 1877.751 -10.22 

94 15 188o. 66 - 9· 59 

+o. 62 I - 9. 61 

+o. 62 I - 9. 61 
I 

+0.821- 9.40 

+o. 62 ·) - 8. 97 

J.B. Baylor. 

J. Il. Baylor. 

A. Braia. 

J.B. Baylor. 

Reference. 

P. P., lJ. S. Eng's, 

No. 24, 1882. 

i P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., C. S. Eng's, 

No. 24, 1882. 

MS. of W. F. Ray- ; 

nolds. 

i U. S. Lake Sur., 

i 1873-
: P. P., U. S. Eng's, 

No. 24, 1882. 

I P. P., l:. S. Eng's, 

No. 24, I 882. 

; P. P., U. S. Eng's, 

~o. 24, 1882. 

P. P., l:. S. Eng·~, 

No. 24, 1882. 

P. 1'., U. S. Eng's, 

No. 24, 1882. 

P. P., L S. Eng's, 

~ o. 24, I S82. 

I'. P., U.S. Eng's, 

No. 24, 1882. 

P. P., U.S. Eng's, 

.1\ 0. 24, 1882 . 

P. P., l:. S. Eng'•, 

~o. 24, 1882. 

P. I'., l'. S. Eng's, 

No. 24, 1882. 

Gronp 1. 

C. and G. S. Rep., , 

1881, App. 9· I 
C. and G. S. Rep., ! 

1881; App. 9· I 
C. and G. S. Rep., 

I 
! 

1881,App.9. 

C. and G. S. Rep., I 
' i 

1881, App. 9· I 
96 40 188o. 68 -II. 44 +o. 62 -10. 82 J.B. Baylor. C. and G. S. Rep., I 

I 1881, App. 9· j 
'--~~~~~~~~~~--'-~~~'--~~_c_~~~~~~·-'-~~~-'-~~~~~~~~~·~~~---' 

H.Ex.55-19 



 

290 UNITED S'rATES COAST AND GEODETIC SURVEY. 

Table of Observed M~agnetic Declinations and Value& redtwed to the Year 1890-Continned. 

MINNESOTA-Continued. 
Group 2._ 

·r---- -------
Name of station. I. Observer. Reference. 1 D .dD ! D1m·o i 

- ~-·----- 1----- ---:-----!------- -------
i 

1 

o ~ o i' o I I ' 

Wabasha. 44 18 

Henderson. 44 32 

Red Wing. 44 34 I 

Mouth of St. Peter 44 53 

River. 

Saint Paul. 44 57 

Princeton. 45 42 

Fond du Lac. 

South of Spirit Lake 46 41 

and island in Sp. 

Lake. 

Point on shore. 

Aminicon River, 5 ?f 
miles east of. 

Near South Base, 

Minnesota Point. 

Saint Louis Bay. 

South Base, Minne

sota Point. 

Near North Base, 

Minneoota Point. 

Rice's Point. 

Duluth (S. V. S.). 

Minnesota Point. 

Point on shore. 

Lester River. 

Knife River. 

Point on shore. 

Terrace Point. 

47 33 

47 43: 
i 

0 

92 07 1
1 

1876. 61 1 - 8. 07 I +o. 89 - 7. 18 ' T. N. Bailey. 
. I 

I I i 
93 56 1855. 5 -I I. 50 1 + 1. 72 1 - 9· 78 J. S. Allanson. 

I I 
+o. 75 - 7. 08 '. C. F. Powell. 

I 

S. II. Long. 

93 05 1873. 63 -IO. 93 +I. 09 - 9· 84 A. N. Lee. 

93 20 1858. 61 ·-lo. 22 ! I. 57 - 8. 65 i 0. E. Garrison. 

92 15 1861. 66 - 9. 70 +1. 89 1 
- 7. 81 W. H. Hearding. 

92 11 1861. 53 - 9. 77 i +1. 90 - 7. 87 W. H. Hearding. 

91 45 1861. 6 

92 02 1861. 53 

92 IO 1861. 61 

92 03 1870. 75 

92 04 1861. 56 

92 05 1861. 55 

92 05 1859. 55 

91 30 1824.5 

92 00 1861. 5 

90 26 1868. 6 

I 

-10. 28 I +1. 89 

I 
-JO. 20 I +1. 90 

--1 I. 73 +1. 89 

I 
I 

- 9· 771 + l. 28 

-11.12 1 +1. 90 
I 
I 

- 9.58: +1.90 

I 

=I:::: I::~~~ 
I 
I 

-12.45 I 

H. W. Bayfield. 

- 8. 39 H. C. Penny. 

- 8. 30 W. H. Hearding. 

- 9. 84 W. H. Hearding. 

-- 8. 49 E. S. Wheeler. 

- 9. 22 W. H. Hearding. 

- 7.68 W.H.Hearding. 

- 9. 87 A. N. Lee. 

-7. 39 W. P. Smith. 

H. W. Bayfield. 

-7.651+•·00 -5.73 

-12. 1s I +1. 89 -10. 86 

H.C. Penny. 

H.C. Penny. 

-•o. 50 \------

- s.20 I +1.43 

I 

I H. W. Bayfield. 
I 

- 6. 77 l H. Gillman. 

I 

! Rep. Ch. of Eng's, 

1877. 

MS. in C. and G. S. 

Office. 

U. S. Lake Sur. 

Rep., 1879. 

Sill. Jour., Vol. 34, 

1838. 

U. S. Lake Sur., 

1873. 

MS. in C. and G. S. i 
Office. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, : 

No. 24, 1882. . 

Ph.ii. Trans. Roy. 

Soc., 1872. 

P. P., U.S. Eng's, i 
No. 24, 1882. 

P. P., U. S. Eng's, ! 
' ~o. 24, 1882. i 1 

P. P., U. S. Eng's, ! 

No. 24, 1882. !: 
P. P., U. S. Eng's, : 

No. 24, 1882. 

P. P., U.S. Eng's, 

No. 24, 188z. 

P. P., U.S. Eng's, 

No. 24, 1882. 

U. S. Lake Sur., 

1873. 

U. S. Lake Sur., 

1859. 

Phil. Trans. Roy. 

Soc., 1872. 

P. P., U. S. Eng's, 

No. 24, 1882. 

( P. P., U. S. Eng's, 

No. 24, 1882. 

Phil. Trans. Roy. 

Soc., 1872. 

P. P., U. S. Eng's, I' .. 
No.24, 1882. . 
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Table of Obser·ved Magnetic Declinations and Values reduced to the Year 1890-Continued. 

Name of station. 

Brule River. 

Grand Portage lsd. 

North shore, Lake 

Superior. 

0 

47 57 

47 58 

Pigeon Point. 48 oo 

Island in Rainy 48 35 

Lake. 

Lake of the Woods. 49 oo 

Northwest Boundary 

Station. 
i 

Northwest Boundary 
1 

Station. 
! 

Northwest Boundary 1' 

Station. 

Lake of the Woods, 

Buffalo Point. 

Northwest Boundary 

Station. 

Northwest Boundary i 

Station. 

Northwest Boundary 

Station. 

49 00 

49 00 

49 00 

49 00 

49 00 

49 00 

49 00 

MINNESOTA-Continued. 

i. D . LID I Duw·o 
1 ___ [___ ---· 

Observer. 

i 0 

90 03 1868.6 i - 9. 50 +1.43 - 8.07 W. E. Rogers. 

W. E. Rogers. 

90 00 1823.5 - 6.35 , S. H.Long. 

8. 07 \V. E. Rogers. 

92 30 : 1823. 5 - 8. 25 S. H.Long. 

94 00 1823.5 -11.02 IS. H. Long. 

94 45 '1874.08 -10.92 +o.So -10.12 W. J. Twining. 

I 
I 1874.07 --II. 08 ! +o. 8o l ·-Io. 28 ' W. J. Twining. 

I 
94 55 

i 
95 oo 1874.06 -11.20 I +o.8o W. J. Twining. 

' ' ' 
95 15 : 1874.05 -II. 50 I 

I 
+o. 8o ' -IO. 70 ' W. J. Twining. 

I ! 
I 

96 IO I 1873. 98 -12. 00 i 
I ' , I 

96 25 ~1873.96 -12.42 I 

96 30 i 1873.96 -13. 17 I 

+0.80. -11.20 
I 

' 
+o. 80 1-·II. 62 

+o. 8o ! -12. 37 

I 

MISSISSIPPI. 

W. J. Twining. 

W. J. Twining. 

: W. J. Twining. 

Reference. 

t 
P. P., U. S. Eng's, i 

No.24,1882. I 
i P. P., U. S. Eng's, 

No. 24, 1882. 

(Exp'n to St. Pe- I 
ter's), Sill. Jour., I 

Vol. 34, 1838. 

P. P., C. S. Eng's, 

No. 24, 1882. 

Sill. Jour., Vol. 34, 

1838. 

Sill. Jour., Vol. 34, 

1838. 

N\V. Bound. Sur., 

1872-'74. 

NW. Bound. Sur., 1 

' 1872-'74. i 
NW. Bound. Sur., i 

1872-'74. l 
NW. Bound. Sur., f 

1872-'74. ! 
NW. Bound. Sur., II 

1872-'74. 
! 

NW. Bound. Sur., ; 

1872-'74. i 

NW. Bound. Sur., 

1872-'74. 

Group r. 

30 21 88 33 !
1

1855.071- 7.15 Ii +1.7~ - 5.3917.~.Hilgard-.--1-~-::~~~-;-Rep., 
I I 1881, App. 9. 

30 23 89 02 r,! 1855. 241- 7. 36 +1. So - 5. 56 [ J. S. Harris (J. E. ! C. and G. s. Rep., 

East Pascagoula. 

Mississippi City. 

________ , ---' ----'---~---~----'-l __ H_il-ga_rdl_· __ L_~~81, Ap~~~~- / 

Group 2. 

I Ship Isl~:i-. --·-
30 13 88 58 1841. 5 - 7.58 +2.03 - 5. 55 L. M. Powell. C. S. Rep., 1845. 

! Cat Island. 30 15 8g 06 1847.5 - 7.20 +r.96 - 5.24 --Barnett. Phil. Trans. Roy. 
i Soc., I8j5. I i 

I 
Pascagoula. 30 21 1875.41 - 6.32 +o.go: - 5.42 J. M. Poole. :"'at. Acad. Sc. 

I 
Natchez. 31 34 91 1872.30 - 7.25 +r. 14 - 6.11 T. C. Hilgard. ::'><at. Aca<I . .Sc. 
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Table of Observed Magnetic Declinations and Values reduced to the Year 1890--Continned. 

Name of station. 

Jackson. 

Meridian. 

King's Point, oppo· 

site Vicksburg. 

Vicksburg. 

Scooba, Kemper Co. 

MISSISSIPPI-Continued. 

~ / ____ il __ \ __ ·_· _, D L1D i_ D1soo~o_ / Observer. Reference. 

i 0 ' I I 0 I 0 I' 0 Ii 

32 19 I go 12 I 1872. 32 I - 7. 34 [ +1. 08 - 6. 26 T. C. Hilgard. Nat. Acad. Sc. 

32 20 i 88 44 / 1875. 43 i -- 6. 43 i +o. 87 I - 5. 56 J. M. Poole. / Nat. Acad. Sc. 

32 20 i 9056i1877(?) · -- 7.33 i +o.861- 6.47 (Chart). i Rep.Ch. of Eng's, 

I ' : I I 1878. 

32 21 I 90 5311875. 42 7. 32 I +o. 94 I - 6. 38 J. M. Poole. I Nat. Acaci. Sc. 

32 50 i 883011833.5 
1 

6.92 Ii +2.IO 1- 4.82 ________________ 1, MS.inC.andG.S. 

I i : i Office. 
! 33 08* 88 38*11833. 5 1 

- 7. 50 i +z. JO I - 5.40 G. W. Campbell. I MS. inC.andG. S. 

/ I 1 Office. 

Macon. 

"'est Point. 33 33 
Grenada. 33 47 
Corinth. I 34 56 
Triangulation Sta-1 34 58 

tion Nelms. 

Cape Girardeau. 37 18 ' 

: Wittemberg. 37 39 

Saint Louis, near , 38 37 

Tower Grove 

Park (S. V. S.). 

Gatewood. 

Doniphan. 

l'ublic Survey Sta

tion. 

Poplar Bluffs. 36 44 

8838J1875.43 -6.421 +0.87 -5.55 JM.Poole. iNat.Acad.Sc. 
' i 

89 50 l 1872. 18 - 6. 42 i +1. OI -- 5. 41 T. C. Hilgard. Nat. Acad. Sc. 

88 35 ! 1875. 40 - 6. 36 l +o. 76 - 5. 60 T. C. Hilgard. Nat. Acad. Sc. 

9~-~-5-1 •879 ,,___ 6 "_i_+_o_._5_7_~-·-80__,_l_J_._H_._D_ar_h_·n_g_. _ _,__P_._;~-:~.~-8-~-~-·g-'s_, 
*Supplied. 

MISSOURI. Group 1. 

89 33 i 1865.21 i - 6.581 +1.70 - 4. 88 i A. T. Mosman. ' C. and G. S. Rep., 

1881, App. 9. 
' I 

89 )3 • 1865. 26 I - 6. 78 +1. 70 

90 15 : 1886. 76 I 

i 

- 5. 08 I A. T. Mosman. C. and G. S. Rep., ' 

I 1881, App. 9. I' 

- 6. 18 - 5. 6S-J C. H. Sinclair MS. in C. and G. S. 
1 

I 
1
i Office. I 

I 1 
- --~--- ~--- ·--'----------

Group 2. 

I 

91 03 1880. 53 - 7. 20 +o. 70 \ - 6. 50 F. E. Nipher. Trans. St. Louis 

90 47 188o.53 - 7.08 

go 02 1825.5 ; - 8.oo 
i 

! Acad. Sc. 

+o. 70 I - 6. 38 F. E. Nipher. Trans. St. Louis 

I Acad. Sc. 

+2.8o .1- 5. 20 (Pub. Sur.). Sill. Jour., Vol. 39, 

1840. 

90 22 188o, 52 i - 6. 75 +o. 70 / - 6. 05 F. E. Nipher. Trans. St. Louis 

Public Survey Sta

tion. 

, I Acad. Sc. 

3650 9002j1823.5 [-7·So +2.So:-4.70 (Pub.Sur.). Sill.Jour.,Vol.39, 

I i 1840. 

Charleston. 

Howell Count} 

36 56 89 19 / 188o. 52 - 5. 72 +o. 70 II - 5. 02 F. E. Nipher. Trans • .St. Louis 

I
' ii Acad. Sc. 

3~ 561.~~:1:~·--=- - 7. 52 _ _,_1 _+_o_._6o--'j_-__ 6_. 9-2~-F_._E_._N_1-·p_h-er_. __ ;__T_:_:d. :: Louis 
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Table of Obser'l!ed Magnetic Declinations and Values red'Uced to the Year 1890-Continneu. 

MISSOURI-Continued. 

Name of station. IJ dlJ Observer. Reference. 
-------- _______________ ] ___ _ -- ·-- ------ ---- ------·------- ----

Public Survey Sta

tion. 

Public Survey Sta

tion. 

Piedmont. 

Springfield. 

Houston. 

Lutesville. 

Public Survey Sta

tion. 

Bolivar. 

Buffalo and farm of 

F. Voris. 

Pilot Knob, base. 

Pilot Knob, top. 

Salem. 

Lebanon, old an d 

new station. 

Arcadia. 

Decarturville. 

Wheatland. 

Rolla. 

I Shell City. 

Cuba. 

Linn Creek. 

De Soto. 

0 001 1' 

37 

I 
37 00 ! 

i 
i 

37 08 l 

37 16 . 

37 19 

i 

90_:211823. 5 

90 12 I 1823. 5 
I 

- 8.oo 

- 8.oo 

I , 
90 41 11880. 54' - 7. 38 

I . 

93 15 i 1879.66 
I 

- 8.6o 

! 

+2.8o - 5.20 (Pub. Sur.). 

+2. 80 - 5. 20 (Pub. Sur.). 

+o. 70 : - 6. 68 F. E. Nipher. 

+o. 65 - 7. 95 F. E. Nipher. 

91 55 i 1880. 58 · - 7. 58 +o. 6o - 6. 98 F. E. Nipher. 

37 20 . 89 59 ; 1880. 52 
1 

- 6. 23 +o. 70 - 5. 53 F. E. Nipher. 

37 30 90 02 1827.5 - 7. 50 +3· 22 - 4. 28 (Pub. Sur.). 

37 35 93 24 . 1881. 59 - 8. 24 +o. 53 - 7. 7 I F. E. Nipher. 

37 36 
i 

9308 11881.58 - 8.13* +0.53 - 7.6o F. E. Nipher. 

37 37 90 37 188o. 55 - II. 14t F. E. Nipher. 

37 37 90 37 I 1880.55 - 3• 76t F. E. Nipher. 

37 39 
1 

91 31 188o. 58 - 6. 94 +o. 6o 
1 

- 6. 34 F. E. Nipher. 

I 

37 40 . 92 42 188o.62 - 7. 77* +o. 6o - 7. 17 F. E. Nipher. 

i 

37 54 

37 56 

37 58 

38 041 
! 

38 04 i 

38 071 

I 

go 41 r88o. 54 - 6. 81 +o. 68 • - 6. 13 F. E. Nipher. 

92 43 1881. 58 - 8. 94 +o. 61 -- 8. 33 F. E. Nipher. 

93 24 1881. 6o - 8. 66 1 +o. 61 - 8. 05 F. E. Xipher. 

91 45 188o. 5 - 6. 88 +o. 68 . - 6. 20 -- Emerson. 

I 

94 05 ! 1879. 65 - 9· 04 +o. 65 
I 

: 

91 21 I r88o. 57 

92 47 I 1881. 57 

90 35 I 188o. 55 

I I 

- 7. 41 +o.68 

- 9.00 +0.61 

- 7. 78 I +o.68 

- 8. 39 F. E. Nipher. 

- 6. 73 F. E. Nipher. 

- 8. 39 : F. E. Nipher. 

- 7. 10 F. E. Nipher. 

* Mean of two determinations. t Local deflection. 

Sill. Jour., Vol. 39, 

1840. 

Sill. J our., Vol. 39, 

1840. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. Sr. Louis 

Acad. Sc. 

Sill. Jour., Vol. 39, 

1840. 

Trans. St. Louis 

A.cad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

A.cad. Sc. 

• Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 
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Table of Observed Magnetic Declinations and Values reduced to the Year 1890-Continued. 

MISSOURI-Continued. 

Kame of station. 

Lawson's Fam1. 

Vienna. 

o I 

38 II 

D 

+0.61 

+0.61 

I), 890.0 i Observer. Reference. 

··'#- ·--·· -------~-. -------! 
0 i I 

6. 29 [ F. E. Nipher. Trans. St. Louis ! 

Acad. Sc. II 

Trans. St. Louis 

Acad. Sc. 

- 6. 64 l'. E. Nipher. 

I i 

92 II 1881. 55 i - 6. 90 

91 54 1881. 54: ·- 7. 25 

I I Tuscumbia. 
I 

38 12 92 30 11881. 55 - 8. 51 +0.61 - 7. 90 [ F. E. Nipher. 
I 
i 
I 

Trans. St.. Louis I 
Acad. Sc. 

. i 
; Warsaw. 93 23 1881.60, 8.85 jo.61 -- 8. 24 I F. E. Nipher. 

Soap Creek. 

Canaan and Dry 38 18 
Fork. 

Kimmswick. 

Linco1n. 

Roedersville. 

' i 
92 50 : 1881. 57 I - 8. 34 +o. 61 - 7. 73 F. E. Nipher. 

91 34 \ 1881. 54 - 7. 18*1 +o. 61 - 6. 57 F. E. l\'ipher. 

I ' 
90 26 \ 188o. 56 - 6. 76 +o. 68 - 6. 08 F. E. Nipher. 

93 21 I 1881. 6o - 9. 31 +o. 61 8. 70 i F. E. :\'.ipher. 

91 IO 1881. 52 - 6. 93 i +o. 61 - 6. 32 I F. E. Nipher. 

Wulfert's Farm. I 38 24 I 91 16 1881.54' - 7.07 +0.61 - 6.46 F. E. Nipher. 

Union. 38 25 ! 90 59 1881. 52 - 6. 6o +o. 61 - 5. 99 F. E. Nipher. 

Versailles. 

Pacific, form~rly I 3S 28 

Franklin. 

F. Kaldeweiher's. 38 28 

Linn, Osage Co. 

Gray's Summit. 

Washington,oldand 38 31 

new station. 

Windsor. 38 32 

Newport and Goe- ! 38 35 

bel's. 

92 53 1881. 56 - 8. 33 +o. 61 - 7. 72 \ F. E. Nipher. 

I 
- 6. 29 I F. E. N'ipher. 

I, 

91 41 1882.49 - 7. 74 +o. 54 - 7. 20 F. E. Nipher. 

91 50 1882.49 - 7. 62 +o. 54 - 7. 08 ! F. E. Nipher. 

90 49 I 882. 46 - 6. 91 +o. 54 - 6. 37 :F. E. Nipher. 

90 59 1881. 53 - ?· 32* +o. 61 

93 33 

91 06 

188r. 6o ! - 8. 72

1 

+o. 61 

1882.47 7. 31* +o. 54 

- 5.71 F. E. Nipher. 

-- 8. II F. E. Nipher. 

- 6.77 F. E. Nipher. 

Jefferson City. 1 38 35 1 92 09 l88r. 65 - 8. 45 +o. 61 - 7. 84 F. E. Nipher. 

Ten Mile House 

and Kirkwood. 

Fred. Bruhn's. :: :: I 

- 6. 6o*I +o. s8 

I 

- 6.02 F. E. Nipher. 

- 6. 87 I +o. 54 - 6.33 F .. E. Nipher. 

! 
' -- - ----·------·-

*Mean of two determinations .. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

: Trans. St. Louis 

Acad. Sc. 

i Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Aca<l. Sc. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

MS. in C. and C. S. 

Office. 

Trans. St. Louis 

Acad. Sc. 

1 Trans. St. Louis 

Acad. Sc. \ 

MS. in C. and G. S. 

Office. 

Trans. St. Louis 

Acad. Sc. 

MS. in C. and G. S. 

Office. 

MS. in C. and C S. 

Office. 
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Tahle of Obser1Jed Magnetic Declinations and Values reduced to the Year 1890-Continued. 

Xame of station. 

California Station 

and Centretown. 

Holden. 

Kear Clayton and St. 

Charles R. R. 

E. Ruck's. 

1 G. Zimn1erman1s 

Place. 

Hermann. 

llfarion. 

Sedalia. 

I Opposite St. Charles 

and Pattonsville. 

Dardenne and 

Heal<ls. 

Little Auxvasse 

Creek. 

"' arrenton. 

Florissant. 

O'Fallon. 

'Vright's City. 

Providence. 

Johnson's Farm and 

Prairie Home. 

Danville. 

Swope's or Black 

Water. 

Sweet Springs. 

Columbia, old and 

new station. 

l .oomis's Farm. 

Franklin. 

o I 

38 43 

38 43 

38 43 

38 47 

38 55 

38 56 

I 

38 571
1 

38 571 

MISSOURI-Continued. 

Oh.server. 

7.68 +0.61 I 7. 07 F. E. N"ipher. 

8. 93 +o. 74 S. r9 F. E. Nipher. 

90 20 1882.08 6. +o. 57 5. 53 1 F. E. Nipher. 

91 20 7. 31 F. E. Nipher. 

93 34 1881, 61: - 9. 25 +o. 59 - 8. 66 F. E. Nipher. 

91 27 1872. 74 

92 25 188I. 65. 

8. 23 +1. 25 

7. 66 +o. 6o: 

93 16 i 1879. 6o - 8. 76 +o. 74' 

6. 98 T. C. Hilgard. 

7. 06 . F. E. Nipher. 

8.02 F. E. Nipher. 

90 30 1881. 68; - 6. 61*
1 

+o. 6o -- 6. 01 F. E. Nipher. 

6. 66*: -+ 0. 57 

92 01 1882. 50 • - 7. 92 i f-o. 54 
i 

6. 56 +o. 54 

90 17 188r. 68 6. 58 +o. 60 

6. 09 : F. E. Nipher. 
I 
i 

7. 38 i F. E. ~-ipher. 

I 
6. 02 I F. E .. Kipher. 

5· 98 j F. E. Nipher. 

go 43 r88o. 83. 6. 76 +o. 66 - 6. rn : F. E. Nipher. 

9100I1878.53 
! 

l I 
92 28 i 1881. 661 

I 
! 

92 40 i 1881. 64 

i 
91 32 ! 1881. 67 

i 

93 3511881. 61 

I 
93 29 ; 1881. 62 

8. 23 ' +o. 83 

7. 65 ...J..o. 6o 

7. 56*] +o. 60 

I 
7. 80 i +o. 60 

8. 62 +o. 59 

[ 

- 9· 40 ; +o. 59 
! 

92 19 : 1880. 10 - 7. 55 +o. 72 

I I 
,, 47 i •88<. 67 I - 7. " I +0.60 i 

I 

92 5711819. 54 -1 I. ;o I 
I I 

i +J· 25 I 

I 
I 

7. 40 : F. E. Xipher. 

7. 05 F. E. Xipher. 

F. E. Nipher. 

7.20 F. E. ?\ipher. 

- 8.03 F. E. Ri1,her. 

- 8.81 F. E. Nipher. 

- 6.83 F. E. Nipher. 

F. E. Nipher. 

S. II. Long. 

* Mean of two determinations. 

Reference. 

Trans. St. Louis ; 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acarl. Sc. and '.lfS. : 

MS. in C. and G. S. 

Office. 

Trans. St. Louis 

Acad. Sc. 

~at. Acad. Sc. 

Trans. St. LQnis 

Acad. Sc. 
I 

Trans. St. Louis 
1 

Acad. Sc. 

Trans. St. Louis 

Acad.Sc.and :'11S. 

Trans. St. Loni s 

Acad.Sc.and :'11S. 

MS. in C. and G. S. 

Office. 

11IS. in C. and G. S. 

Office. 

Tr:rns. St. Louis 

Acacl. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Aca<L Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acal!. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Loni> 

.\cad. Sc. 

Trans. St. Louis 

Acad.Sc.anrl '.l!S. 

Trans. St. Louis 

Acad. Sc. 

Sill. Jour., \'ol. 34, 

1838. 
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Table of Observed Jfagnetic Declinations and Values reduced to tke Year 1890--Continued .. 

'.\:ame of station. 

;\lcCredie. 

Stevens' Store. 

Montgomery City. 

Herndon. 

Arrow Rock and 

Clark's Farm. 

Kansas City. 

~larshall. 

; ~Iexico. 

Lexington. 

Centralia. 

Glasgow. 

Carrollton. 

0 , 

38 58 ! 

39 ()() 

l 

39 ()() i 

39 04 

39 07 

39 08 

39 II 

39 12 

39 13 

39 13 

39 21 

Long Branch of Salt 39 22 

River. 

Long Branch of Salt 

River. 

Cow Island. 

Moberly. 

Louisiana. 

Winkler's. 

Walford's. 

Kingston and Smith's. 

Maysville. 

Hannibal. 

39 24 

39 25 

39 26 

39 28 

39 35 

39 38 

39 40 

39 43 

39 44 

;\IISSOl:RI-Continued. 

D LJD D1w.10·n 

0 

91 55 1881. 67 7. 24 F. E. Kipher. 

- 7. 07 ! F. E. Nipher. 

91 30 1882. 63 ! ·- 7. 12 : +o. 54 . - 6. 58 F. E. ~ipher. 

i 
93 21 1881. 62 - 8. 92 +o. 59 i - 8. 33 F. E. Nipher. 

Reference. 

-------

Trans. St. Louis 

Acad.Sc. 

MS. in C. and G. S. 

Office. 

:MS. in C. an~ G. S. 

Office. 

Trans. St. Louis 

Acad. Sc. 

92 58 1881.63 - 7.90*, +0.59 --· 7.31 F.E.Nipher. Trans. St. Louis 

Acad. Sc. 

9438i18j9.64 -10.22* -;-0.74 - 9.48 F. E. Nipher and Trans. St. Louis 

J.B. Kaufman. 

93 17 1881.63 - 8.54 +0.59 - 7.95 F.E.Nipher. 

91 52 1878. 53 - 7. 64 +a. 83 - 6. 81 F. E. Nipher. 

93 53 . 1879. 64 - 8. 92 +o. 74 -- 8. 18 F. E. Nipher. 

7. 41 F. E. Nipher. 

92 50 1879. 55 - 8. 36 i +o. 74 -- 7. 62 F. E. Kipher. 

93 33 1879. 57 - 8. 50 
1 

+o. 74 - 7. 76 F. E. Nipher. 

91 59 : 1882. 62 ·- 8. oo : +a. 54 - 7. 46 F. E. Nipher. 

92 10 J 1882. 51 - 8. II i +o. 54 - 7. 57 F. E. Nipher. 

94 oo 1819.63 -11.54 +J.22 - 8.32 S. H.Long. 

92 26 1882. 51 - 7. 66 +o. 54 - 7, 12 F. E. Nipher. 

91 07 1878.55 - 7. 12 +o. 83 - 6. 29 F. E. Nipher. 

92 00 . 1882. 62 -- 7.20 F. E. Nipher. 

I 

Acad.Sc.and MS. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

MS. in C. and G. S. 

Office. 

Trans. St. Louis 

Acad. Sc. 

Trans. St. Louis 

Acad. Sc. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

Sill. Jour., Vol. 34, 

1838. 

MS. in C. and G. S. 

Office. 

Trans. St. Louis 

Acad. Sc. 

MS. in C. and G. S. 

Office. 

93 45 ! 1882.55 - 8. 67 +o. 55 - 8. 12 F. E. Nipher. MS. in C. and G. S. 

94 o8 1882. 55 

i Office. 

- 9. 42*! +o. 55 - 8. 87 F. E. Nipher. MS. in C. and G. S. 

Office. 

- 9. 30 / +o. 55 - 8. 75 F. E. Nipher. MS. in C. and G. S. 

! Office. 

I 
i 

94 24 J 1882. 56 

,. '41 •878. ,. 

-------
- 7-14 '1_ +o. 83 .-__ 6._3_1~. F. E. N-1-·p_h-er_. ___ 1_T_ra_ns_._S_t._L_ouis 

_ Acad.Sc. k 
*Mean of two determinations. 
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Tabl,e of Observed Jl!agnetic Declinations and Values red1tced to the Year 1890-Continued. 

Name of station. 

O I 

Shelbyville. 39 44 

~facon. 

Saint Joseph. 

One mile west of 39 47 

Laclede. 

Chillicothe. 39 47 

Isaac Lewis's. 

Linneus. 39 51 

Harris. 39 53 

West Branch, Yel- 39 54 

low Creek. 

i Mercyville. 39 57 

MISSOURI-Continued. 

I. lJ D1.i<9o·o Ohsen-er. 

0 

+0.54 - 7.24 F. E. :Xipher. 
; 
i 

92 30 ; 1882. 52 - 7. 98 -f-o. 54 . - 7. 44 F. E. Nipher. 

Reference. 

ll!S. in C. and G. S. 

Uftice. 

:'.VIS. in C. and G. S. 

(lffice. 

94 49 i. 1879. 66 - 8. 94 +o. 77 -- 8. 17 F. E. Nipher and Trans. St. Louis 

J.B. Kaufman. 

93 17 : 1882. 54 - 8. 18 +o. 55 ! - 7. 63 F. E. '.'lipher. 

93 34 ; 1879. 56 - 8. 52 -f-o. 74 ' - 7. 78 F. E. Nipher. 

92 37 1882.52 - 7.98, +0.54: - 7.44. F.E.Nipher. 

93 13 1882. 54 

92 22 1882.61 

7· 93 +o. 55 - 7. 38 F. E. :'.'lipher. 
: 

7. 62 -+-o. 54 - 7. 08 ; F. E. >iipher. 

93 07 1882. 53 - 8. 27 +o. 55 , - 7. 72 F. E. Nipher. 

92 42 1882. 53 - 8. 28 • +o. 55 - 7. 73 • F. E. Kipher. 

A.cad.Sc.and :\IS. 

?IIS. in C. and G. S. 

Office. 

Trans. St. Louis 

Acad. Sc. 

:l!S. in C. and G. S. 

Office. 

:11S. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

: La Plata. 40 oo ' 92 34 1882. 61 - 8. 15 +o. 55 - 7. 6o · F. E. Nipher. ~1S. in C. and G. S. 

i 

Johnson's. 40 01 I 94 23 1882. 56 - 9· 55 ·. +o. 55 , - 9.00 F. E. Nipher. 

Trenton. 40 03 93 39 1882.58 - 8.06 +0.55: - 7.51 F.E.Nipher. 

Honan's and Mi- 40 o6 93 54 1882. 58 - 8. 79 +o. SS , - 8. 24 F. E. Niphcr. 

chael's. 

Canton. 91 36 1878. 57 - 7· 32 +o. 83 · - 6. 49 F. E. Nipher. 

Shicklerville. 92 58 1882. 6o - 8. 87 +o. 55 - 8. 32 F. E. Nipher. 

Kirksville. 40 12 92 37 1882. 61 - 8. 28 +o. 55 - 7. 73 F. E. Nipher. 

Milan. 40 12 93 II 1882. 6o - 8. 30 -f-o. 55 - 7. 75 F. E. Nipher. 

Amick's. 40 13 93 38 1882. 59 - 8. 23 +o. 55 - 7. 68 F. E. Nipher. 

Albany. 

Office. 

MS. in C. and G. S. ! 

Office. 

MS. in C. and G. S. 

Office. 

~rs. in C. and G. S. 

Office. 

Trans. St. Louis 

Acad. Sc. 

:11S. in C. and G. S. 

Office. 

Trans. St. Louis 

Acad. Sc. 

MS. in C. and G. S. 

Office. 

:\IS. in C. and G. S. 

Office. 

40 15 94 21 1882.57 - 8.43 +0.55 - 7.88 F.E.Nipher. \!S.inC.andG.S., 

I I Office. 

I Bethany. 40 16 , 94 03 1882. 57 j - 8. 72 ! +o. 55 - 8. 17 F. E. Nipher. \lS. in C. and G. S. i 
j I Office. !,[ 

I SE. comer station. 40 16 94 17 1882. 57 - 8. 55 I -f-0. 55 - 8. oo F. E. Nipher. MS. in C. and G. S. 

I I Office. 
·--'------'-----'---'----'----'----'------
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Table of Observed 1lfagnetic Declinations and Va.lues reduced to the Year 1800-Continued. 

MISSOURI-Continued. 

Name of ;tation. D .dD Reference . 

----------- ---------

I ~~~1-0 __ I Observer. 

Bankes's. 

Maryville. 

Princeton. 

Memphis. 

Williams's. 

Ward's and Vnion

ville. 

Fort Ellis. 

:/ Head of Gallatin. I Madison River. 

I 
Virginia City. 

Powder River. 
I 

93 07 1882.6o - 8.63 

40 21 94 58 1879.59 -II. 23 

40 24 93 39 i 1882. 59 - 8. 79 

92 13: 1878.581 - 7.80 

I 
I 

40 27 93 2I I882. 59 ' -- 8. 65 

+0 · 55 - ;, 08 ! F. E. Niphor. 

I 
+0.77 -IO. 46 [ F. E. Nipher. 

I 
+o. 55 - 8. 241 F. E. Nipher. 

+o. 83 - 6. 97 F. E. Nipher. 

+o. 55 : - 8. IO F. E. Nipher. 

MS. in C. and G. S. 

Office. 

Trans. St. Louis I 
Acad. Sc. I 

MS. in C. and G. S. 

11 

Office. 

Trans. St. Louis ' 

Acad. Sc. I 
MS. in C. and G. S. II 

Office. 

+o. 55 I - 7. 70 i F. E. 1\ipher. MS. inc. and G. s. I 

-~-----------'----------'- Offic~------
93 06 1882.6o - 8. 25 

MO::-<TAI\A. 

' I 45 40 I I IO 58 1882. 66 -19. 58 . I I +o. 24 I -19. 34 : B. A. Colonna. 

I 
- ·----·- -·-------------------•-----

-----------[ -----------

45 15 I II 00 ! 1872. 72: -I9. I5 
i . 

45 I6 I II 4I ! I86o. 5 -I9. 00 

45 I9 

' 45 47 

II I 56 I872. 66 -19. 25 

105 03 1859.5 -16.90 

+0.42: -18.73 

0,00 I -I9.00 

+o. 42 --18. 83 

+o. 45 -I6. 45 

F. V. Hayden. 

(W. F. Raynolds). 

F. V. Hayden. 

(W. F. Raynolds). 

Group I. 

MS. in C. and G. S. '. 

Office. 

Group 2. 

i Geol.Sur.Ter.,1873.1 
I I 
: Mo. and Ye!. St. I 

Near Three Forks of 45 52 III 22 186o.5 -20.48 

Exp!. Exp., 1865. i 
Geol.Sur.Ter.,I873. j 

Mo. and Y el. St. I 

Exp!. Exp., 1865. 

o. oo -20. 48 (W. F. Raynolds). Mo. and Ye!. St. 

l\Iissouri. 

Yellowstone River. 

Rosebud River. 

.Fort Sarpy. 

Fort Owen. 

Helena. 

Hell Gate. 

Bitter Root. 

Fort Benton. 

Near Fort Cnion. 

Exp!. Exp., 1865. 

45 56 108 22 I860.5 -17.93 +0.22 -17. 71 (W. F. Raynolds). Mo. and Yel. St. 

+0.45 -17. 381 (W. F. Raynolds). 

Exp!. Exp., 1865. 

Mo. ana Ye!. St. 106 23 1859. 5 
Exp!. Exp., 1865. 

107 04 1859. 5 -18. oo +o. 45 -I7. 55 (W. F. Raynolds). Mo. and Ye!. St. 

II358:1853.5 --19.42 

112 02•' 1872.78 -19.98 

113 59 186o.5 -21.00 

-o. 28 -19. 70 I. I. Stevens. 

+o. 42 -19. 56 F. V. Hayden. 

o.oo -21.00 J. Mullan. 

47 I9 1 I 15 04 1800. 5 -20. 75 -o. 22 -20. 97 J. Mullan. 

4i 50 110 39 186o. 5 --20. 40 o. oo -20. 40 J. Mullan. 

47 56 I04 02 186o. 5 -19. 93 +o. 90 --19. 03 J. Mullan. 

*Corrected. 

Expl. Exp., I865. 

C. S. Rep., 1856. 

Geol.Sur.Ter.,I873. 

Stone's Mag. Var., 

1878. 

Stone's Mag. Var., I 
I878. 

Stone's Mag. Var., 

I878. 

Mo. and Y el. St. 

Exp!. Exp., 1865. 
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Table of Observed Magnetic Declinations and Values reduced to the Year 1890-Continued. 

l l-;:e of station. 

I Fort Union. 

, South Crossing Koo-

l tenay. 

I Kootenay River. 

i Camp Kootenay East. . 

j :Korth west Boundary , 

I Station. 
. Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

MONT ANA-Continued. 

I 
cp ! i. , D "1fl 

·--~----! 
O I ( O I l 

48 03 ! 104 oo ; 1853. 5 -16. 80 +o. 96 

48 22: 115 21 ,1861.51 -22.27: -0.20 

48 40: 115 17 1861.51 -23.40 i -0.20 
i 

48 59 . 115 12 : 1861. 5 : -22. 97 -0. 20 

49 00 104 05 1873. 7 -18. 42 1-0. 67 

49 oo : 104 20 I873. 7 -18. 83 +o. 67 

49 oo i 104 30 1874. 5 -18. 50 +o. 63 
i 

Dmio·n Observer. 

-15. 84 l. I. Stevens. 

--22. 47 R. W. Haig. 

-23. 6o : R. W. Haig. 

-23. 17 : J. S. Harris. 

- 17. 75 W. J. Twining. 

-18. I6 ' W. J. Twining. 

-I7. 87 W. J. Twining. 

49 00 104 45 I873. 7 -IS. 25 +o. 67 -17. 58 i W. J. Twining. 

49 00 105 IO l87J. 7 1 -19. 53 +o. 67 -IS. 86 \V. J. Twining. 

49 00 105 25 I' ·-3. 8 -19. 93 +o. 66 -19. 27 W. J. Twining. 

49 00 105 30 1874. 5 +0.63 -19.20 W.J. Twining. 

49 00 105 33 I873. 8 -19. 75 +o.66 W. J. Twining. 

49 00 105 45 1874.5 -20.25 +0.63 -19.62 W. J. Twining. 

49 00 105 55 1874. 5 -19.83 +0.63 -19. 20 W. J. Twining. 

49 00: 106 05 1874.5 -20.33 -19.70 W. J. Twining. 

49 00 106 28 I874. 5 -20.50 +0.63 --19.87 W. J. Twining. 

I 49 oo 
ro6 30 1874.5 -20.33 +0.63 \V. J. Twining. 

49 oo 1o6 45 I874. 6 -20. 17 l +o. 63 -19. 54 \V. J. Twining. 

49 oo 1o6 50 1874. 6 -20. 33 +o. 63 -19. 70 W. J. Twining. 

49 00 1o6 55 1874. 6 -20. oo i +o. 63 -19. 37 W. J. Twining. 

49 00 107 10 1874.6 -20.67 1 +0.63 -20.04 W.J.Twiniug. 

49 00 ro7 15 1874.6 -.20.17 +0.63 -19.54 W.J.Twining. 

__ n_o_. ____ I ,. ~1 ·~'° i'''M 
-20. 12 W. J. Twining. 

Re'."crence. 

: C. S. Rep., 1856. 

Phil. Trans. Roy. 

Soc., 1864. 

Phil. Trans. Roy. 

Soc., 1864. 

:'llS. (XW. Bound. 

Sur.). 

Rep. N"~. Bound., i 

1878. 

Rep. N\Y. Bound .. ' 

1878. 

Rep. N\Y. Bound., 

1878. 

Rep. KW. Bound .. 

1878. 

Rep. NW. Bound., 

1878. 

Rep. XW. Bound., : 

1878. 

Rep. N\V. Bound., 

1878. 

Rep. NW. Bound., 

1878. 

Rep. NW. Bound., , 

1878. 

Rep. NW. Bound., 

1878. 

Rep. NW. Bound., ; 

1878. 

Rep. NW. Bound., 

1878. 

Rep. NW. Bound., : 

1878. 

Rep. NW. Bound., 

1878. 

Rep. NW. Bound., 

1878. 

Rep. NW. Bound., 

1878. 

Rep. N\V. Bourn.l., 

1878. 

Rep. NW. Bound., 

1878. 

Rep. N\V. Bound., 

1878. 
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Table of Obsen•ed .U.agnetic Declinations and Vafaes reduced to the l'ear 1890-Continued. 

MONTA:\A-Continued. 

--------
I 

Name of station. <p I. D .d lJ D,..,10·0 I Observer. Reference . 
__ , ___ -----1 

0 I 0 I 0 

Northwest Boundary 49 00: I07 40: I874.6 -20.83 +0.63 -20. 20 I W. J. Twining. Rep. NW. Bound., 
1 

Station. 1878. 

Do. 49 oo I 107 50 '1874.6 
I 

-20.63 +0.63 -20. 00 W.J. Twining. Rep. NW. Bound., 

1878. 

Do. 49 00 109 00 : 1874. 5 --21. 00 +0.50 '-20. 50 W.J. Twining. Rep. NW. Bound., i 
1878. I 

Do. 49 00 109 40 1874.6 -20.38 +o. 50 -19. 88 W. J. Twining. Rep. NW. Bound., 

1878. 

Do. 49 00 IIO 30 1874.5 -22.00 +0.50 -2I. 50 W.J. Twining. Rep. NW. Bound., 

I878. 

Do. 49 00 110 45 1874.6 -22. 75 +0.50 -22.25 W.J. Twining. Rep. NW. Bound., 

1878. 

Do. 49 00 III 05 1874.6 -22. 17 +0.50 -21.67 W. J. Twining. Rep. NW. Bound., 

I878. 

Uo. 49 00 III 28 1874.6 -22.67 +0.50 -22. I7 W. J. Twining. Rep. N,V. Bound., 

1878. 

Do. 49 00 III 30 1874.6 -22. 42 +0.50 -21.92 W. J. Twining. Rep. NW. Bound., 

1878. 

Do. 49 00 III 35 1874.6 -22.17 +0.50 -21.67 W.J. Twining. Rep. NW. Bound., 

1878. 

Do. 49 00 112 00 1874.6 -22.50 +0.38 -22. 12 W. J. Twining. Rep. NW. Bound., 

1878. 

Do. 49 00 II2 35 1874.6 -22.50 +0.38 -22. 12 W. J. Twining. Rep. NW. Bound., 

1878. 

Do. 49 00 II2 55 1874.6 -22.53 +0.38 -·22. 15 W. J. Twining. Rep. NW. Bound., 

1878. 

Do. 49 00 113 00 1874. 6 22.83 +0.38 -22.45 W. J. Twining. Rep. NW. Bound., 

1878. 

Do. 49 00 113 05 1874.6 -23.27 +0.38 -22.89 W. J. Twining. Rep. NW. Bound., 

1878. 

Do. 49 00 113 20 1874.6 I -23.75 +0.38 -23.37 W. J. Twining. Rep. NW. Bound., 

1-23.83 
l 1878. 

Northwest Boundary 49 00 113 40 1874.6 +0.38 --23. 45 W. J. Twining. I Rep. NW. Bound., 

/ Station, near R. M. ! I 1878. 
Divide. 

! Northwest Boundary 49 00 114 00 1874.6 -23.33 +0.38 -22.95 W. J. Twining. I Rep. NW. Bound., 
Station near Divide. I 1878. 

! Camp Kishenehu. 
49 00 I 114 21 1861.5 -22.97 0.00 -22. 971 J. S. Harris. , MS. (NW. Bound. 

I 

I I Sur.). 
i 

--------------

NEBRASKA. Group I. 

i I I l ~-~~-ha (S. V. S.). 
41 16 955611888.74[ - 9.49 -9. 461 J. B. Baylor. MS. in C. and G. S. 

I Office. 
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Table of Observed Jllagnetic Declinations and Values reduced to the Year 1890-Continued. 

Name of station. 

Rock Creek. 

Big Sandy River. 

I~ittle Blue River. 

Brownville. 

Peru. 

Elm Creek. 

Fort Kearney. 

Camp :t\o. 2. 

Nebraska City. 

Grand Island. 

Do. 

Platte River. 

Plattsmouth. 

Camp No. 25. 

Camp No. 22. 

Sidney. 

North Platte. 

Do. 
i 

i 
Engineer's 

ment. 

Canton· i 

I 
North Platte. 

I 
Niobrara River. 

Soldier's Creek. 

Indian Creek. 

NEBRASKA-Continued. 

t Ll AD Observer. 

I 

40 II 97 02 ! 1858. 6 , -12. 10* +z. 14 - 9. 96 J. H. Simpson. 

Group 2. 

Reference. 

Stone's ~fag. Var., 

1878. 

40 12 97 12 1858.6 -13.65* +z.14 ! -u.51 ].II.Simpson. Stone's :\fag. Var., 

1878. 

40 15 i 98 10 . 1858. 6 -13. 72*1 +2. 14 --1 l. 58 ]. H. Simpson. Stone's '.\fag. Yar., 

1878. 

40 42 

40 55 

40 55 
40 58 

41 01 

41 03 

41 05 

41 08 

41 II 

41 23 

.p 25 

42 34 

42 591 

9544 1 1877.5 -11.25 +0.93 -10.32 A.H.Baisdell. 

95 45 i.1888. 42 -IO, 22 +o. I 1 -IO. 11 H. W. Bouton. 

98 30 1858. 6 -12. 30* +1. go -10. 40 ]. H. Simpson. 

98 56 1858. 7 -13. 6j* +1. 81 -11. 82 J. H. Simpson. 

99 54 1858. 7 -13. 28* +1. 64 -11,64 J. II. Simpson. 

95 52 1880. 5 -IO. 22 +o. 71 ' - 9. 51 C.R. Suter. 

98 18 1878. 66 -12. 86 +o. 84 ' -12. 02 · T. E. Thorpe. 

98 23 1872.82. -13.22 +1.24 

100 35 1858.9 -13. 53*, +1. 64 

-1i.98 T. C. Hilgard. 

-I I. 89 J. H. Simpson. 

95 53 1877. 5 -11. 25 +o. 93 -IO. 32 A.H. Bais<lell. 

IOI 50 1858. 7 -1 I. 88 J. H. Simpson. 
I 

100 50 1858.7 -11.08* +1.64 - 9.44 1 J.H.Simpson. 

102 55 
100 45 

I02 15 

1872. 82: -14. 62 

1872.82i -13.12 

1853. 7 : -15. 43*, 
I 

96 00 1819. 72 -12. 98 +3· 17 

• i 
57 i 1877. 74 i 

: i 
103 -15.45 +0.63 

-13. 81 T. C. Hilgarcl. 

-12. 10 T. C. Hilgarcl. 

-13. 96 J. II. Simpson. 

- 9. 81 S. H. Long. 

-14. 46 1 J. H. Simpson. 
! 

-14. 82 i W. S. Stanton. 

103 28 · 1877. 7.5 i -15. 50 +o. 63 -14. 87 ! W. S. Stanton. 

Rep. Ch. of Eng's, 

1878. 

MS. in C. and G. S. 

Office. 

Stone's l\iag. 'r ar., 

1878. 

Stone's :\lag. Yar., 

1878. 

Stone's Mag. Yar., 

1878. 

Rep. Ch. of Eng's, 

1880. 

Proc. Roy. Soc., 

1880. 

Nat. Acad. Sc. 

Stone's :'11ag. Var., 

1878. 

Rep. Ch. of Eng's, 

1878. 

Stone's Mag. Var., 

i87~. 

Stone's Mag. Var., 

I878. 

Nat. Aca<l. Sc. 

Nat. Acad. Sc. 

Stone's Mag. Var., 

1878. 

Exp!. Exp·n to the 

Rocky l\its.,1823. i 

Stone's Mag. Var., 

1878. 

Rep. Ch. of Eug's, 

1878. 

Rep. Ch. of Eng's, 1 

1878. ' 
' i 

-16. 02 I \\'. S. Stanton. Rep. Ch. of Eng's, 1 104 03 +0.63 

-··--------- --- ----- ~~---/ 
*An index correction of+ 1° has been applied to all of Captain Simpson's declinations.-[ScH.] 



 

302 UNITED STATES COAST .AND GEODETIC SURVEY. 

Table of OfJserved Magnetic Declinations and Values reduced to tlte Year 1890-Continned. 

I 1--
Name of station. 

Pioche trian. station. 

White Pine. 

I 
I 

! Jeff. Davis. 

I 
Tres Pinos. 

Lehman's Ranch. 

Austin. 

Reno. 

Eureka, town. 

Verdi. 

o I 

37 59 ; 

38 59 

39 00 

39 OJ 

39 29 

39 30 

39 31 

39 31 

Eureka trian. station. i 39 35 

~!ount Callahan. 39 43 

Hot Springs. 39 47 

Mineral Hill. 40 IO'. 

Rye Patch. 

Battle Mountain. 

Elko. 40 47 

\Vinnemucca. 

Wells Station. 

: Tecoma. 41 20 

NEVADA. Group I. 

- -- ---1------------

0bse~~~·~· !- _R<f"<O":. . I 
W. Eimbeck and G. I MS. inc. and G. s.11 

F. Bird. , Office. 

W.EimbeckandR. C. and G. S. Rep., i 

D .dD t 

o I 0 

I 14 03 1883. 74' -17. 18 , +o. IO : -17. 08 ' 

u5 30 1881. 88 -16. 07 +o. 12 -15. 95 

A. Marr. 1881, App. 9. , •. 

W.EimbeckandR. MS. inC. andG.S. 

A. Marr. Office. 

I 14 19 1882. 89 -16. 50 +o. I I : -16. 39 

W. Eimbeckand R. ; MS. in C. and G. S. r 
A. Marr. Office. I 

W. Eimbeck and R. · l\lS. in C. and G. S. 

I 14 14 1882. 92 -16. 38 +o. I I -16. 27 

Il4 o8 1882. 94 -16. 28 +o. II -16. 17 

Office. II 

W.EimbeckandR. ! C. and G. S. Rep., 

1881, App. 9. 

A. Marr. 
i 

II7 04 r88r. 41 -16. 95 ' +o. 13 i -16. 82 

A. Marr. 

119 49 1881.28 -17.81 +0.14 -17.67 W. Eimbeck and R. C. and G. S. Rep., ! 
A.Marr. 1881,App.9. 

11558 188x.38[-16.61 +0.13 -16.48 W.EimbeckandR. C.andG.S.Rep., 

A. Marr. 188r,App.9. 

o. oo -17. 44 R. A. Marr. MS. in C. and G. S. 

Office. 

11549 r88r.70 -16.83 +o.12!-16.71 W.Eirnbeckan<lR. C.andG.S.Rep., 

A. Marr. 1881,App.9. 

116 57 188x.53 -17.07 +0.12 -16.95 \V.EimbeckandR. C.andG. S.Rep., 

118 56 1881.29 --17.44 +o. 14 

116 12 1881.39 -17.05 +o. 14 -16.91 

II8 18 1881. -17. 83 +o. 14 

I 
116 50 -17. 58 ! +o. 14 -17.44 

A. Marr. 1881, App.9. 

W. Eirnbeckand R. 

A. Marr. 

W. Eimbeckand R. 

A. Marr. 

W. Eimheckand R. 

A. Marr. 

W. Eimbeckand R. 

A. Marr. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. 5. Rep., 

1881, App. 9. 

C. and G. 5. Rep., 

1881,App.9. 

C. and G. 5. Rep., 

1881,App.9. 

115 46 1881. 32 -17. 51 +o. 14 -17. 37 W. Eimbeckand R. C. and G. S. Rep., 

u7 44 188r. 30 i -17. 65 I +o. 14 

I 
I 

114 56 1881.32, -17.36 i 
i 

i 
-17.47 I 

! 

i 
114 06 j 1881. 33. 

I 

A. Marr. 

W. Eimbeck and R. 

A. Marr. 

W. Eimbeckand R. 

A. Marr. 

1881,App.9. 

C. and G. S. Rep., 

1881, App.9. 

C. and G. S. Rep., 

1881,App.9. 

W. Eimbeck and R. C. and G. S. Rep., 

A. Marr. 1881. App. 9. 
______ __: ______ !_ _____ ~'--

Group 2. 

Vegas Wash. 114 40 1869. S -16. 02 +o. 10 -15. 92 G. W. Wheelerand Rep. Ch. of Eng's, I 
-~---~-D_._w_·.-~kwood. ~--18~~---- I 
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Table of Observed Magnetic .Dtclinations atid Values reduced to the Year 1890-Continued. 

NEVADA t-Continued. 

Name of station. 

-,--.1-1 ______ ! 

I D AD 
; 

----:------ ---!----i----
0 I l o I 

Stone Ferry. 36 08 I IJi,,4. 25 1875.6 -14. 97 +o. 15 

Mouth of Rio Virgin. I 36 09 114 22 i 1869.5 

Las Vegas Range. I 36 II i 

Saint Thomas. 

Indian Spring. 

West Point. 36 41 

Mud Spring. 37 I I 

Mormon Canon. 37 16 

Clover Valley. 37 30 

Schafer Spring. 
1 

37 34 

Spring below Pana- 37 46 

cea. 

Rose Valley. 37 55 ' 

Pioche. 

Quinn Canon. 

Homer, Cedar Valley. 

Sheep Range, Cedar 

Valley. 

Milo, Hop Creek. 

Cave v .. ney. 

Benson's Creek. 

1 
37 55 ) 

37 58 

38 391 

38 41 

115 03 1869.5 -15.14 

I 

114 19 1869. 5 i --15. 79 

I I4 28 1869. 5 

I I4 26 I872. 5 

115 45 I 1869. 5 
\ 

I 
I I4 IO 1869. 5 

114 22 \i1869. s 

I14 3o I I8~. 5 

I 
I 14 49 I869. 5 

-15. 32 

-16.05 

-16. 58 

-14.42 

-16.18 

-15.97 

-16.34 

-16.77 

-16.00 

-16. 271 

-I6.40 

+o. IO 

+o. IO 

+o. JO 

+0.10 

+o. JO 

+o. IO 

+o. JO 

+o. IO 

+a.JO 

+o.IO 

+o. I3 

+0.10 

+o. IO 

+0.10 

+o.Io 

+o. IO 

+o. IO 

Observer. l{eference. 

-14. 82 E. Bergland. Rep. Ch. of Eng's, i 

1876. 

-I5. 69 , G. W. Wheeler and Rep. Ch. of Eng's, 

D.W. Lockwood. 1876. 

-15. 04 G. W. Wheeler and Rep. Ch. of Eng's, 

1876. D.W.Lockwood. 

-15.69 G. W. Wheelerand Rep. Ch. of Eng's, I 
1876. I U. W. Lockwood. ! 

-15. 59 1 G. \V. Wheeler. Rep. Ch. of Eng's, 

1876. 

-15.22 

-15.95 

-16.24 

-17.57 

-I6.67 

- 16. I7 

-16.30 

G. \V. \\·heeler and 

D.,V. Lockwood 

G. W. \\'heeler and 

D.\V. Lockwood. 

G. \V. \\'heeler and 

D.\V. Lockwood. 

G. W. Wheeler and 

D. VI'. Lockwood. 

D. W. Lockwood. 

G. W. Wheeler. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

I876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

G. W. '\'heeler and Rep. Ch. of Eng's, 

D.W. Lockwood. 1876. 

Eng'r Officer. Tab. Geo. Pos. U. 

S. Eng's, I883. 

G. W. Wheeler and Rep. Ch. of Eng's, 

D.W. Lockwood. / 1876. 

G. W. Wheeler. Rep. Ch. of Eng's, 

G. W. Wheeler. 

G. W. Wheeler. 

G. W. Wheeler and 

D.W. Lockwood. 

G. W. Wheeler. 

1876. I 
Rep. Ch. of Eng's, ' 

1876. 

Stone's Mag. Var., 1
1 

1878. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Clear Creek. I I4 25 1869. 5 -16,44 +0.10 -I6.34 G. \'\'.Wheeler. , Rep. Ch. of Eng's, 

1876. 
I 

-16. 50 I +o. 15 -I6. 35 Eng'r Officer. 
I 

Dea\i Horse Weli. 

Rattlesnake Spring. 

38 54 

38 57 

118 23 I876. 5 

I 
114 26 I I8~. 5 , -16. 30 +o. 10 -16. 20 ' G. W. \Vheeler and 

I D.W.Lockwood. 

~~------!..~~--'---~----'-~~~-'-~ 

1 Tab. Geo. Pos. U. 

S Eng's, 1883. 

Rep. Ch. of Eng·s, 

1876. 

t The longitudes for the most part were assigned by myself; the values are approximate.-(Scu.] 
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Table of Observed Magnetic Decl-inations and Values reduced to the Year 1890-Continued. 

JS"ame of station. i <p 

---- --·------~-~--1---· -
i 
i 

McMahon's Ranch. i 

I 
Genoa Carson Yalley.1 

Ice Creek. 

Glenbroo!<, wharf, 

Lake Tahoe. 

i 

0 ' 

39 00 

39 02 

39 05 

Big Rend, \\"alker 39 09 

River. 

Sacramento District. 39 10 

Carson City. 39 10 

Monte Christo Mill. 39 1 3 

Murray Creek. 39 15 

Near Hamilton. 39 16 

Center Station, 39 16 

American Flat. 

Carson Lake. 39 24 

Antelope Springs. 39 26 

Piermont. 39 29 

Patterson's Ranch. 39 31 

Ko-bah Valley. 39 44 

Antelope Valley. i 39 47 

Slough, Long Valley. 39 50 

r:agan Calion. 39 52 

Cho-Keep Pass. 39 54 

Huntingdon's Spring 40 01 

Camp Ruby. 40 04 

NEV ADA-Continued. 

-----------------

D 1~! D,~~_ i __ ~:rver. ____ _) Reference. I 
0 I 0 I 0 I I I 

I 17 28 1876. 5 -15. 69 i +o. 15 -15. 54 i Eng'r Officer. Ta:.· ~;-..~;~3~· 111 

\ l . 119 40 1877. 0 I -16. 78 ! +o. 05 -16. 73 i r. N. Macomb. l<ep. Ch. of Eng's, . 

1 · 1876. I 
I I 

: :: :: : :: : = ::· :: • :: :: . _ :: : i :; ;::;::: . ::~87l~of~~:: i 
-16. 43*, -0. 22 

II4 23 +0.10 

-16. 65 i J. H. Simpson. 

-16.36 G. W. Wheeler. 

S. Eng's, 1883. i 
Stone's Mag. Var.,. Ii 

1&78. 

Rep. Ch. of Eng's, I 
1876. I 

119 46 1 1876. 5 -16. 78 +o. 05 -16. 73 Eng'r Officer. Tab. Geo. Pos. U. 

! 
II5 35 i 1869. 5 

I 14 51 I 1869. 5 

I 15 26 ! 1869. 5 

I 

I18 30 i 1859. 6 

S. Eng's, 1883. 

-17. 08 +o. 10 , -16. 98 (;. W. Wheeler and Tab. Geo. Pos. U. 

, -16. 

I 
-17.01 

H. l\L Robert. S. Eng's, 1883. 

+o. 10 , -16. 49 G. W. Wheelerand Rep. Ch. of Eng's, 

D.W.Lockwuod. i 1876. 

+o. 10 -16. 62 G. ,V, Wheeler and I Rep. Ch. of Eng's, 

H. l\I. Robert. 1876. 

+o. 05 -I6. 45 Eng'r Officer. Tab. Geo. Pos. U. 

-0. Z2 -16.90 

+o. IO -16. 91 
I 

S. Eng's, 1883. 

J. H. Simpson. Stone's Mag. Var., 

1878. 
G. W. \'{heeler and Rep. Ch. of Eng's, 

D.W. Lockwood. . I876. 

I 14 JI 1872. 5 -16. 78 +o. 13 -16. 65 R. L. Hoxie. Rep. Ch. of Eng's, 

I876. 

I 17 45 1876. 5 -16. 46 +o. 15 -16. 31 Eng'r Officer. 

I 16 IO 1858. 9 --16. 23* -0. 13 -16.36 J.H.Simpson. 

I 
114 12 1859. 5 -16. 28*1-o. 12 -16. 40 J. H. Simpson. 

115 24 1869.5 -17. oo i +o. 20 -16. So G. W. Wheelerand 1 

1 Tab. Geo. Pos. U. 

S. Eng's, 1883. 

Stone's Mag. Var., 

1878. 

Stone's Mag. Var., 

1878. 

I D.W. Lockwood. 1 

Rep. Ch. of Eng's, 

1876. 

I 14 58 1859. 5 

i 

Stone's Mag. Var., 

1878. 
-16. 28*1 -o. 12 -16. 40 I J. H. Simpson. 

115 45 1858. 9 -16. SJ*i -0.02 -16. 551 J. H. Simpson. 

I I I 
Stone's Mag. Var., 

1878. 

115 19 i 1859. S -17. 6o*] -o. 12 -17. 72 J J. H. Simpson. 

I I I 
115 31 i 1869. 5 -17. 15 +o. 20 -16.95 I G. W. Wheeler and 

Stone's Mag. ~ar., 

1878. 

Rep. Ch. of Eng's, 

1876. 
!:

I HM Rb I . . o ert. 

-----------'-----'-----'----'-----'-'-----'-------------------
*An index correction of +0°.50 has been applied to all of Captain Simpson's declinations.-(ScH.) 



 

UNITED STATES CO.A.ST .A.ND GEODETIC SURVEY. ~05 

Table of Observed Magrietic Decli1iations and Values reduced to the Year 1890-Continued . 

Kame of station. 

Cold Spring. 

Pearl Creek 

Willow Creek. 

Crescent Station. 

Camp Halleck. 

Troy. 

Chestcrfielil(S. V.S.). 

Isles of Shoals. 

Unkonoonuc. 

Patuccawa. 

Guns tock. 

Hanover, n.:arobser-

vatory. 

Hanover, ¥mile W. I 
ofohs'y (S. V. S.). ' 

Littleton. 

Gorham. 

.NEV ADA-Continued. 

Reference. D 
1 

AD \ D, 890.0 Observer. 

------1---'----i-----i----:-- --
0 / ( 0 ! 0; 0 

n5 42 i 1869. 5 -17. 21 i +o. 20 i -17. 01 G. W. 'Wheeler. 
' ' I 
: I l 
I I I 

Il) 44 \ 1869. 5 -16. 31 i +o. 20 ! -16. II 

II544 1869.5 -17.45;+0.2ol-17.25 

Rep. Ch.~~-Eng's, I 
1876. I 

G. W. 'Wheeler and Rep. Ch. of Eng's, I 

D.W. Lockwood. 
1 

1876. I 
G_ W. Wheeler and: Rep. Ch. of Eng's, 1

1 

40 45 Ii II5 40 i 1869. 5 
I 

I I 
I I 

-17. 87 I +o. 20 1 -17. 67 
I . 

D.W. Lockwood. j 1876. i 
G. W. \\'heeler. ' Stont', :\fag. \·ar., ! 

1s1s. I ' 
-16. 36 i +o. 20 -16. 16 

i 
G. W. Wheeler and I Rep. Ch. of Eng's, 

H. M. Robert. 1876. 
40 49' 

! 
II5 20 I 1869. 

l\EW IIA:\IPSHlRE. Group I. 

42 50 : 72 II : 186r. 61 -+ 9.06 +z. 39 -j-II.45 G. W. Dean, R. E. C. and G. S. Rep., 

Halter (A. D. 1881,App.9. 

Bacht). 

42 54 72 26 1874. 76 +10.44 +11. 96 ; T. C. Hilgarcl. C. and G. S. Rep., 

1881, App. 9. 

42 59 70 37 1847. 62: +10.06 +3· 21 +13. 27 T. J. Lee. ' C. and G. S. Rep., ' 

I 1881, ,\pp. 9· 

42 59 71 35 1848. 77: + 9.07 i +3· 27 +12. 3.i J. S. Ruth. C. and G. S. Rep., 

i i 
1881,App.9. 

43 07 71 12 1849.63 +10.71' +3.18 +13.89: C. 0. Boutelle. C. and. G. S. Rep., 

1881, App. 9-

43 31 7r 22 186o. 54' +10.90 i +2. 22 +13. 12 G. W.Dean(A.D. C. and G. S. Rep., 

I I Bache). 1881, App, 9. ! 

43 42 72 17 18j9. 76 j +10.84: -- ··--- +11.68 J.B. Baylor. C. and G. !'.:'. Rep., 

I I 1881, App. 9. I 
I 

+u.64 ! I 

43 42 72 18 1879. 76! 
' 

+12. 48 J.B. Baylor. C. and G. S. Rep., 
I i 1881, App. 9. I I 

44 19 7l 48 187J. 74 j +12. 58 l +1. 20 +13. 78 T. C. Hilgard. C. and G. S. Rep., 

i I 1881, App. 9. 

44 22 71 15 187J. 731 +13.78 I ,-1.20 +14.98 T. C. Hilganl. C. and G. S. Rep., 

i 1881, App. 9. 
! 

-------'-----------~------------~--------------- ---

Group 2. 

I I 
I Hinsdale. 4246 \ 72 17 1772. 5 \ + 6.oo --Wright. Sill. Jour_, \" ol. 34, 

1838. 
: 

I I+ 9.78 I 
I +11.45

1 

+0.70 

I + 8. 53 I +4· 62 

I I 

Portsmouth, Boiling I 43 05 70 45 1844. s 
Rock (S. \T. S.). I 

Concord. I 43 12 71 29 1879.5 

Plymouth. j 43 45 71 42 1830.7 

I 

Phil. Trans. Roy. 

Soc., 1872. 

MS. in C. and G. S. 

Office. 

Phil. Trans. Roy. 

Soc., 1849. 

+13. 29 (Bound. Sur.). 

+12. 15 J. N. McClintock. 

+13. 15 J. D. Graham. 

H- Ex. 55--20 
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Table <>f Observed llfagnetic Declinations and Values redu~d t-0 the Year 1890-Continued. 

NEW HAMPSHIRE-Continued. 

··--------~--~1---~--~------~---~------~-----~I 

Name of station. • <p I ~ , : D L1D D 1890•0 Observer. Refere~c-e. __ I, 

West Romney. 

\Varren. 

Haverhill. 

Lyman. 

Fabyan Hotel. 

Cape May Light. 

Townbank. 

' Sea Isle City. 

Egg Island Light. 

Port Norris. 

!-:---1-:--0 -0 0 

i :3 :9 7°1 ;3 : 18~0. 7 + 9. 63 +4· 62 +14. 25 / J. D. Graham. 

I I ! 
! 43 56 71 5511830. 7 + 9. 13 +4· 62 I +13. 75 i J. D. Graham. 

I I 
I 

44 02 72 0511830. 7 + 7. 53 +4· 62 I +12. 15 I J. D. Graham. 

I 1 

44 13 71 54 1 1879. 5 +n. 551 +o. 761 +12. 31 ! J. N. ~IcClintock. 

-~~-44-:, ,. ,, I""·., + ... ,, i +J.,. I +,..,, J. ""'"· 

38 56 : 

! 
38 59 I 

39 09 ! 
I 
! 

39 IO 1 

39 15 

NEW JERSEY. 

74 5811874. 48 + 4. 63 

74 58 1846.50 + 2.98 

+r. IO i + 5· 73 : T. C. Hilgard. 

i 
I ' +3· 14 + 6. 12 • J. Locke. 

I 
74 42 1884. 45 + 5. 90 I +o. 38 + 6. 28 J.B. Baylor. 

I 

75 08 1846. 48 + 3. 05 +3· 14 · + 6. 19 J. Locke. 

75 01 1846. 48 + 3. 07 +3· 14 + 6. 21 J. Locke. 

Phil. Trans. Roy. I 
Soc., 1849. I' 

Phil. Trans. Roy. , 

Soc., 1849. 

Phil. Trans. Roy. 1' 

Soc., 1849. 

MS. in C. and G. S. 

Office. 

Smith'n Cont's,Vol. 

III, 1852. 

Group 1. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

MS. in C. and G. S. 

j Office. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

Atlantic City, near 39 22 74 25 186o. 64 + 4. 90 +2. 12 + 7. 02 C. A. Schott. C. and G. S. Rep., 

1881, App. 9. Light House. 

Pinc Mount. 39 25 

Hawkins. 39 26 

Olcl' Inlet, Tucker's 39 31 

Island. 

Long Beach. 39 32 

Church L'lnding. 39 41 

Barnegat Light. 

Chew. 

White Hill. 40 o8 

Mount Rose. 40 22 

Mount Mitchell. 

75 20 1846. 46 + 3. 24 + 3. 12 + 6. 36 J. Locke. 

75 17 1846. 47 + 2. 98 +3· rz + 6. 10 J. Locke. 

74 17 1846. 86 + 4. 46 +3· 07 + 7. 53 T. J. Lee. 

74 16 186o. 65 + 5. 31 +2. 12 + 7. 43 C. A. Schott. 

74 o6 186o. 65 + 5. 40 +2. 12 + 7. 52 C. A. Schott. 

75 IO 1846, 53 + 3. 75 +3· 12 + 6. 87 J. Locke. 

7444 1846.38 +4·43 +J.08 +1.51 }.Locke. 

74 43 1852. 62 + 5. 53 +2. 56 + 8. og J.E. Hilgard. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881, App. 9. 

74 oo 1844. 04 + 5. 66 +z. 6o .+ S. 26 G. M. Bache and C. and G. S. Rep., 

J. Hall. 188r,App. 9. 
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Table of Observed Magnetic .Declinations and Values reduced to the Yea.r 1890-Continued. 
NEW JERSEY-Continued. 

- --------~--i--~---i-----

I , 
D .dD ; D,...,.o Observer. '-- Name of station. 

I S.ody Hook. 

i---i----l __________ l ____ , 

0 I I ! 
-----j---- --·-----------

I N"wark. 

; Bergen Neck. 

L 
Cape May, vicinity 

of Cape May City i 

and Light. 

Ocean View. 

Maurice River Lt., 

near Port Norris. 

Port Norris. 

Atlantic City, near 

Lt. 

Bridgeton, average. 

May's Landing, aver

age. 

Newfield. 

Bass River. 

Salem. 

Tuckerton, vicinity 

of village. 

West Creek. 

Hammonton. 

40 28 74 00 11885.75! + 7.88 
I 

+o. 17 i + 8.05 J. B. Baylor. 
I 

' I I 
40 45 74 IO i 1846. 371· + 5· 58 i +z. 43 i 

I I ' 

4046 7403 1 1840.66
1 

+ 5.88 i +z.83 
I 

38 56 74 57 I 1887. 8 + 5. 18 

39 II 74 44 1887. 8 + 5· 67 

39 12 75 02 . 1883. 5 + 5. 08 

39 15 75 02 ',1887.8 + 5.40 

39 22 74 25 1887. 8 + 6. 37 

75 14 I 1887.8 + 5.32 

39 27 7444 ,1887.8 

! 

+ 5. 87 

39 32 75 DI 1887. 8 + 5. 75 

39 35 74 27 1885. 6 + 6. 50 

39 35 

I 
1s 2& 1887.8 I+ 5.70 

! 

39 36 . 74 20 

39 38 74 19 1745.5 + 5.42 

+0.14 j 

I 

+0.14 

+0.44 

+0.14 

+0.14 

+o. 14 

+0.14 

+0.14 

+0.30 

+0.14 

+0.14 

+ 8.01 

+ 8.71 

+ 5. 32 l 
I 

+5"1 
I 

. I 
+ 5.521 

+ 5.541 
I + 6. 51 I 

+ 5.461 

1 
+ 6.or i 

+ 5.~ I 
I 

J. Locke. 

S. C. Rowan (?) 

(F. R. Hassler). 

---------------- i 

+ 6. 8o i H. S. Haines. 

I +,,,I 
+ 7.or 

1 

____ ·-----------

Dennis. 

39 39 

i 
i 

74 49 I 1885, 9 + s. SS +o. 10 I + 6. •8 

Reference. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881. App. 9. 

Group 2. 

Mag. Sur. :K. J., 
Cook, Geologist, 

1888. 

Mag. Sur. K. ]., 

Cook, Geologist, ! 
r888. 

~lag. Sur. N. J., 
Cook, Geologist, 

1888. 

l\1ag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 1 

Cook, Geologist, 

1888. 

Mag. Sur. K. J., 
Cook, Geologist, 

1888. 

Mag. Sur. K. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. ]., 

Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. I I _________________ __,_I ______ __: _________ . __ , ____________ ~ 
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Table of Observed Magnetic Declinations and Values reduced to the rear 1890-Continued. 

i 
I New Egypt. 

j 
I 
j Columbus. 

I 
! Ellisdale. 

I 
! Sea Girt. 

I I Bordentown. 

i 
i 
I 

! Imlaystown. 
i 

Trenton. 

Hamilton. 

Freehold. 

Hightstown. 

Red Bank. 

Jamesburg (S.V. S.). 

Princeton. 

Seabright. 

Lambertville. 

40 04 

40 07 

40 08 

40 09 i 

40 IO 

40 13 

40 14 

40 16 

40 20 

40 21 

40 21 

40 22 

40 22 

NEW JERSEY-Continued. 

I. D L1IJ Observer. Reference. 

------- ------- ----
I f 

74 32 i 1887. 9 + 6. 93 +0.14 

74 42 1885.8 

74 35 1885.8 

74 03 1887.9 

74 43 1885.8 

74 31 1765.8 

74 44 1887.8 

74 40 1885.8 

I 

I 

74 16 i 1887.9 
I 

i 

74 32 i 1887. 8 

! 

74 27 1887.5 

+ 7. 25 +o. 30 + 7. 55 

+ 6.75 +0.30 I 7.05 

+ 7. 15 +0.14 +- 7. 29 

+ 7.05 Jo 30 + 7.35 

I 4. 75 +3· 26 + 8.01 

+ 7.22 +o. 14 + 7. 36 

+ 6.97 +0.30 ' + 7.27 

I 
+ 7.25 I +0.14 + 7.39 

I 
I : 

+ 7.30I+o.14 + 7.44 
i 
I 

+ 7. 381 +o. 14 + 7.52 

+ 7.421 

I 

---· ---- ---- --

-------- --------

---.. ---- ~--- --- ' 

----------------

---- ---- --- ---- -

----------------

----------------

H. M. Thomas. 

74 4'.J 1887. 9 + 7· 25 I +o. 14 + 7· 39 --- ·---- ·--- ·--· 

73 59 •88+1 I+ 7.~ I +o.p + 7.5, G. H. B4kdy 

! I I . 
74 56 1887.91 + 7.05*1+o.14; + 7. 19 --------·--··- -

I I 
I I 

* Mean of two determinations. 

:\lag. Sur. X. J., 
Cook, Geologist, 

1888. 

:\Jag. ~Ur. ;'\. J ., 
Cook, Geologist, 

1888. 

:\lag. Snr. ?\. J., 
Cook, Geologi;o,t, 

1888. 

'.\la.g. Sur. .'.\. J ., 
Cook, Geologist, 

1888. 

Mag. Sur. ?\. J., 
Cook,.Geologist, 

1888. 

'.\lag. Sur. ~- J., 
Cook, Geologist, 

1888. 

:\lag. Sur. X. J., 
Cook, Geologist, 

1888. 

'.\lag. Sur. N. J:, 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

l\!ag. Sur. N. J., 
Cook, Geologist, 

1888. 

'.\lag. Sur. N. J., 
Cook, Geologist, 

1888. 

'.\lag. Sur. N. J., 
Cook, Geologist, t 
18ss. I 

Mag. Sur. N. J., 1 

Cook, Geologist, I 
1888. l 

.Mag. Sur. N. J., f 
Cook, Geologist, . 

1888. / 

Mag. Sur. N. J., I 
I Cook, Geologist, i , 

188~-~- _l 



 

210 UNITED STATES OOAST AND GEODETIC SURVEY. 

Table of Observed Magnetic Declinations and Values reduced to the Year 1890-Continued. 

I Name of station. m 

I I T 

1
1------1----

1 0 / 

! Morganville. 40 23 

Blawenburgh. 

N e w Brunswick 

(S. V. S.). 

Perth Amboy. 

Middlebush. 

i Flem;ngton. 

Frenchtown. 

~ushetunk. 

Somerville. 

Plainfield, two crest 

stations. 

l'attenburg. 

Lebanon. 

: Valley Station. 

; Gillette. 

Glen Gardner and 
1 

High Bridge. I 
! 
' 

40 25 

40 31 

40 39 

~EW JERSEY-Continued. 

-~-1---:--J-)--1~-~--1 D1~·0 Observer. 

0 I' j ! 
74 14 1887.9 ! + 7.581+0.13:+7.71 

I I 
74 43 1887.9 + 7.6o I +0.14 + 7.74 

I 

74 27 !1887.8 + 7.571 + 7.55 

I 
74 16 1885. 5 + 7. 721 +o. 18 + 7. 90 G. H. Blakely. 

74 32 1884. 9 + 7. 22 +-o. 20 + 7. 42 G. H. Blakely. 

74 51 1887. 9 
I + 7.23 1 +o. 13 + 7.36 

75 04 1887. 9 + 7· 17* +o. 17 + 7·34 

74 49 1883.8 + 7.48 +o. 38 + 7.86 

74 34 1S87. 9 + 7. 33* +o. 10 + 7 · 43 

74 27 1887.9 I + 8.oo l +0.13 + 8. IJ 

I 
75 01 1887. 8 + 6.88J..;_o,15 + 7.03 

I 
74 49 1887.8 + 7. 81*/ +o. 13 + 7.94 

I + 6. 75t 1 +o. 15 

I 
+ 6.90 75 02 1887.8 

74 28 1887.9 + 7.891 +0.13 + 8. 02 ' ·---------------

l 
+ 7. 64*1 +o. 13 

1 I 
I : ' ' 

+ 7.77 

I 

Reference. 

I Mag. Sur. N. J., 
I Cook, Geologist, 

1888. 

~fag. Sur. N. ]., 

Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
C'ook, Geologist, 

' 1888. 

I Mag. Sur. N. ]., 

Cook, Geologist, 

1888. 

Mag. Sur. N. ]., 

Cook, Geologist, 

1888. 

Mag. Sur. N. ]., 

Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, i 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 
______ i 

*Mean of two determinations. t Mean of three determinations. 



 

UNITED STATES CO.AST .AND GEODETI<J SURVEY. 311 

Table of Observed Magnetic Declinations and Values reduced to the :Ytat· 1890-Continued. 

NEW JERSEY ~Continued. 

I 

Name of station. <p 
I i\. D .dD D1~-o Observer. Reference. 

--------~ ---- - ---~ ---- ----

0 I 0 

Phillipsburg. 40 42 75 IO 11887. 8 + 6. 17 +0.13 + 6.30 i :'.lhg. Sur. '"\ J-, I ----------------
I Cook, Geologist, 

1888. 

Jersey City. 40 43 74 04 i 1871. 4 ~- 7.92 +1.02 T 8.94 D. E. Culver. :.:ag. Sur. :'\. J., 
Cook, tieologist, 

1888-
' Pottersville. 40 43 74 44 1883.8 + 7- 7i +0_38 + 8. 15 ---------------- :Mag. ~ur. :'\ J.' 

Cook, Geologist~ 

I 
1888. 

Newark and Harri- 40 45 74 09 i 1887. 8 + 7· 7°*) +o. 13 + 7.83 --·-- --~--------
Mag. Sur. :'\. J., 

son. Cook, Geologist, 

• 1888 . 

\Vest Hoboken. 40 46 74 02 1887_8 + 9· 14~: +o. 13 + 9.27 ---------------- Mag. Sur. '"\. J., 
I Cook, Geologist, 

1888. 

Orange. 40 46 74 15 1887.9 + 8. ost1 +o. 13 + 8. 18 ---------------- Mag. Sur. :K. J., 
Cook, Geologist, 

i 1888. 

Secaucus. 40 47 74 03 1887.8 + 8. 75 

I 
+0.13 + 8.88 ---------------- Mag. Sur. K. J, 

Cook, Geologist, 
I 1888. I 

Morristown. 40 47 74 29 . 1887.9 + 8. 58ti +o. 13 + 8.71 ------------- ... --- Mag. Sur. N. J., 

I Cook, Geologist; 
I 1888. 
I 

Chester. 40 47 74 42 : 1887. 8 + 7.93 

I 
+o. 13 + 8.o6 -----------·---- ~fag. Sur. x_ J., 

Cook, Geologist, 
I 
I 1888. 

Cook's Bridge and 40 48 ' ' 1887.9 
I 

8. 15 ~fag Sur. 74 22 + 8.02*\ +0.13 + ---- ·----------- :'.'. J., 
Hanover. Cook, Geologist, 

I 8.30 I 
1888. 

Livingston. 40 48 74 19 1887.9 + 8. 17 +o. 13 + .. __ ,. ------------ 'Jag_ Sur. N. J., 
Cook, Geologist, 

! 1888. 

Bartley, top of ridge. 40 49 74 41 ; 1887. 8 + 8.48 i +0.13 + 8.61 ---------------- Mag. Sur. K. J., 
I Cook, Geologist, 

1888. 

Schooley Mountain. 40 50 74 48 I 1887. 8 + 6.42 +o. 13 + 6.55 
___ .., _______ .,. ____ :'.\fag. Sur. x_ J-, 

Cook, Geologist, 

i 1888. 

Belvedere. 40 50 i 75 05 1887.8 + 5. 53 +0.13 + 5.66 I '.\lag. Sur. :!\'. J., 
i 

.................. - .................... 
I Cook, Geologist, l I 

I I I 1888. I 

Hackettstown. 40 51 i4 50 11887. 8 + 6. 76tl +0.13 + 6.89 ! ----------"'----- Mag. Sur. N. J., 
I 

I Cook, Geologist, 

I 
I 

1888. I 
I I ·--------- ----·-

* Mean of two determinations. t Mean of three determinations. + Mean of several determinations. 
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Table of Observe(}, Jlagnetic Declinations and Values red1we1Z to tke Year 1890-Continued. 

Name of station. 

Budd's Lake. 

Lin\\·oocl, average, 

top of Palisades'. 

Teaneck. 

Hackensack. 

Paterson. 

J lover. 

0 / 

I 
40 53(') 

40 53 

40 53 

: 40 53 

40 53 

I 
Englewood, near 

1 
40 54 

Nonlhoff. 

Boonton. 40 54 

Warrem·ille. 
1 

40 54 

Lake Hopatcong, 40 55 
Bertrand and Ship-

penport. 

Allamuchy, W. side . 40 55 
of ,·illagc. 

Fairlawn and X. of 40 57 
Hawthore Station .. 

High Mountain, trap . 40 58 
ridge. 

Lake Hopatcong. 

Prompton. 40 59 

::\EW JERSEY-Continued. 

n .dD 

0 

74 43 1880.0 -f-6.70 -f-0.51 -f-7.21 

I 
73 57(?) 1887. s + 9.05 +0.13 + 9.18 

74 01 1887.8 + 8. 15 .+-o. 13 + 8. 28 

74 02 1887, 8 + 7,82 -i-0.13 '+ 7.95 

Observer . Reference. 

Mag. Sur. ]';. J., 
Cook, Geologist, 

1888. 

! Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

:\lag. Sur. N. J., 
Cook, Geologist, 

1888. 
" 74 to 1868.8 i + 6.62*\ +1. 12 + 7,74 A. A. Fonda and Mag. Sur. N. J., 

T. Ryerson. 

74 34 + 8. 65*' +o. 13 

73 58 1887.8 + 8.48 +o. 13 + 8. 61 

74 24 
I I 

1887. 9 + 8. 27 +o. 13; + 8.40 f ----------------

[ I 
I I 

1881. 7 + 6.oo +o. 50 [ + 6.50 I ---·---------·--
j I 

I l I 

1884.8 + 8.34*1 +0.26 '' + 8.6o I G. H.lllakely. 
I I 
I I 

I I 
1887.8 + 8.30 +0.131 + 8.431----·----··- ---· 

I I I 

i 1887. 8 i + 7.98*1[ +0.1311 + 8. II I ----------------
! I i l I 
! 1883. 6 J + 9. 05 

1

1 +o. 38 I + 9. 43 , A. A Titsworth. 

i r · I : 
I 1 I I 
1 1887. 8 + 8. 20*; +o. 13 : + 8. 33 I ----------------

' I I I I 11887.8 i + 9.27*1+0.13I+9.401----------------

1 I I l I 

74 50 

74 40 

74 49 

74 08 

74 12 

74 38 

74 19 

* Mean of two values. 

Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

:\Jag. Stn. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur, N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. N. J., ! 

Cook, Geologist, i 
1888. i 

Mag. Sur. N. J., I 
Cook, Geologist, / 

1888. I 
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Table of Observed Jfagnetic Declinations and Vali1.es reduced to the Year 1890-Continued. 

KEW JERSEY-Continued. 

! 
~ame of station. <p A , I> ! L1D ll1B9ll·o Obsener. 

----------- ,]_ ---·' ___ . __ : ___ ~-~---· ; ____ -------

o I 

Andover. 40 5~ 74 44 188I. 7 + 6. 42 +o. 50 : -i- 6. 92 

Blairstown. 40 59 74 58 . 1887. 8 
I + 7.421 +o. 13 + 7. 55 

i 

Bearfort Mountain. 41 01 74 24 1882. 6 I + 8.oo I +0.44 '8.44 

Hardwick. 41 01 74 56 1886. 3 1- 7. 18 j +o. 23 + 7. 41 A.H. Konkle. 

Newfoundland at 41 OJ 74 28 1887. 8 + 7. 81 +o. 13 + 7. 94 H. Chamberlain 

three stations, 

Green l'ond and 

Oak Ridge. 

Newton. 41 03 74 45 1887.9 7. 28 i +o. 13 + 7. 41 A.H. Konkle> 

Darlington. 41 05 74 13 1879.6 + 9.67 I +0.61 +IO. 28 ____ .. ___ --------
I 

I 
Franklin Furnace. 41 06 1887.8 

I 
74 33 7. 37t1 +0.13 + 7. 50 

____ ,.. ____________ 

! 

Mahwah. 41 07 74 10 1887.8 + 
I 

8. 52*1 +0.13 + 8.65 --··----··---· ----
I 
I 

Monroe. 41 07 74 38 r887.8 + 7.05 I +o. r3 + 7. 18 

I 
------------ ----

Hamburg. 41 08 74 35 r882.8 + 7. 07 J +0.43 + 7. 50 

I 
---- ·---- --- ----

I 

l I 
Greenwood. 41 09 74 22 I r887. 8 + 8. rot +o. IJ + 8.23 ------ ------ ----

Culver's Gap. 41 11 

I 
74 47 1887.8 + 7.41t +0.13 + 7· 54 -------- ----- -- --

Reference. 

:\la;;. Sur. K. J., 
cook, c\..'01ogist, 

1SSS. 

)lag. Sur. :\. J., 
Cook, Geologist, 

1888. 

:\lag. Sur. l\. J., 
Cook, Geologist, 

1888. 

:\log. Snr. N. J., 
Cook. Geologist, 

1888. 

:\lag. Sur. l\. J., 
Cook. Gwlogist, 

1888. 

:\lag. Sur. :\. J., 
Cook, Geologist, 

1888. 

:\lag. Sur. l\. J., 
Cook, Geulugist, 

1888. 

:\lag. Sur. l\. J., 
Cook, Geologist, 

1888. 

Mag. Snr. l\. J., 
Cook, Geologist, 

1888. 

:\lag. Sur. N. ]., 

Cook, Geologist, 

1888. 

:Mag. Snr. K. J., 
Cook, Geologist, 

1888. 

'\lag. Sur. l\. ]., 

Cook, (;eologist, 

181'8. 

I State Line. 41 I2 74 21 1874.6 + 6.63* +0.87 + 7.50 -------------- ·---

:\lag. Sur. K. J, 
Cook, Geologist, 

1888. 

"fag. Sur. K. J., i 
Cook, Geologist, i 

I ! 
' 

'---------"----'----,;__ ________ _i__ _________________ J 
1888. 

*Mean of two values. t Mean of three values. ! Mean of several ,·alues. 
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Table of Observed Magnetic Declinations and Values reduced to the Year 1890-Continued. 

I 

Vernon. 

Near ·wawayanda 

Mines. 

Deckertown. 

Layton. 

Mount Salem. 

I High Point. 

l 
1 Montague. 

Carpenter's Point. 

Tri-State Rock. 

NEW JERSEY-Continued. 

41 13 i 

I 
I 

41 13 / 

41 19 : 

41 19 

41 21 

41 21 

*Mean of two values. t Mean of three values. 

Observer. Reference. 

Mag. Sur. of N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. uf N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. of N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. of N. J., 
Cook, Geologist, 

1888. 

?.fag. Sur. of N. J., 

Cook, Geologist, 

1888. 

Mag. Sur. of N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. of N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. of N. J., 
Cook, Geologist, 

1888. 

Mag. Sur. of N. J., 
Cook, Geologist, 

1888. 

N. B.-The latitudes and longitudes of the stations of the State Geological Survey were sup plied at the Coast and Geodetic 
Survey Office, chiefly from Cook's Atlas. 

---~-----
~~---

Santa Fe, Fort Marcy,! 35 41 105 57 

Deming. 32 17 107 50 

Fort Craig. 33 38 107 DI 

Albuquerque. 35 04 1o6 39 

Fort t:nion. 35 54 ws 01 

NEW MEXICO TERRITORY. 

---~-------

+o. o6 I ·-12. 86 : 1886. 39 J --12. 92 E. Smith. 

I 
+o. 04 l-12. 73 • 1888.90 1 -12.77 J.B. Baylor. 

I 

1888.89 -12.43 +o. 041 -12. 39 , J.B. Baylor. 
I 
I 
I 

1888.88 -13. 17 +o. 05 I -13. 12 I J.B. Baylor. 
I I 
! I 

1888.87 -13.42 +o. 10 1-13. 321 J.B. Baylor. 

I i . 

Group 1. 

MS. inc. and G. s. I' 

Office. 

MS. in C. and G. S. I 

Office. ' 
MS. in C. and G. S. I 

Office. I 
.MS. in C. and G. S. 

office. 
.MS. in C. and G. S. 

Office. 
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Tabk of Observed Magnet~c Declinations and Values reduced to the Year 1890-0ontinued. 

NEW MEXICO TERRITORY-Continued. Group 2. 

Name of station. , £P I D L1D Observer. Referenct. 

: I 1--------,---1-----------· ------ -------- ----·---

! 0 I I 
31 20 I San Luis Springs. 

Agua del Perro. 

Intersection point, 

boundary. 

Initial point ofbound- i 

ary, near El Paso · 

de! Norte. 

Carrizalillo. 

Dofla Afia. 

31 21 i 
31 46; 

i 

31 47 I 
I 

:: :: I 

I 
Fort Cummings. ' 32 27 i 
Fort Selden. \ 

Hudson's Hot Spring,: 

Mimbres. 

Apache Tejo. 

Copper Mines. 

i 

32 29 l 
32 33 ' 

Fort Bayard, astr'l 32 48 

monument. 

San Francisco River. 33 12 

Water Hole. 33 13 

I 

San Francisco River. 

San Francisco River. 

33 15 

33 26 

Fort Stanton, flag- 33 30 
staff. 

I Tulerosa Fort. 33 53 

I 
\ Oak Spring. 34 03 

34 17 

0 

108 48 1855. 3 -1 I. 75 +o. 51 -11. 24 

10820 1855.3 --11.97 +0.51,-11.46 

106 28 1855.1 : -11.92 +0.50 -11.42 

107 56 1855. 2 -12. 03 +o. 50 -II. 53 

107 40 1873. 5 -12. 50 i +o. 48 • -12. 02 

106 55 1870.41' -12.65 
i 

108 00 1878.5 I -12.50 

+o. 53 - 12. 12 

+o. 38 i -12. 12 

W.H.Emory. 

W. H. Emory. 

W. H. Emory.(') 

W.H.Emory. 

W.H.Emory. 

\'/. H. Emory. 

S. E. Tillman. 

(Eng'r Officer). 

108 08 1878. 5 --12. 70 -o. 38 -12, 32 (Eng'r Officer). 

108 04 1851. 5 -11. 37 +o. 43 -lo. 94 W. H. Emory. 

108 og 1878. 5 -12. 93 +o. 38 -12. 55 (Eng'r Officer). 

1o8 52 1873. 5 -13. 52 +o. 48 -13. 04 \ R. L. Hoxie. 

108 46 1873. 5 -13. 50 +o. 48 -13. 02 R. L. Hoxie. 

1o8 52 1873. 5 -12. 86 +o. 48 -12. 38 i R. L. Hoxie. 

lo8 55 l87J. 5 -13. 82 +o. 48 -13. 34 R. L. Hoxie. 

105 32 1878. 5 -12. 40 +o. 38 ~12.02 (Eng'r Officer). 

108 30 1873.5 -13.30 +o. 48 --12. 82 R. L. Hoxie. 

+o. 51 

+o. 48 -12. 10 : R. L. Hoxie. !08 55 I87J. 5 I -12. 58 

I 
106 50 1855.3 ~12. 75 -12.24 ! l Initial point of New 

, Mex. Meridian. j 

l Fort Sumner. 34 25 104 08 1866. 1 -13. 75 +o. 57 -13. r8 : -- Shinn. 

Estancia Ranch and 34 45 1o6 04 1876. 5 -12. 72 +o. 44 -12. 28 · (Eng'r Officer). 

I Spring. 

J Antelope Spring. 34 50 lo6 04 1875. 5 i -13. 43 +o. 46 l -12. 97 

-1· Isleta. 34 54 ro6 40 1853. 851
1 

-r3. 22 +o. 48 l --12. 74 
...._ ____ .:..__ ___ ____,_ ____ ...:._ _ __cl'---------

(Eng'r Officer). 

]. C. Ives . 

I 
'. Arn. Aca<l. Sc., \'ol. 

\'I, 1856. 

Am. Acad. Sc., \"ol., 

n.1856. 

From a chart. 

Am. Aca<l. Sc.,\' ol. 

n, 1856. 

! Am. Acad. Sc., \
0

01. 

\-r, 1856. 

Am. Acad. Sc., \'ol. 

n., 1856. 

1 Rep. Ch. of Eng's, 

1879. 

Map of Reservation. 

Gco.Pos. U.S. Eng's, 

Wash., 1885. 

Geo. Pos. t:.S.Eng's, 

Wash ... 1885. 

Am. Acad. Sc, Vol. 

\'I, 1856. 

Rep. Ch. of Eng's, ; 

1879. I 
Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1879. 

Rep. Ch. of Eng's, 
1 

1876. 

Rep. Ch. of Eng's, 

1876. 

From a map. 

i From a map. 

Geo.Pas. U.S.Eng's, 

Wash., 1885. i 
Geo.Pas. U.S. Eng's,' 

Wash., 1885. i 
C. S. Rep., 1856. 
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-

Table of Observed Mag1ietic Declinat-ions and Values reduaed to the Year 1590-Continued. 

Name of station. 

o I 

Topog-raphical Camp,; 34 57 

nearOJo Caliente. 

Rio San Jose. 

Cedar Forest. 

Agua Fria. 

Inscription Rock. 

Covero. 

Hay Camp. 

Albuquerque, flag-

staff, plaza. 

Zuni River. 

Nutria Springs. 

Fort Bascom. 

Fort Wingate (new), 

flag-staff. 

:\lagnetic Station. 

Mora River. 

Coyote Creek. 

Ocate River. 

Emlmda. 

Abiquin. 

I 
Ojo Caliente Creek. I 
Wermejo Creek. i 

35 01 

35 01 

35 02 

35 03 

35 05 

35 05 ! 
35 06 i 

35 06 

35 18 

35 24 

35 2 9 : 

35 40 

35 59 

36 08 

36 II 

36 12 

36 17 

36 42 

XEW MEXICO TERRITOR V-Continuefl. 
----------- -------- ------

D 

I 

HX) 00 ! 1873. 5 --13. 97 

I 
107 14 1853. 86:~13. 77 

J08 55 1853. 90: -13. 02 

107 58 1853. 88(-13.42 

108 14 1853.88!-12.95 

107 26 1853. 87 i-13. 82 

107 39 1853. 87 i-13 93(», 

106 41 1876. 5 [-13. 75 

108 39 ! 1853. 89 -13. 40 

108 33 1873.5 -14.27 

!OJ 50 1856. 5 •-12. 83 

108 32 1873. 5 :-14. 86 ! 

106 50 1855. 5 -13.67 

105 19 ! 1874. 5 ·-14. 67 

! 

105 14 i 1874. 5 

+o. 48 -13. 29 

+0.48 -12. 54 

-;-0.48 -12.94 

+o. 48 -12. 47 

+0.48 1-13.34 

+0.4811_13.45(' 
__j___o. 44 -13. 31 

+o. 4811
-12. 92 

-'-o. 48 -q. 79 I . 
-o. 52 1-12. 31 

+o. 48 (-14. 38 
i 

+o. 51 \-13. 16 
I +o. 47 1-14. 20 

+o. 471-13. 78 

I05 00 1874. 5 :-14. 25 
I 

I +o. 47 1-13. 18 

l,i I ! 
105 54 1874.5 :-13.25 

106 02 1874.5 

l-13. 90 
I 

l-13. 25 

+o. 47 '1-12. 78 

I I 
I +o. 47 

1
-13. 43 

i I 
: +o. 47 \-12. 78 

104 4711874. 5 -r4. 50 I +o. 471-14. 03 

Observer. Reference.--[ --- ________ , -------1 
R. L. Hoxie. 

J.C. Tves. 

J. C. Ives. 

J.C. Ives. 

J.C. Ives. 

]. C. Ives. 

J. C. Ives. 

(Eng'r Officer). 

J. C. Ives. 

R. L. Hoxie. 

R. L. Hoxie and L. 

Nell. 

C. E. Blunt. 

C. E. Blunt. 

C. E. Blunt. 

R. Birnie. 

R. Birnie. 

R. Birnie. 

C.E. Blunt. 

Rep. Ch. of Eng's, 

1876. i 

~: ~: ~:;.: :~~:.. II 

C. S. Rep., ~856. 

C. S. Rep., 1856. 

C. S. Rep., 1856. ' 

C. S. Rep., 1856. I 
Geo. Pos. U.S. Eng's,l 

Wash., 1885. 

C. S. Rep., 1856. 

Rep. Ch. of Eng's, 

1876. 

From a map. 

Rep. Ch. of Eng's, 

18j9. 

From a map. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ca. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

I 
Line,Colo.andNew I 

Tierra Amarilb. Rep. Ch. of Eng's, 

1876. 

I I I 
3642 1o6331187J.5-13.711+0.481-13.23 

-- _, -37-~-:~-07_1 ••_7_3_. 5--1--4-· 0_2_
1

'---I _+_o_._48_/-_1_3._5_4__,__'_"_· L_. _M_a_rs_h-al_I. _________ , 

W. L. Marshall. 

Rep. Ch. of Eng's, 

Mex. 1876. 

NEW YORK. 
Group 1. 

--- ~ .. -···- - - ~----------- --~---~-- ---------

Cole, Staten Island. 40 32 7414I1846.35 + 5. 62 l +2.46 + 8.08 J. Locke. C. and G. S. Rep., 

l I 1881,App. 9. 

Far Rockaway, 40 36 13 46 11875. 59 + 7.20 I +0.81 + 8. 01 I J. M. Poole. C. and G. S. Rep., 

Long Island. I I 1881,App.9. 

Fire Island, West 40 38 73 1J I r86o. 66 + 7.761 +1.57 + , . ., I c. •. S<ho•. C. and G. S. Rep., 

Base. I 1881,App. 9. 
I 
I l 
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Table of Ubseri:ed Magnetic Declinations and Values reduced to the Year 1890-Coutinued. 

NEW YORK-Continued. 

---------·------1 ------------------------------·----------

Name of station. ! D ]JJ Observer. 

---- -------------

O I 0 I 

Howard. 74 05 1840.49) +- 5.02 +2.84 +- 7.86 S. C. Rowan 
I 

i (F. R. Hassler'!. 

73 58 I 186o. 73 ! +- 6. 73 i -f--I. 54 + 8. 27 c. A. Schott. 
I 

Mount Prospect. 

NewYork, Bedloe's 40 41 74 03 1855. 60 + 7. 04 +1. 83 + 8. 87 1 C. A. Schott. 

Island. 

Babylon, Long Island. 40 42 
1 

73 20 1875. 62 + 7· 58 -f--o. 70 + 8. 28 J. M. Poole. 

)l"ew York, Gover- 40 42 

nor' s Island. 

New York, ol<l Co

lumbia College. 

Patchogue, Long 

Island. 

New York, Central 

Park. 

40 43 

40 45 

New York, Rec. Res. I 40 47 

Central Park (S. 

V. S.). 

New York, Central 40 48 

Park. 

West Hills, Long · 40 49 

Island. 

Legget. 40 49 

New York, River

side Park. 

40 49 

Manhattanville, 40 50 

Eloomingdale Asy

lum. 

West Hampton. 40 51 

Ruland,Long Island. 40 51 

Oyster Bay, Long 40 52 

Island. 

Sand's Point Light, j 
Long Island. , 

New Rochelle. / 

Drowned Meadow. \ 

I 
Lloyd Harbor, Long I 

I 
Island. I 

40 52 

74 01 1855. 60 + 6. 66 +I. 83 -t- 8. 49 c. A. Schott. 

74 oo 1845. 68 + 6. 42 +2. 48 + 8. 90 J. Renwick. 

73 02 1875. 59 + 8. 01 -j-0. 70 + 8. 71 J. :'.IL Poole. 

I 
73 58 187 3. 96 i + 9. 12*1 T. C. llilgard. 

I 

73 58 1855. 61 + 6. 47 -f-- 8. 49 1 C. A. Schott. 

T. C. Hilgard. 

I 
73 26 1865. 62 + 7. 02 +1. 27 + 8. 29 E. Goodfellow 

(A. D. Bache). 

73 54 1847. So + 5· 68 -!- 2. 33 +- 8. 01 R. l-I. Fauntkroy. 
: 

73 58 • 1885.79 , 9.00 +0.26 + 9.26 J.B. Baylor. 

73 56 1846. 33 + 5. 16 -f--2. 44 + 7. 60 J. Locke. 

72 34 1875. 64 + 8. 67 +o. 84 + 9. 51 J.M. I'oole. 

73 02 1865.40 + 7.51 +1.29 + 8.80 E. Goodfellow 

(A. D. Bache). 

73 32 1844. 71 i 6. 84 +2. 50 + 9. 34 J. Renwick. 

73 44 1847.77 -+ 6. 16 + 8. 54 R. H. Fauntleroy. 

73 47 1844.69 + 5.49 + 8. 01 J. Renwick. 

73 04 1845. 70 + 6. o6 + 8. 88 I J. Renwick. 

73 25 1844.71 + 6.19 +z.50 + 8. 69 : J. Renwick. 

*Local de!lectioIL 

Reference. 

C. and G. S. Rep., 

1881,App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881,App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

1 C. and (;. S. Rep., 

1881,App. 9. 

C. and G. S. Rep., 

1881,App. 9. 

C. and G. S. Rep., 

1881,App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S., Rep., 

1881, App. 9. 

C. and G. S. F.ep .. 

1881,App.9. 

C. and G. S. Rep., 

1881,App. 9. 

:'.\IS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9-

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. andG. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C.and<;. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881,App.9. 
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Table of Observed Magnetic Declinations and Values reduced to the Year 1890-Continuecl. 

Name of station. tp 

i 

I 0 I 

i East Hampton. 40 58 

! Sag Harbor. 41 00 

I 
I , Port Chester. 41 00 

I r I Juer. 41 00 

f Mon tank Point, Long 41 04 

I Island. 

i Greenpoint, Long 41 o6 
I 

Island. I I Round Hill. 41 o6 I 
1, 

I Buttermilk. 41 07 
I 
I 
I l Bald Hill. 41 13 

I Carpenter's Point, 41 21 

Port Jervis. 

I Coldspring. 41 25 

I Binghamton. 42 05 

Bath, in park. 42 21 

Oxford (S. V. S.). 42 26 

Ithaca, Cornell Uni- 42 28 

versity Grounds. 

Greenbush, opposite 42 38 

Albany. 

Albany, Dudley vPs. 42 40 
I (S. V.S.). 
l I Sh.erburne. 42 41 

42 47 Otsego. 

I Jluffalo, fort Porter 42 55 

i (S. V. 5.). 

! Fenner. 42 57 t 

Howlett. 43 00' 

NEW YORK-Continued. 

--~( ' ' 

.:t , I ! D I Dd I D,,,.,.c 1 Observer. 

0 I 11-----0--1--0-~-0-l---
72 12 1875. 64 + 9. 09 \ +o. 71 I + 9. 8o : J. M. Poole. 

I 

i i . 
I I 

72 l 7 186o. 68 + 8. 461 +I. 62 !. +IO. 08 C. A. Schott. 
I i 
' : 

73 40 ; 1844. 70 + 5. 97 j +z. 5::! I + 8. 49 J. Renwick. 

I 1 1 I ', 
' 8 ' 1 • H 73 54 'I 7J.62[ + 7.62 i +0.91 ! + 8.53 G .. Cook. 
i. II ) i 
1 

1 , 

7151:1875.66 + 9.751 +o.8o i +10.55 ]. M. Poole. 

72 21 1845. 63 + 7. 24 \ +z. 59 + 9. 83 , J. Redwick. 

I 
73 40 1833. 52 + 5. 72 +3· zo + 8. 92 ' F. R. Hassler. 

73 49 1833. 47 + 3·93 +3· 20 + 7. 13 ' F. R. Hassler. 

73 ::?9 1833. 56 + 5. 57 +3· 44 

1873.471 + 7.08' +1.09 

I 
74 42 

1855.66 + 5.57*1· ------

1888.50 + 7.82 +0.09 

73 58 

75 56 

77 21 1862. 61 + 4. 8o +z. m 

+ 9. 01 F. R. Hassler. 

+ 8. 17 E. Smith. 

C. A. Schott. 

+ 7. 91 :, J.B. Baylor. 

! 
+ 6.81 

: C. A. Schott. 

75 40 1885. 73 + 7. 721------ + 8. 05 J.B. Baylor. 

76 33 t874.45 + 5.431 +1.07 + 6.50 T.C.Hilgard. 

73 44 1855. 66 + 7. 91 I +2. 29 +w. 20 1 C. A. Schott. 

I I 
I 

+10. 46 i J.B. Baylor. 7345 1879.81 +9·86'1-·----

75 33 1875. 67 + 7· 82

1 

+0.98 + 8. 8o J.M. Poole. 

74 42 , 1882. 63 + 8. 77 i +o. 45 + 9. 22 J. B. Baylor 
! r 1 1 (C. 0. Boutelle). 
i r 

78 54 i 1885. 7I + 5· 07 \ + 5. 30 J. 13. Baylor. 

1s 4s l1ss2.16l + 1.26 \f +0.52 1 +1.18 J.B.Baylor 

i I i (C.O. Boutelle). 

76 17 / 1883. 66 j + 7. 78 I +o. 46 + 8. 24 l J.B. Baylor 

Refe-re_n_c_e_. __ i 

C. and G. S. Rep.,' 

1 
1881,App. 9. 

C. and G. S. Rep., 

1881,App. 9. 

' C. an<l G. S. Rep., 

1881,App. 9. 

': C. and G. S. Rep., 

1881,App. 9. 

C. and G. S. Rep., 

1881,App. 9. 

C. and G. S. Rep., 

1881,App. 9. 

C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881,App. 9. 

C. and G. S. Rep., 

1881,App. 9. 

C. an<l G. S. Rep.,• 

1881, App. 9. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App.9. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

' C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

! 1881, App. 9. 

! MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

MS. inC.andG.S. 

Office. 

MS. in C. and G. S. 

Office. I 1 ! 1
\ (C. O. Boutelle). 

I \~ _ _____:,I~-~~-~_;_-~-~~--'--~-~~ 
*Local deflection. 
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Tabw of Observed Magnetic Declinations and Values reduced to the Year 1890-Continued. 

NEW YORK-Continued. 

·--~-·--~~- - -· ~-- --------, 

Observer. Name of station. <p \ /, D .dD 

1--------'---[----i _______ i ___ ---- -----
' 0 I I 

Clinton, Hamilton i 43 03 ! 
1 

College. \ 

i Clyde. 43 03 [ 
I ! 
i . 
• Loomis. 43 21 

Pen Mount. 43 23 

' Prospect. 43 26 

i 
; ~fannsville. 43 43 

75 16 

73 45 1882. 6o 

I + 8. 17 I +0.59 

+ 8. 54 ! ,o. 57 
i 
I 
I 

+10. 85 i +o. 52 

76 OJ I 1884. 44 + 6. 85 -i-o. 45 

0 

+ 9. 16 · T. C. Hilgard. 

f- 7. 54 J.B. Baylor 

(C. 0. BoutelleL 

+ 8. 76 J.B. Baylor 

(C. 0. Boutelle). 

+ 9. l I J.B. Baylor 

(C. 0. Boutelle). 

+11.37 J.B.Baylor 

(C. 0. Boutelle). 

+ 7. 30 , J.B. Boutelle 

(C. 0. Boutelle). 

Pierrepont '.\fanor : 43 44 
(S.V. S) 

76 03 . 1874. 8o + 6. 20 + 8. 05 T. C. Hilgrnl. 

' Potsdam. 44 37 75 oo . 1874. 79 + 9· 42 +1. 36 1 +10. 78 i T. C. Hilgard. 

I Rouse"s Point. 
I 

45 oo 73 21 1879. 75 +13. 65 i ...;..o. 79 +q. 44 ! J. B. Baylor. 

: Jamaica. ! 40 41 I 
' I I 
: Ways Reef, Hell I 40 46 

1
1 

, Gate. ·1 

I Cold Spring Harbor, 40 521 
. I 
' Longlsl'd(S.V.S.).1 

East Hampton. j 41 oo I 
Liberty Corner. j 41 17 I 

Unionville. 

M.onroe. 

41 18 I 

41 21 I 

73 56 

73 56 

73 28 

72 19 

74 31 

74 34 

74 II 

1835.5 

1874.6 

1886.5 

1874.6 

1859.5 

West Point. 41 25 73 56 1835. 7 
I North Salem. 

Travis, near Initial i 
Point. j 

Delaware River, fnj. •i' 

tial Pt. 

Pennsylvania Line, J 

i 20~ miles W. of I 
I Del. 

l
l Finn, near mile.stone I 

20. 

41 26 I 13 38 1843. 5 
42 00 75 21 1882. 55 

42 00 75 22* 1774. 5 

42 00 75 45* 1786. s 

I 

l ' + 4.00 i +3· 17 + 7.17 ~ ----------------
! 
I 

+ 1. 3s I +o. 87 
I 

I 

+ 8. 25 I J. Newton. 
I 
! I : + 8.57

1

. ------1+8.89: J.andE.Jones. 
, I 

I i i + 6.13 I +J.46 + 9· 59 · ------------- __ _ 

+ 6. 75 I +o. 87 + 7. 62 E. A. Bowser. 

i + 6. 05 / +o. 87 + 6. 92 · E. A. Bowser. 

I + 6. 63 j +1. 6o + 8. 23 ' T. H. Brooks. 

I 
1 + 6. 52 / +3· 07 + 9. 59 C. Davies. 

+ 6.oo I +z.85, + 8.85 ---·-· ·----

+ 7.501 +o.49 +7·99 H.W.Clarke. 
I 

+ 4·331----··- D. Rittenhouse. 
I 
! . 

+ 3· 531 +4.66 i + 8. 19 
1 

S. De Witt and 

I 

1

. : others. 

+ 7. 371 +o. 82 + 8. 19 ' H. W. Clarke. 

! I : 
*Corrected. 

Reference. 

C. and G. S. Rep., ! 
18~1, App. 9. 

:\fS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

'.\lS. in C. and G. S. 

Office. 

'.\lS. in C. and G. S. 

Office. 

'.\!S. in C. and G. S. 

Office. 
1 C. and G. S. Rep., 

I ' 1881,App.9. I 
' C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

Group 2. 

Sill. Jour., Yo!. 34, I 
i 

Rep. Ch. of Eng's, i 

1875. 

MS. in C. and G. S. 

Office. 

Geol. Sur. of X. Y. 
1 }fag. Sur. of N. J., 

1888. 

Mag. Sur. of N. J., : 
1888. I 

:YlS. in C. andG. S. \ 

Office. 1 

Geo!. Sur. of N. Y. I 
Regents' Rep., 1869.1 

!liS. in C. and G. S. I 
Office. , 

Geol. Sur. of N. v. I 
) 

Geo!. Sur. of N. Y. I 
I 
I 

MS. in C. and G. S. II, 

Office. 
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Table of Ob8erved Magnetic Declinations and Values reduced to the Year 1890-Continued. 

NEW YORK-Continued. 

~-~-~--

1-·---~---· 

D .dD D1soo·o Observer. i I Name of station. cp ). I Reference. 
i I 

·----1 I I I 0 0 

I Geo!. Sur. of N. Y. 
I ! 

I 
Pennsyfrania Line, 42 00 76 08* 1786.5 + 3. 67 +4.66 + 8.33 s. De Witt and 

39 Yz miles \\'. of others. 

Del. i 
i 

\Vaverly, near mile- 42 00 76 32 1877. 64: + 5·5 2 +0.82 ..). 6.34 H. \\'. Oarke. MS. in C. and G. S. 

stone 60. Office. 

Pennsylvania Line, 42 00 76 35* I 1786. 5 + I. 83 +4· 66 + 6.49 s. De Witt and Geo!. Sur. of N. Y. 

Chemung River, others. 

6o Ji miles \\'. of 

Del. 

Pcnnsyh·ania Line, 42 00 77 06* 1786.8 + 2.50 ++ 34 + 6.84 s. De Witt and Geo!. Sur. of N. Y. 

Tioga River, 90 others. 

miles ,r. of Del. 

Pennsylvania Line, 42 00 7728*I1786.5 + I. 87 +4·34 + 6. 21 S. De \Vitt and Geo!. Sur. of N. Y. 

109,1/~ iniles w. others. 

of Dd. 

Pennsylvania Line, 42 00 78 05* 1786.5 + o. 75 +4· 34 + 5.09 s. De \Vitt and Geo!. Sur. of N. Y. 

136)'8 miles \Y. of others. 

Del. 

Pennsylvania Line, 42 00 78 40* 1786.5 + I. 50 ++.02 + 5 52 S. De \Vitt and Geo!. Sur. ofN. Y. 

167T1<i miles w. others. 

of Del. 

Pennsylvania Line, 42 00 79 09* 1786.5 + 0.92 ·t+o2 + 4.94 s. De Witt and Geo!. Sur. of N. Y. 

195}ji miles W. of : others. 

Del. 

Pennsylvania Line, 42 00 79 46* 1786.5 + 0.53 +3· 70 + 4. 23 s. De Witt and Geo!. Sur. of N. Y. 

French Creek, others. 

227)4 miles w. 
of Del. 

Ne 'v Pre-emption 42 00 76 58* 1795.5 + 3. ++· 69 + 6.86 B. Ellicott. Geo!. Sur.ofN. Y. 

Line, mile-stone 82. 

Oblong. 42 OJ 73 31 1786.5 + 5.05 ++· 56 + 9.61 -- Williams. Geo!. Sur.ofN. Y. 

~ladalin. 42 03 73 54 1878.00 + 8.77 -jo. 70 + 9·47 G. Cooke. MS. in C. and G. S. 

Office. 

Xew Pre-emption 42 05 76 58* 1795.5 + 2. +4· 69 + 6.27 B. Ellicott. Geo!. Sur. of N. Y. 

Line, 6 miles. 
! 

Ancram. 42 06 73 37 11853.5 + 7.65 +2. 35 +10.00 I J. T. Hogeboom. Geo!. Snr. of N. Y. 
I 

Owego. 42 06 76 16 11868. 5 + 5.37 +1. 52 + 6.89 S.Camp. MS. in C. and G. S. 

! Office. 

New Pre-emption I 
42 07 i 76 58• 11795.5 + 3· 33t ++.ti9 + 6.77 B. Ellicott. Geo!. Sur. of N. Y. 

Line, Chenumg i 
River. I 

Livingston. 42 10 73 52 /•AAS 5 
+ 9·52 +0.08 + 9.6o R.Hood. MS. in C. and G. S. 

I 
Office. I 

•Corrected. 
t An index correction of --I .7.f 0 :s needed according to myself and H. W. Clarke; it has been applied in the column D 1890..,-[ScH.] 
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Table of Observed Magnetic Declinations and Values reduced to tlie Year 1890-Continued. 

NEW YORK-Continued. 

------·----

! I 
i 

Name of station. · D j .JD D 
--------.--'l'-1--" __ l ___ i ___ ' ! 1890·0 

Observer. 

Holland Land Co. 

Holland Land Co. 

! 0 I I 0 I I I' 0 1-:-11~--
i 4210 781sf1798.5 +1.15 +4-56 +s.71 

I 42 IO 78 23 1798.5 1 + 1.021+4·561+5.58 

New- Pre-emption 42 12 76 58* 1795. 5 + 3· 92t +4· 69 j + 7- 36 

Line, 14 miles. I 1 

A. Porter. 

J. Smedley. 

B. Ellicott. 

Holland Land Co. 42 rz 78 09 • 1798. 5 - o. 52 · +4· 56 i + 5· 08 

78 IO 1799. 5 + I. 20 I +4· 58 i + 5. 78 

A. Atwater. 

S. Benton, Jr. 

R. Hood. 

Holland Land Co. 

Hudson. 

Holland Land Co. 

Mayville. 

Monument, Lake 

Erie. 

Ellicottville. 

Holland Land Co. 

Lampman. 

Pre-emption Line, 

23.J( miles. 

Holland Land Co. 

Westfield. 

Bath. 

Guilford. 

Old Kana-andoa. 

New Pre-emption 

Line, 31 ~ miles. 

Holland Land Co. 

Dunkirk. 

Holland Land Co. 

Pre-emption Line, 

37 miles. 

Cass and Clarksville. 

r Milo. 

Pre-emption Line, 

417' miles. 

Gorham Purchase. 

Sumtuit and Holmes. 

42 14 

42 15 

42 15 

42 16 

42 16 

42 18 

42 19 

42 20 

42 20 

42 20 

42 20 

42 21 

42 23 

42 27 

42 28 

42 31 

42 32 

42 34 

42 35 

42 36 

42 37 

73 48 1888.5 + 9.52 I +o.os j + 9.60 

78 22 1798.5 + 1.20 

79 40 1874. 59 + 2. 25 

79 46 1790. 64 ...L o. 04 

+4·56: + 5. 76 

+1.co ! + 3. 25 
I 

+J.85 : + 3· 89 
I 

J. Smedley. 

F. E. Hilgard. 

A. Ellicott. 

78 44 1841.62 "7" 2.60 

7908 1 1798.5 -0.75 

+3-50 i + 6.10 

+4·56: + 3. 81 

A. D. B:i.che. 

A. Atwater. 

J. T. Gardner. 7348 1880.7 -9.37:+0.52 +9.89 

78 40 1799.5 

79 36 1875. 71 

77 21 1879. 5 

75 29*11838. 51 

780011798.5 

76 58 i 1795. 5 

I 
7806I1798.5 

79 21 i 1845. 5 

i 
7903I1798.5 

76 58*1 1795. 5 

I 

73 5s I 1877. 9 
I 
! 

11 02 [ 1878. r 
\I 

76 58*11795. 5 

78 03 \ 1798. 5 

74 33 11877. 9 

I 

1 

I 

+ 3. 02t[ +4· 86 i + 6. 63 B. Ellicott. 

I 
...L I. 45 i +4· 58 + 6. 03 A. Atwater. 

+ 3. 18 I +o. 92 + 4. 10 · F. M. Towar. 
I 
I 
I 

+ 5. 27 \ +o. 68 ...)._ 5. 95 H.F. De Puy. 
' I 
i 

+ 4· so I + 3· 68 

+ 1.00 I +4-72 
+ 3.42t +5.03 

I 
i + I. 13 I +4· 12 

+1.121+3.26 

- o. 85 I -r4- 12 

+ 3.ootl +5.03 

+ 8. 75 +0.70 

+ 7.25 +0.78 

+ 0.87 +s.06 
+ 8.88 +0.76 

- 8.18 

+ 5. 72 A. Porter. 

+ 7. 20 . B. Ellicott. 

+ 5. 85 · A. Atwater. 

+ 4• 38 : J. ll. Simpson. 

+ 3. 87 A. Atwater. 

+ 6. 78 : B. Ellicott. 

+ 9. 45 • J. T. Gardner. 

+ 8. 03 J. T. Gardner. 

+ 7. 36 B. Ellicott. 

+ 5. 93 G. Burgess. 

+ 9. 64 J. T. Gardner. 

Rt::ftrc:r;c.e. 

Regents' Rep., 1869. 

Regents' Rep., 1869. 

Geol. Sur. of N. Y. 

Regents" Rep., 1S69. 

Regent>' Rep., 1869. 

MS. in C. and G. S. 

Office. 

Regents' Rep., 1869. 

Nat. Acad. Sc. 

Regents' Rep., 1869.'. 

C. S. Rep., 1862. 

Regents' Rep., 1869. 

::'\. \'. State Sur., 

18So. 

Geo!. Sur. of X. Y. 

Regents' Rep., 1869. 

P. P., U. S. Eng's, 

l\o. 24, 1882. 

MS. in C. andG. S. 

Office. 

. Geol. Sur. of N. Y. 

Regents· Rep., 1869.' 

Geo!. :::iur. of N. Y. i 

I 
Regents' Rep., 1869.: 

; P. P., li. S. Eng's, I 
i No. 24, 1882. I 
1 I 
I Regents' Rep., 1869. 

i Geo!. Sur. of N. Y. 
i 

I N. Y. State Sur., 

II 1879. 
N. Y. State Sur., 

I I 1s19. 
! Geo!. Sur. of N. Y. 
I 

' I Regents' Rep., 1869., 

I N. Y. State Sur,, ' 

l . 1879~ _____ _1 
---

*Corrected. 
t An index correction of -I J4 ° is needed, according to myself and H2W. Clarke; it has been applied in the column D18Q'.l.o-(ScH. J 

H.Ex.55-21 



 

32J UNITED STATES COAST .AND GEODETIC SURVEY. 

Table of Observed Jlagnelic Declinatwns and Values reduced to the Tear 1890-Contirmed. 

Name of station. 

Slingerland. 

I Ielderberg. 

Homer. 

GardeauReservation. 

Holland Land Co. 

Holland Land Co. 

Pre-emption Line, 

47.~4 miles. 

:-:iears and i\Iann. 

Knowersville and 

\\'inn. 

Holland Land Co. 

Troy. 

o I 

42 38 

42 38 

42 39 

42 39 

42 41 

42 42 

.+z 43 

·+2 43 

42 44 

Freleigh and Niska- 42 46 

yuua. 

Cono.-er and Chap-
1 

42 47 

man. 

Oak Ridge. 

Cherry Yalley. 

Schenectady, Cnion 

College. 

Hamilton. 

Holland Land Co. 

Holland Land Co. 

~ew Pre-emption i 

Lne. 6o miles. 

Gene,·a. 

Canajoharie. 

Van Atten. 

Fort Erie. 

CazenoYia. 

; Auburn. 

Tassel. 

New Pre-emption 

Line, 65 miles. 

Nellis, Reman, and 

Willett. 

*Correction. 

42 47 

i 42 48 

42 49 

42 49 

42 50 

42 51 

42 52 

42 52 

42 53 
42 54 

42 54 

42 55 
42 55 I 

42 56 

42 57 

NEW YORK-Continued. 

D LID D1s9o-o Observer. 

73 52 1877. 9 + 8. 75 +o. 70 i + 9. 45 J. T. Gardner. 
! 

74 01 1877.7 j 8.75 +0.71 ! + 9.46 J.T.Gardner. 

76 l l I840. 81 

7i 5 I , l 798. 68 

78 13 '1799·5 
78 23 1798. 5 

76 58* 1795.5 

74 17 1877.9 

5.08 +3·53 

+ L 58 +5· 06 

+ o. 45 +5.ob 

+ x. 90 +5- 06 

+ 3. 25t +5· 03 

-t 9. 12 +o. 70 

+ 8.61 
_L 6. 64 

+ 5. 53 
+ 6.96 

+ 7.03 

+ 9.82 

A. Porter. 

J. Dewey. 

J. Smedley. 

B. Ellicott. 

J. T. Gardner. 

74 02 1877. 9 + 8. 88 +o. 70 + 9. 58 J. T. Gardner. 

78 13 1798. 5 i + o. 62 

73 40 1827.5 + 6.08 

+5· 06 + 5./68 

+4· 25 +10. 33 

A. Atwater. 

73 49 1877. 9 -t 9. 62 +o. 70 +ro. 32 ]. T. Gardner. 

74 15 1877. 9 + 9. oo +o. 70 + 9. 70 J. T. Gardner. 

74 19 188o. 8 + 9. 27 +o. 51 + 9. 78 J. T, Gardner. 

74 47 1839. 63 + 5. 22 +3· 54 

73 5511859. 2 -t 7- 96 +2. 03 

75 34 ! 1837. 8 + 4. 50 +3· 7Z 

78 19 ) 1799. s + o. 35 +5· oS 

78 II j 1799· 5 + I.08 ..,-5.08 

76 58*\ 1795- 5 + 3. oot ~5. 03 

I 
77 05*! 1833. 75 + 3· 82 +4· 13 

74 35111839.So + 6.o3 +3·47 
74 oo 1877. 9 +10. 25 +o. 70 

78 59 ! 1839. 5 + I. 25 +3· 98 

755111843.47 _c_ 3.87 l 3·59 

76 28 ! 1833. 82 ' 3· 72 +4· 15 
I 

7 5 I 9 i I 879 · 6 -t- 8. I 5 +o. jO 

,, 58•1 ""· 5 + 3· 331 +s. 03 

+ 8.76 

+ 9·99 

+ 8.22 

+ 5·43 

+ 6.16 

+ 6.78 

+ 7.95 

+ 9·55 
+10.95 

+ 5.23 

+ 7.46 

+ 7. 87 

+ 8.85 

+ 7.11 

T. B. Brooks. 

]. Dewey. 

J. Dewey. 

B. Ellicott. 

J. T. Gardner. 

(Chart). 

J. T. Gardne1. 

B. Ellicott. 

74 38 188o. 8 + 9. 10 +o. 56 + 9. 66 J. T. Gardner. 

Reference. 

N. Y. State Sur., 

1879. 

N. Y. State Sur., 

1879. 

Geo!. Sur. of.N. Y. 

Regents' Rep.,1869. 

Regents' Rep., 1869 

Regents' Rep., 18~9.

1 Geol. Sur. of N. Y. 

N. Y. State Sur., 

1879. 

N. Y. State Sur., 

1879. 

1

1,i 

Regents' Rep., 1869.I 

Sill. Jour., Vol. 17, ! 
1830. 

X. Y. State Sur., 

1879. 

N. Y. State Sur., 

1879. 

N. Y. State Sur., 

1880. 

Geo!. Sur. of N. Y. 

MS. in C. and G. S. 

Office. 

Geo!. Sur. of N. Y. ! 

Regents' Rep., 1869.1 
Regents' Rep., 1869. 

Geo!. Sur. of N. v. I 

Geo!. Sur. of N. Y. 

Geo!. Sur. of N. Y. 

N. Y. State Sur., 

1879. 
U.S. Lake Sur. 

Geo!. Sur. of N. Y. 

Geo!. Sur. of N. Y. 

N. Y. State Sur., 

188o. 

' Geo!. Sur. of N. Y. 

N. Y, State Sur., 

18~---.--_1: 
t .'\n index correction or -1)( 0 is needed, according to myselfand H. \V. Clarke; it has been applied in the column D 1...,.0-[ScH.l 



 

UNITED STATES COAST AND GEODETIC SURVEY. 323 

Table of Observed Magnetic DecUnations and Values reduced to the Year 1890-Continueu. 

)JEW YORK-Cuntinued. 

Name of station. <p i. D L1D Observer. 

----·~--~-- ----
o I o I 

Ostiander. 42 57 1880. j + 9· IO +o. 57 : + 9· 67 , J. T. Gardner. 

+o. 86 ! + 7. 19 , J. T. Gardner. Hoxsie and Seeley. 42 57 76 22 1878. 6 + 6. 33 

· Strawberry Island. 42 57 78 55 1875. 54 + 4. 00 +1. 16 : + 5. 16 F. Terry. 

, Shoemaker am! Yule. 42 58 74 54 1879. 6 + 8. 54 +o. 64 ' + 9· 18 J. T. Gardner. 

'Clapp. 

Green. 

Johnstown. 

Cossitt. 

Grand Island. 

Vedder. 

i Eagle. 

, Tanner. 

42 58 76 02 1878. 6 + 7. 20 +o. 86 -t 8. 06 .!. T. Gardner. 

42 59 · 76 02 1878. 6 + 6. 98 +o. 83 + 7. 81 J. T. Gardner. 

43 00 

43 00 

74 23 

76 12 

1S1~.90 ~ 6.03 

1878. 6 ...L 6. 77 
+4· 69 + 10. 72 

+o.86 + 7.63 J. T. Gardner. 

43 oo 79 01 1875. 62, i -.2. 97 +1. r6 + 4. 13 A. C. Lamson. 

43 01 74 39 188o. 7 + 9· 13 +o. 6o + 9· 73 J. T. Gardner. 

43 01 75 55 i 1878. 6 -:- 7. 28 +o. 86 · + 8. 14 J. T. Gardner. 

' 
43 01 76 34 1 1878. 5 • + 3. 82 +o. 86 i + 4. 68 J. T. Gardner. 

Bulger and Cranson. 43 02 75 43 1879. 5 ...,- 7. 27 +o. 78 + 8. 05 J. T. Gardner. 

Getman, Herkimer, 

and Jackson. 

· Prospect. 

Eaton. 

Little Falls. 

Merry. 

Clyde. 

New Pre-emption 

Line, 72 ~ miles. 

Kirkville. I 
I 

T~awanda Reserva-I 

11on. I 

1 

Tonawanda. 

1 

43 02 75 ()() I 1879,6 + 8.43 +o. 72 '. + 9. 15 i J. T. Gardner. 

I 

43 02 75 27 1879. 5 -t- 8.58 +o. 78 i + 9. 36 '! J. T. Gardner. 

I 
4302 7533 1879.5 +7·93 +0.78 +8.71 J.T.Gardner. 

43 03 74 52 i 188o. 7 + 7. 35 +o. 63 + 7. 98 J. T. Gardner. 

43 03 75 10 1879. 6 + 8. 63 +o. 71 + 9· 34 J. T. Gardner. 

43 03 

43 03 

43 04 

43 04 

43 04 

76 52 1878. 5 + 5. 72 +o. 87 + 6. 59 J. T. Gardner. 

76 58* 1795. s + 3. 83t +s. 03 + 7. 61 B. Ellicott. 

i 
75 56 : 1879. 5 + 7. 05 +o. 78 + 7. 83 • J. T. Gardner. 

I 
' 

78 22 1799. 1 + 1. 50 +s. o6 + 6. 56 J. Thompson. 

i • 
+1.16 + 4. 99 ' A. C. Lamson. 

! 

' 

Reference. I 

X. Y. Sm•o SO<., I 
1880. 

Sur., I 
i 

::'\. Y. State 

1879. 
T ~ ' l P. P., U .... Eng s, ' 

::\0.24, 1882. 

:X. Y. State Sur., 

1880. 

:X. Y. State Sur., 

rS79. 

::\. Y. State Sur., 

1879. 

Geo_!. Sur. ofN. Y. 

:'.\. Y. State Sur., 

1879. 

P. P., 1..'. S. Eng's, ; 

?\o. 24, 1882. 

N. Y. State Sur., 

1880. 

J'\. Y. State Sur., 

1879. 

N. Y. State Sur., 

1879. 

N. Y. State Sur., 

1879. 

N. Y. State Sur., 

1880. 

N. Y. State Sur., 

1880. 

N. Y. State Sur., 

1879. 

N. Y. State Sur., 

1880. 

N. Y. State Sur., 

1880. 

' N. Y. State Sur., 

' 1879. l 
Geo!. Sur. of N. Y. 

I 
. v ,. s s l , l'. . . tate • ur., 

1879. 

Regents' Rep.,1869. 

P. P., U. S. Eng's, 

No. 24, 1882. 
-------·------· 

*Corrected. 
t An index. correction of - I J( 0 is needed, according to myself and H. W. Clarke; it has been applied in the column D,.,10.0- [SCH.] 



 

324 UNITED STATES COAST AND GEODETIC SURVEY. 

Table of Observed Jtlagnetic Declinations and Values red1teed to the Year 1890-Continued. 

NEW YORK-Continued. 

Jli ame of station. rp I. D LID Observer. Reference. 

---·----·------- ------ ~---

~iagara Falls. 

Allis and Canastota. 

Collamer. 

Davison. 

43 04 ! 

43 05 

43 06 

43 06 

43 06 

Suspension Bridge, 43 07 
Niagara. 

Barto. 

H.ochester, 

Gorham Purchase. 

Orleans Co. 

Schuyler. 

43 08 

43 o8t 

43 08 

43 09 

43 IO ' 

0 / 

79 04 1874.58 + 
75 46 1879.5 + 

I 
o I 

3. 62 I 
7. 52 \ 

i 
I 

i +1. 24 I + 4. 86 F. E. Hilgard. 

+o. 78 : + 8. 30 , J. T. Gardner. 

75 r3 1835.5 + 3· 88*' +4· 19 ..L 8. 07 

76 04 1879. 5 + 7. 33 +o. 78 + 8. I I J. T. Gardner. 

76 I 7 • r878. 6 + 6. 57 +o. 83 + 7. 40 J. T. Gardner. 

79 03 1875. 54 + 2. 40 +r. 08 + 3. 48 F. M. Towar. 

74 53 '1879. 6 + 9. 52 +o. 71 +10. 23 J. T. Gardner. 

77 39 . 1876. 5 + 5. 68 +r. 10 • + 6. 78 L. L. Nichols. 

i 

78 OI 1798. 5 + J. 03 

78 16 i 1888. 88' + 6.07 
I 

7s 01 1879.6 I+ 8.93 

..L5. 06 i + 6. 09 G. Burgess. 

+o. 08 -+- 6. 15 D. D. Waldo. 

+o. 7 I + 9. 64 J. T. Garrlner. 

Williams. 43 IO 75 13 r879.6 '+ 8.97 +0.71 + 9.68 J.T.Gardner. 

~ew ]'re-emption 43 10 

Line at Lake On· 

tario. 

Charlotte. 43 r3 

Rome. 43 14 

High Dune. 43 15 

l 
1 Vienna. 43 15 

J Youngstown. 43 rs 

Fort Niagara. 43 15 

Jerseyfidd Lake. 43 16 '· 

Service's Patent, NE.! 
I 

43 16 

corner. 
I 

76 5St 1795· 5 + 3· +s. 03 + 7. 20 B. Ellicott. 

77 40 '1875. 43 1 -i 4. 53 +1. 17 + 5. 70 F. M. Towar. 

75 28 i r879 5 J + 7. 87 +0.71 
: ! 

7504:1883.55 i + 9.45 +0.43 

i i 
75 41i1879.5 + 8.40 +o. 71 

79 03 ! 1864. 5 i + 3· 00 

' 
79 04 r864. 5 I + 3. 02 +2. IO 

j 

I 
, I 

74 44 ', 1883. 52 ! + 8. 84i1 +o. 43 

: I 
75 04 ! 1883. 551 + 9. s111! +o. 43 

___ ._L_ I 

+ 8. 58 J. T. Gardner. ... 
+ 9. 88 V. Colvin. 

+ "9· 11 J. T. Gardner. 

+ 4. 92 i J. Barney. 

+ 5. 12 i -------- --------
+ 9. 27 V. Colvin. 

+10, 30 V. Colvin. 

*Mean of two values. t Corrected. 

Nat. Aca<l. Sc. 

N. Y. State Sur., 

1879. 

Sill. Jour., Vol..34, ! 

1838. 

N. Y. State Sur., 

1880. 

N. Y. State Sur., 

1879. 

P. P., U. S. Eng's, 

No. 24, 1882. 

N. Y. State Sur., 

188o. 

MS. in C. and G. S. 

Office . 

Regents' Rep.,1869.; 

MS. in C. and G. S. 

Office. 

~- Y. State Sur., 

1880. 

N. Y. State Sur., 

1880. 

Geo!. Sur. of N. Y. 

P. P., U. S. Eng's, 

No. 24, 1882. 

N. Y. State Sur., ) 

1879 . 

Ad. and S. L. Sur., 

1884. 

N. Y. State Sur., 

1879. 

P. P., U. S. Eng's, 

No. 24, 1882. 

U. S. Sur. N. and 

KW.Lakes. 

Ad. and S. L. Sur., 

1884. 
Ad. and S. L. Sur., • 

1884. 

t An index correction of-1}4° is needed, according to myself and H. W. Clarke; it has been applied in the column D1...,.0 -[ScH.] 
~Mean of four stations. IJ Mean of three stations. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 325 

Table of Observed Mag1ietic Declinations and Values reduced to the Yea.r 1890-Continue<l. 

~EW YORK-Contlnued. 

Name of station. rp i. D LID Observer. Reference. 

------- -,---,---- ----------- -------- --------

Oneida Co. 43 16 I 
! 

Great Sodus. 43 16 

Lyon's l'oint. 43 16 

Holland Land Co. 43 16 

f N
. I 

:Mouth o iagam 43 16 

River. 

Luzerne. 43 17 

Six miles west of 43 18 

Little Sodus. 

East Porter. 

Little Sodus. 
I 
I 

Morehouseville. I 

Braddock's Point. I 
Olcott Harbor. 'I 

At Lake Ontario. I 
Oak Orchard. I 

I 
Stoney Creek Station.I 

Station south of Thur-' 

man. 

Piseco Lake, P.O. 

Oswego. 

Warrensburgh. 

Meyer's Hill. 

Thurman Depot. 

Near Warrensburgh. 

At the Glenn. 

43 18 

I 
43 19 I 

' 
43 20 I 

43 20 

43 20 

43 21 

43 22 

43 23 

43 24 

43 24 

43 25 

43 26 

43 26 

43 27 

43 30 

43 33 

I 

I 
I 

0 ' 

75 04 1802.5 __,... 5.00, +5· IO +10 .. 10 i .\d. and S. L Sur., 

1884. 

76 58 1875. 40 + 6. 83 +1. 20 + 8. 03 J. Eisenmann. P. P., V. S. Eng's, 

"C\o. 24, 1882. 

77 26 13i5· 42 6. 07 + l. 20 -;- 7. 27 F. Terry. I'. P., l'. S. Eng's, 

Xo. 24, 1882. 

78 43 1799· 5 

79 04 1875.53 -: 

0.50 

3.68 

+ 5.57 
+ 4- 72 

S. Benton, jr. 

F. M. Towar. 

, Regents' Rcp.,1869. 

11. P., C. S. Eng's, 

Xo. 24, 1882. 

73 50 1883. 58 +10. 92 i +o. 43 +1 r. 35 V. Colvin. I Ad. and S. L. Sur.., 

1884. 

76. 49 1874. 77 + 6. 83 __l_r. 26 _;_ 8. 09 J. Eisenmann. P. P., C S. Eng's, 

Xo. 24. 1882. 

7855 1875.45 -c-3.27 +1.05 +4·32 J.Eisenmann. P. P., l". S. Eng's, 

No. 24, 1882. 

76 43 1874. 82 + 7. 05 +1. 26 + 8. 31 F. Terry. P. P., U. S. Eng's, ' 

Xo. 24, 1882. 

74 45 1883. 59 + 8. 38 +o. 43 + 8. 81 V. Colvin. Ad. and S. L. Sur., 

1884. 

78 43 1875. 41' + 4. So +r. 06 + 5· 86 A. C. Lamson. I'. P., V. S. Eng's, ' 

Xo. 24, 1882. 

P. P., C. S. Eng's, 

Ko. 24, 1882. 

78 01 1799.5 + 1.00 +5.07 + 6.07 1 A.Atwater. 

78 12 1875.52, + 3.77 +1.10 + +87 F.Tcrry. 

Regents' Rcp.,1869.' 
! 

1 
P. P., U. S. Eng's, 

J 

73 51 1883. 58 +II, 17 

73 50 '1883.59 +11.50 

i 
74 33 r883.6ol +11.02 

i+ 7634!1797.5 3.00 

I 
73 45 ~ 1838. 5 + 7. 25 

75 04 1883. 54 + 7. 

I 
73 48 1883. 58, +II. 33 

i 
: ! 

73 44 11883. 6o I +II. 00 
I l 

73 51'1883.591+13.12 
r I 

i 

+o. 43 i +11. 6o 

i 
i +a. 43 ! +11. 93 

+0.43 i +1z.45 

V. Colvin. 

V. Colvin. 

V. Colvin. 

i No. 24, 1882. 

I Ad. and S. L. Sur., 1 

I 1884. I 
I Ad. and S. L. Sur., I 
I 1884. 
I I Ad. and s. L. Sur., r 
: 1884. I 

+s. 08 I + 8. 08 S. De Witt. I MS. in C. and G. S. i 
I ' I 
, 

1 
Office. I 

I ' I 
+3· 95 jj +11. 20 -------- ·--- ----1 Sil~~:~r., Vol. 39, l 

I ! +a. 43 + 8. 01 V. Colvin. i Ad. and S. L. Sur., ! 
I I 1884. ! 

+a. 43 II +11. 76 V. Colvin. I Ad. and S. L. Sur., 1

1 
! 1884. 

+o. 43 +11.43 V. Colvin. j Ad. and S. L. Sur., J 

I I 1884. i 
+0.43 l' +13. 55 V. Colvin. /! Ad. and S. L. Sur., J 

1884. I 
-~~-'-~~~--~__;_~-~~~~~ 

*Mean of two stations. 



 

326 U:NITED STATES OOAST AND GEODETIC SURVEY. 

Table of Observed Magnetic Declinations and Values reduced to tlie Year 1890-Continued. 

NEW YORK-Continued. 

Name of station. D .dD Observer. Reference. 

----____ , ____ -------- --------

Port Ontario. 
0 I 

43 34 76 12 1874. 72 + 8. 15 i +1. 29 ' + 9. 44 F. M. Towar. 

i 
I Horicon. 

I 
! Johnsburgh. 

43 36 : 

43 36 

! West Canada Lakes. : 
I I 

Gommer Hill. 43 37 

Starbuck ville. 

Riverside. 43 38 ! 

Lake. 

i 
Near Outlet ofShroon 1 43 41 1 

! 
! 

' Sandy Creek. 43 42 

Lowville. 43 48 

Stony Creek. 43 49 

• North Creek. 43 50 

Stony Island. 43 52 

Snowshoe Bay. 43 53 

Gallop Island. 43 54 

Crown Point. 43 55 

Sacket's Harbor. 43 57 

Peninsula Point. 43 58 

Near the mountain. 44 01 

Le Rayville. 44 01 

Crown Point. 44 02 

\Vest Moriah and 44 02 

Small Pond. 

73 45 1883.60 +10.53 ! +0.43 +10.96 V.Colv-in. 

I 

73 57 , 1883. 59 1 +10.70 +o. 43 +1 I. 13 V. Colvin. 

74 36 1772.5 + 6.90 +4·7 i +u. 6 

I 
+0.43 ! + 9. 30 \'.Colvin. 

7 3 52 1883. 59 + 9. 92 +o. 43 +10. 35 V. Colvin. 
I 

73 48 1883. 59' -'- 9· 77 +o. 43 +rn. 20 Y. Colvin. 

I 
76 12 1874. 72: 7. 83 +1. 29 + 9. 12 : F. Terry. 

7535 182r.5 -4.50 +5·43 +9;93!J.Clark. 

76 16 1874. 72 + 8. 38 +1. 29 + 9. 67 I J. Eisenmann. 

I ! 1 

73 58 ! 1883. 59 • +11. 57 1 +o. 43 +12. oo V. Colvin. 

76 20 
1 

r8i4. 53 + 6. 30 +1. 30 + 7. 60 J. Eisenmann. 

76 14 ' 1874. 68 + 7. 33 +1. 29 + 8. 62 J. Eisenmann. 

76 25 1874. 59 + 7. 47 i -j-1. 30 + 8. 77 J. Eisenmann. 

73 27 : 1838. 5 

i 
76 07 ! 1874. 49 + 9. 77 i +I. 30 +I I. 07 J. Eisenmann. 

76 16 1874. 67 + 8. 2S +1. 29 + 9· 57 , J. R. Mayer. 

73 50 ; 1838. 5 + 8.27 

I 

75 44 1 1826. 44 + 5· 75 +5· 18 +rn. 93 

7 3 25 1879. 5 + 9· 62 +o. 96 

73 39 1838. 5 + 7. 16 ' +4· 38 

+rn. 58 

+11. 54 

V. Colvin. 

I 
East Moriah and 44 03 73 30 1838. S + 9. 82 1 +4· 38 

_M_~_un-dt_;_:_: __ ~l._44_0_5-'-l-7_3_4_7 _18_7_':'_! + H• I +o. 99 
V.Colvin. 

t 

P. P., U. S. Eng's, 

No. 24, 1882. 

Ad. and S. L. Sur., 

1884. 

Ad. and S. L. Sur., 

1884, 

Ad. and S. L. Sur., 

1884. 

Ad. and S. L. Sur., 

1884, 

1 
Ad. and S. L. Sur., 

1884. 

; Ad. and S. L. Sur., 

1884. 

Ad. and S. L. Sur., 

188+ 

P. P., U. S. Eng's, 

No. 24, 1882. 

MS. in C. and G. S. 

Office. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Ad. and S. L. Sur., 

1884. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Sill. Jour., Vol. 39, 

1840. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U.S. Eng's, 

No. 24, 1882. 

Sill. Jour., Vol. 39, 

1840. 

Ad. and S. L. Sur., 

1886. 

Ad. Sur., 7th Rep. 
' Sill. Jour., Vol. 39, 

1840. 

Sill. Jour., Vol. 39, 

1840. 

Ad. Sur., 7th R11p. 
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Table of Observed Magnetic Declinations and Values reduced to the Year 1890-Continued. 

:Kame of station. 

... 
Ba.Id Peak. 

Mount Marcy. 

Jefferson Co. 

Keene Valley. 

Clear Pond. 

44 06 

44 07 

44 09 

44 10 

44 10 

Mt. Hurricane. i 44 14 

Moosehead Mountain.I 44 14 

Pl="- . 144 ,, 
Upper Saranac Lake.: 44 19 

Alexandria Bay. i 44 20 

Dial Mountain. 44 21 

Wellesly Island. 44 21 

i 
Whiteface Mountain. 

Rossie. 

44 22 ! 

44 22 

Picnic Island. 

Bog Mountain. 

St Regis Lake5. 

St. ·Regis Mountain. 

Munger at Raquette 

Station. 

Keeseville. 

Mt. Azure. 

Chippewa Point. 

Colton Village. 

Two miles N. E. of 

Oak Point. 

Norway Mountain. 

Ogdensburgh. 

44 22 

44 23 

44 24 

44 25 

44 28 

44 28 

44 29 

44 32 

44 32 

44 34 i 

44 4ot; 
I 

NEW YORK-Continued. 

I 

ii. D 
1 

LfD i DiM·o Observer. 

----·!---1~---

i ~· 0 

73 29 1879. 5 +11.99 1 +0.99 j +12.98 \'.Colvin. 

73 55 1879.5 +10.71 +0.90 --i-1r.61 V.Colvin. 

75 37 1794. 6o ---'-- 2. 6i -i-6. o + 8. 7 P. Pharoux. 

7346 1883.5 +II.54 +0.59 +12.13 V.Cohiu. 

73 57 1883.73 + 9.S3 ,0.57 +10.40 V.Colvin. 

73 42 . 1879. 5 + 9. 15 +o. 99 j +IO. 14 V. Colvin. 

74 38 , 1883. 64 + 9· 40 1 +o. 54 + 9· 94 \·. Cohiu. 

75 55 1858. 4 + 7· 58 i +2. 78 +ID. 36 J. Clark. 

74 15 1883.62 +Io.78 +0.54 +11.32 V.Colvin. 

75 56 1872. 71 + 7. 00 +r. 47 + 8. 47 A. C. Lamson. 

73 49 • 1838. 5 + 8. 34* +4· 02 
I 

76 or · 187]. 62 i + 8. 58 +1. 39 
I , 
! 

73 54 : 1879. 5 
75 43 • 1839. 5 

+10. 99 . +o. 99 

+ 6. 72 +4·43 

75 52 11872. 76 ! + 7. 93 +1. 46 
I 

I 
74 44 ~ 1883. 64, + 5. 95 +o. 54 

I I 
74 14 I 1883. 63. +10. 18 +o. 54 

i 
I 

74 20 i 1879. 5 i +10. 52 +o. 92 

74 45 , 1SS3. 64
1 

+IO. 12 +o. 54 

! ! 

73 32: 1838.5 + 8.67 
I 

++02 

! 

+ 9.97 

+ 9.39 

+ 6.49 

+rn. 72 

F. M. Towar. 

V. Colvin. 

A. Hopkins. 

F. M. Towar. 

\'.Colvin. 

V.Colvin. 

V.Colvin. 

Y. Colvin. 

74 28 1883. 71 i + 9. 65 +o. 54 +10. 19 V. Colvin. 
i 
I 

75 46 1872. 63 + 7. 70 +r. 48 + 9. 18 F. M. Towar. 

74 54 1883. 64 + 9· 57 +o. 54 +10. II V. Coh-in. 

75 43 i 1872. 63 
I 

! 
7341i1879.5 

I 
75;iot,1838.5 

I 

+11.00 

* Mean of two values. 

+0.99 

+4·68 

+12. 48 
1 

A. C. Lamson. 

+13. 26 i, V.Colvin. 
I 

+10. 85 i -------- ·-------
t Corrected. 

Reference. 

1 

I Ad. Sur., 7th Rep. 
1 Arl. Sur., 7th Rep. 

1 
Regents' Rep.,1869. 

Ad. and S. L. Sur., 

1884. 

Ad. and S. L. Sur., 

1884. 

A_, 1. ~Ur.. /th l(ep. 

Ar!. ond S. L. Sur., 

1~S4. 

:uc;. in C. alid G. S. 

( >t:-:ce. 

Ad. and S. L. Sur., 

1884. 

P. P., l'. S. Eng's. 

Ko. 24, 1882. 

Sill. J our., Vol. 39, 

1840. 

P. P., U.S. Eng's. 

Ko. 24, 1882. 

Ad. Sur., 7th Rep. 

Sill. Jour., Vol. 39, 

1840. 

P. l'., l'. S. Eng's, 

Ko. 24, 18S2. 

Ad. and S. !.. Sur., 

1884. 

, Ad, and S. L. Sur., 

1884. 

.-'l.d. Sur., 7th Rep. 

.-\d. anrl S. L. Sur., 

1SS4. 

· Sill. Jour., Vol. 39, 

1840. 

[ Ad. and S. L. Sur., 

1884. 

i P. P., U. S. Eng's, 

l\o. 24, 1882. 

: Ad, and S. L. Sur., 

1884. 

, P. P., lJ. 5. Eng's, 

Ko. 24, 1882. 

Ad. Sur., 7th Rep. 

Regents' Rep., 1869. 

• 



 

328 U~ITED STATj<}S COAST AND GEODETIC SURVEY. 

Table of Observed Jlagnetic Declinations and Values reduced to the Year 1890-0ontinued. 

NEW YORK-Continued. 

:Same of station. i A D I I ! Observer. Reference. , <p I j .iJD I Dmio·o i 
_____ .1 ____ ! ___ , ___ , ____ , ___ , ___ 1 _______ ----

. 0 ,1 1! . 0 I 0 I 0: 
Four miles S. \V. of 1 44 40 I 7533

1
1871 77 · + 9.60. +1.40

1

1 +11.00 I A.C.Lamson. 
I Ii • 

Ogdensburgh. 
1

1, 

I I I Lyon Mountain. 44 42 73 52 ! 1879. 5 +12. 44 ! +o. 82 +13. 26 I \'.Colvin. 
I I I I 

Ragged Lake. 44 42 74 oo : 1883. 72 4-14. 97 i +o. 48 I +15. 45 , V. Cokin. 
I . l I ! 

Phttsburgh, N. E of ' 44 45 
breakwater. 

Ranr1 Hill. ' 44 46 

La Motte. 44 50 j 

~1a1one, Low's Pin" 44 50 ! 

nacle. , I 
\Yest Chazy. 44 52 1 

1 Goose K eek Island. 44 55 

: St. Regis, Indian 44 59 

Yillage. 

Champlain, near 

Rouse's I'oint. 

l\lassena Point, 

I'olly's Gut. 

Smithville, }'ort 

Johnson. 

Wilmington. 

Beaufort. 

Portsmouth Island. 

New Berne (S. V. S.). 

Raleigh. 

Bodies Island. 

Sand Island. 

Shellbank. 

Stevenson's Point. 

I 
I 

45 00 i 

45 00 I 
I 

33 ss / 

34 14 

34 43 

35 04 

35 07 

35 47 

35 48 

35 50 

36 04 

36 06 

I I 
+10.87: +r.ss / +12.45: J.L.Gillespie. 

I I I 
' I I 

+11. 34 ! +o. 82 I +12. 16 I V. Colvin. 

+13. 36 I +o. 82 I +14. 18 i V. Colvin. 
I I I 

+12. 47 i +o. 481
1 

+12. 95 · V. Colvin. 

i i I 
I ' 

73 25 1838.5 I+ 9.351 +4.60 I +13.95 -·--------------

75 07 ! 1871. 451 + 9. 65 i +1. 43 II +11. 08 A. C. Lamson. 

I I 
74 39 j 1883. 69 j j 10. 50 

1 

+o. 481 +10. 98 i V. Colvin. 
I II I I 

73 24 1870. 76 

73 36 1879.5 

73 20 1879.5 

74 15 ' 1883. 63 i 

: I l · 6 ! · ' 
73 26 . 1838. 5 i + 9· 50 , -\-4· O I '14. IO 1--·· -··----------

7446,1871.5oj +10.62 +1.471 +12.091 A.C.Lamson. 

I I I 

XORTH CAROLINA. 

78 01 
I I I +0.14 I+ 1887. 20 I + I. 13 I. 27 J. B. Baylor. 

77 57 1854.42 - I. 22 +2. 19 + 0.97 G.W.Dean. 

76 40 188o.03 + I. 74 +0.54 + 2.28 J. B. Baylor. 

76 03 1871.25 + 2.37 +1.08 + 3.45 A. T. Mosman. 

77 03 1887.22 + I. 91 + 2.27 J.B. Baylor. 

78 38 1887.23 + I. 30 I +0.14 + r.44 J. B. Baylor. 

75 32 1846.991 + I. 22 +z.48 + 3.70 C. 0. Boutelle. 

75 40 1876. 08 I + 2. 98 +0.77 + 3.75 E.Smith. 

75 44 1847.24 + I. 75 +2.47 + 4.22 C. 0. Boutelle and 

G. DaYidson. 

76 II 1847, IO + I. 66 +2.48 + 4· 14 C. 0. Boutelle. 

I 

P. P., U. S. Eng's, 

No. 24, 1882. 

Ad. Sur., 7th Rep. 

Ad. and S. L. Sur., 

1884. 

I'. I'., C. S. Eng's, 

Nu. 24, 1882. 

Ad. Sur., 7th Rep. 

Ad. Sur., 7th Rep. 

' Ad. and S. L. Sur., 

1884. 

, Sill. Jour., Vol. 39, 

1840. 

I'. P., U. S. Eng's, 

No. 24, 1882. 

Ad. and S. L. Sur., 

1884. 

Ad. and S. L. Sur., 

1884. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Group 1. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

C. and G. S. R.,p., 

1881, App. 9. 

C. and G'. S. Rep., \ 

1881, App. 9. , 

C. and G. S. Rep., 

1881,App.9. 

. C. and G. S. Rep., 

1881, App. 9· 
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Table of Observed .Magnetic Declinations and Yalues reduced to the Year 1890-Contirmetl. 

Xame of station. 

Weldon. 36 27 

Nottoway River , 36 32 

Riddicksville. 

N. C. and Va. Bound· 

ary, Knott Island. 

N. C.and Va. Bound. 

ary Station, i'\ \\'. 

36 33 

36 33 

-------

Charlotte. 

Goldsborough. 

Wimble Sb.oals. 

i Asheville. 

Salisbury. 

hiorgantown. 

Greensborough. 

Bismarck. 

Jamestown. 

Pembina. 

Near Fort Berthold. i 
N<.?rthwest Bounclary.i 

NorthwestBoundarv, / 

near Pembina Mt~. i 
I 

Northwest Boundary.\ 

Northwest Boundary. I 

35 q 

35 25 
35 34 

35 35 

35 40 

35 47 
36 04 

46 46 

46 53 

48 59 

47 28 

49 00 

49 00 

49 00 

49 00 

Northwest Boundary. I 49 oo 

! 

NORTH CAROLIKA-Continue<l . 

I t D 

. ------------· --·----- --------· ----~---------- -

i. L!D !)""""'' Observer. 
____ j ___ _j ___ _ 

D I i I 

77 25 I 1887. 241 + 2. 51 +o. 15 + 2. 66 J.B. Baylor. 
i : 
1 : 

76 56 i 1887. l] + 2. 50 +o. 15 + 2. 65 C. IL Sinclair. 
! 

15 s6 • 1887. 06 I 
, I 

76 12 '1886. 991 

I 

+ 2.90 

+o. 15 _3. 70 \ C.H. Sinclair. 

+0.15 --'- 3. 05 C.H. s:nclair. 

+ 3. 55 

80 46* 
i 

I. 06 +0.93 187~. 581 - - 0. 13 F. E. Hilgarcl. 

77 50 18h49l + 0. 25 I +0.82 + I. 07 J.M. Poole. 
: 

75 24 1738.5 : + 4.00 +0.50 + 4,5o ----------------

82 30 : 1873.601 -- I. 97 +0.91 : - I. 06 F. E. Hilganl. 
I 

80 20 1873. 58 I - 0.87 +0.93 + 0.06 F. E. Hilgard. 

81 30 187J. 59 ! - I. 18 +o. 91 - 0. 27 F. E. Hilgard. 
! 

79 40 187J. 57 : - 0. 72 +0.93 + 0. 21 F. E. Hilgarcl. 
! 

-------------~---- ------~-~---

100 47 

98 45 

97 14 

IOI 50 

97 40 

98 00 

98 10 

98 28 

•Corrected. 

NORTH DAKOTA. 

__ I ____ 

1880. 73 i -15. 83 I 

1880. 70 i -13. 51 
I 

1880. 691 ·-12. 61 

I 186o. 5 
'1872. 5 

I 1872. 5 

. 1872. 5 

i 1872. 5 
I 

I 1872. 5 

! 

' ' i ! 
1-18.971 

I -15.00 [ 
I . 
I 
I 
I -15. 17 
I 
I 
I ! -15. 50 
I 

I 
r -15. 50 

I -15. 58 

I 

--- -~----
1 

+o. 62 : -15. 21 i J.B. Baylor. 

' i +0.62 1 -12.89 ! J.B. Baylor. 
I I 

I l , 
+o. 62 \ -II. 99 i J.B. Baylor. 

I I 

+x.48 --17.49 (Vl. F. Raynolds]. 

+o.88 -14. 12 I (W.J. Twining). 

I 

+o.88 -14.29 / 
' 

(W. J. Twining). 

+o.88 -14.62 (W.J. Twining). 

+o.88 -14.62 (W. J. Twining). 

+o.88 -14.70 (\V. J. Twining). 

Reference. 

).IS. in C. and G. S. 

Oftice. 

).h. in C. and G. S. 

Office. 

:\h. in C. am\(_,, S. 1 

(Jff,ce. 

:\IS. in C. and G. S. 

Oftice. 

Group ~. 

>:at. Aca<l. Sc. 

>:at. Acad. Sc. 

J'rvm a ch:in of the 

Shoals. 

::\at. .-\cad. Sc. 
1 ::\at. Acad. Sc. 

::\at. A cad. Sc. 

~at. A cad. Sc. 

Group I. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

Group 2. 

Exp!. Exp., 1865. 

Rep. K\\'. Bound. 

~ur., 1878. 

Rep. NW. Bound. 1 

Sur., 1878. 

Rep. KW. Bound. 

Sur., 1878. 

Rep. K\\'. Bound. 

Sur., 1878. 

Rep. K'N. Bound. 

Sur., 1878. 
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Table of Observed ,lfagnetic Declinations a.nd Values reduced to the Year 1890-Continued. 

::\ ame of station. 

i 
I N orthwe"t Bounrlary. 

l 
I NorthwestBoundary. 

I 
I Northwest Boundary. 

! I Northwest Boundary.: 

I Northwest Boundary. 

! 

Northwest Boundary, 

near Bear Butte. 

! Northwest Boundary. 

I I Northwest Boundary, 

I Northwest Boundary. 

I Northwest Bounrlary., 

I 
f K orthwest Boundary, 

i Woodend. I N~<h·~<B~d•<y. 

South Point. 

Cincinnati Observ· 

atory (S. V. S.), 

Athens (S. \-. S.). 

Columbus. 

Cleveland (S. Y, S.). 

Portsmouth. 

Gallipolis. 

NORTH DAKOTA-Continued. 

D LID Observer. Referer,ce. 

____ _, ___ ---- ----1---- -------- --------

o I 

49 00 : 98 55 : I 872. 5 

49 00 99 00 : 1872, 5 

49 00 99 05 : 1872. 5 

49 00 100 25 : 1873, 6 

49 00 100 30 • 1873. 6 

49 00 100 40 : 1873. 6 

49 00 rDl 40 1873. 6 

49 oo 1 102 oo 1873. 6 

49 00 i I02 15 1873. 6 

49 00 103 00 I 1873.6 
! 

49 00 103 30 1873. 7 

-15. 75 

-15. 92 

-16.67 

-17. 25 

-17. 17 

-17. 75 

-18.00 

-18. 18 

-18.00 

-r8. 13 

I +o. 88 :
1 
-14. 37 (W. J. Twining). 

I 
i 

+o. 88 i -14. 79 ("·· J. Twining). 

+o. 88 -14. 87 ! (W. J. Twining). 

+o. 88 j -15. 04 . (W. J. 'fo·ining). 
I 

I +o. 82 i -15. 85 
I 

+o. 82 [ -16. 43 

I 
+o. 821-16. 35 

+o. 82 1-16. 93 

! 

+0.82 i -17. 18 

I 
I -11. 36 
I 
I 

(W. J. T"·ining). 

("-· J. Twining). 

(\V. J. Twining). 

(\\'. J. T'Yining). 

(W. J. Twining). 

(W. J. Twining). 

+o. 82 i -17. 18 (W. J. Twining). 
I 

+o. 82 ) -17. 31 (W. J. Twining). 

, I 

Rep. NW. Bound. 

Sur., 1878. 

Rep. NW. Bound. 

Sur., 1878. 

Rep. NW. Bound. 

Sur., 1878. 

Rep. NW. Bound. 

Sur., 1878. 

Rep. NW. Bound. 

Sur., 1878. 

Rep. NW. Bound. 

Sur., 1878. 

Rep. NW. Bound. 

Sur., 1878. 

i Rep. NW. Bound. 

Sur., 1878. 

Rep. NW. Bound. 

Sur., 1878. 

Rep. NW. Bound. 

Sur., 1878. 

Rep. NW. Bound. 

Sur., 1878. 

Rep. NW. Bound. 

Sur., 1878. 
I I 

---~---~------~----~------

OHIO. Group I. 

I 
39 08: 

39 20 i 

39 58 

41 30 

38 53 

82 35'1864.14 1.88 

82 02 188o.93 - o.68 

--------- -----....,.------
i I I I I +I. 59 . - o. 29 I A. T. Mosman. 1 C. and G. S. Rep., . 

I I I 1881, App. 9· i 
1 - 1. 8o I J.B. Baylor. MS. in C. and G. S. 1 

I ! I Office. 
! - o. 14 I J.B. Baylor. 1 C. and G. S. Rep., 

I I 
I 1881,App,9. 

+r. 15 
1 

- o. 19 

11 

A. T. Mosman. II C. and G, S. Rep., 

. 1881,App. 9. 

81 42 • 1888. 55 + 2. o6 + 1. 92 i J.B. Baylor. I MS. in C. and G. S. 
1 Office. 

Group 2. 

8.! 50 1805. 5 5. oo + 3. 56 ·- I. 44 [ Public Surveyor. Sill. Jour., Vol. 34, , 
1 

I 1838. I 
- 2. 58 +2. 92 I + o. 34 j J. Fletcher. 

i I I 
Sill. Jour., Vol. 39, i' 

1840. 
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Table of Observed Mag'ltetic Declinations and Values reduced to the rear 1890-Continued. 

Name of station. 

Mouth of Miami 

River. 

"Jackson. 

Chillicothe. 

Near Marietta (S.Y. 

S.). 

o I 

39 oS' 

39 15 

39 2I 

39 28 

OHIO-Continued. 

D LID Du'90·o 

o I 

·---- ---1 --·-·· 
84 45 1810.5 - 5.17 +J.2I 1- 1.96 

82 42 1838. 5 - 3. I7 +2. 92 - 0. 25 
I I . 

82 54 1835. 5 • - 3· 25 : +3- 03 I - o. 22 
I 

Observer. 

J. Mansfield. 

0. K. Tyson. 

A. Burne. 

I. 54 : + o. 79 ; E. Loomis and D. 

E. Stone. 

Reference. / 

·-----1 
Sill. Jour., Vol. 34, I 

I838. i 
Sill. Jour., Vol. 39, / 

I840. I 

Sill. Jour., Yol. 39, 
1 

I840. 

Sill. Jour., Yo!. 34, 

I838, and Yol. 

39, 1840. 

Wilmington. 83 42 1838. 5 - 4. 08 ' +2. 76 ; - 1. 32 : D. Wickersham. ! Sill. Jour., \'vi. 39, · 

Oxford. 

Springboro. 

Washington. 

Carrollton, Montgo:n 

ery Co. 

Springfield. 

New Madison. 

Columbus. 

Batesville. 

Zanesville. 

Saint Clairsville. 

Tuscarawas. 

Coshocton. 

Dover. 

Carrollton, Carroll 

Co. 

Sandy. 

Kenton. 

Wooster. 

New Lisbon. 

Forest. 

39 3o 

39 3I ! 

39 34 

39 54 

I 39 56 

84 38 1845. 6 i - 4· 83 +z. 47 

84 16 1838. 5 - 4. 07 +2. 76 

S:t 2I 1838. 5 - 3. IO -4-2. 92 

83 47 1835. 5 - 4· 50 +2. 97 

84 37 1838. 5 - 4. 85 +2. 76 

2. 36 J. Locke, 

1. 31 E. Baily. 

- o. 18 J. Bell. 

- 2. 30 ]. Locke. 

1. 53 i -- Dutton. 

2. 09 1 J. Jaqua. 

39 57 82 59 1874. 63 1. 20 ' +o. 96 - o. 24 F. E. Hilgard. 

I. 37 -i-3· 10 + I. 73 i M. Atkinson. 39 58 . 81 II 1838. 5 

39 58 82 04 1838. 5 - 2. 50 +3· 10 + o. 6o J. Boyle. 

40 IO So 52 1838. 5 - 2. 52 +3· Io + o. 58 ' J. C. Moore. 

40 24 

40 28 

40 31 

40 3; 

I 

40 36: 

40 37 \ 

i 
40 39 j 

40 491 

81 50 1874. 63 + o. 33 , +o. 87 + 1. 20 F. E. Hilgarcl. 

81 57 1838. S 1. 50 +2. 98 + 1. 48 J. W. Sweeney. 

81 29 1838: 5 I. 83 

83ogI1838.5 I - 3.28 

I 
81 09 1838.5 . 0.50 

81 28 1810.5 - 2. 17 

+2. 98 i + I. I 5 IL V. Beeson. 

+z. 88 / - o. 40 S. Holmes. 

I 
+2. 98 i + 2. 48 • -- Van Brown. 

I 
+ 3. 68 i + I.SI E. Buckingham. 

+2. 88 / - 2. 40 J. H. Ross. 

\ +2. 76 I + o. 98 C. W. Christmas. 

4050/ 8o49
1

r88o.5 +1.48 
i 

2. 11 1 J. B. Strnwn. 
I 

j I 40 50 i 83 28 1874. 64 - 2. 30 

'---~~--~-'---~~!~ 

+0.63 I·+ 
+0.82 J - I. 48 ! F. E. Hilgard. 

I840. 

C. S. Rep., 1855. 

Sill. Jour., Vol. 39, 

1840. 

j Sill. Jour., Vol. 39, 

I 1840. , 

i C. S. Rep., 1855. 

Whittlesey MS. 

!I Sill. Jour., Vol. 39, i 
1840. 

Nat. Acad. Sc. 

Sill. Jour., Vol. 39, 

1840. 

Sill. Jour., Vol. 39, 

1840. 

Sill. Jour., Vol. 39, 

1840. 

Nat. Acad. Sc. 

Sill. Jour., Vol. 39, 

1840. 

Sill. Jour., Vol. 39, 

1840. ! 
Sill. Jour., Vol. 39, ' 

1840. 

Sill. Jour., Vol. 39, 

1840. 

Sill. Jour., Vol. 39, ' 

1S-10. 

Sill. Jour., Vol. 39, 

1840. 

I 
Sill. Jour., Vol. 39, 

1840. 

1 .'\fS. in C. and G. S. 1 

/ Office. j' 
j Nat. Acad. Sc. 
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Table of Observed Magnetic Declinations and Va.Zues reduced to the Year 1890-Continued. 

•' • OHIO-Continued. 

----- -~-------- _ .. ----~-------.. --~· -

Na1ne of station. <p ,1 t D .JD D'"oo·o Observer. Reference. 

I 
·-----1----~· 

___ , 
0 I 0 I l 0 ~ 

Ohio and Pa. State 40 53 80 3r*i 1880.4 + I. 92' +0.64 +2. 56 J. B. Strawn. MS. in C. and G. S. 

Line, 75 miles 
! Office. • 

south of Lake Erie. 

Chippeway. 40 55 81 48 
I 

1810.5 - 2.60 +3.68 +1. 08 J. Mansfield. Sill. Jour., Vol. 34, 

1838. 

Kalida. 40 59 84 14 1838.5 - 3.00 +z.88 -0. !2 E.B. Fitch. Sill. Jour., Vol. .J<:;, 

1840. 

Western Reserve, 41 00 So 31*; 1810.5 - I. 35 +3· 56 +z. 21 J. Mansfield. Sill. Jour., Vol. 34, 

S. E. cornerof Po- 1838. 

land. 

Canfield. 41 00 So 50 '1810. 5 - I. 62 +3· 56 +1. 94 J. Mansfield. Sill. J our., Vol. 34, 

1838. 

Berlin. 41 00 Sr 03 1810.5 l. 80 +J.56 +r. 76 J. Mansfield. Sill. Jour., Vol. 34, 

1838. 

Atwater. 41 00 81 21 1810.5 2.07 +3· 56 +1. 49 J. Man;field. Sill. Jour., Vol. 34, 

1838. 

Portage. 41 00 81 31 1838.5 - I. 25 +2.82 +1. 57 -- Mallison. Sill. Jour., Vol. 39, 

1840. 

Suffield. 41 00 81 34 1810.5 - 2.37 +3· 56 +r. 19 J. Mansfield. Sill. Jour., Vol. 34, 

\ J. :\lansfield. 

1838. 

Coventry. 41 00 81 48 1810.5 -- 2.32 +3· 56 +1. 24 Sill. Jour., Vol. 34, 
I 

1838. 

Norton. 41 00 81 53 1810.5 - 2.50 +3· 56 t1.06 i J. Mansfield. Sill. Jour., Vol. 34, 
I 1838. i 

Seneca. 41 00 83 20 1810.5 - 3·95 +J.68 -0.27 I J. Mansfield, Sill. Jour., Vol. 341 

I 1838. 
I 

Tallmadge, Summit 41 06 81 28 1806 - I.00 +3·71 +2. 71(?;! Seth S. Ensign. Whittlesey MS. 

Co. 

I Akron, Summit Co., 41 10 81 33 1797. 54 1 - 2.03 +3.81 +r. 78 M. Warren. Whittlesey MS. 

4 miles north of. 

Youngstow n,Mahon- 41 12 8o 46 ' 1796.6 - 1.45 +3· 52 +2.07 A. SDOfford. Whittlesey MS. 

ing Co. 

Brookfield. 41 14 8o 37 i 1837. 5 - o. 67 +2.86 +2. 19 G. Boyse. Sill. Jour., Vol. 39, 

1840. 

Brace\·i!le. 41 14 81 03 i 1838. 5 - 0.83 +2.82 +r. 99 F. E. Stowe. Sill. Jour. 1 Vol. 39, 

1840. 

Hudson. 41 15 81 26 1840,5 - 0.87 +2.74 +1. 87 E. Loomis. C. S. Rep., i855. 

Defiance. 41 15 84 23 1810.5 - 4.50 +3.68 --0, 82 J. Mansfield. Sill. Jour., Vol. 34, 

1838. 

Streetsborough, Port- 41 17 81 22 1821. 4 - 2.o8 +3·38 +1.30 R. Cowles. Whitt!esey MS: 

age Co. 

Flat Rock. 41 18 84 12 1838.5 - 3· 23 +2.88 ---0. 35 W. C. Brownell. Sill. Jour., Vol. 39, 

i 1840. 
I 

Lower.Sandusky. 41 21 83 09 i 1838. 5 - 2.8o +2.96 +0.16 -- De Reeves. Sill. Jour., Vol. 39, 
I 1840. I 

! 

*Corrected. r 



 

UNITED STATES COAST AND GEODETIC SURVEY. 3.33 

Table of Observed Ma,gnetic Declinations and Values reduced to the Year 1890-Continueu. 

OHIO-Continued. 

Name of station. cp 1 1J LID D 1800.0 Observer. 

0 I o ! I 

Aurora, north line, 41 23 81 18 '1796. 66 I. 37 +3· 52 + 2. 15 Seth Pease. 

Portage Co. 

Huron HarLor and 41 24 82 33 1845. 5 - 2. 17 +2. 29 + o. 12 J. H. Simpson. 

River. 

Huron. 

/ Vermillion. 

I Sandusky. 

Kinsman, Ashtabula 

Co., north line. 

Black River. 

OnPennsylvMio.Line,; 

34 miles north. 'I 

Mesopotamia, Trum-

bull Co., north line., 

Newberry, Geauga I 
Co., north line. I! 

Rocky River. 

i 
Near Cedar Point I 

Light, Sandusky. 

41 28 

41 29 

41 30 

Sand Point, San- 41 30 

dusky. 

Rapids of Maumee. 41 30 

Avon Point. 

Port Clinton. 

Mayfield, Cuyahoga 

Co., SE. comer. 

Euclid. 

Chardon, 

Catawba Island. 

Kelley's Island. 

Locust Point. 

41 31 

41 31 

41 32 

41 34 

41 35 

41 35 

82 35 1877. 37 - o. 48 +o. 6o + o. 12 F. Terry. 

82 21 1876. 80 - o. 47 +a. 63 + o. 16 F. M. Towar. 

i 
82 45 ! 1872. 42 - o. 92 +o. 86 -- o, 06 A. C. Lamson. 

I 
I 

! 
80 37 1 1796. 63 - I. 50 +3· 91 + 2. 41 Seth Pease. 

82 IO j r876. 82 - 0. 28 + o. 35 F. Terry. 

i 
8o 31*' 1796. 59 - I. 6z + 2. 29 :\[.Halley. 

I 
8100I1796.63 - 2.37 + I. IS Seth Pe:ise. 

I 
I 

81 18 i 1796. 64 - I. 33 + 2.19 Seth Pease. 

81 52 1876.75 + 0.18 +0.63 + 0.81 F. M. To"·ar. 

82 40 r862. 5 r. 65 - 0.27 \V. H. Hearding. 

82 43 1877. 41 - o. 62 +o. 59 - o. 03 A. C. Lamson. 

83 30 1810. 5 2. So +3· 68 + o. 88 J. :!\1ansfield. 

82 01 1876. 77 + 0. 60 +o. 63 + I. 23 F. M. Towar. 

+o. 6o - o. 18 F. Terry. 

81 26 I 796. 66 I. 05 +3· 82 + z. 77 Seth Pease. 

81 34 1876. 7 + I. 17 +o. 64 + I. 81 :F. Tercy. 

81 15 1838. 5 - o. 25 +z. 63 + z. 38 R. Cowles. 

82 50 1877. 53 - o. 67 +o. 6o - o. 07 A. C. Lamson. 

82 44 I 877. 46 - o. 65 +o. 59 - o. o6 A. C. Lamson. 

83o6I1871.ss - 0.67 +o.66 - 0.01 F. M. Towar. 

I . _______ __: ___ .;___ ________ _ 
* Corrected. 

Reference. 

I Wh;Ul<«y MS 

! 
P. P., C. S. Eng's, 

1'o. 241 I ~S2. 

P. I'., U. S. Eng's, 

No. 24, 1SS2. 

P. P., L. S. Eng's, 

1:0. 24, 1882. 

P. P., C. S. Eng's, 

No. 24, 1SS2. 

Whittlesey :\IS. 

P. P., U. S. Eng's, 

No. 24, 1882. 

\\11ittlesey 115. 

Whittlesey :\IS. 

Whittlesey MS. 

P. I'., C. S. Eng's, 

No. 24, 1882. 

P. I'., U. S. Eng's, 

Ko. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Sill. Jour., Yo!. 34, 

1838. 

l'. l'., D. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

'Whittlesey MS. 

I'. P., U. S. Eng's, 

Ko. 24, 1S82. 

Sill. Jour., \"ol. 39, 

I 1840. 

I P. P., U. S. Eng's, 

No. 24, 1882, 

P. P., U. S. Eng's, 1 

No. 24, 1882. 

P. P., U. S. Eng's, , 

No. 24, 1882. / 



 

i 

334 UNITED STATES COAST AND GEODETIC SURVEY. 

Table of Observed Jlf.agnetic Declinationa and Value8 reduced to the Year 1890-Coutiuued. 

)fame of station. ' cp 
! i ----1---,-

f Cl I I 

I 41 39 1 

Bass Islands. 

!

I 41 39 

41 40 

Green Island. 

Willoughby. 

! 
Willoughby, Lake I 41 40 

Co. 

Toledo. 41 40 

Kirtland, Lake Co., 41 41 

~. E. corner. 

North Bass Island. 41 42 

Mouth of Maumee 41 42 

River, east side. 

Bloomfield. 

1\1 entor, Lake Co. 

Cedar Point, Mau-

mee Bay. 

41 43 

41 43 

41 43 

Cedar Point, Mau- 41 43 

mee Bay. 

West Sister Island. 41 44 

Fairport. 

Fourteen miles south 

of Lake Erie. 

Denmark. 

East Sister Isle. 

:Madison. 

I 
OnPennsylvaniaLine,I 

6o miles north. 

Red Creek. 

Ashtabula. 

North Ringsville. 

41 45 

41 47 

41 47 

41 49 

41 50 

41 52 

41 53 

41 55 

41 56 

OHIO-Continued. 

i. D .LID Observer. 
I 

Reference. 

o I I -

-------!-------1 

81 26 1876. 70 i + I. 85 

+z.28: - 0. IO 
I 

+z.32 I - 0.25 
! 
I 

+0.641 + 2.49 

(Chart). 

J.C. Woodruff. 

.F. M. Towar. 

+J.82 + 1. 99 , M. Halley. 

I U. S. Sur. N. and 

/ NW.Lakes. 

I 
P. P., U. S. Eng's, 

No. 24, 11!82. 

i P. P., V. S, Eng's, 

J No. 24, 1882. 

I Whittlesey MS. 

i 

81 29 : 1796. 7 

83 3411877. 64 
' 

- o.68, +o.66 

! 
- 0.02: F. Terry and F. :M. i P. P., U. S. Eng's, 

Towar. i No. 24, 1882. 

81 21 1796.66 -- I. 00 ' + 3. 82 + 2. 82 Seth Pease. I Whittlesey MS. 

82 48 , 1877. 40 - I. 22 +o. 60 · - o. 62 F. M. Towar. 

83 26 
1 

1862. 64 - I. 58 +1. 56 j - o. 02 W. H. Hearding. 

81 00 i 1796. 63 - 2. 00 

81 22 1796.66 - 1.83 

83 20 1877.55 + o. 17 

+3·91 + I. 91 

+3.82 + 1.99 

+o.66 + 0.83 
I 

Seth Pease. 

M. Halley. 

A. C. Lamson. 

83 31 1844. 5 - 2. 27 +z. 43 + o. 16 J. H. Simpson. 

I 
83 06 : 1847. 5 - 2. 33 +2. 27 - o. 06 (Chart). 

! 
81 16 ; 1876. 70 + 2. oo +o. 64 + 2. 64 ! A. C. Lamson. 

- o.88 

So 45 I 1796. 69 - 1. so +3· 91 

8251j1847.5 -2.30'+2.22 

81 02

1

1876. 47 i + 1. 98 +o. 64 

So 31*i17g6.6ol - 1.88 +3.82 

l · I 

+ 3. 03 , A. Porter. 

I + 2. 41 I M. Halley. 

- 0.08 I 

+ 2.621 F.M.Towar. 

+ 1. 94 ) M. Halley. 

I 
So 51I1876.641 + 2.00 

. I 
+o. 75 + 2. 75 ! A. C. Lamson. 

I I +o. 7 S + z. 52 1 A. C. Lamson. 

j 
8o 48 : t876, 47 I + J. 77 

i ! 
I I 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Whittlesey MS. 

Whittlesey MS. 

P. P., U.S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

:N"o. 24, 1882. 

U. S. Sur. N, and 

NW.Lakes. 

P. P., U. S. Eng's, 

No. 24, 1882. 

i! Whittlesey MS. 

I 

Whittlesey MS. 

C. S. Rep., 1856. 

1 
P. P., U. S. Eng's, 

No. 24, 1882. 

Whittlesey MS. 

1 P. P., U. S. Eng's, 

No. 24, 1882. 

: P. P., U. S. Eng's, 

No. 24, 1882. 

I Co"""''· 

8o 41 11876.461 + 1.27 i +0.75 

I ! 
8o 32 11865. s i -o.83(?)i +1. 64 

t I \ 

+ 2.02; F.M.Towar. 

! 
+0.81(?)1 ----------·-----

\ 

f P. P., U. S. Eng's, 
No. 24, 1882. 

U. S. Sur. N. and 

NW.Lakes. 

* Corrected. 
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Table of Observed Magnetic Declinations and Values reduced to the Year 1890-Contiuued. 

OREGON. 

Name of station. <p ,l t D 
i .dD D,,\li•·O Observer . 

------------- ---- -------1----l---- ---- --------

Jacksonville. 

Ewing Harbor. 

Canyonville. 

Coos Bay. 

Oakland. 

Ten Mile Knoll. 

Cannery Hill. 

Eugene. 

Vaquina. 

Albany. 

Y aquina Point, Lt. 

House. 

Salem. 

Portland. 

Three Mile Creek, 

near Dalles. 

Blalock. 

Saint Helen. 

Umatilla. 

1 Rainier. 

I A"-· 

o I o I 

42 18 ' 122 58 1881. 54 i-17. 41 +0.02 '-17.39 'J.S.Lawson. 

42 44 I 124 30 1851. 89 :-1s. so -o. 75 -19. 25 G. Davidson. 

42 54 

43 24 

43 26 • 

43 53 

44 00 

44 03 

44 39 

44 40 

45 31 

45 39 

45 44 

45 52 

45 57 

123 18 1881. 55 i-17. 81 

124 17 ' 1863. 53 -18. 62 
i 

123 18 
! 

1881. 56 !-19. 69 
I 

i 

+o 02 -17.79 J. S. Lawson. 

-0. 52 '-19. 14 J. S. Lawson. 

i +o. 02 -19. 67 J. S. Lawson. 

124 09 1887. 45 1-20. 87(?) -o. 02 -20. 89(?\ E. F. Dickins. 

i 

124 07 1887. 47 :-21. 4o(?)! -o. 02 -21. 42(?) E. F. Dickins. 
! ' 

123 00 

124 00 

123 02 

124 04 

1881. 56 :-20. 8o 
I 
I 

• 1888.361-20.30 
! 

I 
1881. 57 l-21. 70 

I , 
I 

'1885.33!-20.84 
I 

122 58 1881.58f-19.97 

i I 
122 41 1887.971-21,86 

I 
12058'1881.781-21.05 

I 
I 

12015I1881.77 i-20.35 

122 48: 1881.62\-19.13 
I ! 
I i 

I 19 20 j 1881. 76 !_:21. 54 

I 
12256!1886.50 -23.75 

I I 
123 50: 1881.611-22.44 

I I . I 

+o. 02 -20. 78 

: -o. 02 :-20. 32 

+o. 05 -21. 65 

-0. 04 !-20. 88 

J. S. Lawson. 

R.A. Marr. 

: J. S. Lawson. 

F. Morse (G. Da

vidson). 

+o. 05 '-19. 92 J. S. Lawson. 

! +o. 02 -21. 84 E. Smith and R. A. 

Marr. 

+o. 07 1-20. 98 J- S. Lawson. 

+o'. 07 1-20. 28 J. S. Lawson. 

i 
+o. 05 l-19. 08 J. S. Lawson. 

i 

! 
+o. 09 

1
--21. 45 ' ]. S. Lawson. 

' i 
I -o. 02 '1-23. 77 G. Davidson. 

-o. 18 :-22. 62 J. S. Lawson. 
i 
! 
' 

--------------·--- ~-------·~------- -------
42 54 

43 00 

Canyonville. 

Camp Hamey. 

12318.1885.5 

I 
119 00 11876. I 

-19.4* I 

l-18.38 

I 

----- - i 
+o. 02 -18. 36 

* Local deflection. 

I W.Thiel. 

I I R. P. P.Wainwright. 

Group I. 

I..:..eferencc. 

C. and G. S. Rep., 

1881, App. 9• 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

MS. in C. and G. 

S. Office. 

MS. in C. and G. 

S.Office. 

C. and G. S. Rep., 

1881, App. 9. 

::\IS. in C. and G. 

S. Office. 

C. and G. S. Rep., 

18S1, App. 9. 

:\IS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

MS. in C. and G. S. 

I Office. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881, .-\pp. 9. 

C. and G. S. Rep., 

1881, App. 9. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881,App.9. 

Group 2. 

MS. in C. and G. S. 

Office. 

Rep. Ch. of Eng's, 

1876. 
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Table of Observed Magnetic Declinations and Values reduced to tke Year 1890-Continued. 

Kame of station. 

/ j 

Cape Blanco, near 

a1.id north of. 
43 06 i 

Lake \Vhatumpi. 43 16 

Stillwater Slough. 43 25 

Oakland. 43 26 

Surprise Creek. 43 37 

Ford of Owyhee 43 47 

H.iver. 

J\lnlheur River, left 43 49 

bank. 
1 Rock Creek Caf10n. 43 56 

Crooked River 44 03 

Cafion. 

Birch Creek, Snake 44 16 

River. 

Willow Creek. 44 27 

I Cape Foulweather, 44 42 I 

near. 

Crossing of Des 44 47 

Chutes. 

Oak GroYe Creek. 45 06 

Near Cape Lookout.; 45 20 

Grande Ronde Valleyi 45 16 

Grande Ronde River. 45 20 

Lee's Encampment, , 45 33 

Blue Mountains. 

Fort Dallas, near ! 45 34 

Three Mile Creek. 

Umatilla River, near 45 41 

McKay's Agency. 

! 

OREGON-Continued. 
-----------------··- ---~----

D Observer. Reference. 
,_ ] 4D I D1-o I 

--0-- --o--I o 
1

-------

124 18 1792. 31 i -16. o -3. 7 1-19. 7 I G. Vancouver. 

----

u9 15 1859. 51
1 

-18. 17 -o. 16 I -18. 331 J. Dixon. 

I
I i 

-o. 16 I -18. 33 J. Dixon. 

I 
123 18 188b.5 -19.62 +o. 01 : -19. 61 \Y. Thiel. 

I 
-o. 16 ! -18. 58 J. Dixon. 

I 16 58 11859.71' -18. 07 -0. IO -18. 17 J. Dixon. 
' 

I I 7 20 1859. 54' -18. 25 -0. IO -18. 35 J. Dixon. 

118 07 1859. 53. -18. 50 -o. 16 -18. 66 J. Dixon. 

120 oo 1859.49 -18.67 -0.30 -18.97 J.Dixon. 

117 26 1859.73 -18,15 -0.15 -18.30 J,Dixon. 

120 53 1859. 47 --18. 92 ---0. 30 
i 

124 07 '1792.31 r -18.00 i -4. I 

121 15 1859.44 -19. 33 

124 00 1789.51 -16:08 

117 43 1859. 75' -18. 33 

i 
' 

I 17 57 1859. 75 ! -19. 00 

i 
i 

118 21 1859.75 -19.33 

121 o6 1859.42 -19.75 

-0.40 

-0.40 

-4.6 

--o. 25 

-0.25 

--0. 25 

-0.25 

PENNSYLVANIA. 

-19. 22 J.Dixon. 

-22.1 G. Vancouver. 

-19. 65 I J. Dixon. 

-19. 73 J. Dixon. 

-20. 7 J. Meares. 

-18. 58 J. Dixon. 

-19. 25 J. Dixon. 

-19. 58 J. Dixon. 

-20. 15 J. Dixon. 

-20. 29 

1 

J. Dixon. 

Hansteen's Mag. 

der Erde, 1819. 

Sen. Pub. Doc.,Vol. 

9, 1859-'6o. 

Sen. Pub. Doc., Vol. 1 

9, 185g-'60. 

MS. in C. ancl G. S. 

Office. 

Sen. Pub. Doc., Vol. ' 

9, 1859-'60. 

Sen. Pub. Doc.,Vol. 

9, i859-'6o. 
i Sen. Pub. Doc.,Vol.' 

9, 1859-'6o. 

Sen. Pub. Doc.,Vol. 

9, 1859-'6o. 

Sen. Pub. Doc., Vol. 

9, 185g-'60. 

Sen. Pub. Doc.,Yol. 

9, 1859-'i\o. 

Sen. Pub. Doc.,Vol. · 

9, 185g-'6o. 

Hansteen's Mag. 

der. Ertle, 1819. 

Sen. Pub. Doc., Vol. 

9, 1859-'60. 

Sen. Pub. Doc., Vol. 

9, 185g-'60. 

Meares' Narrative. 

, Sen. Pub. Doc.,Vol. i 

I 9, 185g-'60. I 
[ Sen. Pub. Doc.,Yol. I 

. 9. 185g... '6o. I 
I 

Sen. Pub. Doc.,Vol.

1 
9, 185g-'6o. 

[ Sen. Pub. Doc.,Vol. i 
i 9, 1ssg-'6o. I 
! Sen. Pub. Doc,, Vol. : 

I 9, 1ss9-'6o. I 
I , 

Group 1. 

Girard College, Phila-i 

delphia (S. V. S.). · 

Yard. 

I I ! I I I 39 58 i 75 IO 1884.69i,, + 6.361------1

1 

+ 6.97 E.Smith. I MS.inC.andG.S. 

I [ Office. 

39 581 75 23 ! 1854. 82 i + 6. 70 I +2. 59 [ + 9. 29 J. E. Hilgard. C. and G. S. Rep., 

I I ! I I 1881, App. 9· 
--------~----~ ___ ! _____ : ______________ ! -- ------------~--------· 
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Table of Observed Magnetic Declinations and Value.s- reduced to the Year 1890-Continued. 

Name of station. 

Johnson's Tavern. I 

Bristol, Vanuxe!ll. I 

Harrisburg (S.V. S.).f 

Allegheny Observa- [ 

tory (S. V. S.). I 
Lehigh University, [ 

Bethlehem (S.V.S).I 

1 Williamsport. i 

I Erie, Marine Hospi- ' 

ta! (S. V. S.). 

40 00 

40 16 

40 37 

41 14 

42 09 : 

PEKNSYLVANIA-Continued. 

,\ D L1D Observer. 

0 

+i. 83 , + 3. 06 C. A. Schott. 

+J· 11 + 7. 57 J. Locke. 

76 53 1885.63 .+ 5.36 + 5. 52 J.B. Baylor. 

80 01 1885.65 + 2.93 + 3. o6 J. B. Baylor. 

75 23*
1

1874.47 + 5.32 + 6. 66 T. C. Hilgard. 

77 02 , 'l 862. 62 -t- 4· 43 +2. 02 ! + 6. 45 : C. A. Schull. 

80 05 ; 1885. 70 + 3. 14 + 3. 62 i J. B. Baylor. 

--------------··_[ ________ _ 

,-~~~---------

! 
i' Sylvan. 

I 
I 

39 43 ' 
i 

J Irwin's Mill, near 39 47 j 

1

1 Mercersburg. 

Gettysburg. 

i 
l 
[ West Boundary of , 39 51 

i State. · I I Uniontown, Fayette . 

i Co. 
39 54 I 

[ Waynesburg. 

I 
j Fulton Co. 

1 

39 541 

39 5'5tl 
i i 

I 
Chambersburg(S. V. I 39 56 

S.J. I 
t I I Westchester. I 39 57 

I Y~k. I 39 ,, 

. I 
I West Boundary of i 39 591 

State. f 
I 

Bedford, Bedford Co. I• 40 01 

Somerset, Somerset i 40 01 

Co. f 

Upper Strasburg, I 40 03 

Franklin Co. I 

I 

77 03 . 1888. 4 : + 4. oo ' +o. 13 + 4. 13 A. S. Winger. 
i ' 

·77 56 1840. 65 I -t- o. 91 -t-3· 46 + 4. 37 A. D. Bache. 

I 
77 15 I 1866. 6 

i + 3. 50 +1. 79 + 5. 29 : County Surveyors. 
I 

So 31* 1786. 5 - 2. 17 i 3. 12 + o. 95 A. Ellicott. 
I 
i 

79 43 i 1884. 28 + 3. 30 +o. 42 + 3. 72 A. J. Gilmore. 

8o 12 ! 1877. 8 + 2. 17 -'-o. 77 + 2. 94 County Surveyors. 

i 
78 oot'. 1885. 85 + 4. 17 ,o. 35 + 4. 52 J. Lake. 

77 39 i 1889.3 

i 
7540I1878.3 

76 44 i 1876. 9 
i 

8o 31*/ 1786. 5 

1s 30 I 1883. 3 

79 04 i 1883.3 

I 
77 41 i 1889.4 

! 

+ 5. 87 

+ 4·90 

- I. 20 

+ 3· 57 

/ + 3.33 

I+ 4.04 

I 

+ 4. 25 County Surveyors. 

I 
+0.91 + 6. 78 : County Surveyors. 

I 
+o.66 + 5. 56 i County Surveyors. 

+3.12 + I. 92 A. Ellicott. 

+0.49 + 4. 06 County Surveyors. 

+o. 46 + 3. 79 County Surv_eyors. 

+o. 05 I + 4. 09 J. B. Kaufman. 

I 
*Corrected. t Doubtful. 

H. Ex. 55--22 

Reference. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

MS. iu C. and G. S. 

Office. 

MS. in C. and G. S. 

' Office. 
I 

! C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

:\IS. in C. and G. S. 

Office. 
_, 

Crnup :2. 

)1S. in C. aml (;. S. 

Office. 

C. S. Rep., 1862. 

Rep. S. of I. A., 

1876. 

Sill. Jour., Vol. 34, 

1838. 

Rep. S. of I. A., 

1885. 

Rep. S. of I. A., 

1877 

Rep. S. of I. A., 

1885. 

)1S. in C. andG. S. 

Office. 

Rep. S. of I. A., 

1878. 

Rep. S. of I. A .. 

1876. 

Sill. Jour., Vol. 34, 

1838. 

Rep. S. of ( A., 

1885. 

Rep. S. of I. A., 

1885. 

MS. in C. and G. S. 

Office. 
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Table of Observed Magnetic Declinatioms. and Values reduced to the Year 1890-Continued. 

Name of station. 

Greenfield. 

Norristown. 

Hopewell. 

Norriton. 

Washington, Wash. 

Co. 

Hatboro' (S. V. S-). 

Carlisle, Cumberland : 

Co. 

PENNSYL VA!\IA-Continued. 

q> --1 A 1-~-f~D ___ ---D1::-- Observer. 

i--- ;---~ ---· -1 i---11_ i 

O/lo/I i o)o'. ol 
40 06 i 79 52 ' 1874. 62 + 2. 04 I +o. 90 ) + 2. 94 F. E. Hilgard. 

40 071 75 19 1855. 29 + 4. 73 i +2. 90 i + 7. 631 County Surveyors. 

I I ! 
40 071 78 '7 >876 6' , + 3 >8 ! +n 871 + 4 05 I Cooo". S~ey=. 
40 10 I 75 26 1770. 5 + 3· 13 +3· 43 · + 6. 56 ; W. Smith. 

I 
I 

i 
40 II 

1 
Bo l3 1876. 9 + 2. oo +o. 76 + 2. 76 i County Surveyors. 

I I 
40 12*f 75 07 1850.5 + 4.42 + 7.56 I E.W. Beans. 

I 1 40 12 I 77 I I 1883. 77 + 4. 25 +o. 28 + 4. 53 County Surveyors. 

West Boundary of : 40 14 80 1786. 5 - 1. 12 +J. 12 + 2.00 I A. Ellicott. 

State. 

Harrisburg, Capitol 40 16 

Grounds. 

Doylestown, Bucks : 40 18 

Co. 

Greensburg, West- : 40 19 

morelan<l Co_ 1 

I 

76 53 1 1889. I + 5. 52 +o. 04 + 3'· 56 J.B. Kaufman. 
I 
! 

75 IO 1885.3 + 7.08 +0.38 + 7.46 County Surveyors. 

79 32 1884. 80 i + 3. 12 +o. 29 + 3.41 County· Surveyors. 

Reference. 

I 
I , Nat. Acad. Sc. 

Rep. S. of I. A., 

1876. 

Rep. S. of I. A., 

1876. 

Sill. Jour., Vol. 34, 

1838. 

Rep. S. of 1, A., 

1876. 

MS. in C. and G. S. 

Office. 

Rep. S. of I. A., 

1885. I 

:~~::::~~:~~:· j 
Office. 

Rep. S. of I. A., · 

1885. 

Rep. S. of I. A., / 

1885. ' 

Lebanon. 40 20 + 4· 87 i +o. 69 + 5· 56 

I 
County Surveyors. 

1 
Rep. S. of 1. A., 

1876. 
Johnstown, Cambria , 40 20 

Co. 

Hollidaysburg, 40 28 

Blair Co. 

Pittsburgh, near 
1 

Homewood. l 
Huntingdon (S.V.S.).l 

I 
Altoona. I 
Bethlehem (S.V. S.). ! 

i 
Allentown. 

40 JI 

i 
Lewistown, Mifflin J 40 36 

Co. \ 

Indi~_a, Indiana Co. i 40 37 

Tyrone. 

I 
Beaver Co_, Ohio ' 40 40 

line. 

18 53 1875. 68 + 2. 33 I +o. 94 + 3. 21 

78 23 1885.8 

78 23 1874.54 

75 23 1884.5 

79 10 1857.61 

i 
+ 4.00 i --'--0. 29 

+ 2.68 I ---·--, 
I 

+ 4. 631------
+ 2. 781 +I. 14 + 6. IO 

1 

_____ _ 

+ 5.o8 I +0.96 

I + 3.6o; +0.96 

I + ,.20 I +2.og 

+ 3. So I +o. 78 

i 

+ 3.o6 

+ 4.95 

+ 3.92 

+ 6.66 

+ 6.04 

+ 4.56 

+ 4.58 

+ 1.37 I +o.75 + 
I I 

2.12 

County Surveyors. 

County Surveyors. 

-- .Hemmings. 

County Surveyors. 

F. E. Hilgard. 

R. W. Walker. 

County Surveyors. 

County Surveyors. 

County Surveyors. 

W. G. Waring. 

County Surveyors. 

Rep. S. of 1. A., 

1876. 

Rep- S. of I. A., 

1885. 

Rep. S. of 1. A., 

1885. 

Rep. S. of I. A., 

1885. 

Nat. Acad. Sc_ 

MS. in C. and G. S. 

Office. 

Rep. S. of I. A., 

1878. 

Rep. S. of I. A., 

1876. 

Rep. S. of I. A., 

1876. 

MS. in C. and G. 

S.Office. 

Rep. Sec. of I. A., 

1885. 
, I ------ - -- ____________ _,_ _______ . 

*"Corrected. t Doubtful. 
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Ttible of Observed .illagnetic Declinations and Values reduced to the Year 1890-Continued. 

PENNSYLVANIA-Continued. 

------- -- ' --------~--~- -----~----------- - - -- -----~ 

_N_·_am_e_o_f_st_a_ti-on_._' __ 'P __ / _ _A __ / __ 1__ _ D '-~~1 D1000·0 

Easton. 

West Boundary of 

State. 

Meridian Station, 

West Boundary of 

State. 

Beaver (S. V. S.). 

Meridian Station, 

W. B. of State. 

Meridian Station,: 

W. B. of State. 

West Boundary of 

State. 

Sunbury, Northum

berland Co. 
1 Bellefonte. 

Butler, Butler Co. 

Portland. 

Lewisburgh, Union 

Co. 

Curvinsville. 

Water Gap House. 

0 , 

40 44 

40 45 

40 49 

40 50 

40 54 

40 55 

;5 :5118,p.56 + 3.
0

63 i +3~68 Ii+ 7~31 
80 31*, 1786. 5 - o. 85 ! +2. 88 + 2. 03 

I 

So 31 1879. 5 

80 19 1883. 74 

8o 31 ! 1879. 5 

8o 31 1879. 5 

+ I. 52 +0.69 + 2.21 

+ 1.70 + 2.18 

I 

+ J. 65 +0.69 + 2. 34 

+ 1. 90 +o. 69 + 2. 59 

- o. 28 i +2. 88 + 2. 6o 

Observer. Referenre. 

------- ·------------

A. D. Bache. 

A. Ellicott. 

Boundary Com'n of 

1878. 

C. S. Rep., 1862. 

Sill. Jour., Vol. 34, 

1838. 

Rep. S. of I. A., 

.1885. 

County Surveyors. . Rep. S. of I. A., 

1885. 

Boundary Com'n of 

1878. 

Rep. S. of 

1885. 

Boundary Com'n of · Rep. S. of 

1878. 1885. 

I. A., l 
I. A., 

A. Ellicott. Sill. Jour., Vol. 34, 

1838. 

+o.33 + 5· 50 i County Surveyors. 
! 

Rep. S. of I. A., 

! 1885. 
I 

77 48 II 1855. 5 '_ + 2. 50 : +2. 52 + 5. 02 · County Surveyors. 

i I 

79 50 , 1885. 83 ' .+ 2. 05 +o. 24 I + 2. 29 i B. F. Hilliard. 

75o6I1887.8 + 7.o8 +0.13; + 7.21: ·--------------· 

!I Rep. S. of I. A., 

I 1876. 
i Rep. S. of I. A., 

! 1885. 
J\iag. Sur., N. J., 

I
. Cook, Geologist, 

1888. 

77 12 j· 1884. 8 + 4. 95 +o. 36 + 5. 31 County Surveyors. Rep. S. of I. A., 

I 1885. 
78 36 i 1841. 58 + I. 75 +3· 17 + 4. 92 A. D. Bache. C. S. Rep., 1862. 

75 o8 ! 1887. 8 + 6. 6o +o. 13 + 6. 73 -----·---- -----· Mag. Sur., N. J., 

1888. 
Mountain Home, 

Monroe Co. 

l
j lj Cook, Geologist, 

41 oot , 75 3oti 1883. 85 + 7. oo +o. 50 + 7. 50 County Surveyors. Rep. S. of I. A., 

I 1885. 

West Boundary of 

State. 

41 00 

New Castle, Law- 41 01 

rence Co. 

Morrisdale. • 41 02 

:Meridian Station, 41 07 

W. B. of State. 

West Boundary of • 41 o8 
• State. 

Brookville. 41 10 

8o 31*i 1786. S - o. 32 +3· 13 + z. 81 A. Ellicott. Sill. Jour., Vol. 34, 

8o 1_9 1883. 87 + I. 83 +o. 41 
I 

78 o8tl 1870.81 

i 

+ 2. 10 I +1.41 

+ 2.24 

+ 4• II 

So 31 I 1879. s 
I 

+o.6o + 2.38 

I 
So 31*' 1786. s 

79 07 1885. 3 + 3.42 +0.27 

1838. 

County Surveyors. Rep. S. of I. A., 

1885. 

County Surveyors. Rep. 'S. of I. A., 

1876. 

Bound. Com'n of Rep. S. of I. A., 

1878. 1885. 
A. Ellicott. Sill. Jour., Vol. 34, 

1838. 

County Surveyors. Rep. S. of I. A., l 1885. 

•Corrected. f Doubtful. 
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Table of Observed .Magnetic .Declinations and Values reduced to tlte Year 1890-Continued. 

PENNSYLVANIA-Continued. 

1 
__ !'._a_m_e_o_r_st_a_ti-on_._l

1 
_rp __ 1 __ .:t __ l ___ -, __ i _D __ j __ A_D __ / D,-.0 

_/ __ o_b_s_e_n_·e_r. __ 

4°1 I~ 7: ;211884.8 + 6~22 +0~32 I+ 6~54 
Reference. 

Dingman. 

Meridian Station,,V. 

B. of State. 

Clarion. 

Mercer. 

Williamsport, Ly
coming Co. 

Sharpsville. 

Meridian Station,W. 

B. of State. 

Milford, Pike. 

Heiner's Run. 

Ridgway. 

Cameron Co. 

Honesdale. 

Meadville. 

Towanda, Bradford 

Co. 

Montrose, Susque· 

hanna Co. 

I \Yarren. 

Bloomfield. 

Silver Lake. 

North terminal M:on

ument, Pa. and 

Ohio line. 

41 131 
41 14 I 

41 17 

41 17 

41 21 

41 21 

4-1 26 

4- 1 35 

41 39 

4-1 4-71 

41 50. 

41 so 

41 50 I 

41 57 
4-1 58 

Little Meadows, N. 42 oo 

Y. and Pa. line at 

39J1 mile-stone. 

New York line, 

Bradford Co. 

Geo!. Surveyor. 
'I 

i 
! 

80 31 ! 1879. 5 + i. 78 +·o. 60 : + 2. 38 Bound. Com'n of 

Mag. Sur. of K J., 
Cook, Geologist, 1· 

1888. 
I 

Rep. S. of_ I. A., · 

+ 2.33 +o. 87 -r 3. 20 County Surveyors. 

1885. 
Rep. S. of I. A., 

1877. 

So 16 1853. 95 + o. 92 +2. 36 + 3- 28 County Surveyors. Rep. S. of I. A., 

77 03 1878.5 + 5.25 +o. 75; + 6.oo 

80 27 1874.59 + 
80 31 1878. 5 + 

i 
i 

I. 00 +o. 90 : + I. 90 

I. 70 t +o. 67 - + 2. 37 
i I • 

74 48 1883. 77 + 6. 00 I +o. 37 + 6. 37 

County Surveyors. 

F. E. Hilgard. 

Boundary Com'n of 

1878. 

County Surveyors. 

1876. 

Rep. S. of I. A., 

1878. 

Nat. Acad. Sc. 

Rep. S. of I. A., 

1885. 
Rep. S. of I. A., 

1885. 

77 48 1856.5 

78 43 1

• 1855. 5 
I 

+ 3. 32 +2. 46 + 5· 78 S. Tyndale. ! C. S. Rep., 1856. 

+ I. 50 +2. 43 + 3. 93 County Surveyors. Rep. S. of I. A., 

78 12 I 1883. 87 + 4.50 +0.43 

75 17 I 1876. 8 + 6.75 

8o og i 1884. 85 + 3. 13 +o. 32 

I 
76 30 ; 1855. 5 + 4. 33 +z. 51 

i 
75 57 1 1877- 9 + 7• Io* +o. 90 

! 
79 12 11883. 3 + 3.67 +0.41 

i 
79 50 I 1883. 85 

I + 3.25 

I 
76 02 I 184r. 64 + 4.50 

80 31 I 1878. 5 

I 
+ 2.73 +0.74 

1876. 
+ 4. 93 County Surveyors. Rep. S. of I. A., 

1885. 

+ 7. 62 County Surveyors. Rep. S. of I. A., 

1876. 

+ 3. 45 County Surveyors. Rep. S. of I. A., 

1885. 

+ 6. 84 County Sun>eyors. Rep S. of I. A., 

1870. 

+ 8. oo County Surveyors. Rep. S. of I. A., 

1877. 

+ 4.08 

+ 7. g8. 

+ .3·47 

County $urveyors. Rep. S. of I. A., 

1885. 

County Surveyors. - Rep. S. of I. A., 

1885. 

A. D. Bache. C. S. Rep., 1862. 

Bound. Com'n of Rep. S. of I. A., 
1885. 

76 o8 1883. 70 + 7. 47 +o. 40 + 7. 87 H. W. Clarke. MS. in C. and G. S. 

Office. 

76 30* 1877. 5 + 5. 53 +o. 84 + 6. 37 County Surveyors. Rep. S. of I. A., 

1877. 

*Doubtful. 
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Table of Observed Magnetic Declinations and Values reduced to the Year 1890-Coutinued. 

I N'm' ''""'°" _ 

I Burt, N. Y. and Pa. 

I 
line. west of mile-

' stone 69. 

I N. Y. and Pa. line, 

! )( mile west of 

I mile-stone 90. 
; New York line, Ti-

i oga Co. 

cp 

42 00 

42 00 

Station N. Y. and Pa. 42 oo 

line, near mile

stone 167. 

Station N. Y. and Pa. 

line, near mile-

stone 168. 

Monument N. Y.and 

Pa. line, near mile-

stone 171. 

Clark, Boundary sta

tion, Erie Co. 
1 Meridian Boundary, 

N. Y. and Pa., mile-

stone 18. 

42 00 

42 00 

42 00 

42 00 

Pennsylvania line, 42 oo 

near Lake Erie, 3 

miles east of Ohio. 

North Springfield. 42 oo 

Meridian Boundary, 42 01 

N. Y. and Pa., 

mile-stone 17. 

Meridian Boundary, 

N. Y. and Pa., 

mile-stone 16. 

Meridian Boundary, 

N. Y. and Pa., 

mile-stone J 5. 
Avonia. 

Meridian Boundary, 

N. Y. and Pa., 

mile-stone 14i 

Meridian Boundary, 

N. Y. and Pa., 

mile-stone 13. 

42 02 

42 03 

42 03 

42 04 

l'ENNSYLVANIA-Continued. 

i. 

76 44 1882.68 + 6.07 

77 08 1877. 73 -+- 5. 25 

77 12* 1876.5 + 5.43 

0 

+o. 46 ; + 6. 53 i II. W. Clarke. 

+o. 82 I + 6. 07 H. W. Clarke. 
i 

+o. go + 6. 33 County Surveyors. 

78 38 . 1879. 52 + 3. 98 +o. 76 : + 4. 74 : H. \Y. Clarke. 

' 
78 39 1879. 52 + 4. 07 +o. 76 i + 4. 83 H. W. Clarke. 

I 

78 42 1799. 50 + 1. 00 +4· 331 + 5· 33 B. Ellicott. 

I 

79 45 1884. 69 + 3. 35 +o. 31 + 3. 66 ' H. W. Clarke. 

79 46 1885. 55 + 3.47 ! +o. 26 - 3. 73 H. W. Clarke. 

MS. in C. and G. S. 

Office. 

"IS. in C. and G. S. 

Office. 

Rep. S. of I. A., 

1876. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Offiae. 

"IS. in C. anrl G. S. 

Office. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Oflice. 

80 28 1787. 8o + o. 12 +3· 75 + 3. 87 S. de Witt and oth- Geo\. Sur. of N. Y. 

ers. 

80 29 1875. 77 + 3. 05 +o. 91 + 3. 96 J. Eisenmann. 

79 46 1885. 55 + 3. 43 +o. 26 + 3. 69 H. W. Clarke. 

19 46 1885. 5s + 3. 34 I --'-0. 26 

i 

+ 3. 6) H. W. Clarke. 

+ 3.57 +0.26 + 3.83 H. W. Clarke. 

8o 18 1875.77 + 2.03 +0.91 + 2.94 F. M. Towar. 

79,46 1885.57 + 3.53 +o. 26 + .3· 79 H. W. Clarke. 

+0.26 + 3. 79 H. W. Clarke. 

*Doubtful. 

P. P., C. S. Eng's, 

No. 24. 

' MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

I
: MS. in C. and G. S. 

Office. 
! 

i P. P., U. S. Eng's, 
I N I o. 2+ 
I MS. in C. and G. S. 

i Office. 1 I . 

1
1.' MS. in C. and G. S. ,I 

Office. 
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Tab"le of Observed Magnetic .Declinations and Values reduced to tlie Year 1890-Continued. 

PENNSYLVANIA-Continued . 

Name of station. i. D .dD Observer. Reference. 
i i 

I 
1---1 I 

! I 
0 / ; 0 / 0 0 0 I 

i Meridian Boundary, 42 05 i, 79 46 1885.56 + 3.44 +0.26 + 3.70 H. W.Clarke. I MS. in C. and G. S. 

N. Y. and Pa., I 
Office. 

I 
I mile-stone 12. 
i 

42 os f I Sill. Jour., Vol. 39, l Fairview. So 27 1838.5 o.oo +3·33 + 3·33 H. H. Sh~rwood. 

I I I 1840. 
I 

i Meridian Boundary, 42 061 79 46 1885.57 + 3.50 +0.26 + 3.76 H. W. Clarke. '1 MS. in C. and G. S. 
I N. Y. and Pa., I i 

I 
\ Office. 

! mile-stone l I. 
I 

i 
I Meridian Bv1mdary, 42 07 

I 

79 46 1885.57 + 3.49 +0.26 + 3.75 H. W. Clarke. j MS. in C. and G. S. 

N. Y. an<l Pa., 
1 

Oijice. 
i mile-stone Io. i 

794611885.57 

I 

Meridian Boundary, 42 08 I + 3.55 +0.26 + 3.81 H. W. Clarke. i MS. in C. and G. S. 

N. Y. and Pa., ' / Office. 

mile:ston~ 9. I MS. in C. and G. S. 
I 

Meridian Boundary, 42 08 79 46 1885.58 + 3.58 +0.26 + 3.84 H. W.Clarke. 

N. Y. and Pa., i -Office. 

mile-stone 8. 

42 091 
I . 

Meridian Boundary, 79 46 1885.58 + 3.64 +0.26 + 3.90 H. W.Clarke. J MS. in C. and G. S. 

N. Y. and Pa., 
I 

Office. 

42 IO I 
I 

mile-stone 7. I 

Meridian Boundary, '19 46 1885.58 + 3.67 +0.26 + 3·93 I H. W. Clarke. MS. in C. and G. S. 

N. Y. and Pa., / Office. 

mile-stone 6. 

Meridian Boundary, 42 II 79 46 1885.58 + 3.68 +0.26 + 3· 94 / H. W. Clarke. MS. in C. and G. S. 

N. Y. and Pa., Office. 

mile-stone 5· 
1885.581+3.76 Meridian lloundary, 42 12 79 46 +0.26 + 4.02 H. W. Clarke. MS. in C. and G. S. 

N. Y. and Pa., I Office. 

mile-stone 4. 
Meridian J3oundary, 42 13 '19 46 1885. 58 + 3.77 +0.26 + 4.03 H. W. Clarke. MS. in C. and G. S. 

N. Y. and Pa., I Office. 

mile-stone 3. 

Boundary Stone at 42 IS 79 46 1865.66 + 2.50 +1.63 + 4.13 --Peters. MS. by H.W. Clarke. 

Lake Erie, NW. 

corner Chautau-

qua Co. 

North East. 42 15 79 50 1875.73 + 2.90 +0.92 + 3.82 J. Eisenmann. P. P., U. S. Eng's, 

No.24. 

Boundary Stone at 42 16 79 46 1869.71 + 2.58 +1.34 + 3.92 --Peters. MS. by J. S. Africa. 

Lake Erie, N. Y. 

and Pa. 
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Table of Obsei·ved Magnetic Declinations and Values t'eduoed to the Year 1800-Continued. 

RHODE ISLAND. 

D Observer. I Name of station. I 
!-----------1--------

j 1· I Watch Hill. 

! Point Judith. 

I Coaster's Harbor. 

i 
i 

McSparran. 

Spencer. 

o I 

41 22 

41 30 , 

41 30 

41 41 ! 

Providence, E. of I 41 50 

I Brown University I 

I
I (S. V. S.). 

[ Beaconpole. 42 oo 

I 

_! __ .. 

Sakonnel Point. 41 271 

Newport. 41 281 

I Graham,Hilton Head. 
I 

32 13 I 

Port Royal. 32 18 

Beaufort. 32 26 

East Base, Edisto 32 33 
Island. 

Breach Inlet, Snlli · 32 46 

van's Island. 

Allston, near George. 33 22 

town. 

Aiken. 33 32 j 

\ 
Columbia. 

I 
34 00) 

o I 

+z.51 

71 20 1885.31 +10.87 +0.27 

71 30 1844. 62 + 9· 10 +2. 72 

71 27 1844. 86 + 9. 45 +z. 87 

+10. 02 [ R.H. Fauntleroy. 

I 
+11. 51 I R. H."Fauntleroy. 

I 
I 

+11. 141 J. B. Baylor. 

+11.56 j A.D.BacheandT. 

I J. Lee. 

+11.82 i T.J.Lee. 
I 

+11. 161 J.B. Baylor. 

I +12. 32 I T. J. Lee. 
l 
I 

71 12 i 1775· 5 
i 

+ 6.oo + + 7 '1 +10. 7 I _______________ _ 

+J.54: +n.741 A.S. w,<kworth 71 2o*J 1832.5 + 8.20 

I , I 

SOUTH CAROLINA. 

8o 46 1870.20 - 1.92 +1. 18 - 0.74 C.O. Boutelle. 

8o 38 1859.09 - 3.07 +1. 87 1.20 C. 0. Boutelle. 

So 40I1875.31 - 1.97 +o.86 - I. II C. 0. Boutelle. 

8o 14 I 1850.26 - 2.89 +2.38 - o. 51 I G. Davidson. 
I 

79 49 1885.99 - 0.24 +0.20 - o. 04 \ J. B. Baylor. 

79 17 1853.98 - 2.11 +z.22 + o. II I C, 0. Boutelle. 

81 43 1885.97 - 1.46 +0.22 - I. 241 J.B. Baylor. 

81 02 1854. 141 - 3.04 +1. 97 - I. 071 G. W. Dean. 

* Corrected. 

Group 1. 

Reference. 

C. and G. S. Rep., 

1881,App. 9. 

C. and G. S. Rep., 

1881,App.9. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881,App.9. 

:\IS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

Group 2. 

II n:s Barres' Atl. I 
Nep., 1781. j 

I Chart of J'\arragan-
1 I 
j sett Bay. I 
I I 

Group r. 
--------

I C. and G. S. Rep., 

I 1881,App. 9. 

I C. and G. S. Rep., 

1881,App. 9. 

C. and G. S. Rep., 

1881,App. 9. 

C. and G. S. Rep., 

1881,App. 9. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

188r,App9. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., I 
1881,App.9. 
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Table of Observed 11lagnetic J)eolinatio1w and Values reduced to the Year 1890-Contmued. 

SOUTH CAROLINA-Continued. Group 2. 

Name of station. Observer. Reference. 1·--
____ 1 i __________ i -! 

i. D LID 

i Hobertsville. 

0 / 

32 36 I 
! 

I 1'· . I 0 / i 0 i 0 ! 
Sr 12 i 1843. 5 - 3. 42 I +2. 61 

1 

_ o. 81 W. T. Feay. Agricultural Regis-

1 i 
I 

1 
Charleston(S.V.S.). 

I 
Columbia. 

Florence. 

32 47 

34 00 

34 12 

ter. 
'1· II 

•7956:1847.8 -2.25 ------ +0.09 C.Parker. 
1

PamphletbyC.Par-

i , 

1

, II 

11 

I ker, Charleston, 

1849 .. 

81 oz 1875. 48 ! - 1. 82 II +o. 80 - 1. 02 I J. M. Poole. Nat. Aca<l. Sc. 

79 44 : 1875. 48 ! - 1. 20 -j-o. 80 ! - o. 40 I J.M. Poole. Nat. Acad. Sc. 
: ' , ___ ' ___ _,_I _______ '---------' 

SOUTH DAKOTA. 

-12.07 +o. 691-11. 38 

! 

----------------------

S out h Cheyenne 

River. 

White Rive~. 

' French Creek. 

Spring Creek. 

Cold Springs. 

Fort Pierre. 

Oak Grove. 

Spearfish Creek. 

i 
4318! 10350:1877.80 -15.50 +0.71 -14.79-

1 

~3 451 / 99 45 

43 46 I 103 34 
I 

43 571 103 12 

I 

1860. 5 -14. 83 +x. 75 

18n. 79 -15. 36 +o. 71 
! 

I877. 77; -I6. 36 

I • 

-13. 08 

-14.65 

44 09 I 104 02 1877- 6o; -15. 69 +o. 72 -14. 97 

i 
44 25 / JOO 24 186o. 00 -I4. 75 +r. 50 

44 27 I 103 36 I877- 77 -I6.o6 +o. 71 

44 30 \ 103 51 1877- 63: -15. 44 +o. 72 

I 

-13. 25 

-I5. 35 

-14. 72 

J. B. Baylor. 

W. S. Stanton. 

(W. F. Raynolds.) 

W. S. Stanton. 

W. S. Stanton. 

W. S. Stanton. 

(W. F. Raynolds.) 

W. S. Stanton. 

W. S. Stanton. 

Cheyenne River. i 44 35 IOI 25 I859. 5 -I4. 50 +I. 52 -12. 98 (W. F. Raynolds.) 

Red Earth Creek. 44 35 103 54 I859. 5 -17. oo +1. 52 -15. +S (W. F. Raynolds.) 

1 Encampment on : 44 41 97 oo I823. 5 -I2. 35 S. H. Long. 

Saint Peter River. I I 
Little l\loreau River. . 45 18 IOI 02 I86o. 5 I -I6. 50 +1. 48 .:_15. 02 

1
. (W. F. Raync,lds.) 

i Fort of Columbia, 45 39 I 96 34 I823. 5 1-12. 48 I S. H. Long. 

Group 1. 

' 
C. and G. S. Rep., I 

1881, App. 9. 

Group 2. 

Rep. Ch. of Eng's, 

1878. 

Exp!. Exp'n, 1865, 

Rep. Ch. of Eng's. 

1878. 

Rep. Ch. of Eng's, 

1878. 

Rep. Ch. of Eng's, 

1878. 

Exp!. Exp'n, I865. 

Rep. Ch. of Eng's, 

1878. 

Rep. Ch. of Eng's, 

1878. 

Expl. Exp'n, 1865. 

Expl. Exp'n, 1865. 

Sill. Jour., Vol. 34, 

1838. 

Expl. Exp'n, 1865. 

Sill. Jour., Vol. 34, 

I Fur Company. I I 
, ______________ I __________________ I _______ ~------~ 

I838. 

I 

, 35 00 I 1 Chattanooga. 85 18 

I . 
Grand Junction. I 35 o5 I 89 I3 

\. " ,, i I Pulaski. 87 03 

I I 

TENNESSEE. 

I881. 57 f - 2. 44 I +o. 53 

I 
- 1.91 

I88I. 691- 5. g8 +0.44 - 5.54 

1881. 651- 5. 02 +0.53 - 4·49 

i J. B. Baylor. 

J.B. Baylor. 

J.B. Baylor. 

Group I. 

C. and G. S. Rep., I 
I88I, App. 9. 

C. and G. S. Rep., 

1881, App:9. 

C. and G. S. Rep., 

1881,App.9. 
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Table of Observed Magnetfo Declinations and Values reduced to the Year 1890-Continued. 

TENNESSEE-Continued. 

Name of station. tp I. D .dD Observer. 

1-0--,-:--0--,-·---i-------
l 35 22 i 86 13 : l88r. 59, - 3. 52 +o. 53 - 2. 99 J.B. Baylor. TullahOma. 

Clifton 

: Athens. 

Columbia: 

Jackson. 

Murfreesboro'. 

J olmsonville. 

Rutherford. 

I i 
i 35 23 i 

I 
I 
i 

35 27 ! 

35 37 

35 39 

35 53 : 

! 

36 04 I 

Nashville (S. V. S.). i 36 IO 

I 

Caryville. 

Fort Henry. 

Bristol. 

l Memphis. 

Cleveland. 

Knoxville. 

Edgefield. 

Rogersville. 

36 19 i 
I 

36 30 I 
I 
! 

36 361 

I 

35 09 ! 

i 
35 IO , 

35 57 
36 15 

36 25 

• 88 01 1865. 18 - 5. 80 +1. 24 - 4. 56 A. T. Mosman. 

8437 1881.55 -1.74 +0.51 -1.23 J.B.Baylor. 

88 51 1881.71 - 5.83 +0.44 - 5.39 J.B. Baylor. 

86 25 1881. 61 , - 4. 89 -f-o. 62 - 4. 27 J.B. Baylor. 

88 oo 1865. 19 - 5. 83 +1. 24 1 

- 4. 59 A. T. :\!osma11. 

' 
89 01 1881. 72 - 5. 99 +o. 44 - 5. 55 J.B. Baylor. 

86 48 1888.6oi - 4.52 

! 

- 4. 40 J.B. Baylor. 

84 14 1881. 53 ! - I. 20 • +o. 62 - o. 58 J.B. Baylor. 

88 04 1865. 19 - 6. 40 +r. 24 - 5. r6 A. T. l\!osman. 

82 11 1881. 52 -- o. 64 +o. 50 ; - o. 14 ! J.B. Baylor. 

go 03 ' 1877- 55 i - 6. 78 \ +o. 65 - 6. 13 1· C. F. Powell. 

i 
85 oo : 1875. 46 - 3. 51 +o. 87 --- 2. 64 F. E. Hilgard. 

83 56 I 1875. 46 - 2. 25 +o. 94 -- r. 31 F. E. Hilgard. 

86 46 : 1871. 92 - · 5. 03 \ +r. 26 - 3. 77 T. C. Hilgard. 

83 03 1873.63 I. 82 1 +1. 06 - o. 76 i F. E. Hilgard. 
I 

• 

I 
-------~-------------------·-- --------~· 

Mouth of Rio Grande, 

observatory. 

Lavaca. 

Jupiter. 

Galveston Is land, 

East Base. 

25 57 

28 55 

29 13 

97 09*1 1853. 85 

I 
<)637i1868.31 

95 21 I I85J. 36 
I 
I 

94 56 i 1853. 21 

! 

TEXAS. 

- 9.021 +r.45 - 7. 57 W. H. Emory. 

- 9.09 +1.07 - 8. 02 E. Goodfellow. 

- 7. 68 • G. W. Dean. 
i 
I 

- 7.62 ~ G.W.Dean. 

- 9.14 +1.46 

-··"'I+ ... , 
*Corrected. 

Reference. 

C. and c;. S. Rep, 

1881, App. 9. 

C. and G. S. Rep., 

1881. App. 9. 

C. and G. S. Rep., 

1881. :\pp. 9· 

C. and G. S. Rep., 

rSS1, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. am! G. S. Rep., 

1SS1, App, 9. 

C. and G. S. Rep., 

1881, App. 9. 

:\!S. in C. and G. S. 

Office. 

C. and G. S. Rep., 

18S1, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

Group 2. 

Rep. Ch. of Eng's, 

1878. 

::\at. Acad. Sc. 

:\at. Acad. Sc. 

Xat. Acad. Sc. 

:\at. Acad. Sc. 

Group r. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 
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Table of Observed 11fagnetic .Declinations and Values reduced to the Year 1890--Continued. 

TEXAS-Continued. 

_N_a_m_e_o_f _•t-at-io_n_._j __ 'P ___ ~_. --f----'----1~. ~ f _~J D,
000

.o Observer. 

Sa~.)~ntonio (S. V. I 2~ :5

1 

;8 :911878. 441

1 

_ 9~ 37 ___ 

0

___ - 8~74 J.B. Baylor. 

Dollar Point. II 29 26 ' 94 53 i 1878. 41 - 8. 29 +o. 55 - 7. 74 J. B. Baylor. 

I ! I 
Hempstead. \ 30 081 96 10 I 1878. 481- 8. 61 +o. 63 - 7. 98 J.B. Baylor. 

Austin. 

Sierra Blanca. 

Pecos City. 

I I Groesbeck. 

I ! El Paso, north of 

! Depot (S. V. S.). 

I Colorado. 

I Cisco. 

i i Mineola. 
I 

I Fort Worth. 

j I Sherman. 

Ringgold Barracks. / 

i 
Fort Mcintosh. 

! 

I 

Pass Cavallo. 

Matagorda. 

Eagle Pass. 

MouthofSabine"R.iv- J 

er, Everett's house./. 

Austin, Travis Co. I 
•r 

Fredericksburg, Gil- j 
lespie Co.t I 

/ 30 r6 I 97 44 I 878. 47 j - 8. 96 +o. 63 - 8. 33 I J. B. Baylor. 

I I I 
31 IO J 105 35 J 1888. 93 -II. 30 +0.04 -II. 26 J.B. Baylor. 

I I 
31 26 I 103 20 1888. 94 -IO. 94 +o. 05 -10. 89 J.B. Baylor. 

I 
I 

I I 

31 33 I 96 30 1878.49 - 9.25 +0.63 - 8. 62 I J.B. Baylor. 

I 
-11.90 I 

I 
31 45 I 106 27 1888.92 -----· -11. 93 j J.B. Baylor. 

~,,,I 100 55 i 1888. 94 -II.00 +o. 05 I -10. 95 J J.B. Baylor. 

I 
. I 

l 
32 23 I 98 50 I 1888. 95 - 9.64 +o.o6 - 9· 58 , J.B. Baylor. 

I ' I 
! 

95 2~ I 1888. 97 
! 

32 40 i - 8.12 +o. 06 I - s. 06 J. B. Baylor. 

! 
32 45 i 97 20 I 1888.96 - 9. 12 +0.06 - 9.o6 J. B. Baylor. 

I 
33 36 I I 

-- 8.70 J.B. Baylor. 
I 

96 36 I 1878.52! - 9.33 I +0.63. 

! I I I I ! i I I 

26 23 i 98 43 1853.5 1- 9.25 +I.46 - 7.79 W. H. Emory. 

I 
I 

1852.5 27 33*1 99 3°* -10.00 -f-1.47 ...::: 8. 53 W. H. Emory. 

i 

28 21 ' 96 24 1879.6 - 8.33 +0.58 U.S. Eng's. ; - 7.75 
I 

28 41 95 58 1877.5 - 8.42 +o.68 - 7.74 A. H. Bishop. 

28 42 100 30 1852. s -10.02 +1.47 - 8.55 W. H. Emory. 

29 44 - 8. 67 +1. 89 - 6. 78 J. D. Graham. 

30 16 97 44 1835. 5 -10.00 +1.46 - 8.54 (Austin Land Office 

Rec.). 

30 16 g8 48 18~.2 ·- 9.22 o.oo - 9.22 A. Strieglcr. 

* Corrected. t Added Sept. 18go. 

Reference. 

----~------I 

C. and G. S. Rep. 

1881, App. 9. 

C. and G. S. Rep. 

1881, App. 9. 

C. and G. S. Rep. 

1881,App.9. 

C. and G. S. Rep. 

1881, App. 9. 

MS. in C. and G. S 

Office. 

MS. in C. and G. S 

Office. 

C. and G. S. Rep. 

. 1881, App. 9. 

MS. in C. and G. S 

Office. 

MS. in C. and G. S 

Office. 

MS. in C. and G. S. I 
Office. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

Group 2. 

Am. Acad. Sc., 

1856. 

Am. Acad. Sc., 

1856. I 
Ch. of Eng's Rep., I 

1880. 

MS. in C. and G. S. 

Office. 

Am. Acad. Sc., 

1856. 

Am. Phil. Soc., 

1846. 

MS. in C. and G. S. 

Oflice. 

) MS.in C. and G. S. 
Office. 
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Table of Observed Magnetic Declinations anil Values redur;ed to tke l'ear 1890-0ontinued. 

Name of station. <p 

\Villis, Montgomery : 30 27 
Co. 

Brazos. 30 42 

Burnet, Burnet Co. 30 44 

Mouth of Calion. 31 02 

San Saba, San Saba : 31 II 

Co. 

Cherokee. 31 45 

11ort miss, astronom· 31 46 
ical monument. 

Frontera. 31 49 

Longview. 32 29 
:ForkofBrazos River. 33 00 

Sulphur Springs, 33 08 

Hopkins Co. 

West Fork of Trinity 33 29 

Ri~r. 

Tirinity Waters. 33 34 
Elm FClfi< of Trinity 33 42 I 

River. I 

- . 

UeaveL 38 I6 
i 

Tamarac. 38 24 

Tushar. 38 25 

Milford. 38 25 

Deseret. 39 18 

Scipio. 39 24 

Nephi. 39 42 

Mt. Nebo. 39 48 

1· 

TEXAS-Continued. 

~--------~ 

I 
ii. t I D LID Dl'9oo.o Observer. H.efercncc. 

:-1-0· ---1 
0 o I o 

95 30 1838.5 I - 9.52 +1. 76 I - 7· 76 L. Burnes. MS. in C. and G. S. 
i Office. 1 I ! 

96 20 1823.5 I -10.62 +r.20 !- 9.42 (Austin Land Office MS. in C. and G. S. 
I 

I 
t873.881 - 9· 77 

Rec.). Ofucc. 

98 06 +a. 84 1-- 8. 93 J. W. Glenn. MS. in C. and G. S. 
I Office. I I 105 37 1852. 5 J -12.02: +0.45 -II. 57 W.H. Emory. Am. Acad. Sc. 

I i 1856. i 
98 38 1874.ooj-10.98 +0.84 I -IO. 14 J. W. Glenn. MS. in C. and G. S. 

/- 9·33 

Ofuce. 

95 00 . 1835. 5 +r. 86 - 7.47 (Austin Land Office MS. inC.andG.S., 

1-12. 42 

Rec.). Office. 

106 29 1878. 5 -(I. 93 --·-- ~---~ ------- Ch. of Eng's Rep., 

1879. 

106 33 1859.061 -12.42 +0.55 -II. 8/: J. H. Clark. Rep. Com'r Gen. 

94 34: 1872.29 I_ 8.63 +0.89 - 7. 74 

99 17 1854.5 I -11.20 +1. 20 -IO. 00 

95 32 1888.4 - 8.80 +c-.09 - 8. 71 

98 52 1854.5 i -IO. 28 +1.20 - 9.08 
I 

98 rs 1854.5 I -10.45 
I 

+1. 20 - 9.25 

97 23 I 1854. 5 i -IO. 60 +r. 20 - 9.40 

I 
L'TAH. 

I I 

ll2 38 1885.74 -15. 50 i +o. 15 -rs. 35 

Il2 24 1885.62 - 15. 621 +o. 16 
I 

-15.46 

! 
I 

112 24 1885. 66 -15. 37*1 +a.rs -15.22 
! 
! 

II3 00 1885.74 -15. 22 I +o. 151-15. 07 
I 
! 

II2 38 1884.73 -16.17 +o. 19 -15. 98 

112 I2 1884.67 -16. r7 +0.19 -15.98 

I II 51 1883.85 -16.45 +0.21 -16. 24 

lU 46 1887.571 -16.29 +o.o8 -16. 21 

*Mean of two. 

Land Off., 1882. 

T. C. Hilgard. Nat. Acad. Sc. 

U.S. Officer. Phil. Trans. Roy. 

Soc., r875. 

E. H. Wells. MS. in C. and G. S. 

Office. 

J. Pope. Pac. R. R. Exp. 

J. Pope. Pac. R. R. Exp. 

J. Pope. Stone's Mag. Var., I 
1878. I 

I 

Group r . 

I 

ic . F. Bird (W. Eim· '~~!~. ~,~~~~~~;;~~,! 

i 
' 

G. 

beck). i Office. 

F. Bird, G. Lange\ MS. in C. and G. S. 1

1

1 

(W. Eimbeck). I Office. 

G. 

G. 

\\ 

F. Hird, li. Lange: ~1S. in C. and G. S. 1 

(W. Eimbeck). I Office. i 
F. Bird (W. Eim- ! MS. in C. and G. S. I 
beck). Office. I 
'. Eimbeck, G. F. MS. in C. and G. S. 1 

Bird. Office. \ 

W. Eimbeck, G. F. I MS. in C. and G. S. j 

Bird. 1 Office. r 

W. Eimbeck, G. F. / l'ls. in-C. and G. S. J 

Bird. I Office. I 
W. Eimbeck, J. H.

1 

MS. in C. and G. S. ! 
Turner. Office. J 

______ J i 
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Table of Observed Magnetin Declinations and Valu,es reduoed to tlie Year 1890-Continueu. 

Name of station. 

--------i-- -
i 

o I 

Provo. 

Mount Guyot. 

UT AH-Continued . 

i. D .dD 
i 

D11390.o Observer. Reference. 

----- -- ---i---!----!---- -------- --------
0 I I 0 I 0 

II I 40 1883. 86 -16. 53 ! +o. 21 -I6. 32 · W. Eirnbeck, G. F. 

Bird. 

-I6. 57 1 W. f;irnbeck, J. H. 

MS. in C. and G. S. i 

Office. 

MS. in C. and G. S. 

Turner. Office. 

Lake Shore. 40 40 IIZ 26 1887. 79 -16. 64 +o. 07 -I6. 57 i W. Eirnbeck, J. H. MS. in C. :;ind G. S. 

Saltl.akeCity(S. V. 40 46 i 

S.) 

Castle Rock. 41 08 

Ogden, U.S. Engr's I 41 13 i 
O!Jservatory. 

Corinne. 41 33 I 
I 

Kelton. 41 45 

III 54 1887.861 -16.51 

III IO I878.80,-16.95 

i i 
112CX>I1886.71! -17.4I 

I I 

112 0611881. 351-17.52 

! I 
llJ o8 i 188r. 34J -17.76 

I I 

+o.33 

+o. II 

+0.27 

+0.27 

Turner. 

-I6. 27 • W . .Eirnbeck, J. H. 

Turner. 

-16. 62 : J. B. Baylor. 

-17. 30 : R. A. Marr. 

-17. 25 ' W. Eirnbeck, R. A. 

j Marr. 

-17.49: W.Eirnbeck,R.A. 

I Marr. 

Office. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., i 
188I, App. 9. 

MS. in C. and G. S. i 

Office. 

I C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 
I . 

---------~--~---~--~----'------'-----------~----

I I Kanab. 

Saint George. 

Virgin River. 

Camp on Virgin 

River. 

Paria. 

1 Paria River. 

i 
Toquerville. 

Pine Valley, near 

\Vater Pocket, near 

Escalante River. 

Iron City. 

i \Velcome·creek. 
i 

i 
\. Azay's Ranch. .. 

37 02 ! 
I 
I 

37 07 i 
I 
I 

31 08 I 
I 

37 08 I 

I 
37 II i 
37 14 j 

37 151 

37 24 I 

37 28 ! 
l 

37 33 ! 
i 

37 341 
i 
I 

31 34 I 
I 

112 3211872. 5 

II3 35 1871. 5 

II I 53 1872. 5 

II I 56 1872. 5 

113 31 1872. 5 

II I 02 1873, 5 

113 27 1872. 5 

II I 27 I 873. 5 

i I -14.38 

i -16.45 

I
i 

- 15. 48 

1-•l 4' 

- 14.50 

-14.22 

-16.18 

-16.00 

·-15. 12 

-16.85 

+0.30: -14.08 
1 

\V. L.Marshalland 

E. P. Austin. 

+0.22 -16. 23 : Eng'rOfficer. 
I . 
I 

+0.22 -15. 26 ! R. L. Hoxie. 

+o. 22 -15. 26 R. L. Hoxie. 

+o. 30 -14. 20 J W. L. Marshall. 

+o. 30 -13. 92 R. L. Hoxie. 

+o. 22 -15. 96 Eng'r Officer. 

+o. 22 -15. 78 W. L. Marshall. 

+o. 30 -15. 34 R. L. Hoxie. 

I +a. 22 j -18. 28 W. L. Marshall. 

+o. 30 ! -14. 82 

I 
R.L.Hoxie. 

\ +o. 30 \ -16. 55 R.L.Hoxip. 

! i 

Group 2.* 

Rep. Ch. of Eng's, 

1876. 

Geo. Po_s.U. S. Eng's, 

Wash., 1885. 

Rep. Ch. of Eng's, i 
1876. i 

Rep. Ch. of Eng's, : 

1876. : 

Rep. Ch. of Eng's, i 
1876. I 

Rep. Ch. of Eng's, 

1876. I 
Geo.I'os.U.S.Eng's, 

1

. 
Wash., 1885. 

Rep. Ch. of Eng:s, I 
1876. 

Rep. Ch. of Eng's, . 

.1876. ! 
Rep. Ch. of Eng's, ! 

1876. I 
Rep. Ch. of Eng's\ .. 

1876. I 
Rep. Ch. of Eng's, \ 

1876. f 

*The greater part of the longitudes was supplied by me, as best I could,from cha.rts.-(ScH.] 
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!l'al>leoj Ol>served 1lfagnetic Declinations and Values reduced to tke Year 1890-Continued. 

Name of station. 

Antelope Springs. 

Desert Spring. 

Paragoonah. 

~1ammoth :\fill. 

Circleville. 

Minersville. 

Dirty Devil River. 

Dirty Devil Canon. 

Fort Cameron. 

Mill Spring Station. 

Rabbit Valley. 

Hay Spring. 

Grass Valley. 

I 
San Francisco Spring.I 

Hawawat Spring. 

1 Grass Valley. 

Black Rock Spring. 

' Gunnison's Trail. 

Camp near Sevier 

Lake. 

Meadow Creek. 

Fillmore. 

Muddy Creek. 

UT AH-Continued. 

cp A. D Observer. Reference. I ~D 
I 
I 

! W. L. l\larshall. 
i 
I 

_3_7_4_6_,_1_:_3_2-,6-i-1-87_2_._5_ ---1-6°-. 3-3-1

1 

+o." -•6. " 

37 49 I 13 57 1872. 5 -16. 33 +o. 22 -16. 11 W. L. Marshall. 

Rep. Ch. of Eng's, : 

1876. i 
Rep. Ch. of Eng's, ' 

1876. 

37 55 112 48 

38 IO 112 24 

38 13 I 12 56 

38 16 Ill II 

38 17 Ill 00 

38 17 I II 44 

38 17 IIJ 30 

III 25 

113 00 

38 20 Ill 54 

113 17 

1873.5 

I I87J.S 

1872.5 

-19. 50 / +o. 26 -19. 24 ; W. L. Marshall. 

-15. 87 l +o. 22 -15. 65 R. L. Hoxie. 

I 
-2I. 50 I +o. 22 , --21. 28 -- Marie. 

I ! 
-16. 50 . +o. 26 , -16. 24 W. L. Marshall. 

-16. 331 +c. 30 1 -16. 03 R. L. Hoxie. 

-•6.30 I +0.30' -•6.~ R.l..Ho>io. 

I 
-16. 40 \ +o. 22 -16. 18 G. :\1. Wheeler. 

-17. 331 +o. 30 -17. 03 R. L. Hoxie. 

-16.33 +0.30 -16.031 R. L. Hoxie. 

-16.26 +0.30 -15. 96 ' R. L. Hoxie. 

-17. 75 +0.30 --17. 45 W. L. Marshall. 

+0.30 -16.67 R. L. Hoxie. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1879. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

kep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

38 30 113 30 1869. 5 -16. 66 +o. 30 -16. 36 G. 1'1. \Yheeln arnl : Rep. Ch. of Eng's, 

D. W. Lockwood. i 1876. 

3834 11150 1872.5 -17.75 +0.34 -17.41 W.L.:.farshalJ. Rep.Ch.ofEng's, 

1876. 

38 43 II2 57 1872.5 -16.03 +0.34 -15.69 R.L.Hoxie. Rep. Ch. of Eng's, 

1876. 

III 30(?), I87J.S 

113 15 I 1872. s 

112 17 

III 09 

-1'6. oo +o. 34 -15. 66 R. L. Hoxie. 

-17. 47 I +o. 30 -17. 17 R. L. Hoxie. 
i 

-16. 18 +o. 34 -15. 84 R. L. Hoxie. 

Rep. Ch. of Eng's, 

1876. i 
Rep. Ch. of Eng's, i 

I 
1876. l 

I 
Rep. Ch. of Eng's, I 

1876. 

_ ... ,, I +o ... 

-16. 00 I +o. 34 

-15. 91 R. L. Hoxie, G. M. Rep. Ch. of Eng's, 

Wheeler, and E. 1876. 

P. Austin. ~ 
-15. 66 R. L. Hoxie. Rep. Ch. of Eng's, 

1876. 
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TalJle of Observed Magnetic Declinations and Values reduced to tlw Year 1890-Continned •. 

UTAH-Continued. 

I Name of station. · fP i A. 
I i 

D LI f) D U!OO•O Observer. Reference. 

I 
1-0--,-:-0---·--- ---0-1--0-,: 

38 59 112 20 i 1857. 5 j Fillmore City. 
I 

I Cottonwood Creek, 

I South. 

I Cedar Springs. 

Cottonwood Creek, 

North. 

I Joe's Valley, 

i 
' Mt. Pleasant. 

1 .Sevier Pass. 

Sulphur. 

Fish Spring. 

Eureka City. 

Santaquin. 

Simpson's Spring. 

Faust's Station. 

39 05 II I 07 1873. 5 

39 08 l 13 oo(?) 1872. 5 

39 14 I 1 I OJ 

39 25 l I I 12 

39 32 I II 29 1873.5 

39 33 112 17 

39 41 

39 52 113 21 1872. 5 

-15. 73 

-16.27 

-17. 15 

-16. 83 

-17. 17 

i 
-14.93"1 

i -17.08 i 

39 59 III 48 1872. 5 -17.43 

4002 11247 1859.4 -15.70* 

40 12 l 12 27 1872. 5 -16. 86 

0. 00 ·-15. 73 

+o. 37 -15. 90 R.L.Hoxie. 

+o. 37 -16. 78 -- Marie. 

+o.37 R.L.Hoxie. 

+0 -37 R.L.Hoxie. 

+o. 37 -16.So R.L. Hoxie. 

+0.37 -16.63 W. L. l\farshall. 

o.oo J. H. Simpson. 

+o. R.L. Hoxie. 

-16. 78 W. L. Marshall. 

-17. o6 W. L. Marshall. 

-rs. 70 J. H. Simpson. 

-r6. 49 R. L. Hoxie. 

' 

MS. from Smith

sonian Inst' n. 

i Rep. Ch. of Eng's, 
I 1876·. 

Rep. Ch. o( Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

" Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Stone's Mag. Var., 

1878. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Rep. Ch. of Eng's, 

1876. 

Stone's Mag. Var., 

I 1878. 

1 Rep. Ch. of Eng's, 

1876. 

Old Camp Floyd or 40 16 r 12 05 1872. 5 --16. 99 -+-o. 37 -16. 62 R. L. Hoxie. 

'Fairfield. 

Rep. Ch. of Eng's, 

1876. 

Fort Douglas, astr"l 

monument. 

: Schneider's Creek. 

Box Elder. 

i 

i Bear River. 
I 
i 
; Ten Miles SE. of 

Lake Town. 

i Meadowville, near. 

1

. 

i Logan River, East 

I Fork. , 

40 56 III 42 

41 30 112 02 

41 37 112 08 

41 45 111 IO 

41 51 I II 22 

III 33 

1872. 5 -17.02 +o. 37 \ -16. 65 G. M. Wheeler. 

' 
1858. 9 -18. 92* o. oo -18. 92 I J. H. Simpson. 

I I 
1884. 25 / -17. 391 +o. 20 --17. 19 / N. P. Anderson. • 
1881. 70 -r7. 50 +o. 27 -17. 23 N. P. Anderson. 

Geo.Pos.U.S.Eng's, 

Wash., 1885. 

Stone's Mag. Var., 

1878. 

MS. in C. and G. S. 

Offic~. 

MS. in C. a.nd G. S. 

-Office. 

-17. So I +o. 35 -17. 45 Rep. Ch. of Eng's, 
1878. 

-18. 02 ; +o. 35 I -17. 67 S. E. Tillman. Rep. Ch. of Eng's, 
1
• 

S. E. Tillman. 

I 
I I 1878. 1·· 

-17. SS \ +o. 35 \ -17. 20 S. E. Tillman. Rep. Ch. of Eng's, I 

I I I 1878. l 
--'--~-'--~~'---~~~~--~~--'--~~~~~~--' 

*An index correction of + 1° has been applied to Captain Simpson's declinations.-[Sc:a.] 
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Table of Obser1'ed Magnetic Declinations and Val'lte& reduoed to the Year 1890-Continued. 

Name of station. 
i 1-------

R·-· ( s. V. S.). • 

Burlington (S.V. S.). I 

Pawnal. 

Bellows Falls. 

White River Junc
tion. 

West Hartford. 

Wells River. 

Ryegate. 

Montpelier. 

Saint Johnsbury. 

Essex Junction. 

Barton. 

*Swanton Falls. 

Derby. 

Dismal Swamp, 

boundary stone. 

Hines, Va.and N. C. 

Boundary. 

Knott Island, north 

end. 
, 

Marion. 

Norfolk, south of 

City Hall. 

Norfolk, near gas 

factoq. 

0 , 

43 36 

44 28 

I 

43 09 i 
43 40*1 

I 
43 42*1 

44 091 
44 IO 

44 17 

44 26 

44 31 

4444 

45 00 

36 33 

36 33 

36 34 

36 48 

36 50 

36 51 

VERMONT. 

A I I \ D 
1 

LID 1 D, 800•0 I Observer. 

0 , \-; 0 i-0 /-0 I 
72 56 j 1879. 79 +u. 15

1 

1+12. 26 ! J.B. Baylor. 

73 12 1873. 79 I +11. 32 1 !+12. 85 i T. C. Hilgard. 
• I I I ! 

I I ! 

72 59 1786. 5 

72 28 1876. 58 

72 I8* 1876. 59 

72 22* 186o. 21 

72 05 1876.6o 

72 IO t8or. 5 

71 55 1837. 5 

73 o6 1849. 65 

72 03 1837. 5 

73 09 1850. 29 

76 23 1886.95 

76 34 1887. II 

75 SS 1873.30 

81 31 1881. 50 

76 17 1856.69 

76 18 1856.69 

I i f i 
i + 5. 87 I 1------ I -- Williams. 

I i I 
+u. II I +1.07 1+12. 18 IF. E. Hilgard. 
+u. 09 +1. 09 j+12. 18 , F. E. Hilgard. 

I I I 
+u. 15 I +2. 66 +13. 81 J.M. Clark. 

I I I 
+11. 91 I +1. 03 !+12. 94 j F. E. Hilgard. 

+ 7· OD ! +6. 3 1+13. 3 \ J. Whitelaw. 

I i 
+12.42 I +5.05 +17.47(?)l (Exec.Doc.) 

+ 9. 27 +4. 40 +13. 67 I A. C. Twining. 

I I I I I + 9.40, +3.21 1+12.61 J.M. Clark. 
! 1 I 

. I I I 
+10. 85 ++ 67 !+15. 52 I A. C. Twining. 

i I . I 
+11.471 +3·45 1+14. 92 J.M. Clark. 

+13.30 / +o.93 /+14.23 j F.E.Hilgard. 

* Corrected. 

VIRGINIA. 

I I I C.H. Sinclair. ~ 3. 261 +o. 161+ 3.42 

I C. H. Sinclair. + 3.081+0.151+3.23 
I 
I 

+ 2.91 I +0.91 + 3.82 A. T. Mosman. 

I 
+ O. OJ i +0.48 + 0.51 J. B. Baylor. 

I 

+ 1.56 +1.85 + 3.41 C. A. Schott. 

+ 1.65 +1.85 + 3.5o C. A. Schott. 

I 
I 

Group I. 

Reference. I 
. I 
: C. and G. S. Rep., I 

1881, App. 9. 

C. and G. S. Rep., I 
1881, App. 9· I 

Group 2. 

i I 

Sill. Jour., Vol. 34, 
1 

1838. 

Nat. Acad. Sc. 

i ::\"at. Acad. Sc. 

; :.\1S. in C. and G. S. 

! Office. 

: :Nat. A cad. Sc. 

; Sill. ]our., \"ol. 34, 

1838. 

• Sill. Jour., Vol. 34, 

1838. 

Sill. Jour., Vol. 34, 

1838. 

MS. in C. and G. S. 

Office . 

Sill. Jour., Vol. 34, 

1838. 
MS. ·in C. and G. S. 

Office. 

Nat. Acad. Sc. 

Group 1. 

' 
i MS. in C. and G. S. i 
I Office. 
I MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

·C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

• 1881, App. 9. 
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Table of Observed Jlagnetic Declinations and Values reducsd to tlte Year 18:JO-Oon~innet.l. 

Name of station. 

-------- --- -

Wytheville. 

Cape Henry Light

house (S. V. S.). 

Old Point Comfort. 

Cape Charles. 

Petersburg, Roslyn. 

"'illiamsburg, 

\V. and :\L Col

lege (S. V. S.). 

Scott. 

Wolftrap. 

o I 

36 55 

37 00 

37 07 

37 14 

37 16 

' 

37 20 

37 24 

Richmond, Mayo's 37 32 

I:;land. 

Joynes. 37 42 

Corner of Rock- 37 46 

bridge, Alleghany 

and Botetourt Co's. 

Tangier. 

Covington. 

I Snead. 37 58 

Charlottesville. 

Greenwood. 38 02 

Fredericksburg. 

i Clark Mountain. 

Bull Run. 

Peach Grove. 

Strasburg. 39 00 

VIRGINIA-Continued. 

1 t D \ . AD \ D 1890•0 1 Observer. = :881.48!- 0~02 l~o.46 i + 0~441 J.B.Baylor. 

I I 
3· 34 1

11
, + 3. 48 i J. B. Baylor. 

I 
76 18 r.241 +1.85 

I 
75 58 I. 591 +r. 85 

i 
77 24 1871. 78 + I. 48 i +1. 13 

,, .. • 88p8 + ,. 05 I 
75 54 1856. 68 + 1. 621 +1. 85 

76 15 : 1871. 36 ' 2. 82 +1.09 

·[ 
+ 3. 09 j C. A. Schott. 

! 
+ 3. 44 i C. A. Schott. 

+ 2.61 A. J. 1'1cll vaine, jr. 

+ 3.35 J.B. Baylor. 

+ 3.47 C. A. Schott. 

+ 3.91 A. T. Mosman. 

77 26 1856. 72 + o. 24t C. A. Schott. 

75 37 1856. 68 + 2. 06 ' +2. 14 + 4. 20 C. A. Schott. 

79 34 1884. 14 + r. 08 +o. 33 + l. 41 J.B. Baylor. 

75 59 1S7r. 47 + 3· 05 +1. 18 + 4. 23 A. T. Mosman. 

So oo* 1881. 46 + 1. 05 +o. 50 + I. 55 J.B. Baylor. 

75 26 1856. 67 + 2. 31 +2. 14 + 4. 45 C. A. Schott. 

78 29 1887. 26 + 1. 99 +o. 15 + 2. 141 C.H. Sinclair. 

78 47 r88o. 43 + 2. 31 +o. 57 + 2. 88 J.B. Baylor. 
' 

77 27 1856. 71 + 1. 04 +z. 04 + 3. 08 C. A. Schott. 

78 oo 1871. 64 + 1. 78 + 1. 22 + 3. OJ C. 0. Boutelle. 

I 
77 42 1871.79 + 4.36 +1.29 i + 5.65 C.O.Boutelle. 

I 
+o. 24

1 

+ 3. 20 C. H. Sinclair. 

* Corrected. t Local deflection. 

Reference. 

C. and G. S. Rep., 

1881, App. 9. 

MS. in C. and G. S. 

Office. 

C. and G. -S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

?.IS. in C. and G. S. 

Office. 

C. and G. S. Rep., ' 

1881, App. 9. 

C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

MS. in C. and G. S. ' 

Office. 

C. and G. S. Rep., , 

1881, App. 9. t 

C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881, App. 9. 

MS. in C. and G. S. 
Office. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., · 

1881, App. 9. 

C. aad G. S. Rep., 

1881,App. 9. 

C. and G. S. Rep., 

1881,App. 9. 

C. and G. S. Rep., 

1881,App. 9. 

MS. in C. and G. S. 

Office. 
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Table &j Observed Magnetic Declinations and Values reduced to the Year 1890-Continued. 

VIRGINIA-Continued. 
Group 2. 

~~~----,---~--~,~-~~!~~--~-~---~-----~~------~~ 

J __ ' __ ! __ n __ ,_·LI_D __ n_1""_.
0 
____ o_bs_e_rv_e_r_. _____ R_e_re_r_e_nc_e_. __ 

Name of station. cp 

o I 

South Boundary, on 36 

shore. 

Brunswick and 36 36 

Greensville, N. C. 

line. 

Peach Bottom, N. C. · 36 36 

line. 

Danvme. 36 37 

Emory and Henry 36 40 

College, Washing· 

ton Co. 

Meadville, Halifax 

Co. 

Gosport Navy-Yard. 

Norfolk. 

Mount Airy. 

Wytheville. 

Christiansburg. 

Burkeville. 

Mobjack Bay. 

Lynchburg. 

Scottsville,Powhatan 

Co. 

Richmond. 

Natural Bridge. 

Staunton. 

Harrisonburg. 

Culpeper. 

Vancouver, near old 

fort (S. V. S.). 

Lower Cascades. 

Walla Walla, near 

Court-House. 

(S. V. S.). 

Wallula. 

36 47 

36 49 

36 51 I 

I 

36 52 I 
36 55 I 

I 
37 I I i 

37 1 3 I 
37 18 i 

I 

37 25 i 
37 3° I 

37 32 I 

37 351' 
38 09 

38 25 I 
38 28 

45 38 

45 39 

46 04 

46 07 

H. Ex. 55--23 

l I I 
I i 0 I 0 I 

75 52*11728. 18 + 3.001-0.05 + 2.951~w. Byrd. 

So 50 1824. o - o. 92 +3· 62 + 2. 70 I -- Boye. 

81 00 1824. 0 - 3. 83 +3· 62 ~ "" 1-- Boye. 

79 20 187J. 57 + I. 27 +o. 97 
81 46 1881. 2 I. 00 I +o. 50 

+ 2. 24 I F. E. Hilgard. 

- o. 50 \ T. A. Davis. 
I. 

. 78 57 1886. 14 + I. 50 

76 17 1880.08 + 2.95 

' 79 o6 187]. 64' - o. 92 
' 81 05 1882. 33 - 0. 18 

I 
So 18 187J. 65 i - o. 58 

78 12 I87J. 56 J + 2. 00 

76 20 1824. 0 + o. 62 

79 09 1873:55 + 0.56 

77 54 1879.5 + 2.50 

77 26 1874.25 + 2.26 

79 22 1873.65 ! + o.o8 

7904

1

, 1873.66 + 0.76 

78 52 1873.67 + 1.47 

78ooI1873.53. + 2.35 

+o. 21 

i 

I 
+ I. 71 I 

! 
+ 3.98 l 

! 
I 

M. French. 

W. Harkness. 

+o. 53 + 3· 48 I T. Bernard. 

+0.97 

+0.43 

+ o. 05 F. E. Hilgard. 

+ o. 25 J. r--1. Gibboney. 

+ o. 38 F. E. Hilgard. 

+ 3. 01 F. E. Hilgard. 

+ 4. 10 -·- Boye. 

+1.01 +1.57 F.E.Hilgard. 

+o. 63 
1 

+ 3. 13 County Surveyor. 

+o. 98 + 3· 24 W. Popp. 

+o. 98 + I. 06 F. E. Hilgard. 

+1. oo + I. 76 F. E. Hilgard. 

+1. 07 + 2. 54 F. E. Hilgard. 

+I. 09 i + 3· 44 F. E. Hilgard. 

WASHIKGTON. 

122 39 1881. 82 -20.89 ------ -21.00 J. S. Lawson. 

122 00 1881. 8o -19.49 +0.05 -19.44 J. S. Lawson. 

118 21 1887. 71 -21.17 ------ -21. 01 E. Smith. 

us 55 1881.75 -19.93 -·---- -20. 17 J. S. Lawson. . 

*Corrected. 

\\'estover :MS. 

Boye's Map of Va., ' 

1859. 

Boye's Map of Va., 

1859. 
Kat. Acad. Sc. 

MS. in C. and G. S 

Office. 

l\lS. in C. and G. S. 

Office. 

Smith'n Cant's to 

Kn., 18j3. 

:\1S. in C. and G. S. 

Office. 

, Kat. Acad. Sc. 

:'.lb. in C. and G. S. 

Uffice. 

::\at. Ac:id. Sc. 

Kat. Acc,d. Sc. 

Boye's '.\lap of Ya., 

1859. 
Kat. Acad. Sc. 

:\IS. in C. an<l G. S. 

Ofllce. 

Rep. Ch. of Eng's., , 

18j5. 

Kat .\cad. Sc. 

Kat. Acad. Sc. 

Kat. Acad. Sc. 

Kat. Acad. Sc. 

Group 1. 

[ C. and G. S. Rep., I 
I 1881, App. 9. 

\ C. and G. S. Rep., 

I 1881, App. 9. 

! MS. in C. and G. S. 
I 

I Office. 
I 

I C. and G. S. Rep., 

I 1881, App. 9. 
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Table of Obse'Y'ved Magnetic Declinatio11,s and Values reduced to the Year 1890-Continued. 

Name of station. 

Ainsworth. 

Cape Disappoint

ment, beach (S. V. 

S.). 

Pomeroy. 

Sixty-mile \Yell. 

Olympia. 

"rrague. 

Seattle (S. V. S.). 

Seattle, University. 

Spokane Falls. 

Port Townsend 

(S. V. S.). , 

Port Townsend, Ma- \· 

rine Hospital. I 
Nee-ah Bay,astr.sta'ni 

(S. V.S.). I 

WASHINGTON. Group I. 

D I ~D _n_,S90_. _-o-1--0-bs_e_rv_e_r. _____ R_e_fe_r_en_c_e_. __ 

'' « . . < •9 --- ' < 88<. ,J_,.'. 4' I +o'. 09 1-,.. 3' I ) . S. I..wooo. 

I I 

46 17 i 124 03 188r. 79 -21. 6o ! 1-2r. 79 · H. E. Nichols. 

I
I I 

I 
rr7 40 188r. 72 ....,.21. 56 \ +o. og 1-2r. 47 I J. S. Lawson. 

I I i 
46 49 j 118 SC? 188r. 65 -22. 78(?)!,' +o. 09 !-22. 69(?)! J. S. Lawson. 

: I 
47 02 122 54 1881. 84 -21.58 

47 19 118 10 1881. 65 -22. 92 

47 36 122 20 l88r. 86 
-22.04}: 

47 37 ! 122 20 1888.52 -22. 48 i 

47 43 I 117 25 1881. 67 -2!. 66 

I . 
122 45 I 1881.88 -21. 45 i 

i I 
122 45 I 1888. 56 -22. 81(?)1 

I • 

+o. 04 :-2r. 54 / J. S. Lawson. 
. I 

+o. 09 -22. 83 i J. S. Lawson. 

i 

I I J. S. Lawson. 
: I 
;-22. 29 I 
i l I E. Smith. 

I 
+o. 09 1-21. 57 I J. S. Lawson. 

I i 

1-21. 54 
i 

-22. 73 

I J. S. Lawson. 
[ 

\ E. Smith. 

H. E. Nichols. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

MS. in C. and G. S. 

Office. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

MS.inC.andG.S. 

Office . 

C. and G. S. Rep., 

1881, App. 9. 
.... ,, '"'-'' _,,_,. I 

~------------~ -~__J_-~_...c_ __ ~-'--------'----~· 

Group 2. 

----~,-----------~·---~---~----------- -----·--·-

Small Island, Colum- I 

bia River. 

Chequees. 

Columbia Riv er, 

Township 6. 

Near \Vallula. 

Old Fort Walla Walla.. 46 05 

Monticello. 

Dry Creek. 

Near ]\fount Adams. 

rr8 58 186o. 5 

119 oo I 186o.o 

118 ss ( 1861. s 
I 

122 55 l 1857, 5 

118 18 / 186o. 0 

i 
121 03 , 186o.5 

[ 

--18.83 -0.22 

-19. 77 -0.24 

-20.50 -o.Zo 

-19.83 -o.So 

-20 . .22 -0.24 

-20.50 -0.31 

-19. 051 S. Garfielde. (?) 

-20. 01 I J. S. Hanis. 
I 
i 

-20. 70 I S. Garfie!de, (?) 

-20. 63 i S. Garfielde. (?) 

-·~" I J- ,_ ...... _ 

-20. 81 t S. Garfielde. (?) 

' 

MS. in C.and G. S. 

Office.* 

Stone's Mag. Var., 

1878. 

MS. in C. and G. S. 

Office.* 

NW. Bound. Comm. 

Map. 

MS. in C. and G. S. 

Office.* 

MS. in C.and G. S. 

I 
Office.* 

NW. Bound. Comm. 

I Map. 

I
I MS. in C. and G. S. 

Office.* 
I 

*MS. communication of Surveyor-General S. Garfielde; the latitude and longitudes I supplied as well as I could.--[ScH.] 
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Table <>f Observed Magnetic Declinations and Values reduced t<> tke Year 1890-Continued. 

WASHINGTO~-Continued. 

1--;--~ame of -·:·taticn. D AD Observer. I ,____ _ _____ , _____ ----!-----------

1 Columbia Guide Me- :6 ;5 ' 1 I~ :s I 1860. 5 -20~ oo ( --o~ 22 I -20~ 22 S. Garfielde. (?) 

1

1 

ridian, Snake I 1 I 
I ! River. I i Mouth of Strong's I 46 15 

River. 

Magnetic Station. 

Gray's Bay, Colum

bia River. 

Crossing Pataha 
1 

Creek. 

Fort Simcoe. 

Tucanon River. 

Shoalwater Bay, east 

side. 

Crossing Snake River 

Crossing Columbia 

River. 

Lead better Point. 

Shoa!water Bay Light 

Cow Creek. 

I 

46 231 
46 30 I 

I 

46 321 

46 33 I 
i 

46 34 I 
I 

46 341 
46 36 I 

46 431 

FourthStandardpar- 46 54 

allel and Gray's 

Harbor. 

Chehalis Point. 

Off Gray's HaTbor. 47 00 

NorthheadofGmy's 47 03 

Harbor. 

123 23 1855. 5 -20. ()() i -0. 89 -20. 89 ; S. Garfielde. (?) 

-18. 75 -o. 22 -18. 97 S. Garfielde. (?) 

IZ3 42 1858. 5 -21. 62 - o. 75 -22. 37 ' S. Garfielde. (?) 

117 34 1863. 5 -21. 25 -o. 16 -21. 41 S. Garfielde. (?) 

IZO 40 ; 1865. 5 -21. 50 -o. 28 [ -21. 78 S. Garfielde. (') 

118 00 1860. 0 -20. 92 -o. 24 1 -21. 16 _T. S. Harris. 

-20. 50 -I. 16 ·-21. 66 S. Garfielde. (?) 

-19. oo -o. 22 -19. 22 S. Ga1fielde. (?) 

119 18 1863. 5 -21. 50 -o. 16 -21. 66 S. Garfielde. (?) 

124 03 1859. 5 -21. 08 -1. 02 -22. 10 S. Gartielde. (?) 

-21. 08 -1. 06 -22. 14 S. Garfielde. (?) 

118 10 186o. o --21. 02 -o. 24 -21. :z6 J. S. Harris. 

124 01 1855. 5 -22. oo -I. oo -23. oo S. Gartielde. (?) 

124 07 1858. 5 -21. 50 -o. 86 -22. 36 S. Garfiel<le. (?) 

12353 1792.96 -18.00 -·4.6 --22.6 G.Vancouver. 

124 05 1858. 5 --21. 50 -o. 86 -22. 36 S. Gartielde. (?) 

Nisqually. 

Lugenbeel'a Creek. 

47 07 122 38 1859. 5 

47 og I u8 07 186o. o -20.92 

-0.74 -22. 12 R. W.Haig. 

-0.24 J. S. Harris. 

Steilacoom. I 47 IO 
122 35 1856. 5 -21. 50 -o.88 S. Garfielde. (?) 

l:eference. 

MS. in C. and G. S. 

Office.* 

MS. in C. and G. S. 

Office.* 

MS. inC. andG. S. 

Office.* 

MS. in C. and G. S. 

Office.* 

MS. in C. and G. S. 

Office.* i. 
:llS. in C. and G. S. 1 

Office.* I 
:-<"\Y. Bound. Comm.l 

:Map. ! 
MS. in C. and G. S. 

Office.* 

:MS. in C. and G. S. 

Office.* 

MS. in C.and G. S. 

Office.* 

MS. in C. and G. S. 

Office.* 

MS. in C. and G. S. 

Office.* 

NW. Bound.Comm.I 

.Map. I 
MS. in C. and G. S. 

Office.* 

MS. in C. and G. S. 

Office.* 

Hansteen's Mag. 

der Erde, r 819. 

MS. in C. and G. S. 

Office.* 

Phil. Trans. Roy. 

Soc., 1864. 

NW. Bound. Comm.i 

Map. I 
M~~~-:nd G. S. , 

-----
*MS. c:o1nmuniQU'd)ll of Surveyor-General S. Garfielde; the latitudes and longitudes I supplied, as well as I could.

[ScH. J 
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Table of Observed Jfagnetic I>eclinations and Val1Ms reiJ,uced to the Year 1890-Continned. 

\VASHINGTON-Continue<l. 

Reference. 
i 
I Name of station. 

I 

<p I /. D LID 1 D 1800.o Observer. I 
I 

I Intersection fi ft h 

:---!----,--------- ___ ! ____ --------1-----
1 I ·I I 0 

47 15 I 123 08 I 1856. 5 -21. 58 -o. 88 -22. 46 S. Garfielde. (?) MS. in C. and G. S. 

j :~:~;:d'~~:1n1:t. i I Office.* 

47 15 II 124 12 : 1859. 5 -21. 75 -o. 82 57 S. Garfielde. (?) 

1

\

1 

MS. in C. and G. S. 

i 
I 

I Intersection fifth • 
standard parallel , Office.* 

nnd ocean. 

Magnetic Station. 

Head of Hood's 

Canal. 

\Venatshapaw. 

Restoration Point. 

Magnetic Station. 

Sea beck, 

Canal. 

Hood's 

Peon's Prairie. 

Port Madison, mill. 

I 
47 16 I 122 05 '1855. -21. oo -o. 65 -21. 65 S. Garfielcle. (?) 

I 
! 

47 28 I 

47 29 / 
I 

4730 

47 36 I 
: 

120 38 1854.0 -18.83 

121 42 1865.5 -22.33 

-o.6o -22. ro ' S. Garfielde. (?) 

-0.42 -19. 25 J. Pope. 

G. Yancouver. 

-0.24 -22. 57 S. Garfielde. (?) 

47 39 i 122 49 1859. 5 -22. oo -o. 17 -22. 17 S. Garfielde. (?) 

i 
47 43 I 117 14 186o. o -21. 88 -o. 20 --22. 08 r J. S. Harris. 

I 
47 43 i 122 33 1856. 5 -20. 50 -o. 27 -20. 77 S. Garfielde. (?) 

I 
Mouth of Skookum 47 45 122 40 ; 1856. 5 -21. oo -o. 27 -21. 27 S. Garfielde. (?) 

Chuck. 

Near Spokane Ferry. ' 47 48 Ilj 58 '1860. o -22. 12 -o. 20 -22. 32 J. S. Harris. 

I MS. in C. and G. S. 

'
I Office.* 

MS. ii1 C. and G. S. 

I Office.* .i 

i Stone's Mag. Var., 

I 1878. I 
Vancouver's Voy. I 

of Discovery, 1798.i 
MS. in C. and G. S. i 

Office.* I 
MS. in C. and G. S. ! 

Office.* I 
N. W. Bound. , 

Comm. Map. 

MS. in C. and G. S. 

Office.* 

MS. in C. ~nd G. S. 

Office.• 

N. W. Bound. 

Comm. Map. 

i Port Gaml>le, mill. 47 51 122 34 '1859. 5 -20. 83 -o. 17 -21. oo 
1 

S. Garfielde. (?) 
I 

MS. in C. and G. S. 

Columbia Guide 47 55 

~!eridian. 

f'oul weather Bluff. 

Paint Elliott. 

Chunikane River. 

Port Discovery, mill. i 

Admiralty Head, I 
Whitbey Island. I 

Dungeness Light. I 

) 
Chattam Bay. 

47 56 

47 57 

118 58 ; 186o. 5 -22. oo -o. 18 -22. 18 S. GarfieJde. (?) 

122 36 1859. 5 -20. 50 -o. 17 - 20. 67 S. Garfielde. (?) 

' 

122 18 1855. 5.1 
I 

II7 45 I 1861. 50 I 
, I 
i I 

122 51 i 1862. 50 ! 
i 

122 41 i 1857. 5 

12306i1858.5 

I 
12416!1864.5 

I 
i 

-21. 50 

--21.47 

-22.00 

-21. go 

-21.50 

-22.50 l 

I 

-0.30 -21. 80 ; S. Garfielde. (?) 

-0.15 -21. 62 : R. W. Haig. 

+0.20 -21. 8o S. Garfielde. (?) 

+o. IO -· 21. 8o , S. Garfielde. (?) 

i 
-21. 38 S. Garfielde. (?) +0.12 

-22. 92 i S. Garfielde. (?) 

i 
.. 

Office.* 

MS. in C. and G. S. 

Office.* 

MS. in C. and G. S. 

Office.* 

MS. in C. and G. S. 

Office.• 

Phil. Trans. Roy. 

Soc., 1864. 

MS. in C. and G. S. 

Office.* 

MS. in C. and G. S. 

Office.* 

MS. in C. and G. S. 

Office.* 

MS. in C. and G. S. 

Office.* 

*MS. communication of Surveyor-General S. Garfielde; the latitudes and longitudes I supplied, as well as I could.-[ScH.] 
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Table of Observed Magnetic Declinations and Values reduced to the :rear 18fi0-Continued. 

\V,\SHINGTON-Continucd. 

Name of station. <p I. D1sw·u Observer. Reference. I D AD 
___________ ! _____ ·----- ----1---- ------- -------- --------

lJeccption rass, north: 
I 

. of \VhidLey Island., 

Nee-ah Island, north , 

i point. 

Colville Depot. 

Guide 11cridian, Bel

lingham Ihy. 

Colville Barracks. 

: Fort Bellingham. 

Birch Bay. 

::-Vlagnetic Station. 

Do. 

Point Roberts. 

:Magnetic Station. 

Do. 

Do. 

o I 

48 54 i 

48 59 

49 00 I 
49 00 I 

49 00 I 
I 

122 40 

117 52 

1858. 5 I -2:. 75 +o. 12 

I 
! 18.p. 501-22. 50 

I 
1860.5 I -22.52 -0. 13 

. .1-22. rs 122 27 : r859. 5 I • +o. 14 

l 
118 05 1861. 50 I -21. 67 -0. IO 

I 
122 32 1859. 5 i -22. 50 +o. 14 

122 45 r192. 50' -19. 50 -+ 0 

121 42 : 1860. 0 : -22. 78 -0. 15 

i 
121 57 : 186o.o -22. 65 -o. 15 

0 

-21. 63 S. Gartielde.(?) 

-22. 73 (Map.) 

-22. 65 J. S. Harris. 

l 

-22. or i S. Garfielde.(?) 

-2r. 77 R. '''·Haig. 

-22. 36 S. Garfielde.(') 

-23. 5 G. Vancouver. 

-22. 93 J. S. Harris. 

-22. So J. S. Harris. 

:,is. in C. and G, C'. 

Office.* 

C. S. Expl. Exp. 

N. \\'. Bou n cl. 
• Comm. 11op. 

:,rs. in C. and G. f'. 

Ofii.ce.* 

Phil. Trans. Ro,-. 

Soc., 1864. 

:.JS. in C. an<l G. S. 

Ofiice.* 

Vancouver's Voy. 

of Discovery, 1798.: 

:'.\'. W. Bound. 

Comm. Map. 

N. \Y. :Hound. 

Comm. Map. 

123 03 r859. 07 -22, 63 -o. 13 -22. 76 J. S. Harris and X W. Bound. 

II8 44 1860. 0 

u9 35 1186o.o 

j 
121 23 i 186o. 0 

I 

-22. 12 -o. 15 -22. 27 

-23. 57 -o. rs -23. 72 

-22. rs i -o. 15 i -22. 30 
! 

S. Garfielde.(?) 

J. S. Harris. 

J. S. Harris. 

J. S. Harris. 

Comm. Map and 

MS.* 

N. \Y. Bound. 

Comm. Map. 

N. W. Bound. 

, Comm. Map. . 

N. \V. Bound. 1 

Comm. iifap. 

*MS. communication of Surveyor-General S. Garfielde; the latitudes and lrmgitudes I supplied, as well as I could.-[ ScH. J 

I Alderson. 

I Charleston. 
I 

I Poin.t Pleasant. 

i Parkersburg. 
i 
I 
! Oarksburg. 

I . 
i Grafton. 

I I Ca.m~ron. 
Wheeling. 

I 
I 

37 45 I 

39 16 

39 17 

39 21 

39 50 

40 03 

WEST VIRGINIA. 

80 40 
~ I I I . 

1881.45 i + o. 921 +o. 521 + L 44 ! J.B. Baylor. 

'88q3 I + " 05 I +o. S• I + ..,, i ). R. R•ylo• 

•864.o81- .. ,s I +•·59 I+ o.o• ! A.T.M~. 
1881. 41 I + o. 12 I +o. 591 + o. 71 J.B. Baylor. 

•88o. 94 ! + '.)6 
1 

+o. 631 + '· 39 ). B. B•ylo• 

i 

81 34 

So 20 

So 02 1864. 03 + 1. 86 +1. 8o + 3. 66 A. T. Mosman. 

So 34 1864. 04 - o. 40 +1. 80 + I. 40 A. T. Mosman. 

So 44 1881. 40 + o. 02 +o. 58 + o. 6o J.B. Baylor. 

Group I. 

C. and G. S. Rep., 

I 881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

I 881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1S8r,App. 9. 
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Table of Obserued Magnetic Declinations and Values red'Uced to the Year 1890-Continned. 

WEST VIRGINIA-Continued. Group 2. 

Reference. 

---~- -- -
Name of station. j __ 'P __ l __ ,l __ l __ t __ :, ___ n __ ,i __ LI_n_I D 1800 o i ___ o_b_se_rv_e_r_. __ 

1

01101[ i 0 0 0
1

1' 

Bull Town, Braxton 38 48 80 31 

1

1 1824. o I - 2. 17 +3· 61 + I. 44 -- Boye. 

Co. \ 1,' 1· 

North Dranch of Po· 39 18 79 19 j 1824. o 
1 

- I. 58 +3· 83 
1 

+ 2. 25 
1 
-- Boye. 

I i I I tomac. 

Pruntytown, Ta~or I 
Co. I 

39 20 ! 80 05 11883. 3 ,. + 2. 55 +o. 46 ' + 3. 01 j R. McPheeters. 

Martinsburg. 

Cumberland Gap. 

·I Milwaukee, n ea r 

North Point Light· 

house (S. V. S.). 

Madison, University 

Farm. 

La Crosse. 

Superior, City (S. V. 

S.) 

Kenosha. 

Monroe. 

Racine. 

Mineral Point. 

Parish. 

Trout Brook. 

Campbell. 

Blue Mound. 

Fort Crawford. 

New Lisbon. 

I 

I I , l 
i 39 27 I 77 57 i 187J. 52 j + 2. 86 -fl. 23 + 4. 09 [ F. E. Hilgard. 

' 39 38*/' 78 44*! 1824. o 

1

1 -4.58(?) +3· 83 
1 

-0.75(?); -- Boye. 

I I ! 

I 

43 04 I 
i 

42 35 

42 37 

42 44 

42 51 

42 58 

42 59 

43 01 

43 OI 

43 03 

43 o8 

*Corrected. 

WISCONSIN. 

87 53 1888. 651- 4- 37 I ------ I - 4. 53 J. B. Baylor. 

, I i 
, I , 

89 25 
1
1888.66 - 5.89 I +0.11 i 5.78: J.B. Baylor. 

1 I i 
I , I I 

91 15 I 1877. 73 i - 8. 63 : +1. 08 j - 7. 55 i A. Braid. 
l I I j 

92 04 / 188o. 64 1 - 9. 76 ' - 9. 87 ' J.B. Baylor. 

I i 

I 

_ 5.00 I +1.26 - 3- 741 H. C""'~-I 
8749!1872.5 

I I I 

89 41 I 1859. 61 ! - 8.41 +2.02 - 6. 39 i J. T. Dodge. 

! I 
87 48 : 1872. 5 - 4.48 +1..26 - 3. 22 I H. Custer. 

89 58 I 1839.84 

I 

- 6.021 - 8.67 +2. 65 --- ------- ........ -.... 
I i 

90 IO I 1839.82 - 8.92 +2.65 - 6.27 i ------------M--• 
I I I 

90 45 I 1839.82. - 9.00 +2.65 -·6.351 -----·----- _____ ... 

89 26 i 1839. 84 - 8.65 +2.65 - 6.oo 
___________ .,. ___ .,. 

I 
i 

8938:1839.83 - 8.63 +2.65 - 5.98 ----------------I . I : 

, 90s2I1s23. 5 - 8.82 +z.50 - 6.32 S. H.Long. 

I 
I 

88 12 ! 1884. 72 - 4.92 +0.47 - 4.45 W. Powrie. 

' l 
i 

Boye's Map of Va.1 

1859. 
Boye' s Map of Va., 

1859. 

MS. in C. ·& G. S. 

Office. 

Nat. Acad. Sci. 

Boye's Map of Va., 

I 
1859. 

I 

Group 1. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

I C. and G. S. Rep., 

~ 1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

----

Group 2. 

I 
P. P., U S. Eng's, I 

No. 24, 1882. 

MS. in C. and G. S. : 

Office. 

P. P., 'CJ. S. Eng's, 

No. 24, 1882. 

Locke's Rep.on Min. 

Lands, 1839-'40. 

Locke's Rep.on Min. 

Lands, 183~'40.1 
Locke's Rep. on Min. 

I Lands, 183<}-140. 

Locke's Rep. on Min. 

Lands, 1839-'40· 

Locke's Rep. on Min. 

Lands, 183<}-'40 • 

Sill. Jour., Vol, 34. 

1838. 

MS. in C. andG. S. 

Office. 

' 
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Table of Observed ~Magnetic Pecl-inations and Values reduced fo the Year 1800-0outiuued. 

Kame of station. 

o I 

I Seven miles south of 43 39 

Sheboygan. 

, Sheboygan. 43 45 

Two miles south of 44 04 

Manitowoc. 

· Raley's Point. 44 II 

Kewaunee. 

Green Bay, near Fort 44 3 I 

Howard. 

Two and a half miles ; 44 32 

south ofSablePoint.' 

! Head of Green Bay. 44 33 

1 Ahnepee. 44 36 

1 Long Tail Point 

1 Light. 

I One mile north of 

Station Clay Banks. 

· Near Red River. 

I One mile north of 

Sugar Creek. 

Little Sturgeon Bay. 

Whitefish Point. 

' Oconto. 

Whitefish Bay. 

44 42 

44 43 

44 51 

44 52 

44 53 

44 54 

Sturgeon Bay, north 44 54 

side. 

Four miles north of 44 58 

Big Sturgeon Bay. 

Peshtigo. 

I Egg Harbor. 

i Green I~land, 

I
i Hayley's Harbor 

Lt.H. 

44 59 

45 03 

45 04 

WISCONSIN-Continued. 

D .dD Observed. 

---.-------
I ' I 

87 44 1870. 80 - 8. 38 I +1. 62 - 6. 76 • ]. W. Cuyler. 

87 42 1865. 6 - 5. 25 +1. 99 - · 3. 26 ' A. W. Unthank. 

87 39 1870. 63 - 5. 05 +1. 63 - 3. 42 J.P. Mayer. 

87 30 1866. 66 - 6. 20 +1. 91 - 4. 29 H. Gillman. 

87 54 ' I 884. 50 - 4. 43 +o. 48 - 3· 95 C. S. Woodard. 

87 56 : 1843. 5 - 6. 43 +3· oo - 3. 43 J. H. Simpson. 

8759 1865.63'.-5.42 +1.99 -3.43 O.K.Chaffee. 

87 26 11866. 60 - 5. 55 +1. 91 - 3. 64 H. Gillman. 

87 54 1 1845.5 , - 6.42 +z.95 - 3.47 (Chart.) 

87 21 , 1866. 57: - 6. 30 +1. 92 - 4. 38 H. Gillman. 

i 

87 43 i 1865. 75 - 6. 13 +r. 98 - 4. 15 A. C. Lamson. 
I 

87 39 , 1843. 5 - 6. 15 +2. 95 - 3· 20 J. H. Simpson. 

87 33 1865. 70 - 6. 27 +i. 98 - 4. 29 A. C. Lamson. 

87 12 1866.5 - 5.82 +1.92 - 3.90 O.N.Chaffee. 

' I 
87 50 1865. 6 - 5. 35 +1. 99 - 3. 36 A. F. Chaffee. 

87 12 1866. 49' - 5. 82 +1. 92 - 3. 90 H. Gillman. 

87 24 1865. 52 l - 4. 60 +z. oo - 2. 6o A. C. Lamson. 

87 22 1843. 5 1 

- 4. 98 +2. 95 - 2. 03 J. H. Simpson. 

87 161! 1865. 63 

87 30 I 1863. 8 

l 
87 0511863. 8 

I 

- 4.33 

- 4.82 

- 4-53 +2. IO 

- 4.43 +2.10 

- 2.34 A. F. Chaffee. 

- 2.83 H. C. Penny. 

- 2.43 D. F. Henry. 

- 2.33 J. R. Mayer. 

Reference. 

P. P., t:. S. Eng's, 

Ko. 24, 1882. 

P. P., U. S. Eng's, 

Ko. 24, 1882. 

P . .Ii?., V. S. Eng's, 

Ko. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P; P., C. S. Eng's, 

l\o. 24, 1882. 

MS. in C. and G. S. 

Office. 

P. P., l". S. Eng's, 

Ko. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

: P. P., C. S. Eng's, : 

No. 24, 1882. 

C. S. Lake SurYey. 

P. P., l:. S. Eng·s, 

]'\ 0. 24, 1882. 

P. P., l:. S. Eng's, 

Ko. 24, 1882. 

1 
P. P., l:. S. Eng's, 

Ko. 24, 1882. 

I'. P., U. S. Eng's, 

No. 24, 1SS2. 

P. P., C. S. Eng's, ' 

Ko. 24, 1882. 

P. P., U. S. Eng's, 

Ko. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., V. S. Eng's, 

Ko. 24, 1882. 

P. l'., C. S. Eng's, 

No. 24, 1882. 

P. P., C. S. Eng'r, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. I 
P. P., U. S. Eng's, j 

No. 24, 1882. I 
P. P., U. S. Eng's, I! 

No. 24, 1882. 
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Table of Observed Jlagnetic Declina.iions and Values reduced to the Year 1890-Continued. 

WISCONSIN-Continued. 

I. D i .dD Observer. f Kame of station. <P 

1

1--------!---j---<---
o I i o 

I Ephraim. 45 09 ! 87 IO 11863. 58 - 4. 70 

Drsoo-o 

I 
+z. II 

i I I 
! Chamber's Island. 45 IO i 87 20 I 1864. 6 - 3. 8o 

! - 2. 59 j H. Gillman. 

i : AM 1· 

I Rawley's Bay. 45 12 ' 

I Hedgehog Harbor. 45 17 

I 
I Detroit Isbncl. i • 45 19 ! 

I 
8703I1863.7 - 4.37 

! 

I 
87 02 ! 1863.64 - 4· 63 

! 
86 55 I 1862. 83 - 4. 23 

i 

! - I. 75 j • o itor. 

+z.11 ) - 2. 26 ! J.R. Mayer. 
i ! 

+z. 11 - 2. 52 H. Gillman. 

+z.16 -· 2.07, J.R.l\Iayer. 

Washington Harbor. 45 24 , 86 56 1863. 6-; - 3. 63 +z. 11 - I. 52 S. W. Robinson. 

I 
i 

Washington Island. 

I 
I Oronto Ri\'er. 
i 

\ Bay City. 

Bad River. 

Chaquamegon Point. 

:Madeline Island, 

south point. 

Magdalena Island, 

north end. 

'.\1agdalena Island, 
1 

north side. 

Little Island, NE. 

of :\lichigan Isld. 

Cheyenne. 

Sherman. 

IL . i aram1e. 

I 
I G R !I reen 1ver. 

I Carter. 

I 

45 25 i 

i 

46 50 I 

I 
46 50 I 

i 
46 54 I 

I 

I 
41 08 \ 

I 
I 

41 08 i 

41 19 I 

:: :: I 
I 

86 56 1865. 5 - J. 50 • +z, 00 I - I. 50 ! 

90 26 1868. 6o - 6. 97 · + 1. 39 - S- 58 H. Gillman, 

90 52 186g. 5 - 8. 17 +•. 34 - 6. 83 A. C. Lamson. 

I 
9039I1869.s 

I 
90 45 I 1869.5 

90 55 I 1824. 5 

I 
90 351 1869. 5 

90 40 186g. 5 

90 261 1869. 5 

I 

!05 24 1872. 58 

-- 7. 50 +1. 34 - 6. 16 ·, A. C. Lamson. 

-7.6o +1.34 
I 

I I 

1- 9·8o I 
I 

- 6.26 A. C. Lamson. 

------ ! H. W. Bayfield. 

' 

A. C. Lamson. 

- 7. 63 +1. 34 - 6. 29 A. C. Lamson. 

- 6. 35 + 1. 34 - 5. 01 A. F. Chaffee. 

WYOMING. 

-15. 34*\ +o. 59 

I 
-15. 88 r +o. 82 

J.B. Baylor. 

I 
-15. o6 W. Suess (R. 

-14.75 

-15. 12 [ +o. 59 
Cutts). 

J.B. Bayltir. -14.53 

J.B. Baylor. 

uo 26 1878. 78 -17. 10 +o. 34 -16. 76 J.B. Baylor. 

*Corrected. 

Reference. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. I'., U .. S. Eng's, 

No. 24, 1882. 

P. l'., U. S. Eng's, 

Ko. 24, 1882. 

P. P., l'. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

1\ o. 24, I 882. 

P. l'., U. S. Eng'~, 

No. 24, 1882. 

P. I'., U. S. Eng's, 

No. 24, 1882. 

P. I'., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. I'., U. S. Eng's, 

No. 24, 1882. 

Phil. Trans. Roy. 

Soc., 1872. 

P. l'., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Group 1. 

C. and G. S. Rep., 

1881, App. 9. 

D. I C. and G. S. Rt'p., 

I 1881, App. 9. 

C. and G. S. Rt'p., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 
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Table of Observed Jfognetic Declinatwns and Values reduced to the Year 1890-Continned. 

WYOMING-Continued. 
-··,--

Name of station. rp A. D ..rfD Du~oo-o Observer. Reference. 
_j -------

I ! 0 

Point of Rocks. 41 43 108 58 : 1878. 76 i -16.30 +0.40 -15.90 
1 

J.B. Baylor. C. and G. S. Rep., 

r881, A.pp. 9. 

Fort F. Steele. 41 47 106 57 1878.74: -16.17*1 +0.46 -15. 71 J.B. Baylor. C. and G. S. Rep., 
I : 

1881, App. 9. 

Creston. 41 48 107 57 ' 1878. 75 - -16. 06 +0.46 -15.60 , J.B. Baylor. C. and G. S. lZep.; 

1881, App. 9. 

Rock Creek. 41 50 106 05 ' 1878. 73 i ,-15. 76 +0.46 -15.30 J.B. Baylor. C. and G. S. Rep., 

1881' ,\pp. 9-

Northeast corner of I 45 00 104 03 .1882.45, -15.65 +0.40. -15.25 13. A. Colonna. :\!S. in C. and G. ::i. 

Wy.T. Office. 
: 

Little Missouri River 45 00 104 25 i 1882. 49' -16. 19 +0.40 -15. 79 13. A. Colonna. :\IS. in C. and G. ~-

Station. Office. 

Mile Posts 283-284. 45 00 105 20 i 1882. 51 -16.92 +0.40 -16.52 B. A. Colonna. :\!S. in C. and G. S. 

Office. 

Mile Post 185. 45 00 107 21 1882. 54 i -17.96 +0.32 -17. 64 i B. A. Colonna. :\!S. in C. and G. :-i. 

Office. 

Mile Post 42. 45 00 : IIO 12 1882.63 -19.52 +0.32 -19. 20 ' B. A. Colonna. '.\!S. in C. and G. S. 

Office. 

----------

Group 2. 

-------

Fort Sanders. 41 17 105 35 i 1873. 5 --15. 50 +o. 78 -14. 72 ' G. M. Wheeler. Tab. Geo. l'os. l. 

I S. Eng·s, 1883. 

Fort Bridger. 41 20 110 24 \ 1858. 9 -16. 62t1 +0·33 --16. 29 J. H. Simpson. Stone's Mag. \' ar., 

28 I r878. 65 

1878. 

Green River, Court 41 32 109 -16.96 +0.34 i -16. 62 T. E. Thorpe. Proc. Roy. Soc., 

House. i 1880. ! 
Chugwater Creek. 41 45 104 50 1877.53 -15.31 +0.64 -14. 67 ; W. S. Stanton. Rep. Ch. of Eng's, 

1878. 

Bear River. 41 54 I II 00 1877- 5 --18. 22 +0.34 -17.88 S. E. Tillman. 
I 

Rep. Ch. of Eng's, 

1878. 

Chugsprings. 41 59 104 51 1877- 53 -15.44 +0.64 -1+8o W. S. Stanton. Rep. Ch. of Eng's, 

I 
1878. 

Fort Laramie. 42 12 104 34 1877.73' -15.41 +0.63 -14. 78 W. S. Stanton. Rep. Ch. of Eng's, 

1878. 

Southeast base Lara- I 42 15 105 23 1877. 72 -16.71 +0.63 -16.08 W. S. Stanton. Rep. Ch. of Eug'&, 

mie Peak. I I 1878. 
I 

Little Sandy Creek. I 42 15 i 109 40 1858.8 -17. 73t +0.53 -17. 20 J. H. Simpson. Stone's Mag. \·ar., 
! 

I 
I I 1878. 
I 

42 30 I I 

Sweetwater River. 108 35 1858.8 -16. 93tj +o. 53 -16.40 J. H. Simpson. Stone's Mag. Var., 

I 
I 1878. 

Camp Aspen Hut. 42 30 I 108 58 1858.47 -16.70 +0.53 -16. 17 W. H. Wagner. MS. in C. and G. S. 

Piney I 
~ffi.ce. 

Mouth of 42 32 j 109 58 1858. 561-17. 88

1 

+o. 53 -17. 35 W. H. Wagner. MS. in C. and G. S. 

Calion. 
j 

I Office. 

----------
*Corrected. tCorrected by+ 3°-[Srn.]. 
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Table of Observed Magnetic Declinations and Values reduced to tlte Year 1890-Continued. 

l 
Name of station. 

1---

l 
! La Bonte River. 

I 
I 

i Sweetwater River. 
I 
I 
i Greasewood Creek. 

i 
i Smoky Creek. 
I 

WYOMING-Continued. 

rp i. D 1 AD Observer. 

--- ---· ·~---1---·---I--·------------
o I 

42 35 105 22 I 858. 8 

42 40 107 07 1858.8 

42 47 I II 04 : I 877. 5 

0 0 

-15. 38*1 +r. 02 
I 

i 
-I6. 68*1 +o. 72 

I 
-17. 40*! +o. 72 

+0.34 

-14. 36 J. H. Simpson. 

-15. 96 J. H. Simpson. 

-16. 68 J. H. Simpson. 

-18. 08 S. E. Tillman. 

i West of Deer Creek.' 42 53 105 57 1858. 8 -15. +o. 92 -14. 55 J. II. Simpson. 

1 
Popo Agie River. 

Bad \Yater River. 

Lance Creek 

Deer Creek. 

Wind River. 

Snake River, near 

mouth of Gros 

Ventres Creek. 

43 oo 
1 

108 28 : 1860. 5 

4" 08 .J i 107 53 186o. 5 

43 19 104 20 

43 19 105 52 I 1859. 5 -16. 38 

43 32 l IO 00 1 I86o. 5 - 19. 50 

43 32 i 

+o. 55 -14.65 

+o. 55 -15.45 

+0.50 -14. 74 , W. S. Stanton. 

+o. 55 -18. 95 

F. V. Hayden. 

South Cheyenne 4333 10409 1877.6o -15.67 +0.49 --15.18 W.S.Stanton. 
River. 

Pass no Pass. 43 33 !IO 23 , 1860. 5 --20.75 +0·55 -20.20 

Powder River. 43 38 106 33 l859.5 -16.53 +o. 92 -15. 61 

A small brook. 43 39 105 52 1877. 65 -16. 72 +o. 50 -16. 22 W. S. Stanton. 

i Camp 44. 43 40 !IO 43 1872. 74 -17. 63 +0.40 -17. 23 r. v. Hayden. 

Teton Canon, 12 43 46 III 00 1872.56 -17.92 +0.40 -17.52 F.V.Hayden. 
miles W. of ~!t. 

Hayden. 

Fort YicKinney. 

East Foot of Tetons. 

A Swale. 

I Camp ,42, foot of 
I .I Jackson Lake. 

43 47 

43 47 

43 51 

43 52 

106 15 1877. 66 -17. OI +o. SO 1· -16. SI 

IIO 43 : 1872. 74 -17. 70 +o. 40 -I7. 30 
. I 

105 37 : 1877. 64 -16. 331 +o. 50 1-15. 83 

110 41 , 1872. 73 -17. 93 ! +o. 4e j -17. 53 

I 
*Corrected by+ 3°-[Scn.J. 

W. S. Stanton. 

F. V. Hayden. 

W. S. Stanton. 

F. V. Hayden. 

Reference. I 
i 

Stone's Mag. Var., I 
1878. 

Stone's Mag. Var., 

1878. 

Stone's :\Iag. Var., 

1878. 

Rep. Ch. of Eng's, 

1878. 

Stone's Mag. Var., 

1878. 

Mo. and Ye!. Sf. 

Pxpl. Exp., 1865. 

Mo. and Vel, St. 

Expl. Exp., 1865. 
1 

Rep. Ch. of Eng's, J 

1878. 

llfo. and Yel. St. 

Expl. Exp., 1865 

Mo. and Vel, St. j 

Exp!. Exp., 1865.1· 

Geo!. Sur. Ter., 1873. 

Rep. Ch. of Eng's, 

1878. 

Mo. and Ye!. St. 
Exp., 1865. 

Mo. and Y el. St. 

Exp., 1865. 

Rep. Ch. of Eng's, 

1878. 

Geo!. Sur. Ter., 1873. 

Geo!. Sur. Ter., 1873. 

Rep. Ch. of Eng's, i 
1878. r 

Geo!. Sur. Ter., 187 3·\ 

Rep. Ch. of Eng's, 

1878. 

Geo!. Sur. 'fer., 1873. 
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Ta,ble of Observed Magnetic Declination1; and Values reduced to the Year 1890-Continued. 

WYOMING-Continued. 

Name of station. <p i D D.d Observer. Heference. 
---- ___ 1 ___ _ ---- -------- ~·--- -·--~~--

0 I I 
43 53 I Beaver Creek Valley. 1 

o I 

104 06 1877.60 -15.87 +0.50 
0 

-15. 37 i W. S. Stanton. 
I 

44 oS I 
I 

Mouth of Lewis Fork.· 110 40 1872.71 -18. 13 -17. 73 • F. V. Hayden. +0.40 

Beula Lake. 44 09 110 44 1872. 71 -18. 92 +o. 40 -18. 52 F. V. Hayden. 

Belle Fourche River. 44 11 io5 05 1877. 64 -16. 15 +o. 50 -15. 65 1 W. S. Stanton. 

Beehler's Fork of 44 1 r I IO 58 1872. 59 -18. 25 +o. 40 -17. 85 F. V. Hayden. 

Fall River. 

Lewis Fork, near 44 14 110 33 1872.70 -18.22 +0.40 -17.82 F. V.Hayden. 

Lewis Lake. 

Shoshone Lake. 44 21 I 10 40 1872. 68 -18. 25 +o. 40 -17. 85 i F. V. Hayden. 

Gilliss Creek. 44 27 104 36 1877. 64 -16. 19 +o. 50 -15. 69 W. S. Stanton. 

Upper Geyser Basin. 44 28 I 10 30 1872. 63 -18. 48 +o. 40 -18. 08 F. Y. Hayd~n. 

Redwater Creek. 44 32 104 06 1877. 63 -15. 67 +o. 50 -15. 17 W. S. Stanton. 

Lower Geyser Basin. 44 34 I IO 55 1872. 62 -18. 48 +o. 40 -18. 08 F. V. Hayden. 

Yellowstone Falls. 44 44 

Tongue River. 44 53 

Hot Springs, White ! 44 58 

Mountains. 

110 34 1872.58_ -19.00 

i 
107 14 1859.5 I -16.50 

+o. 40 -18. 6o : F. V. Hayden. 

+o. 92 , -15. 58 

1 

J. Mullan. 

IIO 43 1872. 57 I -19. 28 +o. 40 -18. 88 F. V. Hayden. 

I 

Rep. Ch. of Eng's, 

1878. 

. Geo!. Sur. Ter., 1873. 

Geo!. Sur. Ter., 1873. 

Rep. Ch. of Eng's, 

1878. 

i Geo!. Sur. Ter., 18i3. 

Geo!. Sur. Ter., 1873. 

I 
I 

1 Geol. Sur. Ter., 1873. 

Rep. Ch. of Eng's, 

1878. 

Geol. Sur. Ter., 1873. 

Rep. Ch. of Eng's, 

1878. 

• Geol.Sur.Ter.,I8iJ. 

' Geo!. Sur. Ter., 1873. 
I ! 

!>lo. arnl Ye!. St. 

Expl. Exp., 1805. 

: Geol. Sur., Ter. 1873 

[ 

BERMUDAS AND WEST INDIA ISLANDS, CENTRAL AMERICA AND MEXICO TO LONGITUDE 100° W. 

I La Union, San Sal· 

vador. 

Acajutla, San Sal

vador. 

I Champerico, Guate

mala. 

Port Escondido, 

Mexico. I 
Salina Cruz, Tehi:an· 

tepee. i 

Acapulco, Mexico I 
(S. V. S.). i 

Belize, British Hon-1 
duras. 

13 17 

13 34 

14 18 

16 04 

J6 IO 

16 49 

17. 291 

I ; i 
87 46 1880.841 - 5.98 I 

; I 
89 51 188o. Si;: - 6. 26 . 

! 

91 55 188-0.86 - 7.01 
j 

I 
96 57 188-0.881 - 7.70 

! 

95 27 i 188o. 87 

I 
99 56 188-0. go • 

- 7.29 

- 7.941 

+o. 35 - 5· 63 H. E. Nichols. 

+o. 35 - 5· 91 H. E. Nichols. 

+o. 35 - 6. 66 H. E. Nichols. 

+o. 40 - 7. 30 H. E. Nichols. 

+o. 40 - 6. 89 j H. E. Nichols. 

I - 7. 64

1 

H. E. Nichols. 

+o. 50 

1 

_ 5· 291 S. M. Ackley. 

Group 1. 

! C. and G. S. Rep., I 
1881, App. 9. I 

C. and G. S. Rep., ! 
1881, App. 9· 1 

• C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., I 
1881, App. 9. · 

C:. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9· 
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Table of Observed Magnetic Declinations and Values reduced to the Year 1890-Continued. 

BER'.\lUDAS A~D WEST INDIA ISLANDS, ETC.-Continued. 

N arne of station. i. D [ LID Drnoo-o I Observer. Reference. 
_______ , ___ , ___ ' 

I I 
1--- ----1------ ------1 

Coatzacoalcos, Mex· 

ico. 

Laguna de Terminos, 

Mexico. 

Vera Cruz, Mexico 

(S. V. S.). 

City o f ill ex i co 

(S. V. S.). 

Campeche, Yucatan. 

Cozumel Island. 

Mugeres Island. 

l'rogresso, Yucatan. 

Cape San Antonio, 

Cuba. 

Arenas Cay, off Yu

catan. 

Perez Island, off Yu

catan. 

Bahia Honda, Cuba. 

Matanzas, Cuba. 

Havana, Colegio de 

Belen (S. V. S.). 

Water Cay, Salt Key 

Banks. 

: ~assau, New Provi

dence. 

South Bernini, Baha

ma Islands. 

----·---·---
i I (' 

1 .xuatema la, Colegio i 
Semin 

Dominic 

ario. 

a. 

. ey. Beacon K 

i 

I 
! 

ey, Hondu- I South K 

ras Ba y. i 
I 

18 08 

20 33 

21 15 

21 17 

21 56 i 

I 

22 07 1 

I 
22 24 I 

22 581 
I 

23 03 1 

I 
23 o8 I 

: 

23 59 I 
i 
I 

25 o6 ' 

I 
25 42 / 

i 

14 35 : 

15 18 

15 48 

16 03 

94 26 i' 188o. 14' - 7. 18 I --1-o. 60 ': - 6. 58 I S. M. Ackley. C. and G. S Rep, ' 
' i ! I 1881,Ap;.9 .. I 

' ! 
93 oo ! 1880. 17 - 6. 66 +o. 60 

1

1 - 6. 061 S. M. Ackley. C. and G. S. Rep., 

t , 
1 

1881, App. 9. 

96 08 ] 188o. r 1 - 7. 44 • - 6. 21 [ S. M. Ackley. C. and G. S. Rep., 

I 1881,App.9. 
- 7. 77 

1 
G. Davidson. MS. in C. and G. 99 07 ' 1884. 29 - 8. 23 

I S. Office. 

+o. 46 - 6. 15 f S. M. Ackley. C. and G. S. Rep., 
! 
1 1881,App.9. 

go 33 1880. 19 - 6. 61 

+o. 56 - 4. 64 j S. M. Ackley. C. and G. S. Rep., 

: I 1881,App.9. 

+o. 56 - 4. 26 ! S. M. Ackley. C. and G. S. Rep .. 

i 1881, App. 9. 
i 

+o. 50 - 5. 93 J S. M. Ackley. , C. and G. S. Rep., 

86 57 i 1879. 32 - 5. 20 

86 46 1879.32 - 4. 82 

89 40 1880.20 - 6.43 

I 1881, App. 9· 

+o. 56 - 4. 17 i S. M. Ackley. ' C. and G. S. Rep., 

: I 1881,App.9. 

+o. 50 - 6. 05 

1

,

1 

S. M. Ackley. C.

1

a

8

n

8

d GA. S. Rep., 

I, pp. 9. 

+o. 50 - 5. 82 I S. M. Ackley. C. and G. S. Rep., 

91 25 188o. 08 - 6. 55 

89 42 188o. o6 - 6. 32 

I 
I 881, App. 9. 

+o. 61 - 3. 45 S. M. Ackley. C. and G. S. Rep., 

I 
1881, App. 9. 

+o. 61 ; - 2. 83 S. M. Ackley. C. and G. S. Rep., 

I 
. I 1881, App. 9. 

I - 3. 02 S. M. Ackley. C. and G. S. Rep., 

81 37 1879. 18 - 3.44 

82 22 1879.20 - 3· go 
I 1881. App. 9· 

8o 2! 1879. 16 - 2. 84 +o. 64 i - 2. 20 S. M. Ackley. <;:.and G. S. Rep., 

I 1881, App. 9. 

+o. 66 i - o. 77 S. M. Ackley. C. and G. S. Rep., 

i 1881, App. 9. 
I 

+o. 66 I - 1. 8o S. M. Ackley. C. and G. S. Rep., I 1881, App. 9· 

Group 2. 

1858.50' - 7.25 / +1.35 ! - 5.90 90 30 Padres de la Co. 1 Publication of the 

de J. / College. 

64 33 1826.5 - 1. 25 I +z. go + 1.65 -- Zahrtmann. i Phil. Trans. Roy. 
I I Soc., 1875. 

79 51 1844. 5 - 6. 00 I +2. IO 1- 3. 90 -- Lawrence. I P~l. Trans. Roy. 
Soc. 1875. · 

86 59 1844. 5 -7.75 1 +1.81 1- 5.94 -- Lawrence. i Phil. Trans. Roy. 

I I I I Soc., 181s. 
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Table of Observed Magnetic Declinations and Valtres reduced to the rear 1890-Continued. 

BERMUDAS AND WEST INDIA ISLANDS, ETC-Continued. 

Name of station. , <p I t D ..dD Observer . 

The Hobbies. 
I ;, ~ 1--;-3_11_ -1-8_,-,3-.-5-·--_-6-.-00- _+_:_._J ~; ¥> -- Barnett. 

117 081 61 52 1848. 5 -o. 77 -;-2. 04 + 1. 27 i -- Barnett. Antigua. 

'Saint Croix.' I 17 45 · 64 44 185J. 5 -1. 53 -;-1. 60 + o. 07 -- Lang. 
! I 
I ' 

Point Morant, Ja- j 17 55 ! 
maica. 1 I 

' ' 
Kingston,Port Royal i 17 56 

I 
(S. V. S.). 

Anguilla Island. 18 14 

$aint Thomas. 18 20 

Cocolopam, Orizaba. 18 53 

Potrcro, Mexico. 

San Andres, Chal

checomula. 

Tlamacas. 

Mirador, Mexico. 

Chalco. 

Lerma, Yucatan. 

I Cumberland Harbor, 

Cuba. 

Saint Iago, Cuba, 

Cape Maize, Cuba. 

Bara~a, Cuba. 

San Domingo. 

Crooked Island, Ba

hama Islands. 

Crooked Island, Ba

hama Islands. 

Havana, Colegio de 

Belen (S. V. S.). 

18 59 

19 13 

19 18 

19 49 

19 55 

20 00 

20 14 

20 22 

21 33 

22 07 

22 47 

23 08 

+2. 53 - 2. 69 -- Austin. 

76 51 188o. 5 -3. IO - 2.50 

+I. 95 + J. 02 -- Barnett. 

64 55 1865.87 -o.66 +I. 03 + o. 37 W. Harkness. 

+1. 89 - 6. 58 A. Sonntag. 

+2. 04 - 6. 61 A. Sonntag. 

71. 89 - 6. 33 A. Sonntag. 

+o. 80 - 7. 67 A. ".ionntag. 

96 37 1856. 77 -8.03 72. 04 -- 5· 99 A. Sonntag. 

-'-o. 80 - 8. 25 A. Sonntag. 

74 12 1831. 5 

74 34 1831.5 

75 45 1837.5 

74 24 x835. S 

-8.03 +1.88 - 6.15 

+2.29 1.23 

-3.65 +2.29 - 1.36 

I 
I -2.45 +z.53 / + o.08 

! I 
i I i -3. 28 -<-2. 53 I - o. 75 

I __. 03 I :_'_2_._2_9_ 1

1 

- I. 74 

1-s. 22(?) 
I 

74 21 1837. 5 i -2. 57 

I I 
82 22 1886.97 ! -3.58 ------1- 3. 02 

-- Barnett. 

-- )lilne. 

-- Milne. 

--.Austin. 

Austin an cl Foster. 

--Milne. 

-- Foster. 

-- Milne. 

B. Vines. 

Reference. 

Phil. Trans. Roy. 

Soc., 18j5. 

Phil. Trans. Roy. 

Soc., 1875. 

Phil. Trans. Roy. 

Soc., 1875. 

Phil. Trans. Roy. 

Soc., 1875. 

Brit. Admiralty 

Chart. 

Phil. Trans. Roy. 

Soc., 1875. 

Cruise of the Mo

na<lnock, Smith'n 

' Cont'sto Kn.,18;3. i 

Smith'n Cont's to 

Kn., r86o. 

Smith'n Cont's to 

Kn., 186o_ 

Smith'n Cont's to 

Kn., r86o. 

Smith'n Conl°5 to 

Kn., 186o. 

Smith'n Cont's to 

Kn., r86o. 

Smith'n Cout's tu 

Kn., 1860. 

Phil. Trans. Roy. 

Soc., 1875. 

Phil. Trans. Roy. 

Soc., 1875. 

Phil. Trans. Ruy. 

Soc., 1875. 

Phil. Trans. Roy. 

Soc., 1875. 

Phil. Trnns. Roy. 

Soc., 1875. 

Phil. Tran~. Roy. 

Soc., 1875. 

Phil. Trms. Roy. 

Soc., 1875. 

Phil. Trans. Roy. 

Soc., 1875. 

Observ. Mag. y Met., 

etc., Hahana,1888. j 
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Table of Observed Magnetic Declinations and Values reduced to tke Year 1890-Continued. 

BERMUDAS AND WEST INDIA ISLANDS, ETC.-Continued. 

--~---------------

cp i t D LID Observer. \~ame of station. 

I ---1----
! 

I Watling Island.* 
0 , I 

23 57 I 
I 
: St. George, Button 

Island, Bennudas.t 

(S. V. S.). 

32 231 

Isla Grande, Mex. 17 40 

Clarion Island. 18 20 . 

' 
Socorro Island. 18 43 i 

Manzanilla, Mex. 19 03 i 

lS. V. S.). 

San Blas, Mex. 21 32 

(S. V. S.). 

Cape San Lucas, i 22 54 

Lower Cal. (S. V .S. ). ! 
I 

San Jose <lei Caho, ' 23 04 

Lower Cal. 

i Mazatlan, Mex. 23 12 

La Paz, Lower Cal. i 24 10 

Pichilingue .Bay 24 16 

Lower Cal. 

Magdalena Bay, 24 38 

Lower Cal.(S. V.S. ). 

Isle San Josef, Lower 24 55 
Cal. 

Point San Ignacio, 25 36 

Mex. 

Loreto, Lower Cal. 26 01 

Pequeiia Bay, Lower: 26 16 

Cal. 

, Santa Barbara Bay, 

l - Mex. 

: Point Albreojos, j 26 47 

0 / 0 

74 25 1831.5 - 2. 52 I s · h I --,ffil(, 

I 
+ 8.431 Officers of the 

I " C""llrogo<." 

:\IEXICO, WEST OF LONGITL'DE 1~0 W. 

IOI 41 , 1880. 91 i - 7• 44 +0.43 - 7.01 H. E. Nichols. 

+o. 19 - 8.19 

I 
H. E. Nichols. 

110 54 188o.78 - 8.83 +0.19 I - 8.64 H. E. Nichols. 

104 20 188o.92 - 8.08 H. E. Nichols. 

105 181188o. 93 ·- 9. 30 - 8.50 H. E. Nichols. 

l88r. 14 

I 
109 55 - 9.44 - 9.37 H. E. Nichols. 

109 41 
1 188r. 13 - 9. 73 +0.19 - 9·54 H. E. Nichols. 

106 27 1881. 12 - 9.66 +0.19 - 9.47 H. E. Nichols. 

110 21 1881. 10 -10. 15 +o. 17 - 9. 98 H. E. Nichols. 

110 20 I 1881. 10 - 9. 75 +o. 15 - 9. 6o H. E. Nichols.· 

I 12 09 J88r. 15 -IO. 48 -10. 32 H. E. Nichols. 

JJO 37 1881. og - 9. 79 +o. 15 - 9. 64 H. E. Nichols. 

109 17 188o.97 -10. 26 +o. 20 -10.o6 H. E. Nichols. 

1I1 20 1881. 08 -10. 27 +o. 20 -IO. 07 H. E: Nichols. 

112 28 1881. 16 -IO.ii +0.20 -10.32 H. E. Nichols. 

109 38 i 188o.g8 -10.81 +0.20 -10.61 H. E. Nichols. 

113 JI 1881. 17 -II.26 +0.20 -II.o6 H. E. Nichols. 

Reference. 

Phil. Trans. Roy. 

Soc., 1875. 

Results of Voyage I 
. of:' Challenger," 

Vol. II, London, 

1882. 

Group J. 

C. and G. S. Rep., I' · 

1881, App. 9. 

C. and G. S. Rep., I 

1881' App. 9. I 
C. and G. S. Rep., I 

1881, App. 9· I 
C. and G. S. Rep., 

1881, App. 9· I 
C. and G. S. Rep., I 

1881, App. 9. 1' 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. ~ep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

. 1881 r:\pp. 9· 
I C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. I. Lower Cal, i 
________________ : __ ·------~'-----'----~--~---~-----__J_ _______ , 

* Supposed landfall of Colnmbus, 1492. t A station in the Bermuda I&l,iuids supposed «normal." 
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Table of Observed Magnetic Declinations anfl Values reduced to the Year 1890-Continued. 

MEXICO, \VEST OF LONGITUDE 100° W.-Continued. 

Name of ste.tion. cp ?. D ..:JD D1soo·o Observer. Reference. 
, ___ 

0 0 

Muleje, Lower Cal. 26 54 I II 58 1881. 07 -II. 22 +0.20 -I I. 02 II. E. Nichols. C. and G. S. Rep., 1 

Ascension Island, I 
1881, App. 9. 

27 o6 114 18 18&1. 18 -II. 38 +0.20 -I I. 18 H. E. Nichols. C. and G. S. Rep., 1 

Lower Cal. 1881. App. 9. 

Santa Maria Cove, i 27 25 112 20 1881. o6 -I I. IO +0.25 -10.85 H. E. Nichols. C and G. S. Rep., 

Lower Cal. I 1881, App. 9. 

Guaymas, ~lex. 

I 
27 55 110 53 1880.99 -11. So +0.25 -II. 55 H. E. Nichols. C. and G. S. Rep., 

1881, App. 9. 

Cerros Island, Lower [ 28 03 IIS II I881. I9 --II. 98 -IL 58 H. E. Nichols. C. and G. S. Rep., 

. Cal. (S. V. S.). I I l88I. :I.pp. 9. 
I 

Lagoon Head, Lower I 28 14 114 o6 1873. 12 -I I. 85 +0.39: -11.46 W. Eimbeck C. and G S. Rep., 

Cal. (G. Davidson) 1881, App. 9. 

Santa Teresa Bay, 28 25 Il2 52 I881. 05 -II. 70 +0.25 -II. 45 H. E. Nichols. ::·and G. S. Rep., 
Mex. I8i:i1, App. 9. 

Guadalupe Island, 28 55 II8 15 1881.21 -I2. 91 : +0.25 -12.66 H. E. Nichols. C. and G. S. Rep., 

Lower Cal. 1881, App. 9. 

Tiburon Island, Mex. 29 12 II2 27 1881. 00 -I I. 99 +0.25 1 -II. 74 H. E. Nichols. C. and G. S. Rep., 

1881, App. 9. 

San Geronimo, Low- 29 47 IIS 48 1881.23 -12. 70 +0.14 -12.56 H. E. Nichols. C. and G. S. Rep., 

er Cal. 1881, App. 9. 

San Luis Gonzales, 29 51 114 25 1881. 04 -12.46 +0.14 -12.32 H. E. Nichols. C. and G. S, Rep., 

Lower Cal. 1881, App. 9. 

San Martin Island, 30 29 116 07 1881.24 -12. 93 +o. 14 -12.79 H. E. Nichols. C. and G. S. Rep., 

Lower Cal. 1881, App. 9. 

Poiri't San Felipe, 31 02 114 50 1881, 04 -12.95 +o. 14 -12.81 H. E. Nichols. ' C. and G. S. Rep., 

Lower Cal. 1881, App. 9. 

Rocky Point, Mex. 31 17 113 33 1881. 01 -13.45 +0.14 -13.31 H, E. Nichols, C. and G. S. Rep., 

1881, App. 9. 

Philipps Point, mouth 31 46 114 43 1881. 021-13. IO +0.03 -13.07 H. E. Nichols. C. and G. S. Rep., 

of river. 1881, App. 9. 

Todos Santos, Lower 31 51 116 38 1881.261 -12.01 +0.03 -11.98 H. E. Nichols. C. and G. S. Rep., 
I 

Cal. ! 1881, App. 9. 

Group 2. 

I I 
Near Roca Partida. 19 o6 112 00 187424' - 8.35 I +0.25 - 8.10 

' 
C. Seymour and E. Cruise of the Narra-

J. Young. gansett(G. Dewey). 

Near Benedicte Isl· 19 15 110 49 187424 - 9. 10 +0.25 - 8.85 C. Seymour and E. ! Cruise of the N arra-
1 

and. J. Young. ganseit(G. Dewey).i 

T~boBay. 20 .24 105 40 1874 18 - 8.go +o.68 - 8.22 C. Seymour and E. ' Cruise of the N arra-

J. Young. gansett(G. Dewey).i, 

Pefia.s Anchorage. 20 36 IoS 16 1874 17 - 8.83 +o.68 - 8.15 C. Seymour and E. Cruise of the Narra-

J. Young. g~sett(G. Dewey).
1 

Punta Mita. 20 46 105 32 1875.34 - 9.o6 +0.64 - 8.42 J. E. Craig and C. Cruise of the Narra· 1 

• Seymour . gansett(G. Dewey). I 



 

I 

368 UNITED STATES COAST AND GEODETIC SURVEY. 

'l'able of Observed ilJ.agnetic Declinations and Y~lues reduced to the Year 1890-Continued . 

.:\IEXICO, \VEST OF LONGITUDE 100° W-Continued. 

Name of station. 

Isabel Island. 

To<los Santos. 

Observation Point. 

Punta Arena. 

El Conejo Point. 

Lupono Point, Espi

ritu Santo Islan<l. 

Santa "faria Bay. 

San Everisto, San 

Josef's Channel. 

San Joseph Island. 

Playa Coloradu. 

Boca Soledad. 

Navachista. 

San .:\!arcial Point. 

Topolobampo. 

Carmen Island, Sali

nas Bay. 

San Juanico Point. 

Agiabampo. 

San Domingo l'oint. · 

Pulpito Point. 

o I 

21 56 

23 24 

23 33 

24 04 

24 21 

24 45 

25 02 

25 12 

25 I6 

25 23 

25 34 

26 03 

26 17 

:26 19 

26 31 

i\_ D .dD Observer. Reference. 

-------- -----------------
0 I 

105 41 1874. 14 - 9. 40 1 +o. 68 - 8. 72 

I l 
I I 

9. 23 I +o. 2{ i 
i I 
j I 

!IO 14 1875. 04 

9. 96 I +o. 21 I - 9· 75 

109 50 i 1875. 06. -IO. IO i +o. 21 1- 9· 89 

I 
111

1. 

JII 30 1875.04 -10.27* +0.21 -10.06 

110 21 xs_7 5.o6: - 9.431 +o.2I I - 9.22 

1-10. 55 +0.21 

110 42 I 873. 84 - 8. 88* +o. 21 

110 43 1875. 10 -I0.08 +0.21 

1- 8.67 

I 
I - 9.87 
I 

C. s~ymour and E. 

J- Young. 

G. C. Reiter. 

G. C. Reiter. 

G. C. Reiter. 

I 
' I 

1 Cruise of the N arra- f 

I 
i gansett(G. Dewey).: 

Cruise of the N arra- : 
I 

gansett(G. Dewey). 

Cruise of t.he N arra- i 
I 

gansett(G. Dewey).' 
I i 
1 Cruise of the N arra- · 

gansett(G. Dewey). 

G. C .. Reiter and J. Cruise of the Narra-

E. Craig. gansett(G. Dewey). 

G. C. Reiter and J. Cruise of the Narra- I 

E. Craig. gansett(G. Dewey). 

J. E. Craig. Cruise of the Narra-

gansett(G. Dewey). 

C. Seymour and E. Cruise nf the Narra-

J. Young. gansett(G. De"·ey).' 

J. E. Craig and G. ; Cruise of the N arra-

C. Reiter. gansett(G. Dewey). 

rn8 24 1874. 08 -IO. 68 +o. 21 -IO. 47 H.P. Tuttle and E. Cruise of the Nana-

J. Young. gansett(G. Dewey). 

11208 1875.02 -II.13 +0.21 -10.92 G.C.Reiter. Cruise of the Narra

gansett(G. Dewey). 

108 49 1874. 08 -Io. 34 7 o. 21 --10. 13 H. P. Tuttle and E. Cruise of the Narra-

J. Young. 

111 02 1875. 10 -IO. I8 +o. 21 - 9. 97 G. C. R&iter. 

109 IO 1874. 08 -IO. 68 +o. 21 
1 

i 
Ill 07 1873. 86 -II. 46*! 70. 28 

I 

-10.47 

-II. I8 

H. I'. Tuttle and E. 

]. Young. 

H.P. Tuttle and E. 

]. \oung. 

112 40 1875. 02 -Io. 82 +o. 28 -Io. 54 G. C. Reiter. 

u2 4z 1875. 01 

I 

III 2711875. II 

I 

_,,_ ~ I +·· ,, 

-IO. 36 I +o. 28 

-I I. 56 j +o. 28 

' 
-II. 74 H.P. Tuttle and E. 

· J. Young. 

-10. 08 I J. E. Craig and C. 

I Seymour. 

-11. 28 I G. C. Reiter. 
I 

b"'n~ett(G. Dewey). 

Cruise of the Narra

gansett(G. Dewey). 

Cruise of the Narra

gansett(G. Dewey). 

Cruise of the Narra

gansett (G. Dewey). 

Cruise of the N arra

gansett (G. Dewey).,. 

Cruise of the N arra

ganset: (G. Dewey). 

Cruise of the Narra

gansett(G. Dewey). 

Cruise of the Narra

gansett(G. Dewey). 

I Abreojos Point. 113 I4 l I873. 51 -11.96 +0.28 -I I. 68 Z. L. Tanner and E. Cruise of the Narra-

San Ignacio Point. 

Ciaris Island. 26 59 

gansett(G. Dewey). J. Young. 

113I611875.01 -12.13 +0.28 -11.85 J.E.CraigandC. CruiseoftheNarm-

1

. Seymour. gansett(G. Dewey) .. 

109 57 1874.o6 -11.27 +0.28 -10.99 H.P.TuttleandE. CruiseoftheNarra·j 

J. Young. gansett(G.Dewey).: 

_i -------------'------'-'-----------'------'------'---------'-------~' 
*Mean of two determinations. • 
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Table of Observed Magnetic Declinations and Val11es reduced to the Year 1890-Continued. 

Name of station. 

San Marcos Island, 

Off Lobos Island. 

San Bartolome Bay. 

San Carlos Point. 

San Pedro Anchor· 

age. 

Cerros Island, S. E. 

Bay; Sebastian Viz· 

caino Bay(S,V. S.). 

Cerros Island, Morro 

Rodondo Bay; 

Sebastian Vizcai110 

Bay. 

Lagoon Head, Sebas· 

tian Vizcaino Bay. 

San Beneto Peak. 

Rosalia Bay, Sebas

tian Vizcaino Bay. 

Kino Bay. 

Tiburon Island. 

Las Animas. 

Raza lsland. 

La Playa, Maria Bay. 

Angeles Bay. 

Angel de la Guardia 

Island, 

Remedios Bay. 

Pat-0s Island. 

27 IO 

27 20 

27 39 

28 00 

28 03 

28 03 ' 

28 15 

MEXICO, WEST OF LONGITUDE 100° W-Continue<l. 

; 
I. ' D 'I LID I D, 090 .0 Observer. l{eference. 

_______ ) :---!---- -------
i i I I, 

q /I I 0 I 0 I 0 

112 06 i 1875. 12 i -IO. 63*1' +o. 28 i -IO. 35 
I ' 
I . ! 

J. E. Craig and G. Cruise of the Narra-

C. Reiter. gansett (G. Dewey). 

!IO 38 1874.06' -11.51 +0.28: -II.2J H. I'. Tuttle and E. Cruise of the Nana· 

J. Young. gansett(G. Dewey). 

114 52 1888.40 -11.50' +0.05 :, -11.45 C. F. Pond (F. A. L". S.S. Ranger; 

Cook). Hyd. :\ot. :\n. 4r. 

1888. 

II2 48 : 1875. 13 -II. 76 +o. 37 -II. 39 : J. E. Craig and G. Cruise of the l\arra-

I II 16 

115 13 1888. 24 -r1. 68 

115 12 

114 06 1888.05 -11.52 

l 

I , I 
~-----

1 

I 
J 
+o.o6 

C. Reiter. 

H.P. Tuttle and E. 

J. Young. 

. r C. F. Pond (F. A. 

, I Cook). 

-1 I. 58 i l C. F. Pond ("F. A. 

, I Cook). 

: I 
• L 

C. F. Pond (F. A. 

Cook). 

gansett (G. De"·ey). 

Cruise of the l\arra

gansett(G. Dewey). 

l:. S. S. Ranger; 

Hyd. "ot. No. 41, 

1SSS. 

U. S. S. Ranger; 

Hyd. Not. No. 41, 

1888. 

L. S. S, Ranger; 

Hyd. Not. Ko. 41, 

1SSS. 

28 18 115 36 1874. 98 -11. 30 +o. 37 -10. 93 J.E. Craig and C. Cruise of the Narra-

28 40 114 14 

Ill 59 

112 22 

113 13 

28 49 113 00 

28 55 114 32 

28 57 113 35 

29 00 113 12 

29 14 t13 40 

29 t6 ll2 29 

Seymour. 

1888.23 9.44 +0.05 -· 9.39 C. F. Pond (F. A. 

Cook). 

1873. 99 -12. SS +o. 38 -12. 17 H.P. Tuttle and E. 

J. Young. 

1873. 99 -12. 47 +o. 38 - 12. 09 H.P. Tuttle and E. 

J. Young. 

r873.92 -12.59 +0.38 -12.21 H.P.TuttleandE. 

J. Young. 

1875. 21 -12. 50 +o. 37 -12. 13 G. C. Reiter and J. 
E. Craig. 

1874. 97 -11. 36 +o. 37 -10. 99 J. E. Craig and C. 

Seymour. 

1873. 92 -12. 69 +o. 38 -12. 31 H.P. Tuttle and E. 

J. Young. 

1875. 14 -12. 48 +o. 37 -1:2:, II J. E. Craig and G. 

C. Reiter. 

1873. 93 -12. 56 +o. 18 -12. 38 H.P. Tuttle and E. 

J. Young. 

1873.98 -13.00 +0.18 -12.82 H.P.TuttleandE. 

J. Young. 

*.Mean of two determinations. 

gansett ( G. Dewey). 

L. S. S. Ranger; 

Hyd. ::'\at. l\o .. p, 

1888. 

Cruise of the l\ arra

gansett( G. Dewey).': 

Cruise of the Narra- I 
I 

gansett(G. Dewey).\ 

Cruise of the K arra. I 
gansett(G. Dewey).1 

Cruise of the N arra ! 
gansett(G. Dewey).! 

Cruise of the l\arra- [ 

ganselt(G.Dewey): 

Cruise of the Narra- / 

gansett(G.Dewey ).[ 

Cruise of the Narra- I 
gansett(G. Dewey).'! 

Cruise of the Narra-
1 

gansett(G.Dewey) / 

Cruise of the Narra· I 
gansett ( G. Dewey) .

1 

H.E.x:.~24: 
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Table of Observed .Magnetic .Declinations and Values reduced to the Year 1890-Continueu. 

MEXICO, WEST OF LONGITUDE 100° W.-Continued. 

[ Name of station. I qJ l ,l t ___ D __ i,_.:JD / D 1soo-o / Observer. Reference. , 

I I-,---- --~---1' 
I I o o i o I 1 

' I d I G d' 8 I ' + 8 I I G c R . c . ft! N I 

1

.-,.nge ea uar ia; 29 32 113 30 I 75.15: -12.53 [ o. I 

1

. -12.35 1 .. eiter. rmseo 1e arra- / 

Island. ' I ganselt(G.Dewey).I 
' ! I I Mejia Island. 29 33 ll3 35 1875.15 -12.08 j +0.181-11.90 1 G.C.ReiterandC. CruiseoftheNarra-

1 i I I I Seymour. gansett(G.Dewey).
1 

I
I Presidio de! Norte. 29 34 104 25 1852. 5 -IO. 27 /I +o. 45 I 9. 821 W. H. Emory. Bd. Sur.,Am.Acad. 

I I 

Sc., Vol. VI, 1856. 

1

1 San Geronimo Island. 29 47 I 15 48 , 1888. 44 -12. 391 +o. 02 .-12. 37 C. F. Pond (F. A. U. S. S. Ranger; 

I
I I 1 Cook). Hyd. ~ot. No. 4r. 

I i I I 1888. 
Libertad Bay. 29 54 II2 45 1873. 98 --12. 93 +o. 18 -12. 75 I H.P. Tuttle and E: Cruise of the Narra-1 

San Luis Island. 

Sepoca Bay. JO 16 

San Quentin. 30 22 

San Firmin. 30 25 

San Martin Island. 3b 29 

George's Island. 31 01 

Espia. 31 21 

Adair Bay. 31 30 

~louth of Rio Colo- 31 51 

rado. 

Ensinada Anchorage, 31 51 

Bay of Todos San-\ 

tos. 

I J. Young. gansett(G.Dewey).
1 

-12.32 i H.P. TuttleandE. CruiseoftheNarra- ! 

f J. Young. gansett(G.Dewey).J 

-12. so 1 +o. 18 

i 
112 53 1875. 20 -12. 28 i +o. 18 

I 
-12. 10 I G. C. Reiter. Cruise of the Nana- / 

gansett(G.DeweyJ.j 

-12. 82 i Z. L. Tanner and E. Cruise of the Nana- .

1 

-13. oo ; +o. 18 
I 

J. Young. gansett(G.Dewey). 

Cruise of the N arra- I 
gansett( G. Dewey). 

11440 1873.96 -11.23 +0.18 -II.05 IJ.P.TuttleandE. 

J. Young. 

116 o6 1888.44 -12.39 +0.02 -12.37 C. }'. I'ond (F.A. 

Cook). 

U. S. S. Ranger; 

Hyd. Not. No. 41, 

1888. 

113 16 1875.20 -12.72 +0.18 -12.54 G.C.ReiterandC. CruiscoftheNarra-

107 56 I 1855. 2 -12. 08 +o. 50 -I I. 58 

I 
114 08 ; 1873. 97 --13. JJ +o. 18 -13. I 5 

I 

i 
114 45 I 1841. 5 -II. 25 -0, 88 -rz. IJ 

I 

i 116 38 : 1873. 65 -12. 69 -0. 02 -12. 7 I 

Seymour. gansett(G.Dewey). 

W. H. Emory. Bd. Sur.,Am.Acad. 

Sc., Vol.VI, 1856. 

H.P. Tuttle and E. Cruise of the Narra- I 
J. Young. gansett(G.Dewey).I 

I 

Duflot de Mofras. Expl. of Oregon, I 
1844. I 

Z. L. Tanner and E. , Cruise of the Narra-

J. Young. I gansett(G.Dewey).\ 

I I 

BRITISH POSSESSIONS AND DO!l-fINION OF CANADA, TO LONGITUDE 75° WEST. Group l. 

-------

66 07 I 1881. 85 ;! Yarmouth, N. S. 43 50 +17.82 +0.14 
, I 

C. and G. S. Rep., i +17. 96 I S. W. Very. 
1881, App. 9. 

\Veymouth, N_ S. 44 24 66 00 I 1881. 86 +18.72 +o. 14 +18. 86 IS. W. Very. C. and G. S. Rep., 
! 1881, App. 9-

Halifax, N.S. (S. V. 44 40 63 35 \1879.69 +zo. 72 +zo. 70 J. B. Baylor. C. and G. S. Rer., 
S.). i 1881,App.9. I 

Annapolis, N. S. 44 44 65 31 ! 1881. 87 +19. 451 +o. 12 +19. 57 S. W. Very. 
C. r7s~.G~;. :ep., I I 
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Table of Observed Magnetic Declinations and Values reduced to tke Year 1890-Continued. 

BRITISH POSSESSIONS AND DOMINION OF CANADA, TO LONGITUDE 75° \YEST-Continued. 

Name of station. i. D .:JD Observer. Reference . 

I !,---- : ' 1~--~------ ____ ,____ _ ___ i ___ i ____ _ 
I O/ otf +o l+o 1,0: 
i Windsor, N. S. 45 oo I 64 08 :: 1881. 89

1 
· 20. 70 I o. 09 J -r-20. 79 S. W.Yery. C. and G. S. Rep., 

1881, App. 9. 

Chamcook, N. B. 

I 
Arichat,Isle Madame: 

Montreal (S. V. S.). 

Sidney, Cape Breton. [ 

Quebec (S. V. S.). 

St. John's, K. F. 

(S. V. S.). 

Twillingate, N. F. 

I Cape Sable. 

I 
Negro Harbor. 

Chester Harbor. 

Shelburn Light. 

Lawrencetown. 

Waverly. 

Barnhart's Island. 

Cornwall Canal. 

Stansteacl. 

: Black Rock, near 

Light. 

New Brunswick or 

Mispeck. 

j Saint John, N. B. i 
I I 

1

1 P~pect Hill and j 
_ Connecticut River.

1 

I i I I I 
45 081 67 05 '1859. 791 +17. 6o i +1. 14 i +18. 74 

I ! I I I 

G. W. Dean (A. D. 

Bache). 

C. and G. S. Rep., 

1881,App.9. 

45 30 I 61 01 1881. 82 j +z3. 43 ; --o. 02 ' +z3. 41 
1 

I I 
45 30 73 35 1879. 73 +13. 68 \ ·----- ~ +14. 44 ' ]. B. Baylor. 

I i 

S. \V. Very. C. and G. S. Rep., 

1881,App.9. 

C. and G. S. Rep., 

1881, App. 9. 

46 09 ! 6o 12 1881. 81 +25. 20 1-0. 07 

46 48 l 71 14 1879. 72 +17. 231 --- --
: I I 

47 34 I 52 42 1881. 74 +Jo. 62 I 

49 391 544< ." .. "I +33,, I~ '5 

43 20 

43 33 6525 1859.5 +17.33 +0.97 

43 37 

64 IO 1775. 5 I +13. 50 I +6. 7 

I +17. 78 +o. 97 

I 
I 

+25. 13 S. W. Yery. 

+17. 51 J.B. llaylor. 

+Jo. 51 S. \V. Very. 

+33· 74 1 S. \V. Very. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

Group 2. 

+15. 05 I (Carte du Depot). I Becquerel's Tr. du : 

1 
I ~lag., l 846. 

+18. 30 i P. F. Shortland. I M~. m C. and G. 

I 1 S. Office. 

+20. 2 I J. F. W. Des Barres. I Des Barres' At!. 

I , l\ep., 1781. 

+18. 75 ' P. F. Shortland. : :\IS. in C. and G. S. 1 

I 0.1!ce. 

44 42 63 22 1881. 5 +21. 25 +o. 10 +21. 35 W. B. Dawson. MS. in C. and G. S. 

44 47 63 36 1881. 8 +21. 02 +o. og +21. 11 W. B. Dawson. 

45 00 
I +10. 37 +1. 35 A, C. Lamson. 

45 00 74 55 1869.5 + 9. 50 +1. 57 

45 02 72 IO 1845. 5 +II. 55 +J. 59 +15. 14 (Bound. Sur.). 

45 10 +1.13 +19. 86 P. F. Shortland. 

45 12 66 00 1859. 5 +18. 27 +19. 30 P. F. Shortland. 

45 14 66 03 1866.27 +19.38 +o.59 + 19. 97 J. H. Orlebar. 

45 rs I 

I 
+15. 47 (Bound. Sur.). 

Office. 

MS. in C. and G. S. 

Office. 

I 
P. ~., U. S. Eng's, 

1 
No. 24, 1882. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Phil. Trans. Roy. 

Soc., 1872. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

MS. of Sir F. J. 
Evans, 1867. 

Phil. Trans. Roy. 

Soc., 187z. 
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Table of Observed ~1Iagnetic Declinations a11d Values reduced to the Year 1890-Contiuued. 

BRITISH POSSESSION~ AXD DO:VH::-;ION OF CANADA, TO LONGITUDE 75° WEST -Continued. 

l'\ame of station. I. D ObseITer. 

1---.~--- ----.----

!Iighland Boundary. 

Saint John's, near 

Montreal. 

Arnold's River. 

Dead River. 

Highland Boundary. 

l;;le :i.Iadame. 

River La Graise. 

" / 

45 18 

45 19: 

45 20 

45 26 ' 

45 31 

45 35 

Carillon. 45 36 

Highland Boundary. 45 3i 

Point aux Chenes. 

Merigomish Harbor. , 

Richmond Junction. 

Pictou Harbor. 

Highland Boundary. I 

\Y allace Harbor. 

45 37 

45 41 

4S 42 : 

45 42 

45 49 ' 

71 05 11845. 5 
I 

73 00 : 1842. 5 

70 55 • 1845. 5 

0 

+n. 37 

+13.50 

+22. 50 

i 

+3~ 33 !+16~66 
i 

+4· 71 1+16. 08 

I 
+3· 331 +16. 83 

+3· 22 I +16. 39 

h,, I +·'·"' 
+ 6- I . -. I. ' -t-24. 1, 

(Bound. Sur.). 

J. H. Lefroy. 

(Bound. Sur.). 

(Bound. Sur.). 

(Bound. Sur.). 

G. \Y. Keely. 

74 22 1843. 5 + 8. 43 +4· 59 +13. 02 , J. H. Lefroy. 

74 32 1843. 5 + 8. 68 +4· 59 + 13. 27 J. H. Lefroy. 

70 37 1845. 5 +13. 62 +3· 22 +16. 84 (Eound. Sur.). 

74 SS 1843. 5 + 7. 47 +4· 59 + 12. 06 . J. H. Lefroy. 

62 27 j 1842. S 

I 
72 03 i 1876. 63 

62 40 ' 1841. s 

jO 28 ! 1844. 5 

+20. 25 

+16. 99 

+20.32 

+2. 18 

+a. 76 

+2. 26 

+3· 28 

+2. 89 

+z2.43 

+22. 72 

H. IV. Bayfield. 

F. E. Hilgard. 

H. W. Bayfield. 

(Bound. Sur.). 

H. W. Bayfield. 

Pugwash Harbor. 45 53 63 41 1 1840. 5 +19. 67 +2. 89 +z2. 56 H. V\'. Bayfield. 

i 
; Drummondville. 

i 
I 

73 00 : 1842. 5 : Sorel. 46 03 +u. 37 +4· 29 +15. 66 J. H. Lefroy. 
I 
; 
. Stone Island. 46 o6 73 02 1830.5 +5· 52 I +16. 02 H. W. Bayfield. 

! Isle de Grace. 46 o6 7307!1830.5 
I 

+10.45 +s. 52 i +15.97 H. W. Bayfield. 
I 

! 
Cape Tonnentine. 46 10 +20. oo +2. 89 i +22. 89 H. W. Bayfield. 

I I 

Georgetown. 46 11 

°;";'~'.'s.) Town 14' '4 

62 33 1843. 5 
i I . 

+21. 97 '
1
· +2. 54 , +24. 51 

, ! I . 
+23. 321 .. ---- ! +23. 66 

H. W. Bayfield. 

J. H. Orlebar. 

Reference. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Tram;. Roy. 

Soc., 1872. 

Phil. Trans. Roy. , 

Soc., 1872. 

Pl;il. Trans. Roy. 

I Soc., 1872. 

' Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Nat. Acad. Sc. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., I 872. ! 
Phil. Trans. Roy. : 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

l'hil. Trans. Roy. ' 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. ; 

Phil. Trans. Roy. \ 

Soc., 1872. i 
j MS.inC.andG.S. ! 
J Office. j 
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Table of Observed Magnetic Declinations and Values reduced to the Yem· 1890-Continuetl. 

BRITISH POSSESSIONS A~D DO~ll~IO~ OF CANADA, TO LO~GITVDE 75° WEST-Continued. 

I 
Name of station. rp i. 

I
. t I D ! .dD ! D1m;-o Observer. 

o I 

Isle Lake St. Peter. i 46 14 

O I ,-/ o 1-:---, 
72 44 i 1828. 5 ] +n. 25

1 

+5· 42 +16. 67 J. H. Lefroy, 

Carleton II ca'l. 

Shediac Island. 

Cape Breton. 

Three Rivers. 

River St. Maurice. 

Be~ancour. 

Badeque Harbor. 

River St. Croix. 

Isle Bigot and River 

Champlain. 

Cape Turner. 
i 

! Richmond Bay. 

i 
' Grondine. 

Platon Point. 

: Richibucto River. 

: Cascumpeque. 

: Saint Thomas. 

; Crane Island. 

' Miramichi, Vin Isl

and. 

Stone Pillar. 

· Amherst Harbor. 

I I Isle aux Coudres. 

I Bull Island, New-
1 I foundland. 

53 43 · 1840. 5 '. +20. 30 +z. 89 +23. 19 H. W. Bayfield. 

64 23 1839. 5 i +19. 98 +3· 02 +23. oo H. W. Bayfield. 
l 

60 23 1848. 5 +23. 68 +1. 65 +25. 33 G. W. Keely. 

72 43 1835. 5 +u. 53 +4· 81 +16. 34 H. W. Bayfield. 

71 33 1876. 63 +15. 72 +o. 25 

63 48 1841. 5 +20. 20 +z. 77 

+15. 97 F. E. Hilg:ml. 

+z2. 97 H. "-- Bayfield. 

70 03 1844.5 +15.03' +3.24 +18.27 (Bourn.I. Sur.). 

72 24 1835. 5 +12. 69 +4· 81 +17. 50 H. \V. Bayfield. 

63 20 1845. 5 +21. 68 +2. 30 +23. 98 H. W. Bayfield. 

63 43 1845. 5 +21. oo +:z. 30 +23. 30 H. W. Bayfield. 

71 54 1837. 5 +12. 87 +3· 97 +16. 84 . H. W. Bayfield. 

' 46 43 64 49 1839. 5 +19. 83 +3· 02 , +22. 85 H. W. Bayfield. 

46 48 , 64 03 1845. 5 +21. 17 +2. 30 +z3. 47 H. W. Bayfield. 

• 
I 46 59 

47 05 

47 o6 

I 
47 121' 

47 15 

47 25 

47 26 

70 33 1876.65 +17.84 

70 32 i 1831. 5 +14. 47 

I 
65 04 : 1857. 4 +21.40 

+rs. 09 ; F. E. Hilgard. 

+18. 99 , II. W. Bayfield. 

+1. 07 , +zz. 47 ' ]. H. Orlebar. 

+14. 82 +4· 52 +19. 34 H. W. Bayfield. 

61 50 1833. 5 +22. 6o +3· 85 +z6. 45 H. W. Bayfield. 

70 26 i 1831. 5 +15. 28 +4· 52 +19. 8o II. W. Bayfield, 
! . 

53 -47 I 1858. 6 +JO· 45 +o. 10 +Jo. 55 - Otter. 

I 

Reference. 

Phil. Trans. Roy. 

Soc., 1872. 

PhiL Trans. Roy. 

Soc., 187 z. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., I 87 2 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

: Kat. Acad. Sc. 

i Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc .. 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Tram. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872 . 

Nat. Acad. Sc. 

Phil. Trans. R:oy. 

Soc., 1872. 

MS. in C. and G. S. 

Office. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

MS. of Sir F. ]. 

Evans, 1867. 
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Table of Observed Magnetic Declinations and Values reduced to the rear 1890-Contiuued. 

BRITISH POSSESSIONS AND DOMIKION OF CANADA, TO LONGITUDE 75° WEST -Continued. 

Name of station. <p A i t I D i ~D I D,,...,.0 Observer. 
! I I I ________ , ______ , ___ i----i---1---

. : I 
0 I I 0 I 0 I 

59 11 1856. 5 +27. 37 ; +o. 681 +28. 05 I J. H. Orlebar. 

, I 

o I 

Duck Island, near 47 34 

Cape Ray. 

53 15 1866. 72 +Jo. 9J -o. 21 I +Jo. 72 i J. H. Orlebar. 

59 19 1856. 5 +27. 62 +o. 68 I +28. 30 i J. H. Orlebar. 

Bay Roberts, New- 47 35 

foundland. 

Cope Ray, New- 47 37 

6900 1818.5 +16.52 +s.2s I +21.77 J.Johnson. 

foundland. 

Timiscuata Lake. 47 38 
: 

Carbiniere, Kew- 47 44 53 14 1866. 53 +31. OJ -o. 20 +Jo. 83 J. H. Orlebar. 

foundland. 

Shipfrigan Harbor. 47 45 64 43 1838. 5 +21. 72 +3· 16 +24. 88 H. W. Bayfield. 

Bryon Island. 61 26 1835. 5 +23. 50 +3· 57 +z7. 07 : H. W. Bayfield. 

Caraquetta Island. 47 50 64 53 1838. 5 +21. 50 +3· 16 +24. 66 : H. W. Bayfield. 

Riviere au Loup en 47 51 

bas. 

Riviere du Loup. 47 51 69 35 1831. 5 +17. 6o +4· 52 +22. 12 H. W. Bayfield. 

Heart's Content, 47 52 53 22 1866. 58 +31. 35 -o. 21 +JI. 14 J. H. Orlebar. 

Newfoundland. 

Brandy Pot Island. 47 5J 

N onheast Boundary 48 oo 67 47 1859. 5 +19. 50 +1. 23 +20. 73 (State Sur.). 

(claimed before 

1842). 

Hants Harbor, New- 48 01 53 14 1866.51 +32.22 --0.20 +J2.02 J.H.Orlebar. 

foundland. 

Miscon Harbor. 48 01 64 30 1838. 5 +zo. 58 +3· 16 +z3. 74 II. W. Bayfield. 

Passebiac. 65 35 1838. 5 +21. 35 +3· I6 +24. 51 H. W. Bayfield. 
• 

Dalhousie Island. 66 23 18J9· 5 +20. 25 +3· 21 +z3. 46 H. W. Bayfield. 

Old Perlican, New- 48 05 53 oo 1866. 41 +JI. 70 -o. 20 +Ji. 50 i J. H. Orlebar. 

foundland. 

Carleton Point. 48 05 66 08 1838. 5 +20. 38 +3· 34 +23. 72 H. W. Bayfield. 

Tadousac. 

Point Maquereau. 64 47 1837. 5 +22. oo +3· 29 +25. 29 H. W. Bayfield. 

Razade Inlet. 48 13 69 09 1829. 5 +17. 57 +4· 69 +22. 26 H. W. Bayfield. 

Reference. 

MS. of Sir F. J. ! 

Evans, 1867. 

MS. of Sir F. J. 
Evans, 1867. 

MS. of Sir F. J. 
Evans, 1867. 

Sill. Jour., Vol. 34"' 

1838. 

~S. of Sir F. J. 
Evans, 1867. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

:'<at. Acad. Sc. 

Phil. Trans. Roy. 

Soc., 1872. 

MS. of Sir F. J. 
Evans, I 867. 

Phil. Trans. Roy. 

Soc., 1872. 

Sill. J our., Vol. 39, 

1849. 

MS. of Sir F. J. 
Evans, 1867. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

MS. of Sir F. J. 
Evans, 1867. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 
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Table of Observed ,'Jfagnetic Declinations and Values reduced to the Tear 1890-Continued. 

BRITISH POSSESSIONS AND DOMINION OF CANADA, TO LONGITUDE 75° WEST-Continued . 

... ---------- --· -- ----··---------------·-----

Name of station. Observer. 

-------:----- ---·----·--··---·----- ____ , 
Bic Island. 

King's •:ove, New

foundland. 

Port Neuf. 

Ilonavista, New-

foundland. 

Gaspe Basin. 

Bersimis Point. 

Cape Chatte. 

o I o 

68 49 , 1830. 5 -r 17. 48 +4· 61 +22. 09 ' H. W. Bayfield. 

I 

48 34 j 53 18 : 1866. 55 +J2. 62 -o. 20 ...l--32. 42 , J. H. Orlebar. 

53 08 1866.43 +34·09 -o. 20 -t-33· 89 i J. H. Orlcbar. 

I 
+2. 24 --+-25. 06. i H. W. Bayfield. 

+4· 32 +13. 12 H. W. Bayfield. 

I 

49 06 ! 66 46 1830. 5 +21. 45 +4· 44 +z5. 89 
1 

H. W. Bayfield. 

East Point, Anticosti. 49 o8 61 42 1830. 5 -"-25. 32 +4· 26 +29. 58 H. W. Bayfield. 

Mt. Lewis River. 

Point de Monts. 

Saint Nicholas Har

bor. 

Egg Inlet. 

Cape Henry, Anti

costi. 

lfamilton's Inlet, 

NW. River, Lab

rador. 

Hamilton's Inlet, 

near Rigouletta, 

Labrador. 

Hamilton's Inlet, 

Cats Islet. 

49 15 

49 19 

49 19 ; 

I 
49 38 ' 

53 32 

54 II 

I 
54 22 i 

I 

65 45 1828. 5 +22. oo +4· 4 +26. 4 H. W. Bayfield. 

I 
67 23 1830. 5 +zo. 22 +4· 44 +z4. 66 ; H. W. Bayfield. 

67 II 1832. 5 +21. 58 +4· 21 

6o 09 1860.66 +39-05 

,, ,, ·'"'"' 4-•·· ., I 
I 

57 5< 1 •86o. 661 Ho. 651------ ! 

+24. 39 [ H. ·w. Bayfield. 

I 
+25. 79 ! H. W. Bayfield. 

+z8. 70 I H. W. Bayfield. 
i 
I 
\ J. H. Orlebar. 

I 
i T. H. Orlebar. ! • 

! 
I J. H. Orle'bar. 

I 

l:..eferenct:. 

Phil. Trans. Roy. 

Soc .. 1872. 

!\IS. of Sir F. J. 
Evans. 1867. 

l'hil. Trans. Roy. 

Soc., I S72. 

MS. of Sir F. J. 
Evans, I S67. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Tmns. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

i l'hil. Trans. Roy. 

Soc., l8j2. 

Phil. Trans. Rey. 

Soc .. 1872. 

Phil. Trans. Roy. 

Soc., 18j2. 

Phq. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

MS. of Sir F. J. 
Evans. 1867. 

MS. of Sir F. J. 
Ernns, 1867. 

MS. of Sir F. J. 
Evans, 1867. 

BRITISH POSSESSIONS AND DOMINION OF CANADA, BETWEE:'.'1 LO'.'JGITUDES 75° AND 90° WEST. 

Group I. 

----~~---

Foot of Long Port- 47 55 84 45 1880.62 + 3.23 +0.64 + 3.87 S. W. \'ery. I I C. and G. S. Rep., 

age. 

Michipicoten. 47 56 84 51 l8So.62 + 1.34 +0.64 + r.98 S. W. Very. 

Big Stony Fortag&. 48 14 84 15 1880.57 + 4.20 +0.641+4.84 S. \\".Very. 

I 1881, Apj). 9· 

[ C. and G. $. Rep., 

I 
1881, App. 9. 

C. and G. S. Rep., 

! 1881, App. 9 . 

. ----·------
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Table of Obser1'ed .llagnetic ])eclinations arid Values red11ced to the Year 1890-0ontimW. 

BRITISH POSSESSIONS Ai'\D DO:'.IINION OF CANADA, BETWEEN LONGITUDES 75° AND 90° W.-Cont'cL 

;\ ame of station. q? i A D .dD Observer. i Reference. 
I , ________ -----1---- --0-! -------11---~ 

I O I 
1 Sandy l-ieach. 

Fairy Point. 

)fissinaibi. 

Foot of Swampy 4S 42 

Grounds Portage. 

Saint Paul's Rapids. 48 50 

)loose Ri"er. 49 08 

Twin Portage. 

Albany Rapicls. 

Kettle Portage. 

Storehuuse Portage. 

' Near Cedar Island. 

, Moose River, near 1 

Falling Brook. 

Long Gravel Bed. 

Gypsum Beds. 

Moose Factory, a ud

son' s Bay. 

Middle Island, Lake 

Erie. 

Pointe Pelee Island, 

Lake Erie. 

East Sister Island, 

Lake Erie. 

Middle Sister Island, 

Lake Erie. 

Pointe Pelee. 

Pigeon Bay. 

49 12 I 

49 22 

49 47 

50 21 

50 4-l 

50 50 I 

I 
51 151 

41 41 

41 49 

41 49 

41 51 

41 55 

41 59 

0 

8401 1880.571+1'32; +o. 64 I + 1.96 S. W. Very. 

I I 
83 44 . 1880. 58 + 3. 37 ! 

i 
+o. 64 i + 4. 01 · S. W. Very. 

I 

83 28 1880.58 + 2.35 +o. 64: + 2.99 S. vY. Very. 

83 24 i i88o. 68 I + o. 21 +o. 63 + o. 84 S. W. Very. 

83 24 '1880. 68 + 4. 17 +o. 63 + 4. 80 S. W. Very. 

i 
83 22 ; 1880.67 + 4.34 +o. 68 + 5.02 S. W. Very. 

83 24 :.188o.59 -!-- 4.97 +0.69 + 5.66, S. W. Very. 
! ' 

83 30 '188o. 67 
1 + 4. 18 +o. 6S + 4. 86 S. W. Very. 

I ' 

83 16 i88o. 6o + 4. 25 --jo. 69 + 4. 94 S. W. Very. 

83 16 i 188o. 66 + 4. 91 +o. 69 + 5. 60 • S. W. Very. 

j 
82 42 ! 1880. 63 + 5. 24 +o. 70 + 5. 94 S. \1\". Very. 

82 07 i 1880. 61 : + 7. 95 +o. 70 
i 

+ 8. 65 S. W. Very. 

81 48 i 188o.65 I + 8.03: +o. 71 + 8. 74 . S. W. Very. 

I I I 
81 1:) / 188o. 65 ' + 9. 88 ~ +o. 72 

So 40 i 188o. 63 +15. 46 I +o. 73 

I . 

+rn.6o 'S. W. Very. 

+16. 19 ! S. W. Very. 

82 41 

82 41 

I 

11845. 5 

! : 
i 1877. 43" 
i 
! 
!1845.5 

i 
82 31 I 1877. 11 

I 
82 33 r 18n. 71 

I 

I 

I+ ' , 8 I. 90 j 2. 7 I -t· O. I 

I I 
-- 0.25 i +0.63 '; + 0.38 

I 

J. H. Simpson. 

F. Terry. 

- 2.30 I +z.71 + 0.41 

1· 
- 2.00 I +z.71 + 0.71 

J. H. Simpson. 

J. H. Simpson. 

I 
- 0.421-fo .. 62 + 0.20 

+ O. l 71 +o. 62 '. + O. 79 

F.M. Towar. 

A. C. Lamson. 

I C. and G .. S. Rep., 

I 1881, App. 9. 

I C. and G. S. Rep., 

I 
1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. 3. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

188 I, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., i 
1881, App. 9. 

C. and G. S. Rep., 
1 

1881, App. 9. I 

C. and G. S. Rep., [ 

1881, App. 9· I 
C. and G. S. Rep., i 

I 1881, App. 9· /' 

Group 2. 

I
' P. P., U. S. Eng's, 

No. 24, 1882. 

! P. P.,.µ. S. Eng's, 

I No. 24, 1882. 

P. P., U. S. Eng's, I 
No. 24' 1882. i' 

P. I'., U. S. Eng's, i: 
No. 24, 1882. I! 

j 
P. P., U. S. Eng's, 

No. 24, 1882. 

I 
P. P., U. S. Eng's, I 

No. 24, 1182. , 
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Table of Observed Jfognetic Declinations and Values red1wed to the J:'ear 1890-Contiuued. 

BRITISH POSSESSIO'.\'S AND DO~fL\'W:'ll OF CANADA., BETWEEN LO'.\'GITGDES 75° AND 90° \Y.-Cont'<l. 

------------- -·-- - - ------ ---- -- - --~----- - - - --------

C'hme of station. 'P ]) L1 Jl l)1;;;:~KH1 Observer. 1\.eference. 

·------~- ---------

0 ( 

Colchester. 42 00 82 58 : 1877. 68 - 0.52 +o.66 -t- o.q F. M. Towar. l'. 1'..C S. Eng·,;, 

?\o.~q, 1-882. 

Kingsville. 42 02 82 45 : 1877- 69 - 0.50 i +0.64 + o. 14 F. Terry. P. P., G. S. Eng',;, 

i 
::"\o. 24, 1882. 

Bois Blanc Island. 42 05 83 07 1874. 36 - 0.53 i 
+o.86 + 0.33 A. C. Lamson. r. !'., C. S. Eng·,;. 

:\'o. 24, I 882. 

Amherstburgh, On- 42 07 S• j 07 1840.5 1.50 J. N. J\lacomb. P. l'., C. S. Eng's, 

tario. ::'\ o. 24, 1 S82. 

Pointe aux Pines. I 42 15 81 52 1845.5 I. 07 +z.8o + l. 73 J. H. Simpson. P. P., C. S. Eng'si 

:\'o. 24, 1882. 

Rondeau Light. i 42 16 81 54 : 1845. 5 I. 07 +2.80 + I. 73 (Chart). G. S. Lake Sur. 

River aux Puces. 42 18 82 47 : 1868. 96 ! I. 22 +r. 21 - O.OI ' J. F. Gregory. P. P., C. S. Eng's. 

::'\o. 24, 1882. 

:\-Iouth of Thames 42 19 82 27 187 I. 3 -- 0.48 +r.06.; + 0.58 A. C. Lamson. l'. P., c:s. Eng's, 

River. "::'\o. 24, 1SS-. 

Belle Isle. 42 20 83 00 1873.85 - o.5S -'-0. 78 + o. 20 A. C. Lamson. P. P., U. S. Eng's, 

"::'\o. 24, 1882. 

].ong Point. 42 33 So 05 1845.5 + 0.92 +z.84 + 3.7h J. H. ::;impson. P. l' .. L S. Eng·s. 

Xo. 24, I S82 . 

Long Point. 42 33 80 09 • 1870.5 + I. 67 +1. 28 + 2 ·95 ---- --- .. ------- ... P. P., C. S. Eng's. 

I No. 24, 1SS2. 

Long Point. 42 34 So II : 1876.63 + 2.67 +o.86 + 3. 53 F. Terry. P. 1' .. CS. Eng's, 

::'\o. z4, 1882. 

:\-Iohawk Island. 42 50 79 37 '1870.5 + 2.67 +1.47 + 4. 14 : ---------------- l'. P., C. S. Eng's, 

Xo. i4, 1882. 

Ridgeway. ' 42 52 79 04 '18'75. 65 + 3· 55 +1.04 + 4· 59 J. Eisenmann, P. P.,C S. Eng's, 
' 

! 
No. 24, l 882. 

Port Colborne. 42 53 79 14 1875. 6o + 3.75 +1.04 + 4.79 ]. Eisenmann. P. P., G. S. Eng's, 

I 1\o. 24. 1882. 

Lake \Vawanash, 43 01 82 19 1859. 68: + o. 67 +1.90 + 2· 57 H. C. Penny. P. P., C. S. Eng's, 

Ontario. 
I No. 24, I 882. I 

Fort Dalhousie. .43 12 79 16 1875.5 I + 4· 37 +0.93 + 5.30 : 
J. Eisenmann. P. P., U.S. Eng's, 

i 
No. 24, 1882. 

Cape_Ippe:rwash,On· 43 13 82 00 1859. 8o ! + 0.37 +1. 89 + 2.26 H. C. Penny. P. P., U. S. Eng's, 

tario. ! No. 24. 1882. 

Toronto, Mageetic 43 39 i9 23 ! 1884. 6 + 3.95 + 4.12 0. J. Klotz. Proc. Ass. Dom. 

Observatory I Land Sur'•, 1885. 

(S. V.S.). 

Goderich. 43 44 81 43 ! 186o. 5 + I. 70 +x. 86 + 3. 56 W. P. Smith. :-O!S. of Lake Sur-

I vey. 

Point Peter. 
I 

' P. P.,U. S. Eng's, 43 51 77 IO I 1869. 5 + 6.o +x.7 + 7.7 I -------· --------
i\o. 24, 1882. 

Darlington. 
I 5.091 i P. P., CS. Eng's, 43 52 78 38 I 1869. s + 3.5o +1. 59 + ----------------

! No. 24, 1SS2. 
I 



 

·31s UNITED STA.TES COAST AND GEODETIC SURVEY. 

Table of Obser'Ved Magnetic Declinations and Values reduced to the Year 1890-Continued. 

BRITISH I'OSSESSIU~S AXD DOMIN"IOX OF CA::->ADA, BETWEEN LONGITUDES 75° AND 90° W.-Cont'rL 

Name of station. D .dD Obsen·er . 

o I 

Oshaway Port. 43 52 

Duck Islam!. 43 56 76 37 1874. 58 +S· oo i +1. 24 + 6. 24 C. Donovan. 

I 
Timber Island. 43 57 I 76 50 1874. 63 +7· 32 

Point Yeo. 44 03 76 30 1818. 5 +2. 50 

Cookstown. 44 08 ; 79 37 r&So. oo +4· 06 

\\' olfe Island, near 44 II 76 29 1874. 55 +6. 7 5 

Garden Island. 

Amherst IslDnd, east 

end. 

1 Kingston~ 

!Ialliday's Point. 

44 II 

44 13 76 35 i 1840. 5 +4· 00 

44 14 76 18 1873. 5 +1. 50 

\\'olfe Isl'd, Brmm's 44 14 

Point. 

G~nanoque. 

,\llendale. 44 20 . 79 41 i 1879. 86 ; +4· 8o 

Barrie, Lake Simcoe.' 44 21 

Colling"·ood. 

Two miles above Og- , 

densburgh. 

Penetanquishene. 

Western Isles. 

Chin Cape. 

Cape Hurd. 

Cabot's Head. 

Cove Island, entrance 

to Georgian Bay. 

Cove Island. 

44 31 8o 12 

44 44 I 75 32 1818.5 +3-50 

44 49 8o 01 1848. 5 +I. 47 

45 05 So 25 1820. 5 -1. 42 

45 07 81 25 1819.5 -0.65 

45 14 Sr 5 r r821. 5 -o. 35 

45 IS 81 26 1819. 5 -0. 40 

45 19 81 42 r86o. 5 +J.8o 

45 20 81 43 186o.66 +J.9S 

+1. 24 + 8. 56 F. M. Towar. 

W. F. "'· Owen. 

+o. 50 + 4. 56 H. Creswick. 

+I. 30 + 8. 05 F. Terry. 

+1. 30 + 8. 50 F. M. Towar. 

+4· 29 + 8. 29 

+r. 40 + 8. 90 H. Custer. 

+1. 29 + 7. 71 F. M. Towar. 

71. 31 + 9. 86 F. M. Towar. 

+o. 51 i + 5. 31 If. Creswick. 

+o. 62 + 5. 34 H. Creswick. 

+ 3.83 

W. F. W. Owen. 

+ 4.03 -- Typer. 

H. W. Bayfield. 

IL W. Bayfield. 

H. \V. Bayfield. 

IL W. Bayfield. 

+1.88 + 5. 68 

+1. 86 + 5. 84 W. P. Smith. 

Isle of Coves. 45 20 Sr 4J' 1870 5 -1-o. 8<(?, 
--'---------'--· _~ _J_ ------1 ----- i --- ----------·-

Reference. 

P. P., U.S. Eng's, 

No. 24, 1882. 

P. P., U. S. Eng's, 

l\o. 24, 1882. 

l'. P., l:. S. Eng's, 

No. 24, 1882. 

22d Regent's Rep., 

N.Y. 

MS. in C. and G. S. 

Office. 

I'. P., U. S. Eng's, 

No. 24, 1882. 

P. P., U.S. Eng's, 

No. 24, I 882. 

Phil. Trans. Roy. 

Soc., 1849. 

P. P., V. S. Eng's, 

No. 24, 1882. 

I'. P., U.S. Eng's, 

No. 24, 1882. 

P. P., U.S. Eng's, 

No. 24, 1882. 

MS. in C. and G. S. 

Office. 

MS. in C. and G. S. 

Office. 

P. P., U. S. Eng's, 

No. 24, 1882. i 
I 22d Regent's Rep.~ 

N.Y. I 

Phil. Trans. Roy. I 
Soc., 1872. I 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

~oc., 1872. 
I 

Phil. Trans. Roy. j 
Soc., 1872. I 

U.S. Lake Sur. i 

u. s. ""'· s~ .•••• I 
I 1882. 

/ 

P. P., U.S. Eng's, 

No. 24, 1&82. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 379 

Table of Observed Magnetic Declinations and Values reduced to the Year 1890-Continue(l. 

BRITISH POSSESSIONS AND DOMINION OF CANADA, BETWEEN LONGITUDES 75° AND 90° W.-Cont'd. 

Name of station. D C1bserver. 

0 

Half :\foon Island. 45 27 81 35 • 1821. 5 - o. 3i IL W. Bayfield. 

Manitoulin Island. 45 28 . 81 54 1821. 5 - I. 22 H. W. Bayfield. 

Point Aylmer. 45 29 

Rattlesnake Harbor. 45 32 

Isles off Franklin 45 33 

Inlet. 

Fort Portage. 45 36 

Alfred Township. 45 37 

White Shingle Bank. 45 37 

Island of Henvey 45 51 

Inlet. 

Islet of Grondine 

Point. 

Drummond Island. 

Lake Huron. 

Point on Shore. 

Saint Joseph Island. 

Fort La Cloche. 

Missesauga. 

Cranberry Bay. 

Roche Capitaine. 

Tessalon Point. 

45 54 

45 56 

45 57 

45 57 

Portage du Grand- 46 19 

vase. 

Bear Encampment. 

Portlock Harbor. 

Mission Point. 

75 48 · 1843. 5 + 6. 97 +4· 33 +11. 30 J. H. Leiroy. 

81 49 1821.5 - 0.83 H. W. Bayfield. 

So 38 · 1821.5 - 0.67 H. \\'.Bayfield. 

i 
76 53 i 1843. 5 + 5. 18 +4· 02 + 9. 20 J. H. Lefroy. 

75 12 , 1843. 5 + 6. 97 +4· 33 +u. 30 J. H. Lefroy. 

8! 31 ' 1821. 5 - 0. 35 ------ I 

80 53 1821.5 - I. 55 

81 15 1821. 5 + 0. 53 

I 
83 42 ! 1859. 5 - 0. 22 +1. 88 

81 32 1843. 5 + o. 63 +z. 59 

3.00' 

+ I. 66 

+ 3.22 

H. \\'.Bayfield. 

H. W. Bayfield. 

! H. W. Bayfield. 

J. H. Lefroy. 

H. W. Bayfield. 

H. W. Hayfield. 

83 IO 1843. 5 + o. 92 +2. 47 + 3. 39 J. H. Lefroy. 

83 03 1845.5 + 0.42 l +z.41 i + 2.83 J.H.Lefroy. 

78 20 1843. 5 + 4. 8o • +3· 26 + 8. 06 J. H. Lefroy. 

83 31 1843. S + o. 52 +2. 47 + 2. 99 J. H. Lefroy. 

79 07 1843. 5 + 3. 87 +3· 26 + 7. r3 J. H. Lefroy. 

83 56 1845. S - o. 05 +2. 41 + 2. 36 J. H. Lefroy. 

84 07 1822.5 - 2.85 H. W. Bayfield. 

84 36 1855. 6 - 2. 15 +2. 07 - o. 08 E. P. Scammon. 

Reference. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 187~. 

Phil. Trans. Roy. 

Soc., 1872. 
1 I)hil. Trans. Roy. 

Soc., iS72. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., rSj.z. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

t:. S. Lake Sur. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

' Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

P. P., l1. S. Eng's, 

No. 24, 1882. 
l ·----------------------------------------· -



 

380 UNITED STATES COAST A:ND GEODETIC SURVEY. 

Table of Ubserve(l Jfagnetic Declinations ana Val1ie15 rcdtwed to the Year 1890-Continued. 

J:l{[TJSH POSSESSIO:\'S .\:\l! l!U:\II:\'ION OF CANADA, BETWEEN" LONGITCDES 75° AXD 90° \\*.-Cont'd. 

;\ame of station. 

Pointe aux Pins. 

l'oint Iroquois. 

Head of Lake 

George. 

' Gulais Point. 

South Sandy Island, 

White-fish Bay. 

Point an Crepe. 

Little Trout River. 

:\lontreal lsland. 

Gargan tun. 

47 09 

47 19 

47 35 

:\"ear Chienne River. 47 52 

Le Petit :\fort. 47 58 

Grand Portage. 47 58 

Otter Head. 

Isle Royale. 

Tip Top. 

Fort William. 48 24 

Bad Portage. 48 29 

Trembling Portage. ! 48 JI 

White River. 48 33 

Fort Pie. 

Peninsular Harbor. 

Point on Shore. 

Height of Land. 

I 
t I D .dD 

0 I 

____ 11_ 
o i o 

j - 1.40 i 12.07 
I 
i 
i - 3.37 

I - 3.32 

i - 0.38 

I i - 0.25 

i 
I - 2.25 

8854.1824.5 - 9.20 

' 

85 II 1824.5 - 4· IO 

-:-I-45 

~2-47 

85 24 1843. 5 - 2. 37 +2. 5 

85 49 I 1843. 5 - 4, 98 +2. 5 

89 49 1824.5 -11.00 

86 JO 1824.5 5.12 

88 49 1824. 5 -- 9. 65 

Obsen·er. 

+ 0.67 E. P. Scammon. 

II. W. Bayfield. 

H. W. Bayfield. 

+ 1. 07 0. N. Chaffee. 

+ 1. 20 0. N. Chaffee. 

+ o. 22 · J. II. Lefroy. 

II. W. Bayfield. 

H. W. Bayfield. 

H. W. Bayfield. 

+ o. 1 J. II. Lefroy. 

- 2. 5 J. H. Lefroy. 

H. W. Bayfield. 

H. W. Bayfield. 

H. W. B~field. 

'8608:1871.65 - 0.05 +1.05 + 1.0 C. B. Comstock. 

89 23 1844.5 - 6.35 J. H. Lefroy. 

J. H. Lefroy. 

90 00 1857.5 - 6.35 J. Palliser. 

~6 27 1844.5 - 2.17 J. H. Lefroy. 

86 39 1844.5 - 5.52 J. H. Lefroy. 

86 28 1824.5 - 6.33 H. W. Bayfield. 

8700.1824.5 - 7.70 H. W. Bayfield. 

I 
1.00 +1.00; o. v W. A. Austin. 

IZeference. 

P. P., U. S. Eng's, 

No. 24, 1882. 

Phil. Trans. Roy. 

Soc., 1872. 

1 

Phil. Trans. Roy. 

Soc., 1872. 

P. !'., U. S. Eng's, 

Ko. 24, 1882. 

P. P., \.:. S. Eng's, 

Ko. 24, 1882. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 187z. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soe., 187z. 

Phil. Trans. Roy. 

Soc., 1872. 

MS. of U.S. Lake 

Sur. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

MS. in C. and G. S. 

Office. 
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Table of Observed lllagnetio Declinations and Values reduced to the Year 1890-0outinued. 

BRITISH POSSESSIONS AND DO::VrINIOX OF C.\:\:\DA, BETWEE'°' LOXGITl.:DES 75° AXD 90° W.-Cont'd. 

Name of station. /. .JD 

-------- ---- -----,----

Isle Saint Ignace. 

Halting Phce. 

Saint Ignace Harbor,· 

observatory pest. 

Dog Lake. 

Terre flatte. 

Halting Place. 

0 I i 

48 45 88 02 j 1824.5 8. 25 I 

48 45 I 89 53 1857. 5 - 8. 90 

48 47 
l 

+0.9 

48 47 I 

48 491 
! 
I 

48 55*: 

*Corrected. 

Obsen·er. Reference. 

H. W. Bayfield. i '.\IS. in C. and G. S. 

Office. 

J. Palliser. Phil. Trans. Roy. 

Soc., 1872. 

- 5.5 G. A. Marr. Phil. Trans. Roy. 

Soc"' 1872. 

J. H. Lefroy. Phil. Trans. Roy. 

Soc., 1872. 

]. H. Lefroy. Phil. Trans. Roy. 

Soc., 1872. 

: J. Palliser. Phil. Trans. Roy. 

Soc., 1870. 

BRITISH POSSESSIOXS, XORTHWEST TERRITORY, SOUTII OF LATITCDE 51° AND WEST OF LOXGI-
Tl'DE 90° WEST. 

--·------------- ----~ -~----···--------------c---------

Esquimalt, Vancou

ver Island. 

123 26 1881.75 -22.93 

Depa;;ture Bay,Yan- 49 13 123 57 1881. 77 -23. 93 i 
couver Island. I 

FriendlyCove,Noot- 49 36 126 38 1881. 74 -23. 60 
1 

kaSound(S.V.S.). J 

North Harbor, Brit. 50 29 128 04 1881. 73, -24. 90 j 

Col.· I 
I Anchorage Cove, i 50 53 126 12 1881. 59 -25. 71 J 

I Brit. Col. 'I j I Waddington Harbor., 50 54 124 50 1881. 58' -25. 37 I 

-0.07 

-0.14 

--0. 14 

-o. 14 

-o. 14 

-23. oo j H. E. Nichols. 

! 
-24. 07 i H. E. Nichols. 

-23. 951 H. E. Nichols. 
I 

-25. 04 ) ll. E. l\ichols. 
I 
I 
I 

-25. 85 i H. E. Kichols. 

_,,. 5' I H E NiohOO 

Group 1. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep., 

1881, App. 9. 

C. and G. S. Rep .• 

1881, App. 9. 

C. and G. S. Rep .• 

1881, App. 9. I Bute Inlet. ! I 
-·--·-·----~--------~--------------~---------------

Second Portage. 

Whiffen Spit, Van

couver Island. 

I Off Cape Beale, Van

! cou ver Island. 

Lake ll la Crosse. 

Halting Place. 

I 
92 27 I 1843. 5 -ID. 25 

12344I1864.5 -20. 33 

125 30 1788. 5 -18.50 

92 IO 1843. 5 7.88 

92 30 1857.5 9.88 

-0.09 

i 
l 

]. Ii. Lefroy. 

-20. 42 ; -- Pender. 

I (M=o;J. 

I J. H. Lefroy. 

I I ]. Palliser. 

Group 2. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Meares' Narrative, 

communicated by 

G. Davidson. 

Phil. Trans. Roy. 

Soc., x872. 

Phil. Trans. Roy. 

Soc .. 1872. i 
I 

Port San Juan, Van·_ 

couver Island. 
12430

1

1841.s I -22.50 -1.61 . "· n I (Chm) U. S. Exploring I 

'---------1----'----~-·--

Expd. / 



 

382 UNITED STATES COAST AND GEODETIC SURVEY . 

. Table of Observed Jllagnetic IJeclinations and Values reduced to the Year 1890-Continued. 

BRITISH POSSESSIONS, NORTHWEST TERRITORY, ETC.-Continued. 

Name 0! station. 

1--------
1 Rainy Lake. 

! 
Perch Lake. 

Two River Portage. 

Fort Frances. 

1 Entrance, Strait of 

Juan de Fuca. 

Rainr River. 

Halting Lake. 

Savannah Portage. 

\Vigwam River Sta

tion. 

Inshwointum. 

Osuyoos Station. 

Ashlnolon Station. 

Onchucklin Harbor. 

Akamina Station. 

:\!agnetic Station. 

i Sumas Prairie. 

l Schweltza Lake. 
I 

I Magnetic Station. 

I Magnetic Station. 

I 
; Northwest Terri! ory 

I 
Station. 

, Garry Point, Frazer 

I RiveT. 

I On Ashtnolou River.

1 

48 35 

49 00 

49 00 

49 00 

49 00 

49 00 

49 01 

49 01 

49 OI 

49 02 i 
i 
! 

49 03 ! 
I 
i 

49 05 I 
49 o6 I 

I 
49 07 •

1 49 08 
I 
i 

D 

i 
0 I I I 

92 56 i 1843.5 ! -11.47 

, . ., .,"., 1- , .. , 
I i 

91 27 1843.5 1-11 QO I 

I . . 

9329.1857.5 I - 9. 52 
I . 

12454:1788.63 1 -19.23 

94 JI J843.5 -13. 12 

93 58 1857. 5 -II. 33 

90 08 1857. 5 - 6.88 

I Observer. 

---1 

------ I -------

-5. 04 -24. 27 

[ J. H. Lefroy. 

I 
I J. Palliser. 

: J. H. Lefroy. 

i 
; J. Palliser. 

C.Duncan. 

]. H. Lefroy. 

: J. Palliser. 
I 

J. Palliser. 

I 14 45 1861. 5 -23. 87 -o. 09 -23. 96 R. W. Haig. 

118 28 l86o. 5 -20. 28 -o. 13 -20. 4I R. W. Haig. 

119 24 186o. 5 -22. 23 -o. lJ -22. 36 R. W. Haig. 

120 oo l86o. 5 -22. 73 -o. 13 -22. 86 R. W. Haig. 

125 oo 1861. S -24. 22 -o. og -24. 31 -- Richards. 

114 04 1861. 5 

12r 45 I l86o.o 
I 

122 12 1858. 5 

122ooI1859.5 

120 55 t86o. 0 

I21 07 186o. 0 

113 50 1879. 2 

123 II 1864. 5 

120 00 I 86o. 5 

I 

-23.20 

-22.92 

-21. 50 

-o. 09 i -23. 29 
I 

-0. 13 : -23.05 
i 

-o.zo ~ -21.70 

R. W.Haig. 

J. S. Harris. 

R.W.Haig. 

i 
-21. 62 -o. 16 I -:zr. 78 R. W. Haig. 

-24. 32 -o. 14 -24. 46 J. S. Harris. 

-22. 38 -o. 14 -22. 52 J. S. Harris. 

-23. 37 +o. 14 

I 
- 23. 23 J. C. Nelson. 

--22. 97 I -o. 03 

I 
-22. oo I -o. 13 

I 

-23. oo 

1 

-- Pender. 

-22. 13 i R. W. Haig. 

I 

Reference. l 
~-, 

Phil. Trans. Roy. \ 
I 

Soc., 1872. I 
Phil. Trans. Roy. 

Soc., 1872. j 

Phil. Trans. Roy. I 
Soc., 1872. , 

Phil. Trans. Roy. ! 

Soc., 1872. . 

Dalrymple's Charts. I 

Phil. Trans. Roy. I 
Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872, 

Phil. Trans. Roy. 

Soc., 1864. 

Phil. Trans .. Roy. 

Soc., 1864. 

Phil. "Trans. Roy. 

Soc., 1864. 

Phil. Trans. Roy. 

Soc., 1864. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1864. 

NW. Ro.und. Comm. 

Map. 

Phil. Trans. Roy. 

Soc., 1864. 

Phil. Trans. Roy. 

Soc., 1864. 

NW. Bound. Comm. 

Map. 

NW. Bound. Comm. 

Map. 

MS. ofG. M. Daw

son, 1882. 

Phil. Tr.ans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1864. 
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Table of O/Jsel"ved Jfagnetic Declinations a1Hl Value.s reduced to the Year 1890-0outiuued. 

BRITISH POSSESSIONS, NORTHWEST TERRITORY, ETC.-Continued. • 
----~--· 

Name of station. <p ;. D LID D1Et90·o ObserYer. Reference. 
I , ___ 
I 0 / 

Nanaimo. 49 IO 124 00 : 1862. 5 -22.95 ! -0.4 -23.35 -- Richards. Phil. Trans. Roy. 

I Soc., 18j2. 

Ah om et. 49 12 126 12 i 1788. 5 --19. 7 , C. Duncan. Dalrymple'sCharts. i 
New \Vestminster. 49 13 122 53 1862.5 -22.67 -0.4 -23.07 -- l{ichards. !'hi!. Trans. Koy. i 

I 

Soc., 1872. 

Barclay Sound. ! 49 14 12{ 50 ' 1861. 5 -24.62 -0.5 -25.12 i -- Richards. Phil. Trans Roy. 

Soc., 1872. 

Post Cox or Clioquot.i 49 14 128 40 1787.5 - 19. 5 -- Buckiey. llalrymple's Charts. 

Hecate Bay. j 49 15 125 56 1861.5 ·-22. 65 -0.5 -23. 15 -- Richards. Phil. Tram;. Roy. 

Soc., 1872. 

Port Moorly. 49 19 122 50 1881. 5 -22.23 +o. 12 -22.11 M. Smith. '.\b.ofG. nl. lJaw-

son, 1882. 

Northwest Territory , 49 20 113 40 : 1879. 2 -22.98 +o.q -22.84 i J.C. Nelson. '.IIS.ofG. '.11. Daw-

Station. son, 1882. 

Northwest Territory ; 49 25 Il3 40 1879. 2 -22.97 +0.14: -22.83 J.C. Nelson. )lS. of G. M. Daw-

Station. son, 1882. 

Halting Place. 49 26 94 48 1857. 5 -10.28 J. Palliser. Phil. Trans. Roy. 

i Soc., 1872. 

Lake of the Woods. 49 28 94 42 1843.5 -12.88 ! J. H. Lefroy. Phil. Trans. Roy. 

Soc., 1872. 

Northwest Territory 49 30 IIJ 22 1879. 2 -22.6o -0. 14' -22. 46 J.C. Nelson. ::11S. ofG. M. Daw-

Station. son, 1882 . 

Magnetic Station. 49 32 115 35 186o.o -23.57 -0.15 -23. 72 . J. S. Harris. :'\W. Bound. Comm. ! 

Map. 

Town of Yale. 49 34 121 25 187 I. 5 -24.00 -j-0. IO -23. 90 ! J. Trutch. ~IS. of G. l\.I. Daw-

son, 1882. 

Station S, the Gap. 49 38 109 51 188o. 58 -21.73 +0.31 -21.42 W.H.King. MS. of G. :M. Daw-

son, 1882. 

Station U. 49 39 112 18 188o. 6o - -22. 54 +0.31 -22. 23 \.V. H. King. MS. of G. M. Daw-

I 
son, 1882. 

Station T. 49 40 Ill 38 . 1880. 6o -21.86 +0.31 - 21. 55 W.H.King. MS. of G. M. Daw-

! son, 1882. 

Head of Howe 49 42 12309!1873.5 -23.90 +0.12 -23.78 i C.H. Gamsby. MS. of G. ::11. Daw-

Sound. I son, 1882. 

Northwest Territory 1879. I 
I 

--22. 20 [ T- C. Nelson. MS. of G. M. Daw-49 43 112 50 -22. 47 _;_O, 27 

I 
i -

I Station. son, 1882. 
I 

Statio~ V, at Willow 49 45 113 24 188o. 63 -22.64 -!-0. 24 -22. 40 I W. H. King. :MS. of G. M. Daw-

Creek. 
I son, i882. i 

Upper Fort Garry. 

i 
49 53 97 02 1843. 5 -16.00 ------- I J. H. Lefroy. Phil. Trans. Roy. 

1-22. 77 

I 
Soc., 1872. ! 

Northwest Territory I 1 1879. I +0.27 I c '1 MS. of G. M. Daw-49 53 ll2 30 -22. 50 f J. . Ne son. 

Station. I 
I ! son, i882. 

Northwest Territory j 49 55 lll 40 

1

1879. l 1-22.:0 +0.27 -22. 131 J.C. Nelson. MS.ofG. ::11. Daw-
I son, 1882. Station. I 

I 
A ' I i ! 
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Table of Observed Magnetic Declinations and Yalues reduced to tlte rear 1890-Continued. 

BRITISH POSSESSIONS, NORTHWEST TERRITORY, ETC.-Continued. 

Name of station. i. D 

------1~--------

o ! 

Station R, at Maple 108 5 I 1880. 56 :-22. oo 

, Creek. 

i Squirrel Cove. ;o 08 124 57 1864. 5 ,-23,.93 

I 

Winnipeg River. 50 IO I 95 09 1844. O i-I I. 92 

I Pinaway Portage. 50 12 96 03 1843. 5 '-12. 80 

Northwest Territory i 50 I 2 

Station. 

Mouth of Thomp

son River. 

P0rt Brooks. 

Station ·w. 

Station Q, Reed 

Lake. 

50 13 

50 18 

50 22 

Thomjlson River, 50 27 

mouth of Nicola. 

, Lake Winnipeg. 50 28 

I 
Station P. 50 29 I 

Korthwbt Territory 50 30 

Station. 

Fort Alexander. 50 37 

i Thouipson Ri,·er. ' 50 41 

Station A. 50 42 

Thompson Rh·er, 

nenr Ramloops. 

Beaver Harbor. 

Station M. 

Station B. 

Station K, near Fort 

on Appelle. 

Thompson River. 

Station X. 

50 42 

50 43 

50 44 

50 45 

50 47 

!IO JO 1878.7 -21.92 

I 

121 36 1871.5 -25.00 

128 13 ; 1787. 5 1-22. 5 
I 13 49 ; 1880. 64 :-22. C5 

107 22 188o.55 t-21.58 

121 22 1871. 5 '-25. 50 

96 35 1857. 5 l-14. 42 
) 

1o6 47 1880. 5s l-21. 31 

110 20 !-23. 
; 
i 

96 21 1844.0 1-14. 23 

I 
.1201211871.5 l-24.00 

102 00 1880.39 l-18.84 

120 30 1877. 5 l-24.25 
I 

127 25 1866.5 l-24.50 

I 
105 14 188o.531-20.36 

IOI 31 I88o. 42 l-17. 18 
I 

103 48 188o.51 -19.58 

121 05 1871.5 -23.50 

L1D Obsen-er. 

0 

+o. 31 (-2r. 69 
1 

W. H. King. 

i 
-o. 7 1-24. 63 -- Pender. 

:_ ------ ]. H. Lefroy. 
I 

1- ------ J. H. Lefroy. 

+o. 28 i--21. 64 

-l-Q. I 

i 
i-24.90 
I 

! 
!-------

-1-o. 24 j-21. 81 

I 
+o. 31 1-21. 27 

I 
+o. I i-25. 40 

I 
I 1-------
1 

+o. 40 1-20. 91 

J.C. Nelson. 

J. Trutch. 

J. Johnstone. 

W.H.King. 

W.H.King. 

· J. Trutch. 

i J. Palliser. 

• W.H.King. 

+o. 24 -22. 99(?) J.C. Kelson. 

+o.I 

+0.5 

+a.I 

--0.6 

+0.4 

+0.5 

+0.5 

+o.I 

i 
I 
I 1-23.90 

I 

1

-18. 34 

-24. 15 

\-25. JO 

-16. 68 

-23.40 

I J. H. Lefroy. 

) 

! J. Trutch. 
I 
I 
I W.H.King. 

C. E. Perry. 

-- Pender. 

W.H.King. 

W.H.King. 

W.H.King. 

J. T.utch. 

W.H.King. 

Reference. 

MS. ofG. M. Daw

son, 1882. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

MS. ofG. M. Daw

son, 1882. 

MS. ofG. M. Daw

son, 1882. 

Dalrymple's Charts. 

MS. ofG. M. Daw-

i son, 1882. 

MS. ofG. M. Daw-

/ son, 1882. 

I
i :I.IS. ofG. M. Daw

son, 1882. 

I
i Phil. Trans. Roy. 

1 

Soc., 1872. 

j l\1S. ofG. M. Daw-

1 son, 1882. 

I MS. ofG. M. Daw-

1 

son, 1882. 

Phil. Trans. Roy. 

I 
Soc., 1872. 

MS. ofG. M. Daw-

son, 1882. 

MS.ofG.M.Daw

son, 1882. 

MS. ofG. M. Daw· 

son, 1882. 

Phil. Trans. Roy. 

Soc., 1872. 

MS. ofG. M. :Qaw· 

son, 1882. 

MS. ofG.M.Daw 

son, 1882 .• 

MS. ofG. M. Daw

son, 1882. 
MS. ofG. M. Daw· ' 

son, 1882. 

MS. ofG. M. Daw· 

son, 1882. 
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Table <>f Observed Magnetic Declinations and Values red1wed to tlte l'.ea1· 1890-U(}'T}tinued. 

Name of station. 

Mouth of Hut Creek. 

i Northwest Territory : 

Station. 

Station L. i 

On Little Shushwap. 1 

Tracey Harbor. 

Northwest Territory 

Station. 

Magnetic Station. 

Northwest Territory 

Station. 

:'.'forth Thompson 

River. 

Land Survey Station. 

BRITISH POSSESSIONS, NORTH\\'EST TERRITORY, ETC.-Continued. 

<p I. D LID DiE")O-o Observer. 

---- -------- - --·-~---

50 47 i 121 33 l87J. 5 -27.00 +o. l -26.90 E. \V. Jarvis. 

50 48 113 18 i 1879. 9 -23.00 +o. 2 -22.80 , J. C. Nelson. 

50 49 104 16 I 1880. 53 -19. 18 +0.4 -18.78 W. H.King. 

50 50 i Il9 46 1871. 5 -24.50 +o. I -24.40 J. Trutch. 

: 

50 51 126 53 1863.5 1 -26. 67 -0.75 -27.42 -- Pender. 

: 
50 52 114 00 1879.8 : -24.32 +0.2 -24. 12 J. C. X elson. 

50 55 107 29 1860.0 -24.52 J. Palliser. 

50 56 114 IO 1879.9 -24.50 +0.2 -24.30 J.C. Nelson. 

50 57 120 28 187 I. 5 -23.88 +o. r -23.78 J. Trutch. 

: 
50 58 110 40 : 1882. 59 -22.62 +0.25 -22.37 W. Ogilvie. 

Reference. 

MS. ofG. \!.Daw-

son, 1882. 

:\iS. of G. \I. Daw

oon, 18S2. 

:\IS. ofG. :\!.Daw· 

son, I 8~2. 

\IS. ofG. :\l. Thw-

son, 1882. 

Phil. Trans. Roy. 

Soc., 1872. 

:\I~. of G. I\1. D;nr

son, 1882. 

:\l<:.. of X\V. Bountl. 

Comm. 

!\IS. of G. :\L Daw

oun, 1882. 

~rs. of G. 'II. Daw

son, 1882. 

~iS. of E. Deville, 

1585. 

BRITISH POSSESSIONS, NORTHWEST TERRITORY, KORTH OF LATITUDE 51° A:\"D \\'E~T OF LONGI-
TUPE 90° W. Group l. 

,-------~~-~--, -- --;-~--------

i r 1· 52 oS 

52 09 

i Port McL~ugh m. \ 

l I ! Rose Harbor, Queen I I p,~::~:falmd ! 54 34 

Station X. SI 02 

La.nd Survey Station. SI 03 

Lake Winnipeg. 

Station 0. 51 05 

Northwest Territory 51 05 

Station. 

Treadmill Harbor. 51 o6 

128 10 1881. 60: -26. 72 H. E. Nichols. 

I 
I 

131 15 - 1881. 72 i -26.01 0.0 -26.01 H. E. Nichols. 

• ,, ,, I .ss,. ,.,, I-···"' +o. I -27.96 R. A. Marr 

I I 
( R. CJo,·er). 

I i 
II4 00 I88o. 69: -24.22 +o. 16 -24.06 \V. H. King. 

112 14 1882.63 -23.32 +o. 2 -23. 12 W. Ogih·ie. 

J. H. Lefroy. 

106 37 188o. 54 -21. 31 +o. 15 - 21. 16 W. H. King. 

u5• oo 1879. 6 -23. 97 +o. 17 -23. So J.C. Nelson. 

C. and G. :,;. Rep., 

· 1831, App. 9. 

C. and G. S. Rep., 

iSS1.App.9. 

:\IS. in C. and G. S. 

Office. 

Group 2. 

~IS. ofG. ~L Daw- j 
son, 1882. / 

~IS. of E. Deville, ! 

1885. 

Phil. Trans. Roy. 

Soc., 1872. 

:\IS. ofG. M. Daw-

son. 1882. I' 

MS. ofG. M. Daw- , 

127 34 

son, 1882. i 

r86~~~ -2~~3L-------~~~~-P_e_n_d_e_r·--~ ~h-~-~-c.T_' ~-1;_:_. Roy._I 



 

386 UNITED STATES (JO.A.ST AND GEODETIC SURVEY. 

Table of Observed "llagnetic Declinations and Values reduced to the Year 1890-0ontinued. 

Xame of station. 

Station J. 

North Thompson 

River. 

Station I. 

North Thompsc·n 

River. 

~tation I-I, on Pell;· 

Trail. 

Saiety Cove. 

::\orth Thompson 

River. 

Lake \Vinnipeg. 

Station G. 

Saiety Port. 

Station F. 

Station E. 

Lake Winnipeg. 

Station D, Assir.i

boine I\iver. 

Fort I'elly. 

' St:ition Z. 

Station C, Swan 

River Bar. 

Rose Harbor. 

Clearwater Rh·er. 

Kynumft Harbot. 

!\lil bank's Sound, 

Cove. 

Lake Winnipeg. 

Saskatchewan River. 

BRITISH POSSESSIO~S, NORTHWEST TERRITORY, ETC-Continued. 

0 

--;t-,-i--t--1--D--I ; j _D_,_·~~-o_, ___ o_b_se_r_v_er_. __ ---R-ef_e_re_n_ce_. __ _ 

51 12 

51 12 

51 22 

51 28 

51 32 

51 32 

51 33 

51 36 : 

51 39 

51 41 

51 42 

51 ++ 

51 45 

51 45 

51 45 

51 52 

51 54 

52 Cl9 I 
52 12 

! 
52 12 l 

I 
52 14 I 

52 15 I
I 

52 23 

103 5411880. 50 -19. 83 i 

120 22 i 187!. 5 -24. 12 

104 00 j 1880. 49 -18. 56 

I 
120 25 I 1873. 5 -25. 33 . I . 

WJ 4J I <88o«!8 I -<9. 87 

127 57 [ 1864. 5 -23. 63 I 

120 17 I 187I. 5 -25. 50 

964211844.0 -15.70 

I 
IOJ 08 I 188o. 47 -19. 56 

128 31 '1788. 5 -21. 5 

103 04 1880.47 -19.64 

96 53 ! I84J. 5 -15. 95 

102 01 1880.46 -20.21 

114 00 188o. 72 -24. 26 . 

IOI 57 1880.44 -19,62 

131 20 . 1787 

120 12 '1873. 5 

I 

-23.0 

-24.50 

-26.171 128 12 11866. 5 

I 
129 00 i 1788. 5 -23.0 i 

-15.62 I 
I 

I 
97 01I1143.5 

I 

+0.3 

+0.3 

+0.3 

------1 

+o. 16

1 

I 

107 0411844. 5 -25.35 1------

W. II. King. 

-23. 82 J. Trutch. 

W.H.King. 

-25.03 E.W.Jarvis. 

W.H.King. 

-- Pender. 

-25. 20 J. Trutch. 

-24. IO 

J. H. Lefroy. 

W.H.King. 

C. Duncan. 

W.H.King. 

W.H.King. 

J. H. Lefroy. 

W.H.King. 

Th. Simpson. 

W.H.King. 

W.H.King. 

J. Johnsl<lne. 

E.W. Jarvis. 

--Pender. 

C. Duncan. 

J. H. Lefroy. 

J. H. Lefroy. 

MS. of G. M. Daw

son, 1882. 

MS. ofG. l\L Daw

son, 1882. 

MS. of G. M. Da\Y

son, x882. 

]\IS. ofG. M. Daw

son, 1882. 

MS. ofG. ~!.Daw

son, 1882. 

Phil. Trans. Roy. 

Soc., 1872. 

MS. of G. 111. Da\Y

son, 1882. 

Phil. Tram. Roy. 

Soc., x872. 

MS. ofG. M. Daw· 

son, 1882. 

Dalrymple's Charts. 

MS. ofG. M. Daw· 

son, x882. 

MS. of G. M. Daw

son, 1882. 

Phil. Trans. Roy. 

Soc., 1872. 

MS. ofG. l\L Daw. 

son, 1882. 

Narr. of Discovery, · 

1843. 

MS. of G. M. Daw. 

son, 1882. 

MS. of G. M. Daw

son, 1882. 

Dalrymple's Char:>. 

MS. ofG. M. Daw· 

son, 1882. 

Phil. Trans. Roy. 

Soc., 1872, 

Dalrymple's Charts. i 
I 

Phil. Trans. Roy. j 
Soc., 1872. 

Phil. Trans. Roy: I 
Soc., 1872. 

l 
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Table of Observed Jfagnetic Declinations and Values reduced to tlte Year 1890-Continned. 

BRITISH POSSESSIOXS, NORTHWEST TERRITORY, ETC.-Continued. 

------------·---·----·----------------- --- -- ------

Name of sta~ion. 

N. Bentinck Arm. 

Etches Sound. 

! Carter Bay, Brit. Col. 

0 

52 25 
52 50 

]J 

I I 

126 48 i 1864. 5 -24. 77 

131 48 1788. 5 

128 25 1866.5 

.dD Ubscrver . 

--Pender. 

C. Duncan. 

--Pender. 

1 
Carlton House. 52 51 106 32* 1844. 5 -22. 92 J. H. Lefroy. 

Head of Dean Inlet. 

Tete Jeanne Cache. 

Station a, Pipestone 

Creek. 

' Grand Rapids, Sas

katchewan. 

Saskatchewan, a. 

Grand Rapids,<. 

Grand Rapids,j. 

Calamity Harbor. 

Anchor Cove, Brit. 

Col. 

52 52 

53 04 

53 08 

53 IO 

53 12 

53 12 

53 12 

53 12 

IIudsonBayCo.Post. 53 13 

Near }'ort a la Come. 5 3 13 

Forks of Saskatche-

wan. 

Head of Gardner 

Inlet. 

Saskatchewan, b. 

Jasper House. 

I 
Saskatchewan, Che· 

mahawin. 

Saskatchewan Y. 

North Saskatchewan 

River. 

Port Stepteen. 

53 14 

53 15 

53 16 

53 16 

53 .20 

53 2[ 

53 23 

53 30 

*Corrected. 

127 13 1876.5 -27.00 

II9 50 1876. 5 -26. n +o. 5 

I 13 35 J 1880. 73: -25. 24 +o. 2 

99 27 1884.55 -15.63 

99 30 1884.54 -15.3t 

99 33 1884. 54 -16. C)7t, 

130 24 1787,5 -23.33 
132 14 1866.5 -24. 98 

99 29 1884.54 -15.7t 

127 37 1875.5 -26.50 

100 01 1884.53 -18.ot 

118 IO 1871. 5 -26. 00 

100 32 1884. 51 ·-I7. 7t 

104 02 1884.43 -1S.6t 

130 12 1788.5 l -24.2 

W. S. Jennings. 

-25. 83 G. A. Keefer. 

-25. 04 W. H. King. 

0. J. Klotz. 

0. ]. Kkitz. 

0.J. Kloti. 

0. J. Klotz. 

J. Johnstone. 

--Pender. 

O.J. Klotz. 

O. J. Klotz. 

0. J. Klotz. 

C. Horetzky and C. 

H.Gamshy. 

O. J. Klotz. 

\11'. Moberly. 

; 0. J. Klotz. 

O.J. Klotz. 

H. N. Ruttau. 

______ i C. Duncan. 

t Roughly corrected for diurnal variation. 

Reference. 

Phil. Trans. Roy. 

Soc., 1872. 

Dalrymple's Charts. 

Phil. Trans. Roy. 

Soc., 1872. 
Phil. Trans. Roy. 

Soc., 1872. 

.\IS. of G. :\!.Daw

son, 1882. 

:\!S. ofG. M. Daw-

son, 1882. 

:\IS. ofG. :ill. Daw-

son, 18,S2. 

.\[S. of E. Deville, 

1885. 

:\!S. of E. Deville, 

1ss5. 
:.rs. of E. Deville, 

1885. 

.\IS. of E. Deville, 

1885, 

Dalrymple's Charts. 

Phil. Trans. Roy. 

Soc., 1872. 

:\IS. of E. Dei-ille, 

1885. 
1 :\!S. of E. Deville, 

1885. 

! :\!S. of E. Deville, 

1885. 

:\IS. ofG. M. D;w. 

son, 1882. 
MS. of E. Deville, 

1885. 

:\IS. of G. M. Da" -

son, 1882. 

:.rs. uf E. Deville, 

1885. 

: :\IS. of E. Deville, 

I 1885. 

; :\IS.o~G.1\1.Daw

! son, 1882. 

Dalrymple's Charts. 



 

388 UNITED STATES COAST AND GEODETIC SURVEY. 

Table of Ob.Yerved Magnefiv Declinations and Values reduced to the Yea1· 1800-0ontinued. 

Name of station. 

Saskatchewan L. 

Station b in valley, 

near Edmonton. 

BRITISH POSSESSIO~S, NORTHWEST TERRITORY, ETC.-Continued. 

i 
i D LID I D1890·0 i 
. ·~- [ __ . 

---[-~o- -1 -- I 

I. 

0 , 

Observer. 

53 31 103 49 1884. 43 ! -18. 7* O.J. Klotz. 

53 32 I 13 30(?) 1880. 76 -26. 72 +o. 2 -26. 52 W. II. King. 

Station d on 14th 53 36 II I 24 1880. 79 -25. 77 "·· H. King. 
base line. 

Saskatchewan, a. 

Saskatchewan, h. 

Nelson River, \Var 

ren's Landing. 

Saskatche\\'an, N. 

53 38 103 42 1884.44 -20.3* 

53 40 103 28 1884. 44 -20. 3* 

5347 IOI07 1884.49 -18.7* 

Mouth of Chilaccoh 53 50 123 oo 1875. 5 -28. 25 

River. 

Saskatchewan ;. 53 52 103 01 1884.44 -20.9* 

O.J. Klotz. 

I 0. J. Klotz. 

, 0. J. Klotz. 

0. J. Klotz. 

H.P. Bell. 

O.J. Klotz. 

: Aipha Bay, Brit. Col. 53 52 130 18 1866. 5 -26. 57 -- Pender. 

Cumberland House. 53 57 102 19 1884.46 -20.2* 0. J. Klotz. 

Norway House. 54 oo 98 03 1884. 65 -15. o* O.J. Klotz. 

. Saskatchewan, j. 54 02 IOI 35 1884. 47 -19. 4 0. J. Klotz. 

Land Survey Station. 54 02 I 14 oo I 882. 91 -26. 61 W.Ogilvie. 

: Nelson River, i. 54 o6 97 56 1884. 57 -16. 6 
! 

O.J.Klotz. 

1 SkcauxRiveror P0rt 54 14 129 47 1879. 5 -27. 33 +o. 25 -27. 08 G. A. Keefer. 

Essington. 

Nelson River, x. 54 rs 97 49 188~.57 -17.6* 0. J. Klotz. 

Nelson River,j. 54 17 97 46 1884. 57 -16. 3* 0. J. Klotz. 

Head of Work Inlet. 54 18 129 43 1879. 5 )-27. 50 +o. 25 -27. 25 G. A. Keefer. 

Twenty Miles np 54 19 129 19 1879. 5 -:-27. 33 +o. 25 -27. 08 G. A. Keefer. 

Skeena River. 

Fort Assiniboine. 54 20 J. J:I· Lefroy. 

Nelson River, p. 54 :zr 97 49 11884.57 -16.7* O.J.Klotz. 

I 

*Roughly corrected for diurnal Yariation. 

Reference. 

MS. of E. Deville, 

1885. 

MS. ofG. M. Daw-

son, 1882. 

MS. of G. '::\1. Daw

son, 1882. 

MS. of E. Deville, , 

1885. 

MS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

~IS. of E. Deville, 

1885. 

'.\IS. of G. M. Daw

son, 1882. 

:\IS. of E. Deville, 

1885. 

Phil. Trans. Roy. 

Soc., 1872. 

'.\IS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885 . 

MS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

MS. ofG. M. Daw

son, 1882. 

MS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

MS. of G. M. Daw

son, 1882. 

MS. of G. M. Ditw
son, 1882. 

Phil. Trans. Roy. 

Soc., 1872. I 
MS. of E. Deville, 

1

1 

18.85. 



 

UNITED ST.ATES CO.AST .A.ND GEODETIC SGRYEY. 389 

Table of Observed Magnetic Declinations and Values reduced to tlie Year 1890-Uontinued. 

BRITISH POSSESSIONS, NORTHWEST TERRITORY, ETC.-Continued. 

--~---

Name of station. l __ rp __ \ __ ~_-_l __ ' __ j __ D __ 

Nelson River, X· ii 5°4 :2 I ;7 ;1 . 1884. 571-18~ 2* 

1 
Thirty-one miles up 54 22 

i · Skeena River. 
I 

· :Nelson River, p. 54 25 

FiftymilesupSkeena 54 30 

River. 

Nelson River, k. 54 31 

Kelson River, d. 54 43 

Nelson River, o. 54 45 

Nelson River, ti. 54 49 

I 
Nelson RiYer, ''and 54 s5 I 

rp. 

Nelson River, 0. 55 00 \ 

' I 
I I 

I 
129 00 1879. s ' -26. 75 

97 53 1884. 57 I -1 S· 6* 

97 59 : 1884. 58 I -12. 9* 
! 
! 

98 06 1884. 58: -15. 4* • 
I 

' 

98 09 ' 188+ 59 -20. 1* 

98 00 ! 1884. 59: -15. 8 
I 

i 
Fort McLeod. SS 00 123 H i 1875. 5 -25. 33 

Nelson River, N. 

Land Survey Station. 

• Nelson River, r. 

I Nebon River, h. 

Nelson River, w. 

Nelson River, i. 

Forks of Pine River. 

NelS-On River, f. 

Camp on Pearl River. 

Hudson's Hope. 

Head of Rocky 

Mountain Portage. 

55 o6 

55 IO 

SS r3 

55 19 

55 27 

SS •P 

SS 44 

55 54 

SS 58 

56 02 

I . 
97 43 i 1884. 59 ' -21. 3* 

I 
Il4 04 : 1883. 35 -27. 76 

! 
i 

97 1811884. 6o' -17. 4* 

97 oS I 1884. 6o 1 -15. 2* 

I i 
97 00 I 1884. 61 i -12. 5* 

I I 
I ' 

96 SS I 1884. 61 I -14. 3* 

I . 
121 18 i 1875. s I -28. 83 

: i 

9647!1884.621 -18.0* 
I . 

123 13 \ 1875. s ~ -30. 17 

I I 
121 58 j 1875. 5 1-26. 03 

I 
122 15 11875_5 I -28. 13 

i I I I 

0 0 

I 
+o. 25 I -26. 50 

I 
I 

I +o. 25 -26. 25 

Observer. 

O.J. Klotz. 

G. A. Keefer. 

0. J. Klotz. 

G. A. Keefer. 

0.J. Klotz. 

0. J. Klotz. 

O.J.Klotz. 

0. J. Klotz. 

O.J. Klotz. 

O.J. ~lotz. 

A. Webster. 

0. J. Klotz. 

\V. Ogilvie. 

0. J. Klotz. 

O.J. Klotz. 

0. J. Klotz. 

0.J. Klotz. 

A. Webster. 

0.J. Klotz. 

A. Webster. 

A. Webster. 

A. Webster. 

Reference. 

:\!S. of E. Deville, 

1885. 

:\IS. of G. M. Daw

son, 1882. 

:\IS. of E. Deville, 

1885. 

~IS. of G. M. Daw-

son, 1882. 

::llS. of E. Deville, 

1885. 

:'\IS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

?11S. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

MS. of E. DeYille, 

1885. 

MS. ofG. M. Daw- 1 

son, 1882. 

MS. of E. Deville, i 

1885. 

MS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

MS. of G. M. Daw

son, 1882. 

:\IS. of E. Deville, 

1885. 
MS. ofG. M. Daw

son, 1882. 

MS.ofG. M. Daw

son, 1882. 

MS. ofG. M. Daw

son, 1882. 

·--------------.---
*Roughly corrected for diurnal variation. 



 

390 UNITED STATES COAST AND GEODETIC SURVEY. 

Table of Observed .~fagnetic Declinations and Vallies reduced to tke Year 1890-Continued. 

BRITISH POSSESSIO:\:S, NORTHWEST TERRITORY. ETC.-Continued. 

J Xame of station. 
I 
I 
1~ -----:-----
I 

I Nelson River, R. I 

I Land Survey Station. ! 

Kelson River, E. 

Fort Saint John. 

Nelson River, R. 

Kelson River, f. 

K cl son River, a. 

Kelson River, z. 

Kelson River,Z. 

Nelson River, \-. 

Nelson River, l\1. 

Nelson River, rp. 

Nelson River, P. 

X elson River, zz. 

Nelson River, n. 

Nelson River, f. 

Nelson River, 1),, 

~clson River, N. i 
I 

) York Factory(S.V.S).l 

1 Fort Good Hope. j 

Red River. 

Shoalwater Bay. 

I 

I i 
56 04 

56 IO 

56 12 

56 14 

56 19 

56 21 

56 21 

56 21 

56 34 

56 49 

56 54 

i 
56 54 : 

56 59 

57 00 

I 
66 16 j 

67 27 I 

0 

1884. 62 :-14. l* 

i 
121 I.J. 1875. 5 i-26. 00 

I 
96 oS 1884.63:-13.2* 

I 

96 00 1884.63/-14.4* 

I 
95 29 1884.641-ro. r* 

! 
94 46 l884.65j-13.8* 

i 
94 53 1884.65 :- 9.4* 

I 

95 13 1884. 64 :- 9· 9* 

94 26 1884. 66 -IO. J" 

94 12 1884.66 I. 4* 

93 59 1884. 66 - 3. 4* 

93 05 1884. 68 :- 7- 2 .. 

i 
I ' 

93 16 1884. 68 i - 2. 9*(?) 

i I 
1884. 681-- 7. 1* I 

1884. 701- 6. 66* i 

92 54 

92 26 

I 
128 30 1844. 5 -42. 77 i 

Observer. 

0 0 

0. J.Klotz. 

W.Ogilvie. 

0.J. Klotz. 

A, \Vebster. 

0. J. Klotz. 

0. J. Klotz. 

0. J. Klotz. 

0. J. Klotz. 

'1 0. J. Klotz. 

0. J. Klotz. 

0.]. Klotz. 

O.J. Klotz. 

O.]. Klotz. 

0.]. Kl0tz. 

O.J. Klotz. 

0. J. Klotz. 

O.J. Klotz. 

O.J. Klotz. 

-5.6 O.J. Klotz. 

J. H. Lefroy. 

]. Franklin. 

Th. Simpson. 

Reference. 

J\IS. of E. Deville, 

1885. 

J\1S. of E. Deville, 

1885. 

J\1S. of E .. Deville, 

1885. 

MS.ofG. M. Daw

son, 1882. 

MS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

J\IS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

MS. of E. Deviile, ' 

1885. 

MS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

MS. of E. Deville, ! 

1885. 

MS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

MS. of E. Deville, 

1885. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Narr. of Discovery, 

1843. 
68 54 I .,. .. 

1 

.,,,.,.,~49.,, 

~~------"------'-----'-----'--------------------------~ 
*Roughly corrected for diurnal variation. 
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Table of Obseri•ed Magnetic Declinations and Values reduced to the Ywr 1890-Coutiuued. 

Name of station. 

Richardson Chain. 

Point Kay. 

Herschel Island. 

Clarence Bay. 

:BRITISH POSSESSIONS, NORTHWEST TERRITORY, ETC.-Concinued. 

o ! i 
69 01 I 

69 181 

69 361 

I 69 38 I 
I i 
I i 
i i 

,l* D 

0 

137 25 1826.5 -46.68 

138 08 1837.53 -49.00 

J. Franklin. 

Th. Simpso1,. 

J. Franklin. 

'; ]. Franklin. 

WATERS ADJACE:-;'T TO ALASKA AKD EASTER::\ SIBERIA.t 

---------·------------- --l At sea. 

I I ·At sea. 

I I At sea. 

I I At sea. 

i 
I At sea. 

I I At sea. 

I j At sea. 

I At sea. 

IN·~ 
i 

At sea. 

At sea. 

! 
' At sea. 

At sea. 

At sea. 

Petropavlovsk, Sibe

ria (S. V. S.). 

Natscbika, Siberia. 

45 14: 159 41 1850.0 -18. 75 -+--I. I 

45 19 16o 00 1850.0 -17. 77 -;-1. I 

45 33 E. 161 05 1849.5 - 4.50 +z.o 

47 28 E. 159 45 1849.5 - 4.00 +z.o 

-22.58 

- 7. 17 +2.0 

143 23 1827. 5 -23. 02 

48 49 E. 158 13 1849.5 - 4.38 +2.o 

- 2. 32 +2. 2 

50 50 i E. 166 37 1850. 5 - 5. 90 +z.o 

51 461 152 36 1830.5 -24.08 

I i 
51 54IE.168_38 1854.5 I - 8.60 

J 

51 s5 I 143 33 1827.0 -24. so 
1 

s3 oo I 149 s6 1830. 5 -25. 55 
I 

j ·I 

53 01 ! E. 158 41 I 1876. 57 - I. 15 

i i 
1 I 

53 07jE.15725f1829.5 - 4.00 +3·4 

I I 
' ' 

-17.6 II. Kellett. 

--16. 7 II. Kellett. 

2.5 H. Kellett. 

- 2.0 H. Kellett. 

F. P. Llitke. 

- 5.2 R. Collinson. 

F.P. Llitke. 

- 2.4 H. Kellett. 

- 0. I H. Kellett. 

- 3.9 R. Collinson. 

-21.8 A. Em1an. 

- 6.9 R. Collinson. 

F. P. Liitke. 

A. Erman. 

- o.68 111. L. Onatzevich. 

- o.6 A. Erman. 

Phil. Trano. Roy. 

::-,1Jc.! i872. 

:\arr. nf Discovery, 

18+3. 

i'hi: Trans. Roy. 

~oc., 1S72. 

Phil. Tram. Roy. 

~\JC., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

~oc" 1Sj2. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

::-\oc., I 872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

:-,oc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

l'hil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

l'h'.l. Trans. Roy.

1

. 

Soc., 1872. 

' OnatLevich 's Coll'n 1 

ofobs's,St. Peters

burg, 1878. 

Phil. Trans. Roy. 

Soc., 1872. 

*A prefixed· E indicates East longitudes. t The subdi,·isions into groups are omitted as unimportant. 
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Table of Obseri•ed Jllagnetic Declinations and Values reduced to the Yea.r 1890-Continued. 

WATERS ADJACENT TO ALASKA AND EASTERN SIBERIA-Continued. 

>: '1.me of station. dJ i\.* D LJD 

---------;----
i 

At sea. 

Dering Island. 

At sea. 

At sea. 

:\t sea. 

At sea. 

At sea. 

o I o I 

53 36 143 38 1850. 5 

55 14 E. 165 52 1879. 6 

57 21 E. 176 24 1854. 5 

'1 

-24. 771 

- 3.93 

-12.67 

0 

+0.4 - 3. 5 

-10.0 

58 19 E. 169 08 1849. 5 - 9. 68 +3· 6 - 6. I 

59 05 E. 169 49 1849. 5 -IO. 28 + 3· 6 - 6. 7 

59 32 E. I73 Iz i 1849. S -10.~7 +3· 8 - 6. 7 

59 38 E. I7J IO 1849. 5 
I 

-IO. 90 I +3· 6 - 7.3 

6i 20 E. I77 23 :, 1850. 5 -1+ 12 +4· l -10.0 

rlover Bay, Siberia. 64 22 173 22 '188o. 66 -18. 42 +1. 6 -16.8 

At sea. 

Konyarn Bay. 

Holy Cross Bay, Si· 65 2S 

bcria. 

i Saint Laurence Bay. 

I I A' "'• B •n"t S<rai<. 65 35 

I Bay of St. Laure.nee. 

Ii' Big f)imnede lsland, 65 45 

! Bering Strait. 

I71 35 1881.43 -23. 17 +1.4 -21.8 

172 57 1879. 6 -17. S7 +r. 8 -J6. I 

178 32 1828. s -2r. 07 +s. 6 -15. s 
I 

-20. 3s I +1. 1 

170 45 1881. 43 -23. 42 +x. 4 

169 04 i l8So. 6g -21. 82 +I. 5 

! 

-18.7 

-22.0 

-20.3 

~~s:v~r-. ~--i----;:~:=· 

I Pfill. Tra~. Rny. 

I Soc., 1872. 

R. Collinson. 

A. \Vykander (A.E. I Exped. of 

Nordenskiold). 
1 

"\'ega," Stock-

the 

R. Collinson. 

H. Kellett. 

H. Kellett. 

R. Collinson. 

fl. Kellett. 

R. Collinson. 

! holm, l 883. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. ' 

Soc., 1872. 

Phil. Trans. Roy.' 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

W. H. Dall and ::\I. C. and G. S. Rep., 

Baker. 1882. 

C. L. Hooper. Cmise of the Cor

win; MS. of G. 

Davidson, 188r. 

A. Wykander(A.E. Exped. of the 

N ordenskiold). 

F.P.Liitke. 

"Vega," Stock

holm, 1883. 

Phil. Trans. Roy. 

Soc., 1872. 

A. Wykander(A. E. Expcd. of the 

Nordenskiolc.I ). 

C. L. Hooper. 

"Vega, "Stock

holm, 1883. 

Cruise of the Car· 

win; MS. of G. 

Davidson, 1881. 

F. P. Lutke. Phil. Trans. Roy. 

Soc., 1872. 

W. H. Dall and C. and G. S. Rep., 

M. Baker. 1882. 

:\t sea. 65 47 168 55 1881. 41 -22. 83 +r. 4 -21. 4 C. L. Hooper. Cruise of the Cor

win; MS. of G. 

Davidson, 1881. 

1

. 
I At sea, Bering Strait. 66 07 169 

\ 

I 
17 , 1881. 43 - -23. 67 -22.3 

I 
* A prefixed E indicates East longitudes. 

C. L. Hooper. Cruise of the Cor

win; MS. of G. ~ 
Davidson, 18il1. f 
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Table of Observed Jfagnetic Declinations and Values 1·educed t-0 the Year 18!JO-Conti11ueu. 

WATERS ADJACENT TO ALA.SKA AND EASTER~ SIBERIA-Continued. 

Name of station. I. D LID Observer. Reference. 

--------1---·------['--- ------ ---- ------------
' a 

At sea. I ;, ,, ,,, ;, I •SSL 6g _,,. "' +1.3 I -25.7 C. L. Hooper. Cruise of the Cor

win; ~IS. of G. 

Davidson, 1881. 

·Cruise o! the Cor

\Vin; ~!S. of G. 

Davidson, 1SS1. 
I 

. I 
At sea, Arctic Ocean. ! 66 42 

! 

I Pitlekai. 

i 
I At sea, Arctic Ocean. 

I . 

I 
~oliuchin Island, Si- ·. 

beria. 

! \VankaremRiver,Si-

beria. 

67 43 

173 30. 1878.7 -19.72 

171 45 ! 1881. 41 . -22. 50 +1. 5 

175 35 1823.5 -23.43 

17627'1823.5 -23.0 

At sea, off Kolinchin 67 52 

Bay. 

175 18 1881. 6o -19. 82 +1. 5 

1 
At sea,off Koliuchin 67 58 

Bay. 

175 14 1881.42 -23.50 +1.5 

At sea, off Cape Lis- 68 50 

burne. 

165 IO 1881. 57 -32. 07 + l. 7 

Irkaipi. 68 50 !So 00 1878. 7 -17. 90 +1. 7 

North Cape, Siberia. 68 55 E. 179 56 i 1823. 5 -21. 67 

I 
East of Cape Jakan. 69 36 · E. 176 58 i 1823. 5 -21. 50 

I 
Wcrkon River, Si· 69 53 E. 173 32 ! 1823. 5 -18. 95 

beria. I 
At sea, Arctic Ocean. 69 58 

I 
162 38 i 1881. 57 -31. 92 

Kosmin Rock. 

Cape Schelagskoi. 

70 01 ! E. 171 

70 03 IE. 171 

I 
5511823, 5 I -18, QO 

03 1823. 5 i -18. 05 

I II 

At sea, off Icy Cape. 

At sea, off Icy Cape. 

70 05 

70 15 

1620611881.561 -32.23 

161 55 j1881.ssl - 32.20 

+1.8 

+1.8 

+1.8 

-22.6 

-17. 9 

-21.0 

-18.3 

-22,0 

-30.4 

-16. 2 

C. L. Hooper. 

A. \\)'kander, (A 

E. Kurdenskiold/. 

C. L. Hooper. 

Y. v. \Yrangell. 

F. v. \VrangelL 

C. L. Hooper. 

C. L. H coper. 

Ex toed. of the \-ep1, 

Stockholm. 18S3 

Cruise of the Cor

win; '.\IS. of G. 

lJav,dson, 1881. 

PJiil. Tra~1s. Roy. 

~,oc .. J8i2. 

Phil. Traas. Roy. 

Soc.~ 1Si2. 

Cruise of the Cor

wia; ~!S. of d. 
Davidson, 188!. 

Ref. sance as abm·e. 

Cruise of the Cor

win; '.\IS. of G. 

Davidson, 1881. 

A. Wykander (A. Exped.ofthe\-ega, 

E. Nordenskiiild). Stockholm, 1883. 

F. v. Wrangell. Phil. Trans. "Roy. 

Soc., 1872. 

F. v. Wrangell. Phil. Trans. Roy. 

Soc., 1872. 

F. v. Wrangell. Phil. Trans. Roy. 

Soc., 1872. 

-30. I C. L Hooper. Cruise of the Cor

win; MS. of G. 

Davidson, 1881. ! 

i F. v. Wrangell. 

}'. v. Wrangell. 

-30. 4 C. L. Hooper. 

-30. 4 C. L Hooper. 

Phil. Trans. Roy. 

Soc., 1872. 

Phil. Trans. Roy. 

Soc., 1872. 

l Cruise of the Cor

: ~ win; 1'1S. of G. 

! J Davi1 1son, 1881. 
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Table of Obsen'Cll Jfagnetic Declinations and Values reduced t-0 tke Year 1890-Continued. 

W.·\TERS ADJ:\CE~T TO ALASKA A::\'D E:\STERCS" SIBERIA-Continued. 

X::une of St8-ticm. D Obsener. Rererence. 

----- --- ----- ·----·. -----
! 

0 f 

! 
l -- ----:Vlagnetic Station, Si- 70 20 E. 174 13 · 1823.5 -21.50 F. v. \Yrangell. : Phil. Trans. Roy. 

beria. ! Soc., 1872. 
I 
i At sea, off Herald /0 4() 17 4 32 l 881. 58 : -24. 78 : -23. 2 C. L. Hooper. ' ! Cruise of the Cor-

Island. 

At sea, off Heral<l 

Island. 

iO 51 175 40 I r88r. 58 -23.43 : -21. 8 

~ win; :VfS. of G. 

C. L. IIooper. 
, JI Davidson, 1881. 
I . 

"Wrangell Island, 70 57 178 IO '1881. 65 -19. 92 +r. 6 : -18. 3 R. M. Berry and l'. S. Hye!. Office 

south coa::it, RorJgM 

ers Hhr. 

\Vrangell I~land, iI 04 

east coast. 

17740!1881.61 i -23.43' -l.6 -21. 8 

--Putnam. i au<l Rep. by Gil-

l der. 

I
' l Crui.se of t~e Cor: 

C. L. Hooper. 

, t wm; MS. ofG. j 

j
1 

JI Davidson, 1881.
1
-

, Off Point Barrow. 71 20 156 15 1 1881. 63: -37. 30 1 +z. l i -35. 2 C. L. Hooper. 

On the ice, Arctic ' 71 34 162 oo j 1849. 57: -37.00' IL Kellett. I From a chart. I 
Ocean. ; j I [ 

, On the ice, Arctic ' 72 50 164 40 '1849. 56 1 -42. r5 H. Kellett. I From a chart. i 

'"Ocean. _____ ! --------~--------'----------'-! I 
CONSTRUCTION OF 'l'HE ISOGONIC CURVES. 

The resulting declinations for 1890, as given in the preceding table, form the basis of the mag
·netic chart; the positions of the stations were plotted on two large maps on a scale of one five
millionth and the decliuations set down in red ink; for this labor I am indebted to Mr. L.A. Bauer. 
"The isogonic curves were next traced out with a free hand, first roughly and afterwards carefully, 
in accordance with the principle already referred to--on the one hand not to ignore the greater 
features and regions of local deviations from regula-r distribution, and on the other not to fall into 
-error by following out defective values or verJ' circum8cribed local peculiarities. How to distin
guish one case from the other lms been explained, yet with all the experience gained on former 
occasions it was no very ~a~y matter and frequently very embarrassing to settle finally upon the best 
location or form of the curve, and such uncertain or unsatisfactory parts are indicated on -the chart 
by broken lines o-r dashes; the same broken curves are shown in regions where the sparseness of 
stations left much doubt as to the position of the curves. 

For the sake of uniformity with the magnetic charts of dip and intensity published in Appen
·dix No. 6, Annual Heport for 1884-'85, the isogonic curves were transforred to the base-map of the 
Unitecl States, scale one seven-millionth; see first magnetic chart appended {illustration No. 25). 
The numerous obsen'ation stations and corresponding values could not be shown on this scale, as 
fo some parts they would wholly cover the paper; the curves are drawn for every degree of decli
nation and every fifth one is marked heavier for better distinction. Whatever imperfections tliis 
chart may possess they can only be removed or lessened by the acquisition of new and reliable 
observations. 

To render the chart useful for other years than the one for which it is constructed, the lead
ing -values for the annual change of the declination, as given in Appemlix No. 7, Annual Report for 
1887-'88, have been transferred to oar third magnetic chart {illustration No. 27), showing the mag
netic meridians. These values refer to 1890, but may be applied without sensible inaccuracy for 
five or more years; the -rnlues answering to the year 1895 may also be found in the above-men
tioned report. 
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:.DISTRIBUTION OF THE MAGNETIC DECLil'i.ATION IN .AL.'1SKA .AliD ADJACEST REGIOXS LY 1890. 

Since the first attempt made by me in February, 1883, to express the distribution of the mag
netic 1leclination in Alaska and adjacent waters for the epoch 188fi, hy a single analytical function, 
but little additional information could be obtaine<l, and consequently no great improvement in our 
knowledge of the distribution of magnetism in this part of the United States coul<l be expected. 

A few recent observations in and near southeastern Alaska bave been added to foe collection 
·of data and our knowledge of the seculiir variation in this region has been slightly advanced siuce 
1883, but the general treatment of the material remaius a>; in the first editiou. 

The observed declinations made use of in this paper were taken from tbe pH'('etling general 
·collection J?f observations as reduced to the epoch 1890. To form suitable normal Talues they 
were combined into groups, selected with respect to geographical position to conr as nearly as may 
be the whole area uniforml,y, and tlms secure a satisfactory determination of the se,·eral co-etlicients 
which enter into the function of distribution. These groups or normals are necessaril,\- of Yer,\· 
-unequal value, primarily <lue to a deficiency of observations. The number of observations range 
:from one to fourteen in a group. 

Table of normal values of the declination for 1890 and their geographical positions, arranged in the 
order of ~ncreasing uest lo11gitudefm1n Greenirich . 

. [All declinations are east, as shown by the minus sign prefixed; there are IOI stations altogether, coml1ined into 34 groups.] 

Name of station. 
".est Declina· 

I
, Latitude.' longi- tion. 
, ' tude. 1890:0 

. -------------------~----- -- -

l 
/ Mouth of Thompson River. 

\ Thompson R., mouth of Nicola. 

I Thompson River. 

I 
Thompson Ri\l'er. 

Thompson R., near Kamloops. 

Mouth of Hut Creek. 

North Thompson River. 

Korth Thompson River. 

North Thompson River. 

North Thompson River. 

I. Mean. 

IL Kee·ah Bay, Washington. 

III. Nootka Bay, Vancom·er. 

Port Simpson. 

Port Essington, Skeaux River. 

Head of 'Vork Inlet. 

20 mis. up Skeena Ri,·er. 

I 30 mls. up Skeena River. 

I

I 50 mis. up Skeena River. 

IV. :\lean. 

I Rose Harbor. 

! Port McLaughlin. 
! 

I 
\'. Jl.!ean. 

Tamgas Harbor. 

. j Pen Island. 

50. 22 121. 6o -24. 90 I 
50. 45 12!. 37 -25. 40 : 

50. 68 120. 20 1 -23. 90 

' 50. i7 121. 09 : -23. 40 
I 

50. 70 !20. 50 i -24. 15 
50.78 121.55 I -26.90 

I so. 95 120. 47 I -23. 1~ 

i 5 I. 20 120. 371 -23. 82 

5 I. 47 ; 120. 42 -25. 0311 

5r. 55 i 120. 28 I -25. 20 
----i----!----

-24. 65 

: 48. 36 ! 124. 63 -22. 73 
1 50. 88 !. 120. 781 

! 
49. 59 ; 126. 62 -23. 95 

--:--1---1 
' 54· 57 I 130. 4311 

--27. 961 
54· 2J l I 29. 78 -27. 08 

54. 30 ' 129. 72 ! -27. 25 

54.32 129.32 [ -27.os I 
54. 37 ! 129. oo I --26. so 

I I i 
i 54. 50 ! 128. 58 ! --26. 25 

I 54. 38 : I 29. 47 l-=27. 02 

I 52. 15 131. 251' --26. 01 

I 52. 13 I 128. 17 ' -26. 72 
1----:----i----

52. r4 I 129. 71 -26. 36 

55.07 I 131.47 -28.44 

55.38f13r.73 -28.m 
I 

Remarks. 

Thompson River group. 

Fuca Strait. 

\' ancouver Island. 

Skccna Inlet group. 

Queen Charlotte group. 
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Table of normal i•alues of the declination for 1890, etc.-co11tinued. 

i 

Name of station. LatituJe.I 
West 
longi
tude. 

Declina
tion, 

1890.0 
Remarks. 

, I 
-----1~-1· 

. 0 

---~---~- ------------1 
0 

I 
-30.40 I L'nion llay. 

Kasaan Bay. 

How con ?11 ission. 

Dewey Anchorage. 

Port '.Y!cArthur. 

Point Chican. 

Shakan. 

Fort Wrangell. 

Red Bay. 

Ft. \Yr:rngell, north base. 

South Base, Frederick Sound. 

East Bas~, Dunc:rn Canal. 

YI. ?.lean. 

Vll. Sitka. 

\"III. Port :\Iulgrave. 

IX. Fort Yukon. 

X. Port Etches. 

Coal Point. 

Dangerous Cape. 

XI. :'\Iean. 

XII. Saint Paul. 

At sea. 

At sea. 

At sea. 

At sea. 

At sea. 

XIII. Mean. 

Off Point Barrow. 

Uglaamie U.S. Polar Station. 

Plover Pt., Pt. Barrow. 

XI\', :\lean. 

Chirikoff Island. 

Sernidi Islands. 

Chiznik Bay. 

XV. Mean. 

XVI. Hagmeister Island. 

Little Koniushi Isd. 

Dolgoi Isd. settlement. 

Humboldt Harbor. 

Chiachi Island. 

P<:>rt Moeller. 

, 55· 75 I 
55.50 

54. 83 

55·93 
56.07 

132.20 

132.32 

132.83 

132.37 
134. IO 

-27. 60 

-26. 89 

-28. 36 

-27. 69 

56. 15 133. 60 -29. 28 

56. 15 l 33- 63 -29. 75 

56. 47 I 32. 37 -28. 98 

56. 33 l 33- 2 5 -29. 53 

56. 45 l J2. 38 -29. 19 

56. 92 I 1 32. s5 -29. 52 
l 

I 56. 60 ! 133. IO 1 -29. 99 

i-ss:-;-1-;;~1 

-28:-s:;- Fort \Vrangell group. 

! 57· 05 I 135. 33 -28. 4 ' Secular variation station. 

59· 56 139. 76 -28. 4 Secular variation station. 

66. 57 145. 30 -33. 0 

60. 34 , 146. 63 -27. 3 Secular variation station. 
----1--·-- ----~· 

59- 60 I 151..10 I -24. 54 i 
59. 40 , 151. ss \ --23. 27 1 

--i--1---1 
59· 50 151. 6:, -23. 90 ' Cook Inlet group. 

57.80: 152.36 -23.9 Kadiaklsd.sec.var.station. 

48. 13 146. &5 I -20. s 1 
48. 73 143. 38 I -20. 9 I 1 

5r.77 152.6o ! -22.3 ~I 
45. 32 16o. 00 I -16. I 11 

1~2-·~~1 -l]. l) 

47.83 ! 152.46 -19.4 
,----;----------

7I. 33 ! 156. 25 

71. 30 i t56. 67 

71. 35 I 156. 27 
----1 

-35.2 

-33. 91 

-34- 24 

7I. 33 i I 56. 40 -34. 45 ____ , ____ -----
55. 8o j I SS· 72 -2I. 65 

56. 08 i 156. 65 -21. 58 

56. 32 i I 58. 40 -20. 66 

56. 01 I 156. 92 i-=;;:-;-
1 

58. 80 • 16o. 83 -21. 24 ----
55.05 159.38 -20.71 

55.08 162.00 -20.8 

55·32 16o. 52 -19.7 

55.87 159· 081 -20.6 

55.92 16o.58 -20.0 

From general collection of decli

nations. 

Group of N. E. Pacific Ocean. 

Point Barrow group. 

Semidi Islands group. 
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Table of normal values of the declination for 1890, etc.-Continued. 

-------------~---· --·------·--· 

Kame of station. 
: \.Yest , 

Lat;t:ide.i longi- / 
I tud~. I 

Declina
tion, 

1890.0 
Remarks. 

------------- ----1---'--------------

Bailey's Harbor. 

Amok Island. 

XVII. l\lean. 

X \'III. Chamisso Island. 

l\ ear Cape Lisburne. 

At sea, Arctic Ocean. 

At sea, off Icy Cape. 

At sea, off Icy Cape. 

l\ear Icy Cape. 

XIX. ?.lean. 

XX. Xunirnk Island. 

XXI. unalashka Island. 

XXII. Port Clarence. 

XXIII. Saint Paul Island. 

Saint Laurence Bay. 

At sea. 

At sea. 

Big Diomede Island. 

Bering Strait. 

Arctic Ocean. 

Pitlekai. 

Arctic Ocean. 

XXIY. Mean. 

Plover Bay. 

Konyam Bay. 

Al sea. 

XXV. Mean, 

XXVI. Atka Island. 

At sea, off Herald I.sland. 

At sea, off Herald Island, 

\\'rangell Isd., Rodgers' Hl:ir. 

Wrangell Isld., east coast. 

XXVII. Mean. 

At sea, Koliuchin Bay. 

At sea, Koliuchin Bay. 

Irkaipi. 

XXVIII. Mean. 

XXIX. Adakh Island. 

XXX. Kyska Island. 

55. 15 

55.45 

0 0 

162. 12 i -20. 5 
164. 03 I -20. o 

----,----.-----
55.41 I 161. IO ~20. 33 

66.22 161. 82 ! -25. 2 

68.88 166. IO -24. I 

69.97 162.63 -JO. I 

70.08 162. 10 -30.4 

70. 25 161. 92 --30.4 

70.22 162. 25 -28. 5 

69.88 163. 00 -28. 7 

60.42 166. 13 -20, 03 

53.88 166.52 -18. 56 

65.27 166.83 
i 

-21. 2 

57. 12 I 170.32 -16.60 
!----!----! _____ 

65. 58 17+- 73 --18. 7 

65. 58 170.75 -22.0 

65.78 168.92 -21. 4 

65.75 169.07 -~20. 3 

66. 12 169.28 -22. 3 

66. ]O : I /0. 77 -22. 6 

67.08 ! 173.50 -17.9 
I 

I 67. 28 i 171. 75 -21. o , 
,----1---------· 

Shumagin Isds. group. 

Secular Yariation station. 

Group of capes Lisburne antl 

Icy. 

Secuiar variation station. 

Secular Yariation station. 

i 66. 23 : 171. IO 1 -20. 8 i East Co.pc and Bering Strait 

f ___ i ____ 1 
_____ ' group. 

I 64. 37 : 17). 37 \ -16. 8 
) 6-1-.83 I 172.95, -16. I 
I i I I 64. 78 : 171. 58 I -21. 8 
'---'----i-----1 

'54.66 i 172.63 i -18.2 I Plover Bay group. 

52.18 I 1]4.25 I -16. 4 ! 
----,----1-----1 

70. 82 i 174· 53 I -23. 2 f 

I I 
70. 85 I 175· 67 i -21, 8 I 

l 10. 95 I 11s. 17 : -18. 3 : 
i : \ i I 7i.o7 ; 1 77.67 : -21. s i 

I 
70. 92 

1 

176. 51 i- -21. 3 i \\'rangell Island group. 

67. s1 I 175. 30 -18. 3 : 

\ 
67. 97 \ 175. 23 -22. 0 \ 

68. 83 I 180. 00 -16. 2 : 

l68~f 176. 84 
1

11--=~: Koliuchin group. 

I Sl. 82 l 176. 87 -13. 3 : 

1

51.98:182.501 -10.5_, 
--------1-----

At sea. 59. 53 , 186. 8o I - 6. 7}. Fromgen.eralcollectionof decli-

_A_t_se_a_. ________ ~ __ l_:i_-9_._6_31188. s~L-=~- I _na_t_io_n_s_. _______ _ 

397 
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Table of normal values of the declination for 1890, etc.-Continued. 

I Name of station. 

I,,, .. 
At sea. 

XXXI. Mean. 

At sea. 

At sea, 

At sea. 

XXXII. :\lean. 

At sea. 

At sea. 

XXXIII. t..Iean. 

XXXIV. I'etropavloYsk. 

i i \Yest Declina- [ 
I,' Latitude., longi- tion, i Remarks. 

tude. 1890.0 I 

59. 08 190. '18 : - 6°7}1-F-r-om-.-.g-en-e-ra-l-co_l_le-cti-.o-n_o_f-cle-c-li--

58. 32 190. 87 - 6. I , nahons. 
----,-----1 

59. 14 j 189. 17 - 6. 7 j Cape Oliutorski group. 

-,;&~i--;;5:-;- --= 5. 2 1 : 
1 From general collection of <lecli-

50. 83 'i 193. 38 ,' - 3· 9 ~ 
I nations. 

5 I. 90 i 19r. 37 J - 6. 9) : 

---;;. 43 i 193:-;-:----:=-~; Off southern Kamtchatka. __ . __ : ___ : I 

47. 47 f 200. 25 ; - 2. o - I nat10ns. 
----1-------

48. 15 i 2or. 02 ! - 2, 2 f Off Kuril Islands. 

4s. 82 f 2or. 78 i - 2. 4} j From.generalcollect.i0>rnf dodi I 

53. 02 I 201. 28 , - o, 7 i Secular variation station. 
_____________ 1 ____ :-~----.......... --

For th.e purpose of establishing an interpolation formula for the computation of the magnetic
declination at any place within the area of Alaska and adjacent parts, we consider the observed 
rnlues (arranged in 34 groups) as depending on their geographic .• ! position, that is, we take the· 
declination D to be a function of the latitude <p and of the longitude A. 

The distribution of the declination may then be expressed b~· the following formula, adapted 
to a spherical 1mrface : 

where 

D=Do+r • .dcp+s. L1A. cos <p+t . .dip2+u. L1<pL1A cos <p+v, .dA.2 co~2 cp 
+w. L1<p3+x. L1<p2.d?t cos rp+y • .dcp.:112 cos2 cp+z. L113 cos3 op+ etc. 

~f ::;f_Ji.~0 } and r, s, t, etc., are unknown numerical co-efficients 

to be determined by means of the observed declinations. Terms involving powers of Llcp and L1Ai 
higher than the third are not needed. 

Put cp0=580 and 10=1600, which are nearly the mean values of the 34 latitudes and 34 longi-· 
tulles respectively; also take D-0=D1+q where D1= -210, an approximate value, and q a correc
tion thereto for the central value D 0• Then the observation equations take the following form: 

{
~-D+q -

O- +cp1. r+?t1 cos <p. s 
- + cp1

2 • t+ <p1A1 cos <p • u+;\1
2 cos2 <p. v 

+ <p1=1• u+ cpi211 cos <p . x+ tp1.:l12 cos2 <p • y+A.13 cos3 <p • z 
where for shortness, <p1=Ll<p and A.1=L1A.. The first and second equations, for instance, would be:: 

O= + 3.65 -;-q- 7.12r-24.7+r + 50.71+ 176.Iu + 612.Iv- 361w - 125¥-- 4358y- 15143z 

O= + 1.73 -·-q- 9.64r-23.5os+ 92.9t +:z26.5u + 552.2v-896w-2183x- 5323y- 12978s 
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The 34 observation equations thus formed, when treated by the method of least squares, give 
the following normal equations: 

1---- --------- -----~--- -

1- i -~I r .----- , u v I w I .x v 

o=- 14.351+341- o.88:- 12.79+1599.7+ 248.9+ 5557.2+ -~3051+ 1090-- 31845:- 3963' 

o=+ 812.71! 1+1599.7 + 248.9 ·.:4305 ;+1090 '- 31845 + 155458,+ 26143+ 2789;3;, 14964 · 

0=-2726.3] !+55$7.2 -r-1090 :-31845 :-· 3693 T 26143iT 278973;-f- 14964/+ 2475800 ! 

:o=+ 954. Ii I · i+155458+26143 ;+ 278973+ 878457\+ 146780:- 2023310!+ 119262 '. 

,o=+ 13177 i 
1
-i-278973

1
+ 14964 -+- 1467801- 2023310+ 119262,- 17834400 

o = - 27408 +z475790 - 202331d +- 119262 -- 17834400 + 4015980 , 

o =, 80317 
1

[ , + l9165ryooi+ 3054970 _;_ 20498500- 1233330 , 

0 = - I18028 I H-20498500- 1233330 -i- 1467116oo 
I I 0~=+216147 · I +146;116oo- 37937000 

o = - 11 7o691i I ~1360-140000 

To facilitate the solution of these equations we put: 

q=+o.4+q1 

r=-o.4+r1 

s=+o.8+ s1 

I==- -0.03+ t 1 ancl IO t'== t11 'W :--=-- _,_o. 002 -+- 7.t'' and 100;,,/ = 7u11 

x = + o. 002 -+- xi 100 x' = xii tt=+o.o6+u' 
V == -i-- 0. OI + ·-../ 

Iou1=u'1 

IO</= z•11 )' -= + 0. 0006 + yl 

z =-0.00001 + z1 

100 ),./ - )'11 

100 r/ == z' 1 

Where the numerical quantities are rough approximations; the above equations will tllen 
change into the following modified normal equations : 

--------,-------

!
' /I ll!__Jl--'-' __ i s

1 
i 1

11 
ull ·1 v" w'' xii 

----,----1 ·--- I 

1 o=- 13.61 '+34- o.88;- 12.79'+ 159.97+ 24.891+ 555.7 '+ 43.05.+ 10.90 - 318.45 

z" 

I I ' I I I I ' 
' 0 =- 102. 00 +1599. 7 I+ 248. 9 :+ 430. 5 1+ 109. 0 I- 3184. 5 +1554. ss, + 261. 43 + 2789. 73 '+ 149. 04 : 

i o=-+121.6 i+sss1.2 I+ 109.0 !-3184.5 1- 396.3 + 261.43 +2789.731+ 149.64 +24758 I ' I I I . 
I 1+ 1554. 58+ 261. 43+ 2789. 13 1 878. 46. + 146. 7s1 - 2023. 31 -r- 119. 26 · 

I I 

1

1

+2789.ni+ 149.64+ 146.78.,-2023.31:+ 119.26·-17834.4 
, I I 
t H-24757.9 1-2023.31:+ 119.26--17834.4 + 4015.98 

·1 \ !+1916. 59: + 305. 50 + 2049. 85. - 123. 33 
, I • 1 +2049. s5: -- 123. 33 + 14671. 2 

I I i i I +14671. 16 ~ 3793· 7 
! ' ' ' ·-c-136o44 i i . ' 

0=-224.0 

o=- 62. 2 

0 =-478. 5 

: 0=--169.21 

' i O=+ 32.00 

i 0=+382.44 

lo_:=+ 283. 791 

Solving these equations• we get 

q1 = - 0. 79233 

r' = + o. og844 

s1 =-0.05992 

111 = + 0. 14766 

u" =-o. 09189 

,YI = + 0. 02599 

w''=+o.02510 

x" = - o. o6778 

y 11 =- o. 01209 

•" =+0.00253 

q =-0. 39233 

r =-0.30156 

s =+o. 74008 

t1 = + o. 014766 

u' =-0.009189 

v 1 = + o. 002599 

w 1 =+o.0002510 

"'' =-o.ooo6778 

y' = - o. 000120<} 

z1 = + o. 0000253 . 

t =-0.015234 

u = + o. 05o811 

v = + 0. 012599 

w = _:_ o. 0017490 

x = + o. 0013222 

y = + o. 0004791 

z =+0.0000153 

.s r- . OOJ 

·~ .. I: .01 

~ ·~§ I : .. 02 3 ·;:: - .I 

~ ~ 0 
"" "' ~ 
-~ 2 1- 2 
c-

~ :~II - : 
'5 ~ . 
..c:: T 3 
-~.. l+ 16 

*The fonnation of the normal equations was made in duplicate by J. Page and C.H. Kummell, of the Computing Division, 
aud tlu: 10l11tion is due to the fatter computer. 



 

400 UNITED STATES COAST AND GEODETIC SURVEY. 

Hence our .final ex1nession becomes 

r -21° 392 

I - o. 3016cp1 +o. 74011., cos cp 
D=· ! - o.01523.p1' +o.05081.p1'·1 cos<P +o.01260'-1•cos2 cp 

l - o. OOl749<Pi" +o. 001322cp,27., cos cp +o. 000479tp1A.1' cos'rp +o. 0000153:11
1cos3 <P· 

By means of this formula the declination was computed ror each of the normal stations, whence 
we lta•e the following representation of the observations: 

- -· -----~~--------

ic , Obs'd Comp'd I ji 
1 

Obs'd Comp'd Obs' cl Comp'd 
! roup. D D i 0-C I Group. I D D 0-C Group. 

D v 0-C 

: I I ' I 
--· ·---·---' -----,---! ------

I 
I 

-24. 65 -25.01 +0.36 !: XIII -19.4 i -19. 7 I +o. 3 XXIV -20.8 -20.0 -o.8 

II ' i +o. 17 ! XIV -34.45 -34.14 -0.JI xxv -18.2 -18.0 -22. 73 -22. 90 I -0.2 
! I 

III -23. 95 -23. 83 -.,0, 12 X\' -21. 30 I -21. 93 
! 

+0.63 XXVI --16.4 -14.8 I -I. 6 
I I 

IY -27.02 -27. 27 +o. 25 XVI -21. 24 -2!. 31 I +0.07 XXVJI --21. 3 -22.3 +1. 0 
I 

v -26. 36 -25. 58 ' 
-0, 78 XVII ·-20. 33 -20.30 I -0.03 XX YI II --18.8 -18. 5 --o. 3 : 

\'I -28. 83 -27. 97 -o.86 XVIII -25. 2 I -25.0 -0.2 XXIX -13.3 -13. 7 +0.4 
VII ' -28. 4 -28.3 -0.I XIX -28. 7 ! -28.5 -0.2 xxx -10.5 -II. I +o.6 ' 

nrr -28.4 -29.0 +06 xx -20. 03 
! -19.47 --0.56 XXXT - 6.7 - 6. 8 +0.1 

IX -33.o -33.1 -;-0.1 XXI -18. 56 

I 

-18. 00 -0.56 XXXII - 5.3 - 5.8 I -+o. 5 '1 

x -27. 3 -27.3 0.0 XXII -21. 2 -21. 6 +0.4 XX XIII - 2.2 - 2.0 I -0.2 

XI : -:-1. 22 XX III -16.60 ! -16.85 +o. 25 XX XIV o.6 --23- 90 -25. 12 - 0.7 - -O.l 

XII -23. 9 -24. I ! +0.2 

-~--------
~----- -------- ~--------~---------------- ---------··-

The comparati\·e smallness of these differences (0-0) indicates not only that the representa· 
tion of the obsernltions is a fair one, but that the latter 'seem to have heen reduced with some 
success to a common epoch, as is shown by the distribution of the changes of sign; there are 16 
negative and 17 positive sign!'!, one of the differences being zero. The largest discrepancy (-l0.6) 
-occurs at one of the volcanic islands, where hnt a singlA obsAn·ation was available. Squaring the 
differences aml computing the probable error (here of observation and of representation com bine<l) 
by the usual formula 

where n equals the number of differences v, and m the number of normal eq~ations, we get 

r=±:00.44=±26' 

;a, '\'a\ue which we accept as very satisfactory, considering that in each case it is made up from, or 
subject to, four distinct sources of' error, viz: 

1. The error of observation ; 
2. The error in the reduction to the epoch ; 
3. The error due t-0 the imperfection in our algebraical formula; and, lastly and principally, 
4. The eftect of local detlections a.nd other irregularities in the distribution of magnetism 

which cotlld not be taken into account by the general formula. 
This last source alone would b ~ sufficient to accmmt for any or a.ll of the differences shown in 

our comparison, and it is highly proba.ble that the other sources combined contribute but a small 
part to tlie total amount. 

'fhere remains the construction of the isogonic curves, as shown in the accompanying chart 
{illustration No. 26); in other words, we have to find from our expression a sufficient number of 
corresponding values of latitude and longitude for any one proposed declination curve-the value 
-0f Dis thus fixed, and by taking for <p, as an independent variable, any suitable value the oorre-
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sponding value for A. can be deduced b,y resolution of the equation, which process, however, is best 
effected by the method of trial and error. We take <pas the independent variable for positions where 
the isogonic line makes a large angle with the parallel, but take A. instead in case this line makes 
a small angle with the parallel. Below we give a few corresponding values, thus computed, for 
some of the leading cun-es, there being no advantage in tabulating all the roots that were needed 
for the actual construction of the cur,· es. Between the computed points the lines are drawn by a 
free hand. 

D=-5° I D=-10° D=-15° 
I 

I)= -20° 

--------
1 I 

<P' ;, litp' le i<P; J .. rp ; 

-----1-•--l-•--·----
I o 1' o ' 

I 50 I 203. 7 50 

' 55 201. l I 55 

58 199· 9 1' 58 
62 

65 

i 0 .. 

195. I '. 50 

193. I I 55 
192. z i 58 

185. 0 50 

175· 8 • 50 

178. 0 : 55 

181.3: 58 

I. I. 

.Along the central part of the peninsula of Karntchatka our system of isogonic curves touches 
upon tlrnt peculiar feature in tlle distribution of magnetism which shows an area, oval shaped, of 
west declination entirely surronnde!l br east declination, and within which space the <lecliuation 
rises to 'io west. This feature is snhject to secular variation, and consequently is in a continuous 
state of change; it sePms to have formed in the present century and may not yet ha rn reached 
its fullest development. In 18!0 tile maximum declination within the oval was a little mon• tbau 
5° an<l tl.ie eastern limit of the agonic curve then passed through the sea of Okhotsk, which makes 
it probable that within the past half century the whole system has drifted slowly to the eastward• 

The chart itself is sufficiently explained by its legend. 

MAGNETIC MERIDIANS. 

The ordinary method of charting obser>ed declinations is that of drawing cur>es of equal 
·angular deviation from the meridian, which are kuown as isogonic cur.es; this representation, 
though a wholly artificial one, is so ewinentl~ .. practical and directly aclapte1l to the ueeds of the 
surveyor and navigator that another, and, from a physical stand-point, more iuteresting and 
instructive mode, is rarely resorted to. The conception of" magnetic meridians" is due to Euler, 
who, shortly after the middle of the last centur,Y, treated in a short digression from one of his 
magnetic inYestigations bis so-called "magnetic routes," i.e., curves on the earth's surface, the tan· 
gents to which at any point coincide with the direction of a compass needle placed at that point; 

•Since writing the above, Vol. II ofthe "Journal of the College of Science, Imperial University of J apa11," Tokyo, 
.Japan, 1889, has been received; it contains an account of a new magnetic survey of Japan, carried out by order of 
the President of the University, l>y C. G. Knott and A. Tanakadate, in the year 1887. From this pul,Jicatiou we learn 
that the earliest (native) magnetic surYey of Japan was made by Iuo abcut the beginning of the present century, 
and that his charts made at that time represent the magnetic and geographical meridians to be identical in direction, 
and it is further remarked that there could be no doubt that the average declination in Japan in Ino's days was zero. 
He completed his geographical survey between the years 1800 and 1818. About that time then the southeastern 
boundary of the oval was lying acl"Olls Japan, whereas in 1887 the system had so far shifted as to bring the isogonios 
-0f 410 and 50 W. over the main island. At Tokyo the annual rate of increase of westerly declination between the 
years 1860 and 1882 was found to be 3'.3, which, when carried back to lno's time, woold produce zero about the year 
180'.!. [.Added September, 1890.-Sch.] 

H. Ex. 00..:..-26 • 
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these curves Euler prefers to the Halleyau lines for the purpose of 1·rpresenting certain magnetic
phenomena. These Eulerian cur¥es thus show the directions of lines of magnetic force (horiwntal 
component) on the earth's surface; they have no direct relation to the geographical meridian~, anu 
consequently dq not pass through the geographical poles like the isogonic curves, yet, with these~ 
necessarily converge towards the magnetic poles (of vertical dip). We ha\e here represented a 
physical fact, namely, the actual direction of the horizontal magnetic intensity. A general chart 
of this system was published by Uaptain Duperrey in 1836, and two illustrations of it on a small 
scale will be found in Sir G. B. Airy's Treatise on Magnetism (London, 1870). The distance 
between any two magnetic meridians is arbitrary. Duperrey also traced a series of curves which 
are ill e>ery point normal to the preceding; this second system of curves he denominates "mag
netic parallels." Their utility, however, is not very ob'fious, and it suffices to mention them here.• 
In their place we find in Airy's treatise, curyes of equal dip or the isoclinic lines, which, it may be 
seen, have a strong tendency to intersect the magnetic meridians at right angles, and the same 
may be said of the isodynamic cnrYes of the horizontal intensity. TIJ'8 introduction of this second 
system in connection with the magnetic meridians has some bearing on the designation ''mag
netic latitude" sometimes given to the magnetic dip. 

On the third chart (illns'tration No. 27), appended to this article, are exhibited the magnetic 
meridians allll the present annual change of the declination for the epoch 1890. It is supposed 
that this 1s the first illustration of magnetic meridians specially delineated for the United States .. 
The fifteen meridians, or lines of horizontal force, laid down on the chart were constructed directly 
from the isogonic cnr>es; the length of each step for which a new direction was taken up averaged 
about 70 statute miles, or, on the scale of the map, 11 mm, This, as will be noticed, produced a 
sipooth curvature, notwithstanding the irregularities inherent in the isogonic curves. The dis
tance between the meridians is arbitrary; it has been made equal as measured along the central 
horizontal 'mtensity curve. There are also drawn on the chart three curves of equal dip and three 
curves of equal horizontal intensity for the year 1890, from which it would appear that tile isoclinic 
cun-es more nearly approach to normal intersections with the meridians than tl!e isodynamic 
curYes. The interval between the dip lines is 50 and between the iutensity lines 0.04 dyne; the 
irregularities exhibited by these cun·es are due to irregularities in the distributiou of magnetism. 
The magnetic meridians, like other magnetic curves, are subject to variation in time, but this 
change iu direction will be less marked to the eye than in the isogonic system. On this chart 
there is also inserted for con;euience of reference the annual change of the declination for a num
ber of stations for 1890, but the gi;en change may be used for several years to come; for full 
information, however, the reader may be referred to Appendix No. 7. Report for 1887-'88. 

•In a recent publication," Determination tlea f:Iements Magnetiques en France, par Mr. Tb. Moureaux, Paris, 
l'l.~6," the magnetic meridians arc laitl down for January, 18tl5, ancl lines normal to the meridiaus are designate<l 
"magnetic parallels or equipotential lines." This second or normal system, however, is not delineated. 



 

APPExnrx No. 12.-1889. 

ENCROACHMENT OF THE SEA GPON THE COAST OF CAPE COD, MASSACHUSETTS! 
AS SHOWN BY COMPARATIVE SCRVEYS. 

A Report by HENH.Y L. l\IARINDIN, Assistant. 

U. S. COAST AND GEODETIC SURVEY OFFICE, 

· Wnslthigton, Jfay 10, 1889. 
Sm: With. the data obtained by the party of Physical Ilydrograpby in my charge <luriIJg the' 

season of 1887 and 1888 on Cape Cod, :Massachusetts, we are now able to make comparisons and 
show the changes which have taken place in the shore and bluff lines of this part of the Cape since 
previous surveys, and thus add to our knowledge of the physical history of the Oape, the study 
of which was initiated by Assistant Henry :Mitchell in 1871 (see Appendices No. 9 iu the Reports 
of the Coast and Geodetic Survey for 1871 and 1873). 

In the following comparison the coast between Ohatham and the Highland Light-house at 
Truro was subdivided into three sections (see illustration No. 28), each of which had been sur
veyed at different times. The earliest reliable survey was made in 184-8, and the most recent 
before the last was made iu 1868, so that the shortest period elapsed between ans two surveys is 
nineteen years. · 

These three sections, incidentally divided, show separate characteristics. The first or south
ern section, 6 miles in length, surveyed iu 1868 and 1887-1888, comp11ses the shore from a point 
about 1 mile north of the inlet into Pleasant Bay to the inlet into Nausett Harbor and Town Cove. 

The second section, 4 miles in length, surveyed in 1856 and 1887, embraces the shore from the 
inlet into Nansett Harbor to the Nausett Three Lights. 

The third section, 14 miles in length, extends from Nausett Three Lights to the Highland 
Light in Truro. This was surveyed in 1848 and 1888. 

It is to be regretted that the older hydrographic surveys give so few soundings near the 
beach that a comparison of the "submerged apron" could not be made; therefore, in the compu
tations of" quantity" of material moved we have considered nothing below the plane of mean low 
water, and we have assumed that the seaward slope of the bluffs, which was not determined iu 
the earlier surveys, was the same as now, but the high-water line and the bluff line, where it 
exist,s, give reliable data for comparison. 

In the first section the crest-line of the beach (highest water line) shows a mean recession of 
159 feet in nineteen years, or 8 feet per year. The volume of material moved was 3,095,219 cubic 
yards; of this amount ~,107,831 cubic yards have entirely disappeared from the shore, resulting 
in an annual loss of 110,938 cul.lie yards, or 18,489 cubic yards per linear mile of coast-line, and 
987,388 cubic yards merely shifted in position, going partly to build out the southern extremity of 
Nausett Beach at the entra.uce into Pleasant Bay. 

Between the southern limit of' the space compared above and a point 2! miles above the pres
ent-entrance into Pleasant Bay, the shore-line has advanced into the sea from 0 feet at the north·· 
ern limit to 1,100 feet at the southern end. 
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By consulting tbe accompanying sketch (illustration No. 28) a clearer idea of the changes will 
be gained. 

Of the second or central section, between Nausett Harbor Iulet and Nausett Lights, we have 
two surveys, one in 1856 by Mr. 0. T. Iardella, assistant, and one in 1887 by the party in mj· 
charge. 'fhe comparison sho\'l"S a mean recession of the shore-line of 8 feet in thirty-one years, or 
at the rate of a quarter of a foot per year. The amount eroded \'\"as 1,158,652 cubic yards; of this 
:amount 264,491 cubic :rnr<ls have simply shifted position, ·and the balance, 894,161 cubic :yards, 
bas disappeared entirely, giving au annual loss of 28,844 cubic yards, or 7,211 cubic yards per 
mile of coast-line. 

In the third section, from Nausett Lights to Highland Light, we ha:ve again two sun-eys, one 
made in 1848 by l\Ir. II. L. Whiting, assistant, and one in 18'38 by the party in my charge. The 
mean recession of the shore was 128 feet, or at the rate of 3.2 feet per ;year, and shows a·cut for 
tile entire distance amounting to 30,231,038 cubic yards, or 755,776 cubic yards per year, which 
giYcs 53,984 cubic yards per linear mile of material woved. 

Upon inspection of the volumes of material eroded per linear mile each year, it will be noted 
that they differ widely. In the first section the loss is 18,489 cubic yards, with a retreat of the 
high.water line of 8 feet per year. In the second section the loss is 7,211 cubic .rards, with a 
retreat of tl.Je high-water lirie of a quarter of a foot per year. In the third section the loss is 
5:~,984 cubic ~-ards, with a retreat of 3.2 feet iu t.he high-water line. 

If we compare loss in are:i we find that the southern section loses yearly 0.8 of an acre for 
each linear mile. • The northern section loses 0.3 of an acre, and the central section, surrounding tile Nausett 
Lights, loses only 0.03 of an acre each ~·ear per linear mile. 

There might be au explanation of the above results in the theory which is held that some
where in the vicinity of the Nausett Lights there is a division of the tidal forces; i. e., that south 
-of tlie Lights the resultant oi the forces of the ebb and flood currents would he southerly, while to 
'the north of' the Lights the resultant would be northerly. This I believe has not been demonstrated 
by observations, and nothing short of a systematic series of current observation.s along this coast 
would tend to settle the question. · 

.Summing up the changes 'along the entire length compared, we find that 32,2337030 cubic 
-yards of earth and sand have disappeared. This volume can best be understood· by supposing it 
®posited on a sqnar.e mile, which it would cover to tL deptll of 29t feet, or bj· substituting the 55 
.acres included within the Capitol Grounds in Washington, D. C., which it would cover to a 
.depth of 375 feet-in other words, the Statue of Freedom on the dome of the Capitol would be 
buried to a depth of 67 feet. 

In the sketch is shown one cross.section in each of the three divisions (plotted from Table 2) ; 
these give an idea of the character of the shore and bluffs. In many places the highest seas 
at high tide wash the foot of the bluff, while in others there is a wore or less wide beach with a 
.crest and a gentle rear slope to the foot of the bluff. 

Going from the inlet into Nausett Harbor towards the" Highlands of Truro "the height of the 
bluff increases irregularly from 34 feet (above mean sea-level) at the point first named to 65 feet at 
the Nausett Lights, and to 159 feet at cross-section No.137, a short distance south of the Highland 
Light. At the Highland Light the bluff is 122.9 feet above mean sea-level. These bluffs have all 
a steep foreslope, generally at the angle of repose of the material composing them. These angles 
of slope we have computed from the actual measurements made on the ground, and they are given 
in the following table, together with other data useful fur future comparisons: 
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TABLE No. 1.-Seaward Bluff Slopes, Cape Cod, 1888. 

[The angle of slope is measured at foot of bluff] 

1
1 

Horizontal I[ Elevation above mean I.Vertical dis-.I ! 
No. ofl distance se_a-level. I tance be- I Angle 
cross- between tween top : of : 

section. top and foot I . and foot ' slope. '. 
of bluff. iTopofbluff.IFootofbluff.1 of bluff. 

I j 

Remarks. 

Feet. I 
91. 9 

II I. 5 
IOI. 7 

137.8 

ro5. o I 

121. 4 : 

121. 4 

124. 7 
105.0 

Feet. 
65.0 

84.9 
81. 4 

83.6 

8+4 

78.2 

59.6 

77 5 
66.3 

Fed. 
13.5 

9· 3 : 

Feet. 
51. 5 

75.6 

29 At :\' ausett Center light-house. 

34 

5 
7 

9 
II 

I' .) I 

15 
17. 

19 
21 

85.3 

105. 0 i 

23 98. 4 ! 
25 88. 6 ; 

27 IOI. 7 1
, 

29 98. 4 i 
31 75-5 
33 II8. I 

35 II I. 5 

37 98. 4 ~ 

39 II I. 5 ! 

41 91. 9 
43 131. 2 

45 62. 3 
47 118.I 

49 49. 2 

51 150.9 

53 55.8 

69. 6 i 
62.4 

63.4 

55.5 
53.6 
56.3 
42.5 
50.4 
51. 2 

55.9 
62.2 

65.0 

82.5 
6 

• I 
5- b ; 

92. 7 ! 

35. 3 '1 

66.7 

25.2 

55 121. 4 47. 9 

57 180.4 83.2 

59 154.2 53.8 
61 144.4 88.6 

63 124.7 66.7 

12.f, 7 I 

14. 6 ; 

15.4 
15. 7 
21. 2 

22.0 l 

14. 6 . 

8.2 
12. 2 : 

10.6 

10.2 

13. 3 i 

12. 7 

l0.3 

15. I 

s. l 

I I. 3 
I I. 8 ! 
6.6 

12. 6 ' 

I I. I 

11. I 

13. 3 

15. l 

19.4 
l I. 8 

lJ. I 

68. 7 .H 

69. 0 : 27 

69. 0 33 

62. 5 27 

38. 4 18 

55. 5 24 

5r. 7 26 

6I. 4 : 36 

50. 2 ; 26 

52. 8 : 28 

45· 3 ! 27 
40. 3 t 22 

43· 6 24 

32. 2 23 

35.3 
43· I 

44.6 

50.4 
58.4 

69. 9 

54. 5 
81. 6 

23.4 
53.S 
II. 2 

34.6 
68. I 

34.4 
76.8 

53.6 

17 

21 

24 

24 

32 
28 

41 

35 
25 
20 

II 

16 

:: I 
28. 

23 

65 114. 8 75· 2 II. I 64.J j 29 

• 

61 88. 6 68. 3 18. 6 49· 1 I 
I 

69 141.1 87.0 15.9 71. Ii 

29 AtCahoon'sHollowlife.saving station. 

27 

71 131.2 85.2 12.2 73.0 II 

73 78.7 43·5 11,6 31.9 22 

75 131. 2 74. 0 8. 0 66. 0 ll 

77 183. 7 100. 7 I I. 7 I 89. 0 

19 1 so. 9 96. o 9. 6 : 86. 4 I 
' ! 

26 

22 81 75. 5 l 43. I I I. 91 31. 2 I 

;___!_;-'---I-;_:_: :_j, __ :_!_:_! ___ ;_::_:_L __ i:: ! ) __ !_!__:_ _____________ _ 
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T.A.BLE No. 1.-Seaward Bluff Slopes, Cape Ood, 1888-Continued. 

- . \Horizontal I_ Elerntion above m~an :1vertical~isj I 
No. of distance i sea-level. I tance be- [ Angle 
cross- \ between ! . tween top \ of I Remarks. 

section. top and foot , ! and foot 1 slope. I 
I :.ifuluff. !Topofbluff. Footofb!uff.: of bluff. j 

89 
91 

93 

95 
97 

99 
IOI 

103 
105 
107 
109 

111 

113 

II5 

117 

119 

121 

123 
125 
127 

129 

131 

133 
135 

137 
139 

l4I 

143 
145 
147 
149 

151 

153 

155 

\ I ' i---- ~----1--
Feet. 1 Fut. Fed. Feet. I 0 

108. 3 I 71. 2 l I. 9 59· 3 i 29 I 
I I 88. 6 i 53. 6 15. 5 I 38. l I 23 

114. 8 I 83. 3 16. 4 66. 9 i 30 
l 54. 2 102. 0 ' I 3· 4 88. 6 ' 30 

190.3 

105.0 

203.4 

196.9 
i 

203.4 ! 

JOr. 7 

75.5 
1 Ir. 5 

98.4 
78.7 

170. 6 
203. 4 . 

114. 8 . 

223. l 

223, l 

131. 2 

213.3 

I6o.8 

203.4 
259. 2 . 

259. 2 

272.3 
196.9 

150. 9 • 
216.5 

187. 0 i 
183. 7 
196.9 
164.0 

121. 4 I 

95· l 

127. 8 
68. 6 

129. 5 

138. 4 I 

146. 5 I 

79.6 

59·3 
76.6 

55· 7 
36.7 

IOI. 0 

130. 8 i 

3l7 
1 33· 3 
126. 8 

93.4 

151. 3 

8o.3 
137 .2 

149.4 
143.2 

159. 5 
158.8 
110. 7 

154.9 
113. 5 
105.8 
122.9 

!06.9 

87. 7 
66. 5 

lJ. l 

14. 2 I 

12.5 
IO. 6 

9.8 
12,0 

13· 5 
15.0 
13·5 
5.9 

12. 8 

13·3 
13·5 
15. 2 

12. 3 

I I. 5 

I I. 7 

13.5 
13. 4 

II. 9 

13. 9 

JI. 4 

12. 7 
15.0 
12. l 

16. 4 

15.9 
13.4 

16. 9 
18.5 
18.7 

I 14- 7 

54.4 
JI/. 0 

127.8 

136.7 

67. 6 

45.8 
51. 6 

42.2 
30.8 
88.2 

u7. 5 
21. 2 

II8. I 

II4. 5 
Sr. 9 

139.6 
66.8 

123.8 

137.5 
129.3 
148. I 

146. l 

95.7 
142.8 

97.1 

89.9 
109. 5 
go.o 

69. 2 / 

47. 81 

31 

27 

30 

33 

34 

34 
31 

25 
23 At Pamet River life-saving station. 

21 

27 
30 
IO 

28 

27 
32 

33 
23 
26 

28 

27 
29 

37 
32 

33 
27 • 
27 
29 , At Highland light-house. 

29 
'1 

30: 
27 '1 

! 

NoTE.-For the location of cross-sections, see sketch. 
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TABLE No. 2.-0ape Uod, Jlass. 

[Party of Henry L. Alarindin, Assistant, C". S. Coast and Geodetic Sur~ey.] 

CRoss-sEcTION Ko. 101, 1888. CROSS SECTION No. 35, 1887. CROSS·SECTIU:-;" :\u. 43. 188;. 

Distancei Height I Distance Height Distance II eight 

from above or I Remarks. from above or Remarks. from above or Remarks. 
origin. ~elowmean! origin. below meant origin. l helowmean 

sea-level. : sea-leYel. , sea-level. 
I 

I [ ____ 
---~---

I I 
Feet. ( .. ! lifetres. llfctres. Fed. .:Vetres. Feet. 

0 l 50. 3 i• Ongm : 0 -------- Origin: Oj 12.3 : Origin: 
0 , ,, 0 ,, ,, 

I Lat. 415912.9 Lat. 41 50 22. 7 I Lat. 414441.7 ; 

Long. 70 oo 49. 7 Long. 69 56 45. I Long. 69 55 48. 3 ; 
Azimuth 241° 561 . Azimuth 258° 521 Azimuth 265 ° I 31 ' 

20 154-3 100 I 
23. 4 i 20 12. 9 

' 40 156.3 120 24.4 40 12.7 

6o 157· 2 140 28. 3 6o 15.5 I 

I 
So .161. I 160 II. 0 8o: 22. 0 I 

100 161. 2 180 10.8 100 23 3 
120 164.3 200 I. 7 120 23.2 

140 162.7 210 - -·I 140 15.6 

160 153.2 300 -11. 5 16o. 6 5 
! 

170 150. 3 400 -II. 5 180 i 3· '? 
' i 180 144.6 500 -18. 5 i 300 ' -10.0 

200 138.4 Bluff station. 600 -23.0 i ;oo I -16.5 

26o 10.6 Foot of bluff. iOO -25.0 500 : -19.0 

263 9.4 Crest of beach. 800 -27.0 600 I -19.5 

295 - I. 3 <)00 -34.0 100 I -21.0 

400 - 7. 0 975 -38."o 800 ! --19.0 
I 

500 - 14.0 900 i -24.0 

600 I 
- 21.5 

1 
1000 -29.0 

700 - 22.0 I 1040 1 -30.0 
! I 

800 - 25.5 I ! 

I 
I 

I 
900 - 31.0 

I I 
1000 -- 35· 5 I 

I 

I I 

Compiled and computed by H. P. RITTER and E. E. HASKELL. 

The material composiug the bluffs is almost wholly s<ind, with here and there a stratum of 
blue clay cropping out, notably between sections 77 an<l 80, where the clay runs from the foot of 
the blu:tl:' (at 77) to half-way up the face of the bluff at section 79. This blue clay is also found at 
cross-sections 94: to 99. 

At the Nausett Lights the sands of the bluff seem to be coloretl by iron oxides, but to the 
south of this point, notably on the sandy cordon which forms the sea barrier to Nausett Harbor, 
these sands are very white and have the appearance of haYing been washed b;y the sea and then 
thrown up a.gain to form tile barrier mentioned above. 

This part of the Cape offers a wide and interesting fit•l1l to the geologist. 
In preparing this paper we have omitted much of the data obtained <luring the season. This 

will appear in the report which follows this paper as Appendix: No. 13. 
Yours ~pectfully, 

To the SUPERINTENDENT. 

HENRY L. MA.RINDIN, 

A.BBistant, Coast and Geodetic Survey. 
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APPENDIX NO. 13.-188 9. 

CROSS-SECTIO,NS OF THE SHORE OF CAPE COD BETWEEN CHATHAM AND 
THE HIGHLAND LIGHT-HOUSE. 

Report by HENRY L. l\:IARINDIN, Assif<tant, 

U. S. COAST .A.ND GEODETIC S'C'RVEY, 

.. Newton Highlands, April 3, 1890. 
The accompanying tables of cross-sections are submitt~d as a part of tlle results of the Phys-

ical Hydrographic Suryey of Cape Cod, instituted in 1887. 
Among the ohjects aimed at one was to obtain an accurate mold of the exposed shore of Cape 

Cod for present use in determining the amount of waste or fill since previous surwys~where tltc 
surveys are sufficiently detailed for this purpose-but the more direct object was to provide a haw 
for future comparisonR, which will be of value to geologists and others who study the changes in 
the coast-line. 

'I'he cross-sections are numbered consecutively from 1 to 143, beginning at a point near the 
entrance into Pleasant Bay at North Chatham and countiug northward as far as Highland Light 
(also called Cape Cod Light). The sections will average one for each 300 mttres of shore-line, 
with the exception of a part of the shore near Nausett Lights where the bluffs are high and rugged 
and where the.)' were placed about 150 metres apart. 

The plane of reference for the heights is mean sea-level, as derived from a series of observa
tions of the tide made by the party of Lieut. J. E. Pillsbury, U. S. N., assistant, Coast and Geo
detic Survey, at Chatham in 1886, and supplemented by other obserrntions made by the party in 
m,y charge at the same })lace in 1887. These two independent series of tide obserrntions gave 
very close results for the height of mean sea-level, but as the series observed in 1887 was tlle 
longer one the height derived from it was accepted and was found to be equal to 40.51 feet below 
the Coast and Geodetic Sun·ey Bench No. IV, on Chatham North Light-House. 

This })lane was carried from section 1 to section 143 by means of two lines of precise levels,. 
run in opposite directions, and referre<l to numerous bencb-marki:; located at suitable points along · 
the shore. 

Each cross-section stancls by itself, and can be reproduced on any chart b;y platting the posi
tion of the origin, "Which is expressed i.n latitude and longitude, and by laying off the azimuth as 
given in eooh table. 

EXPLANATION OF THE TADLES. 

The number and year noted above the upper left-hand corn~r bas reference to the field num
ber and the year of survey. 

In the first column is given the distance frQm the origin. This distance is given in metres, 
and is measured from inland seaward as far as the soundings were taken on the section. 

In the sec.;oncl column are given the elevations above and depressions below mean sea-level in 
feet and tenths; all above the plane are plus and all below are expressed by the minus sign. 
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In the thir<l column are given, first, the latitude and longitude of the origin, then the azimuth 
'(true) of the section. 

This azimuth is reckoned from south around by west to south, oo to 3600, 
The compututions of the cross·sectious were made by Messrs. E. E. Haskell and Homer P. 

Ritter conjointly. 
The accompanying sketch (illustration No. 20) shows the approx:irnate position of each cross· 

.section with the location of the hench-ma.rks. 
A descri1>tion of the bench-marks is gi\•en in Ta!Jle A. 
Respectfully submitted. 

To Prof. T. C. MENDENHALL, 

Superintendent. 

HENRY L. l\fARINDIN, 

Assistant, Coast and Geodetic Suruy. 

Gross-Sections of tile Sltore of Cape Cod between Chatham and the Highland Ligltt-Hov.se. 

C1wss-SECTION No. I. CROSS-SECTION No. 2. 
No_ 58 of 1888. No. 57 of 1888. 

-------· 

Height Height 
Distance aboYe or Distance above or 

from btlow Remarks. from below Remarks. 
origin. mean origin. mean 

sea-level. sea-'evel. 

----- ----- ''i 
_____ , 

llhtrn. Feet. I ll:fetres. Feet. 

0 2.8 Origin: Lat. 41° 421 16".3 0 2. 7 
I 

Origin: Lat. 41° 421 25 11.6 
20 7.6 Long. 69° 55 1 4411·5 20 IO. I Long. 69° 55 1 5411 :II-
40: 10.4 Azimuth, 266° 131 40 !;: : I Azimuth, 266° 131 

6o 5.8 6o 
I 

7.41 80 : 8 7 8o 

100 ! 12. 5 100 2. s 1 
120 7.9 120 l 3· o I 
140 I 8.4 I 140 I 8. 8 
160 ! 9. 8 16o ! I 

I 
7. 31 

180 II. 0 18o I 2.7 

I 
I 

190 ! i·3 200 l 2. 8 I 

220 I 1 

300 : - 7. 5 I 3. 0 I 
400: -18.0 I :: I 5. 6 \ 
500 : -2+.o I 6. 6 i 
600 -27.0 

1: 
280 

: : I 
700 ' -28.0 I 

300 ! 
800 

I' 

320 i -27. 5 I; 5.9 
I 

900. -22. 5 I 340 I 6. 5 I 
1,000 ~ -22.0 I 36o I 1. 6 I 
I, 100 -24.0 /: 38o I 1. 1 I 

I I, 200 -24.5 )i 400 I 8., I I 
I, 300 -32.0 

I 
420 i II. I 

1,400 -37.5 
l 

7. 9 ! I! 440 ! 
! 

:.1... 
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Cross-Sections of tlte Sltore of Cape Cod, etc.-Continued. 

CROSS-SECTIO?i No. 2-Continued. CROSS-SECTIO!> No. 4. 

No. 57 of 1888. \ No. 55 of 1888. 

Height Height 
Distance above or Distance above or 

from below Remarks. from below Remarks. 
origin. mean origin. mean 

sea-level. sea-level. 

·----
1}fetres. .Feet. Metns. Feet. 

500 - 4.0 0 5. 2 Origin: Lat. 41° 42 1 4511.3 

6oo -12. 5 20 5. 7 Long. 69° 55 1 45 11.6 

700 -15.5 I 40 13. 5 Azimuth, 266° 13 1 

8oo -18.0 60 17.8 

900 -19.5 8o 14. 7 

1,000 -21.5 100 14.6 

I, IOO -30.0 120 12.6 

I, 200 -33.0 140 ; 1+ 5 
I, JOO -27. 5 16o 13.3 

1,400 -24.0 180 8.8 

200 10. 3 
I 

I, 500 -26.5 

I, 6oo -36.5 217 I I. 9 i Crest of beach. 

220 9·5 
CROSS-SECTION No. 3. 300 3.0 

No. 56 of 1888. 400 -15.0 i 
500 ! -20.0 I 
6oo -2LO I 

I 

700' -22.0 I 
8oo I -23.0 

900 I -24.0 l 
950 I -28.0 i 

0 S· 81 Origin: Lat. 41° 42' 35"-3 

20 7. 6 
1 

Long. 69° 55 1 5211.6 
40 6. o / Azimuth, 266° I 3' 

60 6. 5 I 
• I 

80 IO. 3 

100 I0.8 

120 13.0 

CROSS-SECTIO!> No. 5. 
140 15.6 

160 10.6 

18o 8.2 No. 54 of 1888. 

200 5. 1 / 
220 8. I 0 3.9 . Origin: Lat. 41°421 5511.1 

20 3.9 Long. 69° 55' 4311.8 

40 S· 8 
1 

Azimuth,-266° 13' 
240 6.5 
26o 7. I 

280 6.3 6o 4. 3 

300 6.9 So 8.6 

320 7.8 100 19.2 

340 8.8 120 17. 7 

36o 10.9 Crest of beach. 140 9.8 

500 - 3·5 158 12. 8 Crest of beach. 

6oo -11.0 160 IO. I 

700 -21.0 18o - I. 3 

8oo -22.5 190 - 3.4 

goo -21,5 200 - 1.9 

1,000 -24.0 220 - 2.7 

I, 100 -31.0 300 - 9-0 

I, 200 -36.5 4~-· -20.5 
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Cross-Sections of the Shore <if Cape God, etc.-Continued. 

CROSS-SECTION No. 5-Continued. 

No. 54 of 1888. 

II eight 
Distance 1 above or 

from below 
origin. mean 

I 
sea-level. 

Remarks. 

1----i-----··----·--------
! ' 

,Vetres. .Feet. 

500 -22.0 
600 -22.5 
700 -23.5 
800 -25.0 

900 -24.5 

1.000 I -29.0 

I, 100 I --37.0 
' ' 

'i 
I 

:I 

,-------;ROS~-~ECTION 
i No. 53 of 1888. 

No. 6. 

I 
I 
I 

I 
I 

o' I. 9 ' Origin: Lat. 41° 431 05 11.0 

I 
·I 

,1 

20 2. 9 ! Long. 69° 55 1 4611 .3 
40 3.6 Azimuth, 266° 131 

6o 3.9 

'/ 

80 5.2 
100 7.3 

I 
120 7. 3 
140 6. 2 

! 
:I 

.I 
16o 7.3 
18o 7.8 

ii 

ti 
!I 

200 9.3 
220 I0.7 
240 8.9 
26o - o.8 

I 
I 
I 

28o - 0.5 

300 - 1.8 

I 

I 
I 

400 -13.5 
500 i -20.0 

I 

6oo' -20.0 

700 -20.0 
I 
I 800 -22.5 

900 -24.5 
1,000 --27. 0 

J, 100 -30.0 

I, 175 -34.0 

CROSS-SECTION No. 7. 

No. 52 of r888. 

Distance 
Height 

above or 
from below Remarks. 

origin. mean 
sea-level. 

.iJldres. Feet . 

0 0.7 Origin : Lat. 41° 43' 1411.6 
20 2.6 Long. 69° 55 1 4711.2 
40 2.3 Azimuth, 266° 1311 

60 2.5 
So 2.2 

100 2. 4 

120 5. I 

140 8.3 
16o 13.3 
180 18. 7 

200 20.5 
220 II. 8 
240 10.9 
26o 3· 9 
280 0.3 
300 1.9 

- 400 -13.5 
500 -18.0 
6ro -19.0 
700 -20.0 
-800 -20.5 

900 -24.0 
1,000 -27.5 
I, 100 -28.0 
r, 200 -37.0 

CROSS-SECTION No. 8. 

No. 51 of 1888. 

0 2.5 Origin: Lat. 41° 431 2411-4 
20 2.7 Long. 69° 551 4311·3 

40 3·3 Azimuth, 266° 13' 
6o 4• I 
8o 6.5 

100 12. 8 
120 16. 9 
140 13.8 



 

UNITED ST.A.TES OOAST AND GEODETIC SURVEY. 

Cmss-Secti-Ons of the Shore of Gape God, etc.-Continued. 

CROSS-SECTIO:-( N'o 8-Continued 

No. 51 of 1888. 

Distance 
from 

origin. 

Height 
above or 

below 
mean 

sea-level. 

i---·- j-----~-

fofetres. Fett. 
I 

160 6.o i 

180 I 2.6 

200 I 2. I 

220 4, I 

300 - 12.0 

400 -21.0 

500 -26.0 

600 -24.5 

700 -22.0 

800 -21. 5 

900 i -20.0 

1,000 -22.0 

1, roo -2+0 
I, 200 -28.0 

1,300 -30.0 

r,400 -34.5 

I, 500 ---34. 5 

1,600 -JS.5 
I, 700 --36. 0 ! 

Remarks. 

CROSS·SECllO:'\ No. 9· 

No. 50 of 1888. 

0 3. I Origin : Lat. 41° 431 33".8 

20 3.2 Long. 69° 55' 51".5 

40 3.2 Azimuth, 266° 131 

6o 3.8 

So 4.6 

100 6.9 

120 8. 7 

140 9.6 

16o 10.4 

18o 12.6 

200 16.6 

220 9.0 

240 0.9 

26o I. 5 
280 -- 2.9 

CROSS·SECT!O:'.'! No. 9-Continued. 

Ko. 50 of 1888. 

Height 
Distance above or 

·from below Remarks. 
origin. mean 

sea-level. 

:-----

1lfefrl'S. Fett. 

400 - 8.9 

500 -18. 5 

600 -21. 0 

700 -21.0 

800 -19. 0 

900 -22.0 

1 1 000 -22.0 

1 1 JOO --22. 0 ' 

1, 200 --26.0 

r, 300 -31· 5 
1,400 -34.0 

CRCJSS-SECTIOX NL•. 10. 

No. 49 of 1887. 

0 9·4 Origin: Lat. 41° 43' 43".il 
20 9.9 Long. 69° 55 1 44''.2 

40 12.0 Azimut!i, 266° 131 

6o 17. 

8o 20. I 

100 20.4 

120 14· I 

140 
I 

13.5 

16o 6. 3 

18o 4. 2 

190 4.8 

210 - 5.0 

300 -17.0 

400 -22.5 

500 -26.5 

6oo -26.0 

700 -20.5 

8oo -19.0 

900 -20.5 

1,000 -27. 5 

I, 100 -35.0 

I, 200 -34·5 
1, 275 -36.0 

413 



 

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

Cross-Section11 of the Sliore of Cape Cod, eto.-Continued. 

------------------------------------

CROSS·SECTIO:!i No. II. 

::-;'o. 48 of 18~7. 

Distance 
from 

origin. 

0 

20 

Height 
above or 

below 
mean 

sea-level. 

21. 2 

Remarks. 

r-----------

1 
1 Origin: Lat. 41° 431 5311 .6 
! 

Long. 69° 551 4211.5 
40 l 3. ') Azimuth, 266° 131 

60 15. 4 

So 
100 

II5 
zoo 

JOO I 

400 

500 I 

600 

700 

800 

900 

I,000 j 
I 

I, 100 i 
1,200 

12.6 

5. 9; 
3· 8 ; 

I 
-11.0; 

-2I. 01 
-23. 51· 
-20.0 

-19.0 i 
-20.0 I 
-28.0 i 

-23.5: 
i 

-24.0 i 
-28.0 i 

i 
-33. s I 

~-----------

CRoss-SECTION Xo. 12. 

Xo. 47 of 1887. 

Origin: Lat. 41° 441 0311 .3 
0 17. 6 Long. 69° 55' 03" .6 

;;o 25. l Azimuth, 266° IJ' 
40- 15. 4 

6o 15.9 

80 I I. I 

100 3.7 

200 -11.0 

300 -19.0 

400 -20.0 

500 -21. 0 

600 i -23.0 

700 -22.0 

800 -21.0 

goo -23.0 

1,000 -- 35. 0 ' 

I, 100 -37.5 i 
-37.0 I 1,200 

I, 250 -37.0: 
! 

CRoss-SECTIO:'I Ko. 13. 

I\o. 46 of 1887. ,. __________ _ -----·------------

Distance 
from 

origin. 

Height 
above or 

below 
mean 

sea-Jeyel. 

Remarb. 

'------·-------~---------------_; 

~ I 
q 
il 
11 

ii 
if 
11 
II 
,\ 
II 

'.i 

..:lfdrn. Feet. 

0 10.5 Origin: Lat. 41° 44' 12114 

20 I I. 0 Long. 69° 55' 5011 .2 

40 12.2 Aiimuth, 265° 13' 

60 I I. 4 

So 12.2 

100 14.4 

120 17. 5 

140 I 17.4 

160 19.0 

180 '2). 8 

200 .!5.0 

220 15.9 

2+0 IO. 2 

260 5.5 
270 3.5 
300 3.0 

400 
' 

-16.5 

500 -21.0 

6oo -22.0 

700 --21. 0 

800 I 
-ZO.O 

900 --21. 5 
1,000 -27.0 

I, JOO -30.5 

1,200 -30.0 

'· 300 -33.0 

1,375 -36.0 

CRoss-SECTIO:'I No. 14. 

No. 45 of r887. 

0 

20 

40 

60 

8o 

100 

110 

~ 

300 

19.s /Origin: Lat. 41° 44' 22".7 

23. o I Long. 690 55' 4311.5 

15. S Azimuth, 265° 131 

15.9 

7. l 

4. 2 

3.5 
-12.0 

-22.0 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Cross-SeotionB of the Shore of Cape Cod, eto.-Continued. 

CROSS-SECT!0:-1 No. 14-Continued. 

No. 45 of 1887. 

Height 
Distance above or 

from below 
origin. 

llietres. 

400 

500 

600 

700 

800 

900 

I,000 

I, 100 

: 

n1ean 
sea-level. 

Ped. 

-25.0 

-22.5 

-20.5 

-20.0 

-22.0 

-31. 0 

-37.0 

- 36. 0 

Remarks. 

I 

I 

CROSS-SECTION '."o. 15. 

Ko. 44 of 1887. 
-------·--------- ----------------------

0 

IO 

20 

20. 3 Origin: Lat. .p 0 ++' 3211.3 

22. 6 Long. 69° 55 1 4411 .6 

19. 6 Azimuth, 265° 131 

40 

6o 

80 

100 

16.0 

16.8 

8. 5 
4.7 

110 3. 6 

200 - 9.0 

300 -20. 0 

400 -24. 0 

500 -21. 0 

6oo -19. 5 
700 -20. 5 
800 --21.0 

900 --26. 0 

1,000 -31.0 

1, 075 -34.0 

'-------------------
CROSS-SECTION No. 16. 

No. 43 of 1887. 

0 12.3 Origin: Lat. 41° 441 41 11.7 

20 i 12.9 Long. 69> 55' 48N.3 

40: 
I 

12.7 Azimuth, 265° IJ' 
6o: 15. 5 
8o 22.0 

i 

I 
.1 
:1 

CROSS-SECTION No. 16-Continued. 

No. 43 of 1887. 

Height 
Distance above or 

from below 
origin. 

Jietres. 

140 

!00 

180 

300 

400 

500 

Goo I 

700 

800 

900 

liOOO 

1,040 

mean 
sea-level. 

-----
Feet. 

15.6 

6. 5 

3.9 
-IO.O 

-16. 5 

-19.0 

-19. 5 
-21.0 

-19.0 

--24.0 

-29.0 

-30. 0 

Remark=-. 

CROSS-SECTIO=-" No. 17. 

No. o of 1887. 

I 01----------
20 : 15· 3 . 
40 16.4 

6o 16. l 

::;o 12.9 

JOO 6. 5 
120 3.9 

200 -11.0 

300 -18.5 

400 -18. 0 

500 -22.0 

600 ·-24.0 

700 i -22.5 

:: I 
-19. 5 
-23.0 

1,000 i -30.0 

I I, 050 
! 

-34.0 

Origin: Lat. 41° 44' 5011.9 

Long. 69° 55 1 46"-6 

Azimuth, 265° lJ' 

------- ------~------· 

CRoss-SECTION No. 18. 

No. 1 of 1887. 
·------------------~----

ol 

20 I 
I 

100 23.3 
120 23.2 -----------~_\ 

17.4 Origin: Lat. 41°451 0011.9. 

18. o Long. 69° 55 1 47".8 

12. 8 Azimuth, 265° 131 

13.0 
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UNITED STATES COAST AND GEODETIC SURVEY. 

Cross- Sections of the Shore of Cape Cod, etc.-Continued. 

------ ----------

CRoss-SEcno-; No. 18-Cuntinued. 

No_ I of 188i. 

Height 
Distance abore or 

from below Remarks. 
origin. n1ean 

sea-Je,·eL 

----- -------

,Jfdres. f'?N. 

So i. 0 

JOO 
'· 3 

IIO o.S 

2no -II. 0 

300 -24.0 

400 -22.0 

500 -22.0 

600 -24.c 

700 --19.0 

800 -20.0 

900 -24.0 

l,000 -27.0 

I, 100 -34.0 

--------------····-------

CROSS-SECTION No. 19. 

Xo. 2 of 1887. 

0 9.6 Origin: Lat. 41° 45 1 10''.6 

20 9.8 Long. 690 55' 5011 .6 

40 12. 7 Azimuth, 265° 13' 

6o 18. 2 

75 23.9 

JOO 13.6 

120 3· 7 
200 -- 5. 5 

300 -16.0 

400 ~ -20.0 

500 -24.0 

600 
i 

-22.0 

700 -19.0 

800 -19.0 

900 -20. 5 
1,000 -25.0 

I 

I, 100 l -31.0 

I, 150 -36.0 i 

CROSS-SECTION No. 20. 

CROSS-SECTIO;.( 

Xo. 3 of 1887. 

No. 20-Continu:~.- -----1 
_____________ ! 

Distance 
from 

origin. 

11Jetres. 

40 

60 

So 

100 

120 

140 

160 

I 75 
200 

300 

400 

500 

600 

700 

800 

900 

1,000 

I, IOO 

Height 
above or 

below 
n1can 

sea-level. 

Feet. 

12.2 

I I. 0 

IO. 2 

I I. 6 

I I. 4 

4.7 

5. I 

3. I 

5-5 
-12.0 

-20.5 

-26.5 

-26.0 

-19. 5 
-18.0 

-23.0 

--29.0 

-34.0 

Remarks. 

i Azimuth, 265° 13' 

CRoss-SEcTwN No. 21. 
··-1 

No. 4 of 1887. 

0 16. 7 Origin: Lat. 41° 45' 3011 .1 

15 20. I Long. 69° 55' 51 11.1 

20 13.0 Azimuth, 265° 131 

40 13.6 

6o 6.5 

75 3.4 

100 6. 5 
200 -17.0 

300 - 16.5 

400 -17.5 

500 -20.5 

6oo -20.0 

700 -18.0 

8oo -21.5 

j No. 3 of 1887. 900 -24.0 

1,000 -27.5 
Lat. 41° 45' 2011.4 

Long. 69° SS' 51 11.S 

I, IOO 

I, 140 

-33.5 
-34.0 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Cross-Secti-Ons of the Shore of Oape Cod, etc.-Continued. 

CRoss-SEcTION No. 22. 

No. 5 of 1887. 

Height 
Distance above or 

from below 
origin. 

llfetres. 

0 

20 

40 

60 

80 

100 

120 

140 

160 

18o 

200 

215 

300 
400 

500 
6oo 

700 

8oo 

900 
1,000 

I, 100 

mean 
sea-level. 

Feet. 

7. I 

8.5 

10.5 
12.3 

15·4 
19. I 

21. 3 

23.0 

13. 5 

13.2 

4.7 

3·3 
-18.0 

-23.0 

-18.5 

-17.0 

·-16.5 

-15.5 

-19.5 

-25.0 

-32.0 

I, 140 -35.0 i 

I 

Remarks. 

Origin: Lat. 41° 45' 3911.2 

Long. 69° 55' 5811.0 

Azimuth, 265° 131 

CROSs-SECTION No. 23. 

No. 6 of 1887. 

o' 21. 2 Origin: Lat. 41° 451 4911.0 
20 16. I Long. 69° SS' 5411·9 
40 13. 2 Azimuth, 265° 131 

6o 10, 7 

So II. I 

100 13.5 

120 5.0 
140 4.0 

150 3.4 
·200 -11.0 

300 - 9.5 
-400 -15.5 

500 -20.5 

:1 -21. s ' 
-19.0 I 

H.Ex.55--27 

CRoss-SECTION Nu. 23-Continued. 

No. 6 of 1887. 

Height 
Distance above or 

from below Remarks. 
origin. mean 

sea-level. ! 
1---·- ' --~---

:1 

lvietres. Feet. 

800 
' -19.0 

900 -24.0 ' 
1,000 -28.0 

I, 100 -3i.O 

CRoss-SECTIOI' No. 24. 

No. 7 of 1887. 

o 15. o Origin: Lat. 41° 45' 58".5 

20 ' 
i 

14. o Long. 69° 55' 03".5 

40' 9. 2 Azimuth, 265° 131 

60 6. 2 

100 6. 5 
200 -16. 0 

300 ---17.0 

400 -19. 5 
500 -21. 0 

6oo -14. 0 

700 -16. 5 

8oo -21.0 

900 -27.0 

-30.5 1,000 

1,o6o -34.0 j 

I 

CRoss-SECTION No. 25. 

No. 8 of 1887. 

0 6.9 Origin• Lat. 41° 461 08".3 

20 6. I I Long. 69° 55' 0411.3 

40 7.6 Azimuth, 265° 13' 
6o 8.1 

So 8.6 

100 9·3 
120 10.0 

140 10.8 

16o I I. 5 
18o 12.0 

200 13.6 

220 7· I 

240 3.3 

300 -10.5 

417 



 

418 UNITED STATES OOAST AND GEODETIO SURVEY. 

Cross-Sections of the Shore of Cape Cod, etc.-Continned. 

I
, CRoss-SEcTION Ko. 

No. 8 of 1887. 

25-Continued. CROSS-SECTION No. 27-Continued. 

No. IO of 1887. 

I 
I Distance 

from 
origin. 

lffetres. 

400 

500 
6oo 

700 

Boo 

900 

1,000 

I, JOO 

Height 
above or 

belo" 
1nean 

sea-level. 

-------

Fed. 

-21. I 

-17.0 

-17.0 

-16.5 

-16.0 

--19. 0 

-26.0 

-29.0 

Remarks. 

Height 
Distance above or 

from below 
origin. 

lffetres. : 

400 l 
500 I 
6oo i 

I 

700 I 
soo I 

! 
900 i 

I 
1,000 i 

! 

mean 
sea-level. 

Feet. I I 

- 1 7·7 I 
-17.0 II 

-12.0 

-18.0 I 
-25.0 i 
-29.0 I 

I 
-30.0 I 

Remarks. 

I, 200 -32.0 I CRoss-SECTJON No. 28. 

-~~~~~~~~~-i No. 11 of 1887. 

CROSS-SECTION No. 26. 

No. 9 of 1887. 

0 15.3 Origin: Lat. 41° 46' 18".5 

20 14.9 Long. 69° 551 5911·3 

40 I 9.9 Azimuth, 265° 13' 

60 i 9.0 

80 ! IO. 8 
I 

100 ! 3.5 

200 -14.5 

300 -20.0 

400 -13.5 

500 -12.5 
6oo ·-16.0 

700 -19.5 

800 -26.0 

900 -28.0 I 
1,000 -31. 5 : 

! 

CROSS-SECTION No. 27. 

No. IO of 1887. 

o[ 
20 I 

I 

40 I 
60 I 
80 I 

100 1 

I IO ! 

6. 8 i Origin: Lat. 41° 461 28".1 

6. 9 Long. 69° SS' oo'1.4 

7. 6 Azimuth, 265° 13' 

9·7 

9· 8 

3.7 
o.o 

200 I -14. s 
300 I - 17· 5 

0 
I 0.. L 4.2 ngm: at. 41° 46' 37"·7 

20 7.8 Long. 69° 55' 0411.i 
40 7. 6 Azimuth, 265° 131 

60 II, 7 

So 13.5 

100 10.9 

120 3.0 

140 - 1.4; 
150 : - 1.6 I 
200 I - 6.o I 
300 I -12.5 

400 I -12.0 

500 -17.5 
I 

6oo: 
I -21.0 

700 I -16.0 

8oo I -26.0 

goo! -28.0 

1,000 I -33.0 

CROSS-SECTIO:'I No. 29. 

:f No. 12 of 1887. 

2: I 
Origin: Lat. 41° 461 4711.6 

ii 18.0 Long. 69° 56' 0011.9 

t\ 

35 I 23· 5 Azimuth, 265° 131 

40 ! 15.2 

\1 
6o I 7.2 

j' 8o I 0.3 

go I - 1.5 
100 I - 5.5 

--------~-. -

i 

) 



 

UNITED ST.ATES COAST AND GEODETIC SURVEY. 

Cross-Sections of the Shore of Cape Cod, etc.-Continued. 

CROSS-SECTION No. 29-Continued. 

No. 12 of 1887. 

Height 
Distance above or 

from below 
origin. mean 

sea-level. 

Metres. Peet. l 
200 -IJ.O 

300 -18.0 

400 -23.0 

500 -14.5 

600 -19.0 

700 -21. 5 

800 -29.0 I 
I 

900 -36.0 

Remarks. 

CROSS-SECTJON No. 30. 

No. 13 of 1887. 

0 24. I Origin: Lat. 41° 46' 57"·3 

20 II. 6 Long. 69° 561 01 11.0 

40 I. 2 Azimuth, 265° 13'· 

100 7.0 

200 -u.o 

300 -18.5 

400 -20.0 

500 -17.0 

600 -21.0 

700 --27.0 

800 -31.0 

900 -31.0 

925 -34.0 

CROSS-SECTION No. 31. 

No. 14 of 1887. 

0 3.4 Origin: Lat. 41° 471 07".5 

20 4.6 Long. 69° 561 05 11.6 

CROSS-SECTION No. 31-Continued. 

No. 14 of 1887. 

Height 
Distance above or 

from below Remarks. 
origin. mean 

sea· level. 
I 

~.----1 
I 

,Vetres. I .Feet. 

400 -14.5 

500. 
' 

-17.0 

600 -17.5 

700 --22. 0 

800 -22. 5 
900. -30.0 

1,000 -37.0 

CROSS-SECTION ::\'o. 32. 

No. 15 of 1887. 

oi 32.2 Origin: Lat. 41° 47' 

20 30.9 Long. 69° 561 

40 II.!:\ Azimuth, 265° 131 

49 12.2 

6o 3.8 

75 2.6 

200 -11.0 

300 -10.0 

400 -18.0 

500 -20.0 

6oo: -19.0 

700 -21.0 

800 i -33.5 
I 

900 I -34.0 
' 1,000 i -3+ 0 
i 

CROSS-SECTION No. 33. 

No. 16 of 1887. 

0 23. I Origin: Lat. 41° 47 1 

1611.2 

0311.3 

25".8 

40 7.8 Azimuth, 265° 13' 20 25.2 Long. 69° 561 0411.2 

6o 13.8 38 26. 2 Azimuth, 265° 13( 

8o 28.6 40 25.8 

JOO 15.4 6o II. 8 
120 13.6 8o If. 3 

140 7.2 100 9.7 
16o - 2.2 120 o.8 

18o - 2.1 130 3. 5 
200 2. 7 200 9.0 

300 9.0 300 8.5 
-------------~ 

4:19 

; 



 

420 UNITED STATES COAST AND GEODETIC SURVEY. 

Orosa-Sections of tke Skore of Oape God, etc.-Continued. 

C1wss-SECTION No. 33-Continued. 

No. 16 of 1887. 
------~--~--~~-~--~~-

Distance 
from 

origin. 

Metres. 

400 

500 
6oo 

700 

800 I 
J 

Height 
above or 

below 
mean 

sea-level. 

Feet. 

-13. 5 
-19.0 

-18. 5 
-23.0 

-33.0 

Remarks. 

! 
i 
I 

CRoss-SEcTION No. 34. 

No. 17 of 1887. 

0 5.2 Origin: Lat. 41° 471 3511-3 
20 10.9 Long. 69° 561 08".o 

40 24.2 Azimuth, 265° 13' 

60 29.6 

80 28. I 

100 34·5 
120 I I. 5 

140 I I. I 

16o IO. 8 

172 9.8 

180 2.8 

200 - 4.5 

300 - 9.5 

400 - 9.0 

500 -16.5 

6oo --19. 5 

700 -17.5 

8oo I -22.0 

9001 -27.5 
1,000 I -34.0 

I, 050 ! -40.0 
I 

CROSS-SECTIO!\' No. 35. 
! No. 18 of 1887. 

o 20. z i Origin: Lat. 41° 471 4311.o 

20 7. 8 I Long."69° 561 16".7 
40 4. 8 j Azimuth, 2650 13' 

I 

CROSS-SECTION No. 35-Continued. 

i No. 18 of 1887. 

Height i Distance above or 
from below Remarks. 

origin. mean 
sea-level. 

----~~--

llfetres. Feet. 

6o 3.3 
So 4- 2 

100 4. 3 
120 4.0 

140 5.0 

16o 5.3 
18o 6. 2 

200 6.9 

220 8.9 i 
240 I I. 4 I 

251 8. I 

26o 6. 5 
280 - 3.0: 

300 - 3· 5 
320 - 4· I 

400 3.5 

500 6.o 

6oo 6_ 5 
700' - 9.0 

800 -19.0 

900 -21.5 

1,000 -21. 5 
I, 100 -31.0 

I, 140 1 -34.0 I 
1 · 

-------1 
CRoss-SEc"TION No. 36. i 

I
i 

No. 19 of 1887. I 

3; I 
I 

Io·. Lat. 41° 471 51 11.6 I ngm: 

- 4.0: Lj>ng. 69° 561 0511.9 

400 -16.0 ! Azimuth, 258° 521 

500 -23.0 I 
11 6oo -19.0 I 
i1 70<4 -22.0 I 
ti 

8oo -28.5 

900 -33.0 I 
ll 900 L -37.0 



 

UNITED STATES DOAST AND GEODETIC SURVEY. 421 

Gross-Sections of the Shore of Cape Vod, ete.-Colitiuueu. 

-----------------------------------

' CROSS-SECTION OVER BAR AT HARBOR ENTRANCE 
NEAR No. 36. 

Height 
Distance I above or 

from below 
origin. 

11-fetres. 

0 

20 i 

40 I 
6o ! 
So 1 

100 

120 
i 

140 i-
160 

180 

200 

220 

240 

200 

mean 
sea-level. 

Feet. 

- 2.4 

' I. 5 

- 2.9 

+ I. 9 

+ I. 9 

+ I. 0 

I. 0 

-- 2.4 

- 0.4 

- 0.5 

- 0.9 

- r.8 

- 2.4 

- 3.0 

Remarks. 

Origin: Lat. 41° 47 1 51".6 

Long. 69° 561 08". 7 
Azimuth, 263° 58' 

CRoss-SECTlllN No. 37. 

No. 20 of 1887. 

0 Origin : Lat. 41° 481 01 11.3 

240 --10.0 Long. 69° 561 0811.4 

300 --16.0 Azimuth, 258° 521 

400 -17.5 

500 -16.5 

6oo -23.0 

700 -29.0 

8oo -33.0 

9CJO -38.0 

I ~ 

11 

I --------------ii 
CROSS·SECTION OVER BAR AT HARBOR ENTRANCE JI 

NEAR No. 37. ii 
, ______________________ ii 

;1 
'I 0 - 2. o I Origin: Lat. 41° 47 1 58°.3 

2. o Long. 69° 561 13".8 

40 I. S Azimuth, 26o0 141 

00 l. 7 

CROSS-SECTIO:-< O\"ER BAR AT HARBOR ENTRANCE 
NEAR ?\o. 37-Continued. 

-·---~------------------

Height 
Distance above or 

from below 
origin mean 

! sea-level. 

-----1---
11/eires. ! 

1:1 
120 I 
140 i 
160 I 
1so I 
200 i 
220 I 

I 

Feet. 

2.0 

:z. 6 

2. I 

2. 7 i 

2.6 

2. 7 

2. 5 
2. 8 

Remarks. 

------------------------

CROSS-SECTION Xo. 38. 

No. 21 of 1887. 

I 
o! 3.4 Origin: Lat. 41° 481 0911 .6 

30 12. 2 Long. 69° 561 1911.8 

50 I0.6 Azimuth, 258° 521 

70 II. 4 

go 0.3 

IIO 0.4 

130 23.9 

150 22. I 

170 12.4 

Igo 9· I 

210 6.6 

230 4.9 

250 5.6 

270 6. 5 
285 7. 6 

300 5.8 
320 - 0.2 

340 -.I.I 

36o L 0.3 

38o - 2.2 

500 -13.0 

6oo -16.0 I 



 

422 UNITED STATES COAST AND GEODETIC SURVEY. 

Cross-Sections of the Shore of Cape Ood, etc.-Continuecl. 

CROSS-SECTION No. 38-Continued. 

No. 21 of 1887. I 
CROSS-SECTION No. 40-Continued. 

No. 23 of 1887. 
----~---------! ---- --,;--~------ -- ------

Distance 
Height 

above or 
from bel°'v Remarks. 

origin. mean 
sea-level. 

I 
Afetres. I Feet. 

700 I -13.0 i 
800 -1s.o I 
900 -25.0 I 

1,000 -30.5 I 
J, 100 I -33.0 I 
I, 150 , -35.0 I 

I 

CROSS-SECTION Ko. 39· 

No. 22 of 1887. 

I 
ol 25.4 Origin : Lat. 41° 481 2011.4 

20 I 18.1 Long. 69° 561 1311 .3 

40 16.0 Azimuth, 258° 521 

6o 7.4 

80 6.8 

92 8. 8 

104 3.4 
120 3.1 

140 - 2.8 

200 - 9.0 

300 -17.0 

400 -'-21.0 

500 -14.5 

600 -22,0 I 

i 
700 -25.5 i 
800 -31.0 I 

900 -34.0 I 
1,000 -36.0 

\. I 

CROSS-SECTION NO. 40. 

No. 23 of 1887. • 
I 

oi Origin: Lat. 41° 48' 29".8 

20 29.6 Long. 69° 56' 15".9 

25 34.8 Azimuth, 258° 52' 

40 13.8 

6o 9.5 
71 10.6 

Height 
Distance above or 

from below Remarks. 
origin. 

I 

mean 
sea-level. 

I 

./IIetres. Feet. 

86 7.6 

JOO 5.8 
120 4. 5 
135 - I.6 

200 -13.5 

300 -15.0 

400 -10.5 

500 -16.0 

6oo -22.0 

700 -25.0 

800 -29.0 

900 -33.0' 

I,000 I -36. 51 
I 

CROSS-SECTION No. 41. 

i 

0 3· o I Origin: Lat. 41° 48' 3911.2 

20 12. l ! Long. 69° 561 1911.2 
i 

Azimuth, 258° 521 40 16. o I 
6o 22. 9 I 
So 32. 21 

100 16.6 

120 8. 5 
140 10.3 

152 I 6._g 
I6o I 2.9 

170 - J,0 

200 - 7.5 
300 -14.<> 

i 
II 

I 

I 

400 -12.5 
500 -rs. 5 [ 
6oo -2l. s : 
700 -26.0 i 
8oo -29.0 

I 
900 -33.5 

1,000 -38.0 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Cross-Sections of tlte Snore of <Jape Cod, etc.-Continued. 

CRoss-SECTION No. 42. 

No. 25 of 1887. 
--~-- --~·------- -----------

Height 
! Distance above or 

from below Remarks. 
origin. mean 

j sea-level. , 

·--·--···- ---- --· ·----

CROSS-SECTJO:> Ko. 44-Conlinued. 

:Ko. 27 of 1887. 

Height 
Distance above or 

from below 
origin. mean 

sea-le\· el. 

Remarks. 

_____ i i 

11fetns. ! Feet. \ 

-~: ·--------- ------------
' 

o ----------i Origin: 

1 llfetrts.' 

Lat. 41° 48' 48".8 I 100 

Feet. 
37· 2 

40.6 60 . 

So 

100: 

120 ' 

136 : 

200 i 
300 ! 

400. 

500 
600 

700. 

800' 

900 

12. 2 

17.0 

S.z 

- I. 7 

- 0.4 i 
- 6.o: 

I 
-17.0 I 
-IO.O ! 

I 

-14.5 
-21.0 

-25,5 
-30.0 

-33. 5 

Long. 69° 5 61 2011 .8 

Azimuth, 258° 52 1 

CRoss-SECT!ON No. 43. 

No. 26 of 1887. 

0 ----------

100 41. 4 

120 12 6 

129 9· 3 
140 4.3 

160 -- 3.6 
200 - 5.5 

300 -14.5 

400 ! -13.5 

500 I -18.0 ! 

6oo -22.0 

700 -24.5 

8oo -27.5 

900 -30.0 

1,000 -34.0 

Origin: Lat. 41° 481 5811.3 

Long. 69° 561 2311.3 

Azimuth 258° 52 1 

f-
I CROSS-SECTION No. 44. ' 

No. 27 of 1887. 

o[ -0.4 Origin: Lat. 41° 491 0711.9 

20 J. 7 Long. 69° 561 2~11.7 

40 6.2 Azimuth, 258° 521 

6o 17.2 

8o 24.7 

' 

109 

120 

140 

16o 

180 

200 

300 
4co · 

500 

600 

700 

Soo 

900 

23.0: 

7.8 

9.4 

5. 0 

2. 5 
-13. 5 
-11.0 

-16.0' 

-22.0 

-24.0. 

-28.0; 

~3J.O' 

CRoss-SECTIO:> No. 45. 

No. 28 of 1887. 

I , 
1 io·· L o , " I; -----~;~~-1 rigm: L::; ~:o ~~' :~,,'-~ 

120 31. 4 \ Azimuth, 258° 52 1 

140 7. 8 : 

16o I 
18o 

195 3· 2 

300 -12. 5 

400 -14. 0 

500 -17. 5 

6oo -23. 5 i 
700 -28. 0 l 
800 -31. 0 

900 -34.0 

950 -35. 0 

CRoss-Si;;cnoN No. 46. 

No. 29 of 1887. 

0 ------·---

140 20. 9 

l6o 23. 3 

169 i 23. 2 

18o : 10. 0 
I 

Origin: Lat. 41° 491 2611.8 

Long. 69° 561 3011 .8 

Azimuth, 258° 521 

423 



 

424 UNITED STATES COAST .AND GEODETIO SURVEY 

Cross-Sectums of the Shore of Gape Cod, etc.-Continnecl. 

CROSS-SECTI0:-1 No. 46-Continued. CRoss-SECTION No. 48. I 
l\"o. 29 of 1887. 

Distance 
from 

. origin. 

31et,.es. 

200 

220 

225 

300 

400 

500 

600 

700 

8oo 

goo 

1,000 

I 
Height 

above or 
1 below 

me.::in 
sea-level. 

Feet. 

5.8 

0.7 

2. 9 

-13.0 

-Il.5 
-18.0 

-24.0 

--24. 0 

-25.5 

-30.0 

-36.0 

Remarks. 

CROSS-SECTION No. 47. 

No. 30 of 1887. 

No. 31of1887. 

-1:------H-e1-·g_h_t-------------! 

I
i, Di stance above or 

from below 
origin. 

Aletres. 

0 

120 

140 

160 

180 

200 

220 

235 

300 

400 

500 

6oo 

700 

Ii, 8oo 
11 

·mean 
sea-level. 

Feet. 

25·3 

32·4 
33.7 
8.o 

9· 1 

- 0.2 

- 4.2 

- 7.0 

-1!.0 

-17. 5 

-23.0 

-23.0 

---24. 5 

Remarks . 

Origin: Lat. 41 o 491 45N.1 

Long. 69° 56' 3511.7 
Azimuth, 258° 521 

0 5. I I Origin: Lat. 41° 491 3611.1 
goo -27.5 ,I 

-32.0 
20 7. 6 Long. 69° 561 3511.1 

40 IO. I Azimuth, 258° 521 

6o 12.2 

8o 3.2 

100 17.4 

120 20. I 

140 i 22.9 

i6o I 17.5 
I 

18o I 33.0 

191 28.3 

200 18.1 

220 9. 8 

229 10. I 

240 3· 8 i 

255 - 3.1 

300 -10.5 

400 i - 8.5 

500 -15.0 I 

600 
I 

-20.0' 

jOO -22.0 ! 
800 -27.0 i 
goo I -30.0 I 

1,000 -36.51 
I, JOO i -39.o 

1, 200 -40.0 I 
1,250 -39.o I 

i 

1,000 

I, 100 -35.0 

CROSS-SECTION NO. 49· 

1i 

1! 

II 
,/ 

No. 32 of 1887. 

0 

120 34. 5 
140 30.9 

16o I 12.0 

200 5.3 
220 - 2.9 

300 -12.0 

400 -10.5 

5o0 -19.0 

6oo -:z.3.0 

700' -22.0 

8oo i -27.0 
I 900. ·-31. 0 

1,000 ! -36.0 

I, 100 j .-40.0 

1, 200 -39.0 

Origin: Lat. 41° 491 5411·7 
Long. 69° 561 3811.1 

Azimuth, 258° 521 

il----
1 Caoss-SECTION No. 50. 

/ No. 33 of 1887. 

1

1----.,..i---1-. 6_j_o_r-ig_i_n..:..: _La_t._4_1_0_50-,-04-,-,-.2-

I 200 7 I I Long. 1.-nO 561 411'.4 ii . ~ 



 

UNITED STATES OOAST AND GEODETIC SU"RVEY. 

Cross-Sections of the Shore of Cape 0011, etc.-Coutinued. 
-- - -- ----- -----------

CRoss-SECT!UN No. 50--Continued. CRo~s-SECTIO~ No. 52. 

No. 33 of 1887. 

Distance 
from 

origin. 

Height 
above or 

below 
mean 

sea-level. 

Remarks. 

No. 35 of 1887. 

Distance 
from 

origin. 

Height 

1

1 

above or 
below 
mean 

Remarks, 

sea-level. I 
1---- ---------------- ----- ----i------------

;}ietres. 

1

1 Fe
1

et
1 

•. ~ . h B"' 
1 

,}fetres.
0 

I Feet. I _ _ _ 
40 o Az1mut , 25 52 I Ungm: Lat. .p 0 50' 22".7 

Long. 69° 56' 4511 1 6o I 12. 8 100 I 23. 4 
So 17.0 120 2~.4 i Azimuth,258° 521 

100 i 24. l 140 I 28. 3 ! 
120 I 12 5 160 I II 0 I I 

I 140 I 6.7 i 180 10.8 

16o I 9.0 200 I I. 7 i 
180 ! 27. I 210 - 2_7 

I 200 I 9.8 ! 

300 I -II. 5 
I 8. 2 ! 213 i 400 -11.5 I 

27.0 I 7. 0 
500 I -18. 5 I 

240 I - I. 7 600 -23.0 I 
I 

300 ! -10.0 700 I -25.0 

400 -10.5 
! 

800 -27.0 

500 -16.5 900 I -34.0 

6oo -22.0 9751 -38.0 I 

700 -24.0 i1 - ! 

8oo -24.0 lj 
I 

900 -29.0 CROSS-SECTION No. 53. 

l,<X>O -33.5 No. 35a of 1887. 
l, 100 -33.5 

l,200 -35.o j ! 

! 0 2.8 Origin: L'lt. 41° 501 32"'.3 
1,300 -38.0 I Long. 69° 561 4811.5 20 4.0 

CROSS·SECTION No. 51. ! i 

:/ 
40 4.2 Azimuth, 258° 521 

No. 34 of 1887. 6o 9.3 

-------- i 
'I 

0 Origin : Lat. 41° 501 13".o I 8o I I. 8 i 
100 25. o I Long. 69° 561 43".o 

I 

100 19. 6 i 
120 27.7 Azimuth, 258° 521 120 24. [ 

140 36.6 I 
!1 140 I 30.0 

16o 15. 2 

rl 

160 I 31. 3 

18o 9·7 l8o I 10.2 
I 

200 o.6 

i\ 
200 I 9.8 

210 - 2.6 220 i 0.3 

300 -12.0 

11 

300 I -10.0 
I 

400 -12.0 400 i -13.0 
I 

500 -23.0 
11 

500 I -23.0 

6oo -25.0 6oo I -24.0 

700 -26.o 700 I -26.0 

8oo --,-27.0 8oo I -29.0 

900 -29-0 ' 900 I -31. 5 
I,000 -36.0 " 

i I,000 i -34.5 
i 

425 

' 



 

426 

i 
I 
I 

UNITED STATES COAST AND GEODETIC SURVEY. 

Cross- Sections of the Shore of Oape Cod, etc.-Continn('d. 

CROSS SECTIO!'I No. 54· CROSS-SECTION No. 56. 

No. 36 of 1887. No. 38 of 1887. 

Distance 
from 
origin. 

below 
mean 

Remarks. 
Distance 

from 
origin. 1 

Remarks. 

Height I 

above or I 
sea-level. 

1 
:i 

Height 
above or 

below 
mean 

sea-]el'el. 

-------------------- Ii----- ____ , ___________ _ 
Meh'es. 

0 

20 

40 i 
: 

60 I 

So I 
I 

100 I 
120 . 

140 I 
160 I 

173 

196 

200 

300 

400 

500 

600 

700 

Boo 
I 

900 

1,000 

Feet. 

~-------

33· I 

40.7 

38. 2 

10.6 

8.4 

9.5 

- 3.2 

- 5.0 

- 9.5 
-16.0 

-21. 5 

-24.0 

-24.0 

-26.0 

-30.0 

-34.0 

. Origin: Lat. 41° 50' 41".8 

Long. 69° 56' 50''.4 

-
1 Azimuth, 258° 52' 
i 

CROSS-SECVON No. 55· 

No. 37 of 1887. 

0 37• I Origin: Lat. 41° 501 51".4 

20 20. I Long. 69° 56' 53"·4 

40 20.8 Azimuth, 258° 521 

6o 20.8 

8o 24.8 

100 30. I 

I 20 l 3r. 4 

140 IJ. I 

16o 8.2 

18o 9· 7 
200 - 2.8 

300 - 6.5 

400 -14.0 

500 -20.0 

6oo -22.5 

700 -24.5 
800 -29.0 

900 -37.0 I 
1.000 I -36.0 

I! Mtres. I 
' I 

!1 0 I 

I I 
11 20 I 

Ii 
1' 40 

Feet. • 
I 

53. 8 : Origin: Lat. 41° 51' oo".8 

49· o : Long. 69° 561 58,,.0 

47· 5 Azimuth, 258° 521 

I 60 44.3 
I 80: 39.3 I 

I 
I 

38.1 100' 
120 . 32. I 

I 
140 27. 4 

160 28.4 

180 I I. 4 : 

210 - o.8 i 
300 -12.0 1, 

400 -10.01 
500 =::: ! 6oo 

700 - 25·5 
8oo --28. o I 

! 900 -32.0 I . 
I 

I 

i CROSS-SECTION No. 57. 
I No. 39 of 1887. i 

i al I 57.0 Origin: Lat. 41° 51' 10".o 
I 
' 20 6o.5 Long. 69° 561 0411.2 

I! 

40 6o.8 Azimuth, 258° 52' 

6o 64.7 

ii 8o 66.2 

Ii 100 63. 6 
i 120 55.5 

140 54.8 
' 

I: 16o 47· 2 
18o 38.2 

200 42.6 

220 44.4 

240 IO 5 
26o lO. r 

i 2s5 I - 1.6 

300 - 1.5 

400 - 7.5 
500 -15.0 

6oo -22.0 
~ 

• i 700 -23.5 I 

.. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

OnHJB·Sections of the Shore of Cape Gad, etc.-Continued. 

CRoss-SECTION No. 57-Continuerl. 

No. 39 of 1887. 

Distance 
from 

origin. 

Height 
above or 

below 
mean 

sea-level. 

Remarks. 

CRoss-SEcno:; No. 6o. 

:\'o. r of 1888. 

. Height 
Distance I above or 

Remarks. from I below 
origin. mean 

1 

sea-level. 

---------------------1----l ______ j_.~----------
I I I 

Jl.Jetrts. Feet. 

8oo -25.0 

900 -26. 5 
1,000 -28.0 I 

I 

1, JOO -3o.5 I 

I 

CRoss-SECTION No. 58. 

No. 40 of 1887. 

o[ 55.o Origin : Lat. 4I 0 51' r9".9 

20 58.0 Long. 6')0 571 0411.2 

40 66.8 Azimuth, 258° 521 

60 5r. 4 
8o 45·4 

JOO 42.6 

120 42.4 

140 13.3 

160 13.8 

18o 5-7 

200 I - 1.3 

300 - 5.0 

400 - 13. 5 
500 -23.5 

6oo -25.0 

700 -25.0 I 
800 -28.0 I 
<JOO -33.0 I 

CROSS-SECTION No. 59· 

No. 41 of 1887. 

0 

20 

40 

6o 

65 

90 
200 

300 

400 

500 
6oo 

700 

8oo 

27.6 

26.9 

22.2 

22.2 

13.7 

o. 2 

-11.0 

-17.0 

-25.0 

-26.0 

-25.0 

-28.0 

Origin: Lat. 41° 51' 30,,.0 

Long. 69° 571 03,,,4 

Azimuth, 258° 521 

• 

I 11/etres. I Feet. 1 

oi 
26 I 

I 
45 I 
48 

73 
So 

88 

II7 
200 

300 

400 

500 

6oo 

700 
800 

900 
r,ooo 

No. 3 of r888. 

ol 
20 I 
40' 
6o I 

941 
95 ' I 

100 I 
I 

119 I 
200 I 

300 I 
400 I 

Origin: Lat. 41° 5r' 38".6 

Long. 69° 57' 0611 .3 

Azimuth, 256° 58 1 

Foot of Nausett Center L. H. 

Bluff station. 

63. 3 Edge of bluff. 

13. 5 Foot of bluff. 

10. 9 . Beach station. 

9. z Crest of beach. 

2. I 

8.o 

-15.0 

-24.0 

--22.0 

-25.0 

-29.0 

-33.0 
-38.0 1 

-42.0' 

CRoss-SEcTION No. 6I. 

I 
6J. 81 Origin: Lat. 41°511 471':8 

70. 8 i Long. 69° 57' 1011.0 

Sr. 7 I Azimuth, 257° 03' 

84. 9 I Bluff station. 

9. 31 Foot of bluff. 

9. 8 I Crest of beach. 

7. 6 j Beach station. 

2.0 I 
8.o 

-12.0 

-21.0 

500 -22.5 

6oo -21.0 

I,000 

r,050 

-26.0 

-29.0 

-34.0 

-40.0 

-40.0 

427 

-35.0 
L-~~--'-~---'--~-~-~---·~---~------~--~1------~~---~ 



 

428 UNITED STATES COAST AND GEODETIC SURVEY. 

Cross Sections of the Shore of Cape Cod, etc.-Continued. 

CROSS-SECTION No. 62. 

>lo. 5 of 1888. 

Height 
Distance above or 

from below 
origin. mean 

sea-level. 

Remarks. 

CROSS-SECTION No. 64. 

Ko. g of 1888. 

Height 
Distance above or 

from below 
origin. mean 

sea-level. 

.Re!!larks. 

----·-----·------------ ----- ;------- -------------
3.ldres. Feet. 

0 

20 

40 

60 

59. 9 · Origin: Lat. 41° 511 5711 .0 

73. o : Long. 69° 571 13"·3 

77. o I Azimuth, 257° 041 

I 
8x. 4 i Bluff station. 

91 12. 7 Foot of l1luff. 

IIO I2. o Beach station. 

n9 1 10. o Crest of beach. 

143 - I. 3 

200 - 7.0 

300 -10.5 

400 -21. 0 

500 I -22,0 

600 -20.0 

700 -24. 0 

800 -29.0 

900 -34.0 

l,000 --3&.o 

CROSS-SECTION No. 63. 

No. 7 of 1888. 

i 
Lat. 0 76. 1 I Origin: 41° 521 0611.8 

20 n. s I Long. 69° 571 1611.7 

40 So.8 Azimuth, 256° 13' 

6o 83.6 Bluff station. 

102 14.6 Foot of bluff. 

103 9.8 Crest of beach. 

IIO 7.7 
131 - 2.3 

200 - 4.5 

300 -14.5 

400 -22.0 

500 -22.5 

600 -22.5 

:1 -26.0 

-30.0 
I 

900 I -36.5 

925 I ·-38.5 

JV.letres. Fut. 

0 73· 4 i Origin : Lat. 
I 

41° 521 1611.0 

20 75. 51 Long. 69° 571 1911.8 

40 79. 2 Azimuth, 256° 061 

60 84. 4 1 At bluff station. 

92 1). 4 I At foot of blnff. 

IIO II. 51 At beach station. 

119 9. 5 At crest of beach. 

140 - 4·3 
200 - 6.o 

300 -10.0 

400 -20.0 

500 -24.0 

600 -22.0 

700 -27.0 

Soo -29.5 

900 --33.0 

l,000 -38.0 

CROSS-SECTION No. 65. 

No. II of 1888. 

oi 73.9 Origin : Lat. 410 52' 25".5 
I 

72. I Long. 69° 57' 2311.7 20 

40 71. 9 Azimuth, 256° 10" 

6o 74.4 
8o 7~.2 At bluff station. 

117 15. 7 At foot of bluff. 

129 JI. 5 At beach station. 

142 9.8 At crest of beach. 

164 - 1.6 

200 - 4.5 

300 - 9.0 

400 -20.0 

500 -22.5 

6oo -23.0 

700 -25.0 

8oo -28.0 

• F, -36.0 

975 I -40.0 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Cross-Sections of the Sh-0re of Cape Cod, etc.-Continuert. 

CROSS-SECTION No. 66. 

No. 13 of 1888. 

No. 15 of 1888. 

o I 69. 7 Origin: Lat. 41° 521 44".1 

20 70. 4 ; Long. 69° 57 1 29".5 

40 

6o 

8o 

72. 7 i Azimuth, 256° 10' 

77.2 
77. 5 At bluff station. 

u8 22. o At foot of bluff and beach sta-

tion. 

123 9· 7 At crest of beach. 

154 -0.9 

200 - 5.5 
300 - 8.o 

400 -18.0 

500 -19.0 

6oo -:11.5 
700 -23.5 

I 
I 

I 
\· 

CROSS·SECTllJ1' No. 67-Continue<l. 

Ko. 15 of 1888. 

Height 
Distance above or 

from below Remark,. 
origin. mean 

sea-level. 

-----· 
_,Jfdres. Feet. 

800 -33. 0 

900 -34. 5 
J,000 -37. 5 
I, 020 -39.0 

CRoss-SECTIOl' No. 68. 

Ko. 17 of 1888. 

0 

• 20 

40 

60 

8o 

100 

120 

158 

220 

300. 

400 

500: 

600 

700 

800' 

900' 
1,000 

I 
I, 050 

67. I 

66.2 

68.z 

70.6 

66.4 

66.5 

66.3 

14. 6 

- 4.0. 

- 6.o l 
-17. 5 
-20.0 

-20.0 

-22. 0 

-28. 5 i 
I 

-34.0 ! 
-36. 5 
-40.5 

Origin: Lat. 41° 521 53 11 .2 

Long. 69° 57 1 3411.6 

Azimuth, 256° 14' 

At bluff station. 

At beach station. 

CRoss-St:cnoN No. 69. 

No. 19 of 1888. 

I 
0: 64.8 Origin: Lat. 41° 53' 03 11

.1 

20 I 65.2 Long. 69° 57 1 37"· 5 
40 I 

I 
65.S Azimuth, 256° 101 

60 I 65.6 

8o I 65.8 

100 I 74.4 
120 : 6g.6 At bluff station. 

:\ 8.2 At beach station. 

- 5.5 
I 
' 

429 



 

430 UNITED STATES COAST AND GEODETIC SURVEY. 

Cross Sections of the Shore of Oape Ood, etc.-Continued. 

CROSS·SECTJO!' No. 6g-Continued. 

No. 19 of 1888. 

Height 
Distance above or 

from below Remarks. 
origin. mean 

sea-level. 

CROSS·SECTIO::<: :)'o. 71-Continued. 

1 Xo: 23 of 1888. 

Height 
Distance above or 

from below 
origin. n1ean 

sea-level. 

Remarks. 

, ____ ----~------------ ---- ,---~~-- _] ____________ , 
I 

.ilfctrcs. 
Feet. I 

300 - 9.0 

400: -14. 5 

500 -22.5 

6oo -19.0 

700 I -22.0 

800 -28.0 

900 -33.5 

1,000 -38.5 

CROSS-SECTIO::<: NO. 70. • 
No. 21 of 1888. 

ol 
20 I 

70.9 Origin: Lat. 41° 53' 1211.5 

74.2 Long. 69° 571 4011 .o 

40 69.6 Azimuth, 256° 071 

6o 69. I 

8o 68. I 

100 62.4 At bluff station. 

132 12. 2 At foot of bluff. 

146 11. 7 At beach station. 

157 9.6 At crest of beach. 

181 - I. 8 
200 - 5.0 

300 - 8.o 

400 -19.5 

500 -27.0 

6oo -20.5 

700 -22.0 

800 -2;.o 

900 -33.0 
1,000 -36.0 

1, 040 -39.o 
. I 

CROSS-SECTIO:" No. 71. 

1 No. 23 of 1888. 
---·--------------~------

o ~ 61. 7 Origin: Lat. 41° 531 21".8 

20 i 57. 7 Long. 690 57' 44".5 
I 

40 57. I Azimuth, 256° oo' 

6o 55· 4 

80 59. 7 

• 

! 

I 
I 

.I 

11 

'I 
ii 
11 

11 

I 

I 
I 
I 
I 

3.letres. Feet . 

100 

120 

63.0 

63.4 

to.6 

160 : 5. 4 

At bluff station. 

At foot of bluff. 

170 ' At beach station. 

172 -0.5 

200 i - 6.o 

300 -IO.O 

400 -15.0 

500 

6oo 

700 

800 

900' 
920 . 

-22.0 

-21.0 

-23.0 

-28.5 

-36.0 l 
-37.0 

CRoss-SECTION No. 72. 

No. 25 of 1888. 

0 49.8 
20 50. 2 

40 51. 5 
6o 52.6 

80 52.5 
100 52.8 

120 54.2 

140 54.6 
16o

0 

55. 5 
187 10. 2 : 

201 8.7 

207 i· 5 
223 - 0.7 

300 - 8.o 

400 - 9.0 

500 -19.0 

6oo -20.0 

700 -22.0 

800 -25.0 -900 -30.0 

l,000 -37.0_ 
1,020 -38.0 

Origin: Lat. 41° 53' 3011.9 

Long. 69° 571 49".o 

Azimuth, 256° 031 

At bluff station. 

At foot of blulf. 

At beach station. 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Cross-Seetions of the Shore of Cape Cod, etc.:.._Continned. 

CKOSS-SECTION No. 73· 

No. 27 of 1888. 

Height 
Distance above or 

from below Rt marks. 
origin. 

llietres. 

0 

20 

40 
6o 

80 

JOO 

120 

140 

160 

191 

2II 

220 

241 

300 

400 

500 
6oo 

700 

8bo 

900 

I,000 I 
1,020 

mean 
sea-level. 

Feet. 

58. 5 : 
58. 9 i 
58.6 

58.4 

57.8 

56.5 

55·4 
54.6 

53.6 

13.3 

II. 4 

9·5 
- 0.9 

- 6.5 
-13.0 

-20.5 
-21.0 

-20.5 

-25.0 

-29.5 

-36.0 

-38.0 

Origin: Lat. 41° 531 39".9 

Long. 69° 57 1 52".7 

Azimuth, 253° 391 

At bluff station. 

At foot of bluff. 

At beach station. 

CROSS·SECTlON No. 74. 

No. 29 of 1888. 

o 57. 3 ( Origin: Lat. 41° 53' 49'".2 

20 S4· 7 j Long. 69° 57' 56"'.1 

40 

60 

8o 
IOO 

120 

140 

16o 

190 
210 

224 

300 

400 

51. 2 \ Azimuth, 253° 34' 

54- 1 \ 

48.9 I 
51. 2 I 
53. 61' 
55- 2 

56. 3 , At bluff station. 

12. 7 : At foot of bluff. 

8. 5 i At beach station. 
_ 2.0 I 
- 8.o I 
-Io.o_I 

CRoss:SECTJON No. 74-Continue<l. 

No. 29 of 1888. 

Height 
Distance above or 

from below 
origin. 

llletns. 

500 ! 

6oo 

700 

800 

900 
I, 000 

mean 
sea-In el. 

Fed. 

-20.0 

-21.5 

-20.0 

-24. 5 

-33.0 

-38. 5 

Remarks. 

CROSS-SECTI01' No. 75. 

No. 31 of 1888. 

0 43.2 Origin: Lat. 41° 531 58".4 
20 42.4 Long. ~o 58' 00".7 

40 42.6 Azimuth, 253° 351 

60. 43.7 
So 44,9 

100 45.3 
120 45.0 

140 44.2 
16o 43.2 
180 42.5 At bluff station. 

203 10.3 At foot of bluff. 

213 4.j At crest of beach. 

223 ; 0. I 

225 At beach station. 

300 - 8.5 

400. - 9.0. 

500' -19.0 
600: -21.0 

700; -21.0 

800 -24.0 

900 -30.0 

1,000 -33.0 

I, JOO --39. 5 

'I CROSS·SECTION No. ;6. 
11 No. 33 of 1888. 
11 ----~-- ,,,_, ____ ,,. 

ii o 50. I i ~rigin: Lat. 41° 54' 07".5 

Long. 691 581 o6".3 :.I 20 50. 6 
40 50. I Azimuth, 253° 201 

~-----------_, ______________ .;.... ____________________ ·-· 

431 



 

.432 UNITED STATES COAST AND GEODETIC SURVEY. 

Cross-Sectioiis of the Sh<n·e of Cape Cod, etc.-Continued. 

CRoss-SECTION No. 77-Continued. 

No. 35 0f 1888. I
. - CROSS-SECTION No. 76-Continue<l. 

No. 33 of 1888. 

I Height 
Distance above or 

. Height , 
' Distance above or 1 

from below Remarks. 
origin. mean 

seal-eve!. 

I from , below j Remarks. 
,. ong1n. ! mean i 
•

1

1 i sea-level. i 

I ' ,----i----1-----------
• I 

Aletres. Feet. 

60; 49.0 

80: 47.7 
100 47.4 
120 47.5 

140 48.0 

16o 48.5 

18o 50.4 

200 50.6 

220 50. 4 I At bluff station. 

256 15. l · ·At foot of bluff. 

267 5.8 

271 At beach station. 

279 o.8 

300 

400 -12.0 

500 -14.0 

6oo -23.0 

700 -22.5 

8oo -22.0 

900 -26.0 

1,000 '. -33.0 

I, JOO, -38.0 

CRoss-SEcTION Xo. 77. 

No. 35 of 1888. 

01 48. 4 ! Origin : Lat. 41° 541 1711.1 
20 48.0 Long. 69° 581 1011.5 

40 48.6 Azimuth, 253° 43' 

6o 48.7 
fo 49· I 

100 48.8 

120 49· l 

140 49.6 

16o 49.6 

18o 50.7 

200 50.9 . 
220 51. 2 At bluff station. 

276 8.1 

283 At beach station. 

.tfetres. I Feet. 

ii 

300 I - 6.o 

100 - 8.o 

500 -14. 5 

Ii 
600 -22.5 

700 -24. 5 

Ii 8oo -23. 5 

11 
900 i -26.5 

J,000 i -31.0 
I 

I I, 100 I -37.0 

(: 
I, 130 i -39.5 

I 

CROSS-SECTION No. 78. 

· No. 37 of 1888. 

ol 

:: I 
6o 1 

I 

80 I 
JOO I 

120 I 
140 I 
I6o I 
18o i 
200 I 
220 

250 I 
272 I 

2781 
28o I 
305 

400 

500 
6oo 

700 

8oo 

900 
1,000 

1, 100 

i 
I . . 

53· 3 I ~ngm: Lat. 41° 541 26".2 

54- 9 Long. 69° 581 1011.5 

55. 4 ! Azimuth, 253° 321 

55. I I 
55. o I 
55.6 

56. 0 II 

56. l 

56. 3 I 
56.41 

s6. 2 I 
55. 9 I' At bluff station. 
11. 3 At foot of bluff. 

II. 31 
l I. 3 

1 
At crest of beach. 

---- ---- ' At beach station. 

- 2.1 

- 8.o 

-14.0 

-23.5 
-24.5 
-24-5 
-26.0 

-J.2.0 

-40.0 



 

UNITED STATES CO.A.ST AND GEODETIC SURVEY. 

Oi·oss-Sectwns of the Shore of Gape Cod, etc.-continued. 

J CRoss-SEcTION No . .79· 

I No. 39 of 1888. 1--- ---
: Height 

Distance ' above or 
from below Remarks. 

origin. 

.IYietres •• 

0 

20 

40 

6o 

So 

100 

120 

140 i 
16o 

l8o 

200 

220 

254 

279 

285 

322 

400 

500 

6oo 

700 

8oo 

900 
1,000 

I, 100 

mean 
sea-level. 

-·------

Feet . 

67.7 

68.4 

68.9 

67.3 

63.5 

5S. 5 I 

63.4 

59.0 

59.4 
60.8 

61. s 
62.2 

II. S 

I I. 3 
II. 8 

- 2.9 

- 7.0 

-17.0 

-23.0 

-23. 5. 

-23.0 

-27.0 

-33.o 
-38.0 

Origin: Lat. 41° 541 35n.5 

Long. 69° 581 17".6 

Azimuth, 253° 341 

At bluff station. 

At foot of bluff. 

At beach station. 

At crest of beach. 

CRoss-SEcTION No. So. 

No. 41 of 1888. 

0 

20 
' 40 

6o 

8o 

100 

75· 71 Origin: Lat. 41° 54' 4511.S 
70. 3 Long.69° 581 1511.4 
68. S Azimuth, 253° 431 

67.9 

67.3 

66.2 
65. o At bluff station. 

6. 6 At beach station. 

- 6.o 

-12.5 
-14-0 

-22.0 

-23.0 

H. Ex.55-28 

CROSS-SECTION Ko. So-Continued. 

ii No. 41 of 1888. 

Height 
Distance above or 

from below Remarks. 
origin. mean 

sea-level. 

:-·----: 

lrfetres. I Feet. 

700 ! -24. 5 I 
800 i -29.0 

900 
I -37.0 
I 

95° i 
-39.0 

CROSS-SECTION :Ko. 81. 

No. 42 of 1888. 
----~-------------- -------

! 
oi 

6o I 
100. o ' Origin: Lat. 41° 54' 49"-5 

85. s Long. 69° 581 21 11.6 

So i 84. 8 Azimuth, 253° 341 

100 I 84. s · 
120 I 
140 I 

16o \ 

18o I 
200 i 
242 i 
245 I 
2481 
280 

300 

400 

500 

6oo 

700 

800 

S4. 3 

S4.o i 
84. 2 ; 

84. 0 i 

S2. 9 ; At bluff station. 

12. r At foot of bluff. 

12. o i At beach statiot,. 

1 I. r · At crest of beach. 

2. l 

- 6.o 

- 7.0: 

-17.0 I 
-22.5 

-22. 5 

--25. s 
900 --30. Q I 

1,000 -35.0 i 
I, 075 -40.0 I 

! I, ------

1

1 CROSS-SECTION No. 82. 

' Ko. 43 of 1888. 

0 

20 

S6.2 

85.6 

Origin : Lat. 41° 541 5411• 9 

Long. 69° 581 =411 -5 

40 

6o 
So 

100 

120 

78. 2 1 Azimuth, 253° 34' 

7S.9 
77.6 
78. I 

78. I • 

433 



 

434 UNITED STATES COAST AND GEODETIC SURVEY. 

Oross-Sections of the Shore. of Oape Ood, etc.-continued. 

I 
CROSS-SECTION No. 82-C~:t~n~:d.----,i CROSS-SECTION No. 83-Continued. 

11 : No. 43 of 1888. No. 44 of r888. 

Distance 
from 

origin. 

Height I 
above or I Remarks. 

i' 

ii 
Distance 

from 
origin. 

I 
I 

' Height i 

above or 
below RellUlrks. 
mean 

sea-level. se;~f =~~]. I 
--------j----------- :!-~ --- ·- I 

frfetres. 

140 

160 

180 I 

i 
Feet. I 

1s. 6 I 
79· 7 I 
So. 71 
81. 9 i 
82. 5 ! At bluff station. 

.1 

:I 

'I 
11 

I 
I ,, 

,1Jetres. Feet. ! 
700 -19.0_ 

800 -20. 5 
900 -27.0 

1,000 -32.5 

J, 100 -38.0 
I 

200 

220 

26o 12. 6 ! At beach station and foot of bluff. 
I 

1--------'- ----~ 
' 293 i 

300 

400 

500 

6oo 

700 

- 1.5 I 

- 6.o I 

-11.0 

-13.0 

-23.0 

-22.0 

8oo I -23. 0 I 

I 
I 

900: -30.0 l 
1,000 I -36. s i 
l,o3o I -39.0 I 

---'---------i 
I 

CRoss·SEcTION No. 83. 

\i

i ;; ! ;;.- ; 

6o i 83. I 
I 

80 I 85. 2 

100 I 86. 2 

120 87. 5 
140 i 87. 6 

16o ·. 88. 4 

180 

Origin, at summit: 

Lat. 41° 54' 59".o 

Long. 69° 581 28".1 

Azimuth, 253° 27' 

CRoss-SECTl ON No. 84. 
No. 45 of 1888. 

0 52. 3 i Origin: Lat. 41° SY 0511.1 

20 57. l Long. 69° 581 23 11.5 
I 

40: 58.8 Azimuth, 253° 27' 

60 61. 6 

8o 64. 3 

100 65.6 At bluff station. 

119 II. l At foot of bluff. 

129 10.6 

149 -------- At beach station. 

169 12. I At crest of beach. 

181 - I. 7 

200 - 5.0 

. 300 - 9.5 

400 -16.5 

500 -21.5 

600 -20.0 

700 -24.0 

8oo -30.0 

900 -340 

935, -36.0 
I I 

CROSS-SECTION No. 85. 

No. 46 of 1888. 

' 

" 

I 

. 
l 200 

220 

240 

26o 

292 

302 

350 

400 i 
500 \ 
6oo 

88.8 

89.2 

89.0 

89.7 
89.2 At bluff station, 2: I 

82. 5 I 
79. s I 

Origin: Lat. .p0 55' 0811.7 .,j 
Long. 6g0 58' 30".4 ,, 

1 I. 6 

- 5.0 
- 9.0 

-11.0 

-17.0 ! 

At foot of bluff. 

At beach station. 

40 

6o 

8o 

100 

120 

140 

76.7 Azimuth, 253° 27' 

68.9 

65.2 
I ----~;~; I 

68.6 I 
i 



 

UNITED STATES COAST AND GEODETIC SURVEY. 435 

Cross Sections of the Shore of Gape God, etc.-Continueu. 

----- -- --- ------- -- -- ------------- -- - --- ------------
I 

CRoss-SECTIO;,/ ~O. 85-Continued. I 

No. 46 of 1888. 

1 CROSS-SECTION ~O. 87. 

! No. 48 of 1888. 

I Height 

I 
Distance above or 

from I below Remarks. 
origin. ! mean I 

I sea-level. I 
I ! 

11-~istance -i a~o~i~h;r 
11 from below Remorh. 
:1 origin. mezn 
:I sea-level. 

i 
ilfetres. • j Feet. 

:: I 
68.6 

66.2 

200 64.7 

i 
,lfdres. I Feet. 

o! 51.4 Origin: Lat. 41° 55' 1811.5 

20 I 58.3 Long. 69° 58' 3211 .5 

40 58.4 Azimuth, 253° 27 1 

220 64.5 At bluff station. 60 57-5 

245 -------- At foot of bluff. 80 59.7 

250 I0.4 At beach station. 100 61.6 

300 I I. 0 120 62. I 

400 I - 4.0 140 62.8 

soo I -17.0 16o 64.0 At bluff station. 

600 I -22.0 

700: -21.5 I 

800 I -23.0 ! 

180 12. 6 : At foot of bluff. 

r99 -------- I At beach station. 

270 - 6.o I 
900 I -27.5 

I 1,000 I -32.5 

I, 050 -37.0 
I 

300 - 7.5 \ 
400 -q.51 
500 -23.5 

6oo ~z5.o I 

CROSS-SECTION No. 86. 700 -22.5 i 
No. 47 of 1888. 

0 82.6 I Origin: Lat. 41° 55' 1311.3 
20 86.o Long .. 69° 58' 3211. I 

800 ________ I 

900 I -30.5 I 
1,000 - -37.0 -

40 85.4 Azimuth, 253° 27 1 CROSS-SECTION No. 88. . 
6o Sg. 7 No. 49 of 1888. 

80 89.2 
100 89.3 0 63.3 Origin : Lat. 41° 55' 21 11.8 

120 90· 2 20 6o.8 Long. 69° 581 39"-5 
140 91.0 40 57.8 Azimuth, 253° 31 1 

16o 92.2 
18o -- 92. 7 

6o 57-7 i 
• 8o 61. 0 

200 92.7 At bluff station. 

236 II. I At foot of bluff. 

239 JO.O 

100 63.7 

120 52.6 

249 IO. 8 At crest of beach and beach 140 52.0 

station. 16o 45.5 

28o - 2.8 18o 43·5 

JOO - 5.0 200 42.9 
400 -10.0 220 41. 7 
500 -19.0 
6oo -24.0 
700 -23.0 
8oo -24.0 

240 44- I 

26o 37· I 
28o 35. 3 At bluff station. 

900 -28.0 295 II. 9 At foot of bluff. 

1,000 -33.o 305 II. 2 

r,020 -34.5 
--

- 3091 9.4 At crest of beach. 

- -----~~-·---



 

436 UNITED STATES OOAST AND GEODETIC SURVEY. 

Oross-Seetions of the Shore of Cape Cod, eto.-Oontinned. 

CRoss-SECTJON No. SS-Continued. I' CRoss-SECTios No. 90-Continued. 

_is_·_o_. 4_9_o_r_1_88_8_. _______________ 1
1 

•• !.·_N_· _o_. s_1_of_1_s_ss_. ______________ _ 

Height Height 
Distance above or II Distance auove or 

from below Remarks. I' from below Remarks. 
origin. 

325 

357 

400 

500 

600 

800 

1,000 

I, 100 

mean 
sea-level. 

ii lJrigin. mean 
sea-level. 

----------------!!---- ----------------
M 
ii Feet. 

At beach station. 

- 1.4 

- 8.o 

-13.0 

-23.0 

-25.0 

-23.5 

-25.0 
-28.0 

-35.5 

120 

140 

16o 

180 

200 

Feet. 

79.9 
75· I 

66. 5 

64.2 

67.9 
68.8 

66. 7 1 At bluff station. 

I 2. 9 At foot of bluff. 

268 Ir. 9 At beach station. 

271 I 1. 8 At crest of beach. 

296 I - I. 3 I 

CROSS-SECTION Ko. 89. 

! No. 50 of 1888. 

300 

400 j 

- 5.5 

- 8.o 

:[ 
I 
I 

:1 

oi 
I 20: 

40 ! 

71. 7 Origin: Lat. 41° 55' 27".5 ii 

65. 2 
1 

Long. 69° 58' 36".5 ' 

58. 3 1 Azimuth, 253° 20' 

·I 

:1 
.1 

'/ 

i 
! 

So! 
I 

100 I 
I 

120 I 

55·9 

53· I 

42.1 

16o I 
I 

190 i 
~ I 

44. 8 At bluff station. 

I 2. 7 : At foot of bluff. 

210 

300 

400 

500 
6oo 

700 

8oo 

-10.0 

-12.0 

-23.0 

-27.5 
-24.5 

-25.0 

900 -28.0 

1,000 ! -34.5 
I, 050 ! ·· -36. 0 I 

At beach station. 

j CRoss-SEcTioN No. 90. 

1

1 No. 51 2ooof 18~8_. -9-1-. 3---0rigin: Lat. 410 55' 31".7 

85. 9 Long. 69° 58' 4o"'.4 
40 83. I Azimuth, 253° 251 

:I 6o 
86.o 

Ir 
1' 

I
I',',.', 

1 i 

ii 
ii 
i 

500 
600: 

700: 
800 I 

900 
I 

1,000 I 

-19.0 

-24.5 

-26.5 

-24.0 

-27.0 

-31.0 

-36.0 1.030 I 
-'-----------------

CRoss-SEcTioN Ko. 91. 

N'o. 52 of J 888. 

-~----~~-

0 

20 

40 

6o 

8o 

JOO 

120 

140 
J6o 

18o 

218 

238 

300 

400 

500 ! 

00, I 
700 I 

I 

89. 6 i Origin: Lat. 41° 55' 36".1 
' 85. 9 : Long. 69° 58' 41".o 

87. 8 I Azimuth, 253° 25 1 

84. 7 ! 
78.5 
73·3 

72 ·7 
69.6 

71. 7 

69 · 3 At bluff station. 

At foot of bluff. 

1 1 · 6 I At beach station. 

- 5.0' 
-11.5 

-22.5 

-26.5 

-25.5 



 

L"NITED 8TATES OOAST AND GEODETIC SURVEY. 

Cross-Sections of the Shore of Cape Cod, etc.-Continued. 

CROSS-SECTION Xo. 91-Continue<l. 

No. 52 of 1888. 

Height 
Distance above or 

from below i Remarks. 
origin. mean 

I 
! sea-level. 
I 

-------I 

1Uetres. 
I 

I't:d. I 800 --24.0 I 

I 
900 -27.5 

1,000 I -34.0 ! 

CROSS-SECTION ::'lo. 92. 

C\o. 53 of 1888. 

o 52. I Origin: Lat. 41° 55 1 4011.8 

20 55. 9 Long. 69° 581 43 11.o 

40 39. 9 Azimuth, 253° 201 

60 54.0 

So 50. 6 

100 43· 9 

\ 120 37, 3 

140 30. 4 

100 28. 8 

CROSS-SECTION .:'\o. 93-Conhnued. 

Xo. 55 of 1888. 

Height 
Distance above or 

from he low 
origin. 

..Jf(_:trc:.s. 

102 

122 

159 i 
164: 

· 183 

184 : 

206 

300 

400 

500 
600 

700 

800 

900 
1,000 

1,050 

1nean 
sea-level. 

.F'et/, 

49.2 

47.9 

13.3 

14. 8 

13.0 

12. 21 
I. 4 

- 6.o I 
- 7.0 I 
-15.0 i 

-21. 0 

-22.5 

-23.5 

-27.0 

-33.0 i 
-35.0 j 

Hemarks. 

At bluff station. 

At foot of bluff. 

At beach station. 

437 

18o 22.9 -------- ------------1 
200 

217 

219 

25. 2 At bluff station. 

14. o At foot of bluff. 

13. 6 

229 12. 0 

239 At beach station. 

279 - 1.6 

300 - 6.o 

400 

.. 500 

6oo 

700 

8oo 

goo 

98o 

-10.5 

-22.0 

-24.5 
-24.5 
-25.5 

-30.0 

-35.5 
, ____ ----~----· ------------
1 

I C&oss-SECTioN No. 93. 

I Ko. SS of 1888. 
1-----,------1------------

0 

2 

58.6 

57.8 

Origin: Lat. 41° SS' 4911 .6 

Long. 69° 581 4811.6 

22 51. 6 Azimuth, 251~ 351 

42 50.9 

62 46. 8 
82 51. 8 

ii 

CROSS-SECTION No. 94· 

No. 57 of 1888. 

-- ------·--- - ---------~---

0 66, I Origin: Lat. 41° 55 1 5811.7 
20 76.3 Long. 69° 581 52 11.7 
40 63.3 Azimuth, 250° 071 
6o 67. 0 I 

8o 66.4 

100 64.8 

120 6z. I 

140 62. I 

16o 71. 0 

18o 79.9 
200 89.3 
220 83.2 At bluff station. 

275 15. I At foot of bluff. 

278 14.4 At beach station. 

299 13.0 At crest of beach. 

323 - 2.7 

400 - 8.o 

500 -13.5 
6oo -20.0 

700 --19. 5 i 



 

438 UNITED STATES OOAST AND GEODETIC SURVEY. 

Gross-Sections nf the Shore of Oape Ooil, etc.-continued. 

CROSS-SECTION No. 94-Conlinued. 

No. 57 of 1888. 

Distance 
from 

origin. 

Height 
above or 

below 
mean 

sea-level. 

Remarks. 

CROSS-SECTION Ko. 96-Continued. 

~o. 61 of 1888. 

Distance 
from 

origin. 

Height 
above or 

below 
mean 

sea-level. 

Remarks. 

I 
--1 

I 

<11etres. '. 

8oo I 
900 I 

1,000 I 
I, o6o ! 

-22.0 

-28.5 

-34.5 

I CRoss-SECTIO:< ::\'o. 95. 

I No. 59 of 1888. 

0 

20 

40 

6o 

80 

100 

120 

140 

16o 

x8o 

200 

247 

255 

285 

300 
400 i 

500 I 

6oo 

700' 

800. 

C)OO 

I,000 j 
! 

I, 025 

i 
87. o / Origin: Lat. 41° 56' 08"4 

83. 3 i Long. 69° 58' 561 .o 

70. 6 i Azimuth, 250° 02' 

6o.31 
56. 2 I 
52. 8 ! 
54.5 ! 
64.91 

64.9 I 
65.4' 
53. 8 i At bluff station. 

19. 4 j At beach station and foot of bluff. 

16. 7 i At crest of beach. 

- 3.8 I 
I 

- 6.o \ 
I 

- 9.5 
-16.0 

-19.0 

-21.5 

-23.5 

-30.5 
--37. 5 . I 
-39.0 i 

~---·-----------------------

CROSS-SECTJO;-; No. 96. 

No. 61 of 1888. 

0 88.6 Origin: Lat. 41° 56' 16".9 
20 91.6 Long. 69° 59' orP.2 

40 90· I Azimuth, 250° 02' 

6o 79· 7 
8o 79·9 

100 83.2 

!! 

Afetres. Feet. 

120 80.3 

140 87.3 
16o 83.0 
180 78.1 

200 88.6 At bluff station. 

244 II. 8 At foot of bluff and beach sta-

ti on. 
2 55 9.6 At crest of beach. 

299 -- 1.0 

400 - 7.0 i 
500 -20.0 I 

600 -is 5 I • ! 
700 -20.51 
800 -23.0 I 

900 
I 

-2s.5 I 
1,000 -34.5 I 
r,025 -38.0 J 

I 

CRoss-SECTION No. 97. 
No. 63 of 1888. 

0 

20 

40 

6o 

8o 

100 

120 

140 

16o 

18o 

200 

238 

244 

249 

2s3 I 
300 I 
325 I 

400 

500 
6oo 

III. 3 

107.3 

103.2 

97. I 

93.9 

93.7 

91. 5 
84.2 

82.9 

72.8 

66. 7 

13. I 

II, 6 

II. 8 

0.4 

- .5.0 

- 9. s 
- 20.5 

- 23.0 I 

Origin: Lat. 41° 56' 25 11.9 

Long. 69° 59' 04".4 

Azimuth, 248° 35' 

At bluff' station. 

At foot of bluff. 

At beach station. 

At crest of beach. 

. 



 

UNITED STATES COAST AND GEODETIC SURVEY 

OroiS-Sectwns of tke Shore of Cape Cod, etc.-continned. 

1 
CROSs-SECTIO!" No. 97-Continued. 

No. 63 of 1888. 
·1-------
, I 

·I Distance ! a~oe~~~r 
; from I below 
) origin. 

1

1 mean 
sea-level. 

Remarks. 

CROSS-SECTION No. 99-Continued. 

No. 67 of 1888. 

Height 
Distance above or 

from below Ren1arks. 
origin. mean 

sea-level. 

---·~---!-------------
fi.letres. i 

700 ! 

:: I 
1,000 I 

I 
1, 100 I 

I 

.!-(et. 

- 21.0 i 
i 

- 22.0 I 

- 25.0 I 
I 

- 30.0 i 
- 38.5 i 

CRoss-SECTION No. 98. 

No. 65 of 1888. 

01 130.0 Origin: Lat. 41° 56' 35n.3 

20 i 114. I Long. 69° 591 0911.5 

40 I 104.7 Azimuth, 247° 001 

6o 95.4' 
80 85.5 

JOO 78.2 

120 70. 5 

140 72.9 

16o 79.7 
180 80.4 

200 75· 2 At bluff station. 

235 I I. I At foot of bluff. 

250 12. I At beach station. 

28o 0.9 

300 6.o 

400 15.0 

500 - 27.5 
600 - 27.5 

700 - 22.0 

8oo - 23.5 

900 - 29.5 
1,000 - 39.5 

CRoss-SECTION No. 99. 

No. 67 of 1888. 

0 

20 

.- 40 

6o 

88. I 

86.6 

82. 7 
79.0 

I Origin: Lat. 41° 561 44n.7 
I 
I Long. 6g0 591 lo'1 .2 

Azimuth, 247° oo' 

.11.ldres. Feet . 

120 73.7 

140 68.3 At bluff station. 

167 18.6 At foot of bluff 

187 At beach station. . 
192 I 15.2 At crest of beach. 

217 - 2.3 

300 - 7.5 

400' - 8.5 

500 -20.0 

600 -25.0 

100 I -28. 5 
I 

soo I -23.0 

900 ! -24.5 

1,000 I - 29.5 

1,050 -37.0. 
I 

CROSS-SECTION No. 100. 

i 
I 
i 
I 

1' 

tf 

I 

I 

Ko. 69 of 1888. 

0 

20 

40 

6o 

8o 

123 
200 

300 
400 

500 
6oo 

700 
800 

900 
1,000 

69. 2 / 

75. 41 
82.3 

81. 5 I 

87.0 

15. 9 

- 7.5 
-10.5 
-18.5 

-24. 5 
-23.5 

-23.5 
-24.0 

-31.0 

-35. s I 

Origin: Lat. 41° 561 5411.2 

Long. 69° 59' 14". 7 

Azimuth, 249° 40' 

At bluff station. 

At foot of bluff. 

j CROSS-SECTIOK No. IOOYz. 

I 
I No. 70 of 1888. 
I- --,----------------

I ~------- ! Lat. 41° 56' S9"·S 
8o .19· I 

100 74.2 

! o I Io8. 9 \ Origin at bluff station: 

-'------'--------'-i ~~~~~~~: ! 
Long. 6g0 59' 14''.4 

Azimuth, 246° 55 1 

439 
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I 

GNITED STATES COAST AND GEODETIC SURVEY. 

Cross-Sections of tlte Shore of Cape Cod, etc.·-Continue<l. 

CROSS-SECTION 1'o. 100 J.f-Continued. CROSS-SECTION No. 102-Continued. 

No. 70 of 1888. ! No. 73 of 1888. 
----~---------------- ii----~---

Height 
Distance above or 

from below 
origin. 

llietres. 

51 

100 

200 

300 

400 

500 
6oo 

700 

mean 
sea level. 

Feet. 

10. 7 

- 5.0 

- 7.q 

-17.0 

-21. 0 

-21. 0 

-23. 5 
-28.0 

Remarks. 

At beach station. 

Soo -35· 0 

860 --37. s ! 

CROSS-SECT!0:-1 No. IOI. 

No. 71 of 1888. 

0 

20 

40 

6o 

8o 

64.8 

69. l 

74.2 

81. 3 
85.8 

100 85. 2 

120 i 85. 2 

I
: Origin: _Lat. 41° 57 1 0211.9 

Long. 69° 591 21 11.6 

· Azimuth, 246° 091 

r6o 12. 2 At foot of bluff. 

162 IJ. 4 \ At beach station. 

168 11. o ' At crest of beach. 

198 - o.6 

Height 
Distance above or 

from below 
origin. mean 

sea-level. 

,vetres. Feet. 

40 4.8 

60 4.8 

70 3.3 

bO 4.6 

100 4.7 

II8 5.0 
120 7.8 

140 21. 7 
160 35.8 

180 40. 2 

200 43·3 
:zzo 43· 5 
244 II. 6 

246 10.9 

259 9.6 

284 - I.I 

300 - 6.o 

400 - 9· 5 

500 -21. 5 
6oo -22.0 

700 -21. 5 
8oo -23. 5 

900 -30. 5 
I, 000 --36. 5 
1,020 -38. 5 

Remarks. 

\Vater surface of bog. 

At edge of cranberry bog. 

At bluff station. 

At foot of bluff. 

At beach station. 

At crest of beaca. 

300 

400 

500 
6 

- 8.o 

-19. 5 

-20.5 
:1 CRoss-SECTION No. 

ii No. 75 of 1888. 

103. 

00 -20. 5 
700 -23.0 I 0 95·3 

i o·. rigm: Lat. 41° 571 1811.1 
800 -26.5 20 92.8 Long. 69° 591 4011.0 

• 

900 -34. 5 40 89. 6 Azimuth, 246° 091 

95° -37.5 6o 85.3 
-- ~----

i 
So 90.3 

CROSS· SECTION' No. 102. I. 100 95· 3 
No. 7 3 of 1888. I' 120 90·4 

i 
81.9 

i \ 
140 

0 II. I l Origin: Lat. 41" 571 1011.7 I 16o 8o. 2 
I. 

-------- .. ____ ,.. -- I Long. 69° 59' 30".1 i 18o 84.4 
-------- ----~ ---- i Azimuth, 246° og' ! 200 81. 7 

I At edge of cranberry bog. 
! 

20 4· 7 i 220 81. 4 
i . 
'· 

---

I 
I 
I 
! 
i r ,, 
'· 



 

UNITED STATES CO.A.ST AND GEODETIC SURVEY. 

Cross-Sections of the Shore of Cape Cod, etc.-continued. 

~---------------------------------

CROSS-SECTION No. 103-Continued. C1wss-SECT10:-< No. 105. 

No. 75 of 1888. No. 79 of 1888. 

Height 
Distance above or 

·1-------
lj 
!I Height 

from below Remarks. Remarks. 
origin. 

j __ _ 

mean 
sea-level. 1

1

111. D}~~~ce a~r~,~r 
origin. mean 

·---------II _____ s_e_a--le_v_el_. -------- ----
.ll:letres. 

240 

26o 

28o 

300 
320 

356 

360 

I,000 

I. 100 

I, ISO I 
! 

81. 2 

86.o 

86.5 
82.8 

7 4. o i At biuff station. 

15. 5 ! 
8. o i At foot of bluff and beach sta-

t tion. 

- 3.4 

- 6.5 

- 9.5 

-14.01 
-24.0

1

. 

-23.5 

-24.51 
-29.0 

-34 0 

-38:51 
I 

CROSS-SECTION No. 104. 

No. 77 of I888. 

.. 

i 84. 2 ' Origin: Lat. 41° 571 3011.2 

88. 9 Long. 69° 591 3511·7 
40 94. 2 Azimuth, 246° 10' 

6o IOO. 7 At bluff station. 

u6 11. 7 At foot of bluff. • 

120 IO. 7 At beach station. 

I:tz IO. 8 At crest of beach. 

I50 

200 

0.2 

5.5 
12. 5 

I9-5 

500 - 20.5 

6oo - 21. 5 
700 ·- 26_ 5 
8oo -·32.5 

88o - 38. 5 

11 Metres. I 
·I o ! 

I :: I 
I 6o I 

lj I: I 
' 120 ! 

I! 140 i 
Ii 160 i 

1

1

1

1 

ISO I 
200 i 

II ~ 
II 

300. 

!I 400 i 
500 ! 

'I 6oo 

1,000 

Feet. 

93.9 

95.9 

98.5 

99·3 
100.0 

107. I 

107.6 

104,8 

94·5 
95.8 
96.0 

9.6 

Origin: Lat. 41° 57' 39".8 

Long. 69° 591 46". I 

Azimuth, 246° 101 

At bluff station. 

At foot of bluff. 

7. 4 At beach station. 

1.2J 
6. 5 j· 

10-5 

I7- o I 
- 20.0·1 

=:::;I 
- 27.0 I 
- 34.5 I 

CRoss-SECTio:-> No. 106. I 
No. 81 of I888. I 
11----.-------

33.0 /Origin: Lat. 41° 57 1 4511.7 Ii 

IOO 

I20 

140 

I6o I 
18o' 

=I 

32. 7 Long. 69° 59' 52114 

29. 1 l Azimuth, 244° 38' ! 
20.0 I . 

:~::I 
27.2 

34.8 

45.1 

47.8 

47.5 

45.6 
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UNITED STATES 00.A.ST .A.ND GEODETIC SURVEY. 

Gross-Sections of the Shore of Cape Cod, etc.-continued. 

1' 

/ CROSS-SECTION No. 106-Continued. II CRoss-SECTION No. rn8. 

I No. 81 of 1888. 1:, No. 85 of 1888. 

1------H-ei_g_h_t -------------

1

1:-----
1
-H-ei_g_h_t-.------------

'

j Distance above or ·,: Distance : above or 
from below Remarks. : from i below Remarks. 

origin. mean : origin. / mean 
, sea-level. I: . sea-level. 

1Vetres. Feet. 

240 43. I At bluff station. 

263 I I. 9 At foot of bluff. 

272 IO. 8 .At beach station. 

277 10. 9 At crest of beach. 

297 2. 5 
400 - 5.0 I 

500 i -12. 5 i 
6oo' --lg. 5 I 

700 i -21.0 

soo 1 -23.5 

900' -28.0 

1,000 i -35. 5 

1,020 I -37.5 

I 1--
1 fifetre;. : 

: 0 ! 

i 

20 

40 

6o 

So 

100 

120 

140 

16o 

180 

200 

220 

240 

Feet. ·1-
26. 2 II Origin: Lat. 41° 581 0311 .0 

31. 7 I Long. 70° 001 0511 .1 

34. 2 \ Azimuth, 243° 541 

35. 41 
25.8 

26. 7 ! 

28.4 

32. s 
27. 7 

28.5 

27.9 

22.2 At bluff station. 
' I ! I ----· I 

272 12.2 At foot of bluff. 

CRoss-SECTIOX No. 107. i 297 11. 0 At crest of beach. 
I i ! No. 83 of 1888. i 300 8.8 At beach station. 

I 

01 
I I 

315 2. 5 
27. 6 i Origin: Lat. 41° 57 1 5511

.0 400 - 5.0 
I 

18 21. 8 I Long. 69° 591 56".4 500 -14.5 

38 15. 6 I Azimuth, 242° 301 6oo -23.5 

58 IO. 5 I 700 - 23·5 

78 6.9 8oo -~-0 . 
98 6.o goo -27.5 

II8 6: I 1,000 -33.5 . 
138 7.0 I I 1,050 -36.0 

158 
I 

10.7 

178 13.3 CROSS-SECTION No. IO<). 

198 18. 5 At bluff station. No. 87 of 1888. 
203 14.0 At foot of bluff. 

At crest of beach. 
]1 I Origin: Lat. 41° 581 1311.7 205 14.7 01 52 ·5 

230 3.3 20 62.8 Long. 70° oo' 0411.5 

235 
___ .., ____ 

At beach station. 40 68.2 Azimuth, 243° 54' 

250 - 4.5 6o 7r. 0 

300 - 8.5 So 71. 2 At bluff station. 

I 400 - 9.5 III 16. 2 

500 -13.5 I 113 II. 9 At foot of bluff and crest of 
i 6oo -22.5 beach. 

' ' 
/ 700 -22.0 141 0.5 At beach station. 

I 8oo -24.5 200 -9.5 

.I 
900 -30.5 300 -11.5 
950 -35.5 400 I -16.0 I 



 

'! 

I 
I 
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UNITED STATES COAST AND GEODETIC SURVEY. 

Cross-Seations of the Shore of Cape Cod, etc.-continued. 

CROSS-SECTION No. I09-Continued. CROSS·SECTIO:'i No. I I I-Continued. 

No. 87 of 1888. No. 91 of 1888. 

Distance 
from 

origin. 

\ Height 
I above or 
! below 
I mean 
1 sea-level. 

,• 

Remarks. 
Distance 

from 
origin. 

Metres. ,. 

500 

6oo I 

Fett. 1-----------!I· ----\ 
! I.' ,~fetres. i 

-24.0 I 100 

-25.o I i 120 

28 I I 140 1 - .o . i~I 

=~::~I I 18o I 
' I 215 I 

~:11 
875 

CRoss-SECTioN No. 110. 11 220 I 

No. 89 of 1888. [
1 

2'0 I 
-----,--------------------!. ., I 

0 57.2 

20 47.0 

40 43·7 

- 60 30.7 

So 40.7 

JOO 44· 7 
I20 46.4 

I40 51. 3 
t6o 50.3 

I8o 47.8 

200 52 • 7 

' 
Origin: Lat. 41° 581 2011.8 ' 

! 
Long. 70° 001 1511.6 I 

Azimuth, 243° 54' ' ' 

I• 

Ii 

I 

242 

300 I 
400 

I 
500 I 
6oo I 

I 
700 I 

800 ! 

900 I 
1,000 I 

Height 
above or 

below 
mean 

sea-level. 

Feet. 

IOO. 8 

90.6 

91. 3 

91. 7 i 

Remarks. 

83. 3 ! At bluff station. 

16. 4 At foot of bluff. 

13. 8 At crest of beach. 

8. 9 At beach station 

I. 0 

8.o 

8.o 

Il. 5 
I9. 5 

- 23.0 I 

- 24.01' 

- 2 7•5 I 

- 33.5 ! 
I 

CROSS-SECTION No. II2. 

53.6 At bluff station. 
I 

220 Ko. 93 of 1888. 

247 15.5 At foot of bluff. 

252 14. 1 At crest of beach. 

277 7.9 At beach station. 

z8g 2.4 

300 -- 7.5 
400 -- 7;0 

500 -I4.o 

6oo -23.0 

700 -23.5 

8oo -27.5 

900 -31.0 

1,000 -34.0 
!#'.. 

CRoss-SEcr10N No. III. 

No. 9I of 1888. 

0 102.0 Origin: Lat. 41° 581 30".o 

20 112.0 Long. 70° 001 19".5 

40 115. I Azimuth, 243° 48' 

6o 115.0 

So 1o8.3 

I 

i 
:i 

Cl 

'i I· 
1! ,I 

!\ 
" •I ,, 
ii n 
:I 

" :t 

11 
•I 
1! 

ii 

II 
! 

: 
:• 

o! 
I 

20 I 
40 I 
6o I 
8o ! 

:: I! 

140 
16o i 
180 I 
200 I 
247 : 

249 \ 
. 250 I 

277 
300 

400 

500 
6oo 

I 

II 5- 31 Origin: Lat. 4I 0 581 38".4 

129. 3 Long. 70° 001 2511.9 

134. I I Azimuth, 243° SI' 
130.2 

121. s I 
102. o I 
I 16. I I 
107. 6 I 

I 
105. 2 I 
103. 4 I 
102. o 1 At bluff station. 

I 3. 4 j At foot of bluff. 

13. 4 i At beach station. 

13. 41 At crest of beach . 

1.91 

I~:~ i 
11. 5 l 
19. s j 

-- 23.0 i 

443 



 

444 UNITED STATES COAST AND GEODETIC SURVEY. 

Cros1<1-Sections of tlte Shore of Cape God, etc.-continued. 

CROSS·SECTJO:\ :\o. l 12-Contim:ed. 

C\o. 93 of 1888. 

Height 
Distance above or 

from below 
origin. 

ilietrts. 

8oo 

900 

l,000 

l,oso I 
I 

mean 
sea-level. 1 

. Feet. I 
I 

- 23. 5 I I 
- 2 5· 5 I 
- 31. o I 

I 
- 33.0 i 

Remarks. 

CRoss-SECTJON No. u3. 

No. 95 of 1888. 

0 

20 

91. 21 Origin: Lat. 41° 58' 47".o 

98. 3 Long. 70° oo' 3011 .7 
I 

40 

6o 

80 

98. I I Azimuth, 243° 511 

103.0 I 

106.9 

100 115.9 

120 116.0 

122.8 

125.3 

140 

100 

18o 

238 

l 27. 8 At bluff station. 

13. 1 I At foot of Liu ff and beach station. 

249 lJ. o At crest of beach. 

278 o. 5 
300 4. 5 

400 9. 5 I 
500 - 20.0 

6oo - 22 .. 5 

700 - 22. s 
8oo - 26.5 

900 - 31.0 

980 - 33. s I 
I 

CRoss·SEcT10N No. u4. 

No. 97 of 1888. 

o/ 79.2 Origin: Lat. 41 o 58' 56N.4 
I 

Long. 70° oo' 3511.2 

:: I 
74.4 

66.4 Azimuth, 243° sot 
6o I 58.2 I 
8o ! 61. 8 

100 I 62.2 

120 61.8 

140 I 62.8 

··----------------- --
1 

1/ CROSS·SECTION 

'! ::'fo. 97 cf 1888. 

'!" 
I Distance 

I o~~::. 
! 
I 

'·-----

Llfelres . 

160 

192 

204 

226 

- i 300 

400 

500 

6oo 

700 

800 

900 

Height 
above or 

below 
mean 

sea-level. 

.Feet. 

68.6 

14.2 

12. 5 

o. 3 

- 7.0 

- 9.5 

-19.0 

-25. 5 

-2+0 

-28.5 

-34.0 

Nu. 114-Continued. 

Remarks. 

At bluff station. 

At foot of bluff and beachstation. 

At crest of beach. 

CROSS-SECTION No. n5. 

1 No. 99 of 1888. 
'I 

II I 

0 142.8 i Origin: Lat. 41° 591 0311 .0 

20 138.8 Long. 70° 001 4711.6 

40 136.6 Azimuth, 243° 001 

6o 129. 5 
80 127.8 

100 125.8 

120 132. 3 

140 138.0 

16o 138. 5 
180 142. 9 I 
200 146. 5 
220 140.4 

240 131.4 

26o 125. l 

2So n9. 9 

11 
300 129.5 At bluff station. 

j, 362 12. 5 At foot of bluff. 

11 367 11.0 At beach station. 

11 383 II. 9 A;jfrest of beach. 

I! 
402 0.4 

500 - 6.o 

II 
6oo - 16.0 

700 - 21.0 

Ii 8oo - 2l.0 

I. 
goo -· 23.5 

Ii 1,000 - 31.5 

L-~~~~-1 - 35.0 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Cross-Sections of the Shore of Gape Cod, etc.-continned. 

CRoss-SECTION No. 116. 

No. IOI of 1888. 

CROSS-SECTION No. I 17-Continued. 

i No. 103 of 1888. 

Distance II 
from 

origin. 

Height 
above or 

below 
mean 

sea-level. 

Remarks. 

I ____ ~~~~~~~-

-- 1ifetres.

0 

I 

20 

Feet. 

150. 3 

154-3 

Origin: Lat. 41° 59' 12"-9 

Long. 70° oo' 49"-7 

40 

60: 

' 

156. 3 Azimuth, 241° 561 

157· 2 

Soi 161. I 

100; 161. 2 

120 164. 3 

140 162. 7 

16o 153. 2 

200 

26o 

263 

150. 3 

144· 6 i 

138.4 

IO. 6 

9.4 

295 I. 3 
400 7.0 

500 14. 0 

6oo 21. 5 

700 22.0 

8oo 25. 5 

900 31.o 

I, 000 35· 5 

At bluff station. 

At foot of bluff. 

At beach station and crest of · 

beach. 

CRoss-S&cnoN No. 117. 

No. rn3 of 1888. 

I 
o\ 142.5 

20 I 147. 8 

40 I 
I 

150. I 

6o I 149.0 

8o i 145· I 

100 I 146.9 
! 

150.4 120 

140 146.5 

205 9.8 

300 I 5.5 
400 i u.o 
500 I 17.5 

6oo I 23.0 

700 I 25.0 

Origin: Lat. 41° 59' 22"4 

Lo~g. 70° oo' 5311·7 
Azimuth, 241° 561 

At bluff station. 

At beach station. 

Distance 
from 

origin. 

,lfetres. 

Height 
abm·e or 

below 
n1ean 

sea-level. 

Feet. 

28.5 

35.0 

Remarks. 

----- -·-- ---- ----

CROSS-SECTIO:-\ C\o. 118. 

?\'o. 105 of 1888. 

0 u3.4 
I 

Origin: Lat. 410 59' 31".1 

20 109· 3 l l.oug. 70° oo' 57"-4 

40 109.8 ' Azimuth, 241 ° 5 5' 

60 IIO.O 

So 102.5 

100 91. 6 

120 79.6 At bluff station. 

151 12.0 At foot of bluff. 

156 12 0 At beach station and crest of 

beach. 

191 o.8 

200 4.0 ... 
300 9·5 

400 21. 5 i 

500 24.5 

6oo 23. 0 

700 26.5 

800 33·5 

'JOO 37·5 

CROSS-SECTJO:); l\o. I 19 

No. 107 of 1888. 

0 46. o I Origin: Lat. 41° 59' 39".1 

5 36.7 Long. 70° o 1 1 06". 1 

25 23.0 Azimuth, 24i 0 56' 

45 23.0 

6s I 
I 

23.0 ! 
85 ! 23.0 

I 

105 I 27.8 I 
125 I 43.0 I 

145 
I 

52.0 

165 51.4 
I I 
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UNITED ST.A.TES CO.A.ST AND GEODETIC SURVEY. 

Cross-St!ctioiis of the Shore of Cape Cod, etc.-continued. 

CROSS-SECTION JS"o. I 19-Continue<l. /; CROSS-SECTION No. 120-Continued. 
I 

No. 107 of 1888. ------~ If _N_· ·_o_. _109 __ o_f_1_S_8_3_. --------------t 

Distance 
from 

origin. 

Height 
above or 

below 
mean 

sea-level. 

Remarks. 

" 

1

11'1 Distance 
from 

1 

origin. 

Height 
above or 

below 
mean 

sea-level. 

Remarks 

i1'/etres. __ fi_t_e-t.--------------1-,~fetres.-
Feet. 

--21. 5 185 59. 3 At bluff station. 1

11 208 13. 5 At foot of bluff. 800 -21. 5 
2II 1 I. 8 At beach station. 

236 13. o At crest of beach. 

258 0. 5 

300 - 4. 5 
-13.5 

-20.5 

6oo -22.0 j 
I 

700 -24.5 

800 -29.0 

920 -33.5 

-------- -

CRoss-SECTION No. 120. 

No. 109 of 1888. 

I 

0 I Origin: Lat. 41° 591 45".1 37· 4 I 
10 33· I I Long. 70° 01' 18".8 

30 31. 0 Azimuth, 241° 56' 

50 3o.9 

70 26.8 

90 18.4 

110 14.4 

130 14-4 

150 22. 2 

170 28.1 

190 36.2 

210 45.2 

230 54.0 

250 61. 7 
270 68. 3 

290 69.9 

310 82. 9 

33° 86.4 

350 76.6 At bluff station. 

384 15.0 At foot of bluff and beach station. 

4o6 10.7 At crest of beach. 

423 1. 5 

500 - 7.5 
6oo -14.0 

! 

1,000 

1,040: 

-24.5 

-33.5 

-33.5 

,, CROSS·SECTI0::-1 No. 121. 

1, No III of 1888 
··--

I 

0 5. 6 i Origin: Lat. 41° 59' ss".8 
20 4.0 I Long. 70° 01' 19".5 

40 6.9 Azimuth, 239° 221 

6o 12. 8 

I 
So. 21.8 

100 36.6 
I 
I 120 55.3 

140 6o.4 i 
16o 63. 6 I 
180 63. 4 

200 55·7 . At bluff station. 

231 13.5 i At foot of bluff. 

236 12.4 ! At beach station. 

242 u. 8 At crest of beach. 

263 I 2.2 

300 - 7.0 

400 - 13· 5 
500 -21.5 

6oo -21. s I 
700 -22.) I 
800 -26.o I I .. 
900 I -33·5 

Clloss-SECTION No. 122. 

No. 113 of 1888. 
--

0 4.7 Origin: Lat. 42° oo' 04".4 

20 6.o Long. 70° 01 1 26".o 

40 ZI. 9 Azimuth, 239° 051 

6o 42.7 

8o 
' 

5+9 I 



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Cross· Sections of the Shore of Cape Cod, etc.-continned. 

CROSS·SECTION Ko. 122-Continue<l. 

No. Il3 of 1888. 

(ROSS-SECTION !' o. 124. 
:1 
I ~ O. 11 7 of I 888. 

Height 
Djstance above or 

from below Remarks. 

- !Ir Distance 

from I origin. 

----1----------1i----· 

origin. mean 
sea· level. 

\I .Metres . 

I 
0 

.llfetres. Fett. 

IOO 53· I 
120 47.0 

I 
140 43.9 
I6o 46.7 

180 43.7 
200 36.7 At bluff station. 

230 5.9 At beach station. 

300 - 7.7 

400 -II. 7 

500 -20. 2 

6oo -22. 7 

700 -22. 7 

Boo -24.7 

96o -32. 7 

950 -33.7 I 
i! 

1--------------------li 
1' 

CRoss-SECTJON No. 123. Ii 
No. u5 of 1888. i\ 
1---.,.----...,---------~1, 

::, II 7 3· 3 j Origin: Lat. 42° oo' 12" .z \l 

-~ 66. 7 Long. 70° or' 3311.5 ' 

40 63. 2 Azimuth, 239° 181 

6o 

8o 

100 

72.6 

73· l 

. 71. 0 

20 

40 

6o 

80 

100 

120 

140 

r6o 

T8o 

200 

262 

271 

284 

296 

300 

400 

500 

6oo 

700 

8oo 

goo 

98o 

Height 
above or 

below 
mean 

sea-level. i 

Feet. 

Remarks. 

46. 6 Origin: Lat. 42° oo' 2011.2 

65. o · Long. 70° 01 1 4011.7 

82. 4 : Azimuth, 239° 201 

97.8 

rq.8 

122.2 

125. l 

126.8 

126.9 

126.2 

130.8 At bluff station. 

13·3 At foot of oluff. 

10.3 At beach station. 

I0.6 At crest of beach. 

2.2 

7. 5 

7. 0 

- 21.0 

- 24.5 
- 23.5 

- 23.5 

- 28.5 

- 31. 5 

CROSS-SECTION No. 125. 

120 72.8 No. rr9 of 1888. 
140 79.6 

i 

I6o 82.5 

18o 95· l 

0 81. I I Origin : Lat. 42° oo' 2911 . 2 

20 72.8 Long. 70° 01 1 46''.2 

200 101. o I At bluff station. 

• 252 l.2. 8 At foot of bluff. 

40 64. s Azimuth, 239° 20' 

6o 57.6 

255 10.6 At beach station. 8o 55.8 

265 10.2 At crest of beach. 100 51. 6 

276 2.3 120 52. 2 

300 I 5. 0 

400 I 7.5 

500 \ 19· 5 
6oo - 26.5 
700 - 23. 5 

140 52.7 
16o 51.3 
180 46. 7 
200 34.7 At bluff station. 

Boo - 23.0 
·goo - 28.0 

975 - 30.5 

235 I 13.5 At foot of bluff. 

2391 12. 0 At beach station. 

254 ' rr. 7 ! At crest. of beach. 
i 
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-448 UNITED STATES OOA.ST AND GEODETIC SURVEY. 
... 

Cross-8ections of the Shore of Oape Cod, etc.-Continued. 

.------------------- -- ---- -- --------;-c-------------------------. 
CROSS- SECTION No. 125-Continued. 

No_ II9 of 1888. 

J)istance 
from 

origin. 

/J.:fetres. 

272 

300 

400 

500 
600 

700 

Boo 
900 

I,000 

Height 
above or 

below 
inean 

sea-Je,·el. 

Feet. I 
3· 4 I 

! 
- 5·5: 

-13.5 I 
-2r. s I 
-23.5 l 
-21. 5 ! 
-24.51 
-'-JO.O ! 
-34.0 i 

Remarks. 

CROSS·SKCTION No. 126. 

No. 121 of 1888. 

0 

20 

40 

6o 

80 

123. I 

123.8 

117. 6 

116. 2 

120.4 

IOO 121. I 

120 119. 3 

140 u5. 6 
16o 115. 5 
18o 123. 6 

Origin: Lat. 42° oo-' 37 11.2 

Long. 70° Ol' 53".8 

Azimuth, 239° 201 

200 I 33. J At bluff station. 

268 15. 2 At foot of bluff and beach sta-

tion. 

277 13. 3 At crest of beach. 

3°5 3.6 
400' 8. 0 

500: 16.0 

6oo 19. 0 

700 : 19. 5 

8oo 22.0 

900 28. 5 
1,000 I - 34· o 

CROSS-SECTION No. 127. 

No. 123 of 1888. 

0 

15 

50 

95. 6 Origin: Lat. 42° oo' 45" .4 

102. 8 Long. 70° 021 00".5 

102. 6 Azimuth, 240° 42' 

CROSS-SECTION No. 127-Continued. 

No. 123 of 1888. 

Height 
Distance above or 

from below 
origin. 

,Vetres. 

67 

89 
i 

110 ! 

143 I 

160 f 

180 

200 

mean 
sea-lt:vel. 

Feet. 

IOI. 6 

97.6 

lo6. 6 

II9. 2 

130.6 

124.3 
126. 8 

17. 4 

12.3 

Remarks. 

At bluff station. 

At beach station. 

At foot of bluff. 

12. 3 At crest of beach. 

0.8 I 

7.0 

16. 5 
20.5 

19.5 

22. 5 
- ::9.0 

l,000 - 35· 5 

CROSS-SECTION No. 128. 

No. 125 of 1888. 

0 

5 
IO 

16o. I 

158. 6 

149.6 

143.7 
139· ~ 
125.9 

102.6 

Origin: Lat. 42° oo' 53".3 

Long. 70° 02' o6".6 

Azimuth, 237° 38' 

40 

6o 

8o 

100 

120 84. I 

140 86.o 

160 95-3 
18o 100. 8 

200 93. 4 At bluff station. 

17. 7 

• 

235 

240 11. S At foot of bluff and crest of 

beach. 

0.3 
2.C 

At beach station. 

------- ----- ------------------------'-------------



 

UNITED STATES COAST AND GEODETIC SURVEY. 

Oross· Seeti<>ns of the Shore of Cape Ood, etc.-Continued. 

CROSS-SECTION No. I 28-Continued. \ CRoss-SECT!O:>I Nu. 130-Continued. 

No. 125 of 1888. I· Ko. 129 of I888. 
--1'-------------. 

Height 
Distance above or 

from below 
origin. 

JVIetreJ. 

400 

500 

6oo 

700 
800 

900 

r,ooo 

mean 
sea-level. 

Feat. 

I I. 5 

19· 5 
25.0 

23.5 

21. 5 
26.5 

38.5 

Remarks. 

! 

CROSS-SECTION No. 129. 

Ko. 127 of 1888. 

0 150.9 Origin: Lat. 42° 01 1 01 1 '.0 

IO 154.7 Long. 70° 021 15".2 

30 156.7 Azimuth, 235° 20 1 

50 157. 4 

83 158.5 

I20 158.4 

140 160.7 

I60 160.4 

180 159·5 
200 151. 3 At bluff station. 

265 ! I I. j At foot of bluff. 

276 I 12. 7 At beach station. 

278 
12. 81 At crest of beach. 

303 ]. 4 

400 7· 5 I 

500 1 1. s I 
600 ! 23. 0 I 

I 

700 i - 22.0 I 
• 8oo I - 23· 5 I 

1,:1 

-- 35· o I 
- 35· s I 
CROSS-SECTION No. 130. 

No. 129 of 1888. 

0 48.8 Origin: Lat. 42° m' og''.6 

:20 52. 9 Long. 70° 021 21".6 

40 52. 6 Azimuth, 235° 20' 

6o 53.6 

8o 55.o 

B. Ex.55-29 

' 

1: 

Ji 
·' 
II 

[! 
,I 
11 

11 

'I 
11 

!I 
i 

i 

I 
I 

I 
I ,, 

ii 
" iJ 

Distance 
from 

origin. 

Heiglit 
above or 

below 
mean 

sea-le,·el. 
I
ll 

Remarks. 

~~~~-!-~~~-!~~~~~~~~-~~~-

?rfetres. Fett. 

100 57.9 
120 61. 9 

140 67. 5 
160 78.6 
I80 80.4 

200 80.3 At bluff station. 

249 I3. 5 At beach station and foot of bluff 

280 o.6 

300 - 4.5 

400 - 6.o 

500 -16.5 

600 -23.0 

700 -22. 5 
800 -21. s 
900 -28. 5 

I, 000 --36. 5 

I, 050 -37.5 

CROSS-SECTIO'.'I .Ko. 131. 

No. IJI of 1888. 

0 

6 

46 

66 

86 

106 

126 

146 

208 

210 

239 

300 

400 

500 
600 

700 

8oo 

900 

975 

148. l 

144. 6 

133.5 

133·9 

139·4 

141. 4 

144. 2 

137. 2 

13.4 

IJ.4 

0.9 

8.o 

12. 0 

- 21.0 

- 22.0 

-- 21. 0 

- 23.5 

- 31.5 

- 38.0 I 

Origir.: Lat. 42°01 1 1811 .1 

Long. 70° 021 2711.6 

Azimuth, 235° 201 

.. 
At bluff station. 

At foot of bluff 

At beach station. 
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450 UNITED STATES COAST AND GEODETIC SURVEY. 

Cross-Sections of the Shore cf Cape Cod, etc.-coutinued. 

CROSS-SECTION No. I 32. 

No. 132 of 1888. 

I Height ! 

Distance I auove or 
from 1 below 

origin. I 1nean 
1 sea-level. 

Remarks. 

CROSS-SECTION No. 133-Continued. 

No. 135 of 1888. 

Distance 
from 

origin. 

Height 
above 0r 

below 
n1ean 

sea-level. 

Remarks. 

____ I:----~------------- ----

"vetres.0 I Feet. 

134.5 Origin: Lat. 42° 01' 26".6 

Ecet. 

16.0 

20 

40 

50 

60 

139.0 Long. 70° 021 3411.2 i· 

;){ctr~~ Ii 

700 I 18.5 
22.5 

29·5 

34.5 

38.5 So 

IOO 

222 

300 

400 

500 

600 

700 

800 

900 

980 

143. 9 I Azimuth, 235° 20' 

149.4 ' 

152.6 

147.3 

149.4 

II. 9 

I I. 5 
12. 0 

2. 7 ' 

6.5 

16. 5 

19.0 

19.5 

2I. 5 
27. 5 

33.o 

37.5 

At bluff station. 

At foot of bluff. 

At beach station. 

At crest of beach. 

CRoss-SEcTION No. 133· 

No. 135 of 1888. 

0 

20 

40 

60 

65 

80 

96 

llO 

140 

160 

166 

180 

200 

279 
288 

316 

400 

500 

151. 4 

151. 6 

150.6 

15 I. 6 

152. 3 

151. 3 

1'44- 8 

138.8 

138.5 

145.3 

147.0 

141. 2 

143.2 

lJ.9 

13. 0 

2.9 

r 1. o 

13. 5 

Origin: Lat. 42° 01' 3211 .2 

Long. 70° 02' 4411.7 

Azimuth, 232° 101 

At bluff station. 

At f0-0t of b1uff. 

At crest of beach and station. 

It 
ii 
1t 

ii 
II 

800 i 
900: 

1,000: 

ii I, 100 i 

1

1:;! __ 1,_1_4_0_1 _-__ 4_2_. o~I __________ _ 
CROSS-SECTION No. 134. 

j: No. 137 of 1888. 
11-------------
1: 
'i 
I' 
:1 
\i 

Ii 
:1 
II 

II 
' 

0 

IO 

20 

30 

50 

80 

100 

183 
190 

196 

226 

300 

400 

500 
6oo 

100 I 
80<! 

900 
l,000 

1,050 

162. 2 : 

161. 2 

159.4 

158. I 

166.2 

1 59·5 

I I. 4 

12. I 

12. 9 

2.4 

6. 5 
16.5 

25.0 

18.0 

17.0 

25·5 

31. 5 
- 38.0 
- 40.5 

Origin: Lat. 42° 011 41".1 

Long. 70° 02' 4911.8 

Azimuth, 228° 561 

At bluff station. 

At foot of bluff. 

At beach station. 

At crest ot beach. 

C1wss-SECTION No. 135. 

No. 139 of t888. 
. ------------

0 i42.5 Origin: Lat. 42° 01' 4711·5 
20 146.0 Long. 70° 031 0011.0 

40 152.0 A:iimuth, 2.28° 56' 

6o 156.4 

70 157. s [ I 

I 



 

UNITED STATES COAST A.ND GEODETIC SURVEY. 

Cross-Sections of tlte Shore of Cape Cod, etc.-coutinned. 

CROSS-SECTION No. 135-Continued. 

:'\o. 139 of 1888. 

Distance 
from 

origin. 

_,ifeti-es. 

So 

100 

120 

130 

q.o 

160 

180 

240 

253 I 

274 

300 

400 

- 500 
600 

700 

800 

900 

1,000 

1,050 

No. 141 of 

2~ I 
40 I 
60 I 
So I 

100 I 
I 

113 
120 

140 
160 

180 t 

200 I 
240 

242 
256 
271 

300 I 
400 I 
5001 

Height 
above or 

below Remarks. 
mean 

sea-level. 

Feet. 

154.0 

152. 7 

1+5- 5 
l4L 2 

145- 5 

155.4 

158. 8 At bluff station. 

12. 7 At foot of bluff and crest of 

beach. 

At beach station. 

I. 2 

4-5 

15.5 
23·5 
22.0 

18.0 

23.0 

30.0 

34·5 
38.0 

CROSS-SECTION No. 136. 

1888. 

134.3 
138.0 

139.7 
132.0 

130.4 
127.5 
125.6 
123.4 
IIZ.3 

102.4 

105.4 
IIO. 7 
15. 0 
10.9 

O. l 

4.0 
13. 0 

22.0 

O~igin: Lat. 42° 01' 5411.3 
Long. 701 031 0911.I 

Azimuth, 228° 55' 

At bluff station. 

At foot of bluff. 
~t crest of beach. 
At beach station. 

CROSS-SECTION No. 136-Continued. 

:\o. 141 of 1888. 

Height 
Distance nhoYe or 

from below 
origin. 

1lletres. 

600 

700 

800 

900 

I, cx:>O 

I, 075 

mean 
sea-leYel. 

.f~'et. 

- 19.5 

- 17.5 

22.0 

26.5 

- 33· 5 -
-- 36.5 

Remarks. 

CROSS-SECTION i\o. 137-
No. 143 of 1888. 

o' 
I 153.4 Origin; Lat. 42° 02' 01 11 .5 

20 157.3 Long. 70° 031 1811.3 

40 159.5 Azimuth, 228° 561 

60 156.9 

So 158.5 

100 158.5 

120 159.2 

140 i 157.9 
16o ! 158.9 

170 160.2 

180 156. 2 

200 154. 9 At bluff station. 

266 12. 1 At foot of bluff. 

268 II. 7 At beach station. 

284 I0.9 At crest of beach. 

297 2.4 

300 i z.o 

400 19.5 

500 18.5 

6oo 18.0 

700 20.0 

8oo 23.0 

goo' 
I 

30.5 
1,000 35.5 
I, 075 - 38.5 ' 

CROSS-SECTION Ko. r3S. 
No. 145 of 1888. 

I 
o i 9i. I Origin: Lat. 42° 021 10".8 

20 J IOI. 7 Long. 70° 031 2311.2 
I 

6o i 105. 7 I Azimuth, 226° 501 

----------~---------- .. ···---·-------

451 



 

452 UNITED STATES CO.A.ST AND GEODETIC .SURVEY. 

Cross-Sections of the Shore of Cape Cod, eto.-continned. 

----------------------,-------------------------· 
) CROSS-SECTION No. 138-Continued. 

. No. 145 of 1888. 

Distance 
from 

origin. 

Height 
above or 

below 
mean 

sea-level. / 

Remarks. 

llidres. 

100 

Feet. 1-----------
I13. s j 

16. 4 I 

14·4 I 
l0.4 i 

At bluff station. 

At foot of bluff. 

At foot of bench. 

8. 6 I At beach station. 

7. 41 
201 10. 2 / At crest of beach. 

217 

300 

400 

500 

6oo 

700 

8oo 

2. I I 
8.o I 

16. 5 

18.0 I 
18.0 

1 
22. o I 
26. s 1 

I 

900: 31.of 

950 i - 34.0 i 
I 

CRoss-SECTIO:-i No. 139. 

No. 147 of 1888. 

0 112. 0 Origin: Lat. 420 02' 15".4 

0 118.9 Long. 70° 031 3511.4 

40 I 22. o Azimuth, 225° 40' 

6o 
I 

120:7 

So I 17. 8 ! 
I 

100 115. I i 
120 112.4 ' 
140 103.8 

160 I 93.0 

18o; 95.0 

200 105.8 At bluff station. 

256 15.9 At foot of bluff. 

257 14.9 

270 15.9 

271 13. 2 ! At foot of bench. 

272 13. J ' At beach station. 

~88 6.8: 

321 l0.7 At crest of beach. 

334 3.5 

I ~=I - I~:~ .l ____ _l ___ _ 

ii 
1; 

I 
I 

CROSS-SECTION No. 139-Continued . 

No. 147 of 1888. 

Height 
Distance above or 

from below Remarks. 
origin. n1ean 

sea-level. 

JJ.fetres. Feet. 
I 

600 I - 19. 5 

700 i - 19.0 

soo I I - 22.5 i 

900 ! - 26.5 
I 
I I 

- 32.0 I I, 000 I 

CROSS-SECTION No. 140. 
!\o. 149 of 1888. 

------· 
i 

0 

20 

47 

8o 

125. 21 Origin: Lat. 42° 02' 22".4 

122. 4 Long. 70° 031 45".6 

120. 41 Azimuth, 230° 101 

:: I 
140 ' 

I 
16o i 
180 I 

121. 0 

119. 3 I 
122. 7 

I 

123. 5 I 

120. 2 / 

119. o I 

200 I 122. 9 ) At bluff station. 
I 

13. 4 ! At foot of bluff. 

282 I I. o At beach station. 

288 9.8 

308 10. 9 At crest of beach. 

344 3. 3 
400 - 7. 5 
500 - 16.5 

6oo - 20. 5 
700 - 22.0 

8oo - 19. 5 
900 i - 23.5 

I 1,000 I -- 29.0 

1

. 

1, oso I - 31. o I 
.. ------' ----~-------------! 
______ C_R_O_S_s--S~E_CT_!O_N_N_o_._14--1·-----·1/ _No. 151 of 1888. 

2: I 89.0 
i 

Origin: Lat. 42° oz' 28".3 

91. I Long. 70° 03' 5211.9 

40 93.2 Azimuth, 222° 50' 

6o 100.5 

80 107.5 
85 i III. 0 

J· 



 

UNITED STA!l:ES CUA.ST A.ND GEODETIC SURVEY. 

Cross-Sections of the Shore of Ca11e God, etc.-contiuued. 

No. 151 of 188&. · i: No. 153 of 1888. 
-----------------11----· ----

Height 
Distance above or 

from below 
origin. 

Metres. 

90 
120 
140 
150 
16o 
180 

230 
238 

239 
244 
26o 

282 

300 
400 
500 
6oo 

700 
800 

900 
940 

mean 
sea-level. 

Feet. 

II4. 5 
118. 8 

119.4 
121. 6 

117. 6 
I06. 9 
16.9 
16.9 
13. I 
9.8 

II. 8 

4. 5 
2.0 

7.5 
16.5 
21. 0 
22.0 

- 20.0 

- 23.5 
- 26.5 

Remarks. 

At bluff station. 

At foot of bluff. 

At top of bench. 

At foot of bench. 

At crest of beach and beach 

station. 

. CROSS-SECTION No. 142. 
No. 153 of 188~. 

;I I 
73- 3 ! Origin: Lat. 42° 021 35".o 
70.5 I Long. 70° 04' 02".6 

I 
40 68.I Azimuth, 221° 051 

6o 67.7 
So 66.8 

100 70.0 
120 75· 0 

130 76. I 

150 74.2 
180 So.7 
200 87.7 4\.t bluff station. 

234 18. 5 At foot of bluff. 

245 18.5 At top ofbencb. 

246 14.8 At foot of bench. 

251 II. 3 At beach station. 

·: 

" 

Height 
Distance above or 

from below 
origin. 

-----· 

.Afetres. 

265 

276 
300 
400 
500 

6oo I 
700 
Soo 

900 

975 

mean 
sea-level. 

Feet. 

I I. 5 

5· 2 
. -- 2. 5 

- 9.0 

- 19.5 
-25.0 
-20.0 
-22.0 

-27.5 
-33.0 

Remarks. 

i"-

At crest oi beach. 

11 CROSS-SECTION Ko. 143. 

~ No. 155 of 1888. 

I' 0 83.9 Origin: Lat. 420 02' 41".5 
! 20 83.7 Long. 70° 041 1211.l 

40 82. I Azimuth, 221° 05 1 

60 81. 7 
70 80.5 
90 74.6 

IIO 65.4 
130 70.9 
150 86.2 
170 go.a 

180 86.2 
200 66.5 At bluff station. 

229 18.7 At foot of bluff. 

245 17.6 At top of bench. 

246 12.0 At foot of bench. 

250 I I. 0 At beach station. 

263 11. 5 At crest of beach. 

I 
282 5. I 

300 - 7.5 
I 

I 400 - 7.5 

I 500 -16.0 

! 
6oo -23.0 

I 700 -19.5 
8oo -21.5 

11 
goo -26.5 

11 

I,.OCX> ~ -32.0 
I 
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TABLE A.-.Elevation of Bench-Marks on Gape God, Massachusetts, determined by geodetic leveling in 
1887-'88-'89. 

I 

I
' Elevation above mean , 

Number and locality of bench-mark. sea-level. I 
I Jifetm. I Feet. II 

: D. l\I. I,ut Kausett Harbor Entrance ___________________ 
1 

2. 7766 ! 9. IIO 

! I I ' · B. lll. II, at Kausett Harbor Entrance ______ ------------
1 

7. 9376 I 26. 042 

B. M. III, at East Orleans Life-Saving Station_---------- i 9. 5022 I 31. I 75 

B.M.IY,onChathamKorthLight-House _______________ I 12.3473 i 40.510 

B. lll. V, at Harding's Beach Light-House_ _ _________ i 2. 3545 j 7. 725 

B. l\L VT, at Harding';; Beach Wharf __________ -------- I. 6286 I 5. 343 

B. M. YII, near Kausett Life-Saving Station----------__ 19. 4289 ! 63. 743 

T. B. 111. 28, at Knusett Life-Saving Station ________ ------ JO. 2798 ( 33- 727 

I 
B. :IL YIII, at l\ausett Three Lights_-------- ____ ·---__ 21. 7302 i 71. 294 

I n. J\I. IX, at Nausett Three Lights_-------------------- 22. 3504 I 73. 329 

i H.l\l.X,at :'\ausettThreeLights______________________ 20.3704 i 66.832 

IT. B. l\l. 38, 1Y, miles north ofNausett Three Lights___ _ 23. 1229 l 75. 863' 

I 
-~- B. l\:. 50, o~ Cahoon's Hollow Life-Saving Station_____ 15. 8915 i 52. 138 

],_ :11. Xl, at ~e\vcomb's Hollow----· ____ --------·----- 8. 1305 JI 26. 675 

I T. B. l\!. 5G, on Pamet River Life-Saving Station_-------- 7. 4806 
1 

24. 543 

I B. l\I. XII, near I'amet Ri,·er Life-Saving Station________ 2. 9899 j 9. 810 

I
. B.:\1.XllI,on Highland Light-House_________________ 42. i653) 138.339, 

B. M. XJY, near Highland Light-House________________ 37. 5770 f 123. 285 ! 
' i I T. Il. l\I. 64, near Highland Light-House -------- ____ ___ 39. 2025 : 128. 618 i 

1 I 

DESCRIPTION OF BENCH-MARKS. 

B. 111. I. 

.A.t the entrance into Nansett Harbor. The reference is the top of a copper bolt, 011e.half 
inch in diameter, set with lead into a large granite bowltler at the water's edge, about 200 metrrs 
northwest of the waterjence on which the tide· gauge was pla.cetl. The bowlde1· is on land owned 
b,r Oli\7er Doane and in front of a small cottage on the bluff. 

Bench-marks I and II are within 400 metres of each other. 
Established September 28~ 1887. 

B. JJ[. II. 

At the entrance into Nausett Harbor. '11he reference is the top of a copper bolt one-half 
inch in diameter, set into a large granite bowlder (with lead), which is situated on the slope of 
the bluff about 400 metres to the southward of B. :\I. I. The B. M. is on the larger of tlie two 
bowltlers lying side by side. The top of the bolt was harm:qered, giving it a ragged appearauce. 

Established September 28, 1887. 

B. lll. III."' 

Situated on a bow Ider about 80 11aces west of the flag-staff of the East Orleans Life-Saving 
Station, Cape Cod, Massachusetts. The reference is thP- top of a copper bolt, about one-half inch 
in diameter, let into the top of the granite bowlder, which is about 5 feet square, and projects from 
1 to l~ feet above the ground. The bolt projects nearly one-half inch above the face of the 
bow Ider, and is fastened into it with brimstone. 

Establi-shed October 19, 188i. ' 
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B .. M.IV. 

On Chatham North Light-House. The reference is a square, horizontal surface inclosed by 
lines cut into the top facing of the concrete foundation just south of the point where the lightning
rod enters the ground. The B. M. surface is about l~ inches square, aud arouud it are cut tlie 
letters U. S. 0. S. (above) and the figures 87 (below). 

Established September 17, 1887. 

B. JJf. V. . 
This R. l\I. is on the southeast corner of the dwelling at Stage Harbor Light-House, Cape Cod, 

Massachusetts. The reference is the middle of the horizontal mark cut in the west face of the 
-0orner brick, fourth layer from the top. There are also cut into the brick the letters U. S. C. & 
G. S. above and the figures 87 below the mark. 

Established September 13, 1887. 

B. M. rI. 

This B. M. is on the southwest corm?r-of Howe's packing stand at Stage Haruor, Cape Cod,. 
Massachusetts. The reference is the middle of the center nail of the se1en that are dri,·en in the 
form of a "cross" into the foundation post of the building. The letters C S. C, S. are cut into the 
post above and the figures 87 below the cross. 

Established September 13, 1887. 

B. M. YII. 

On Enoch Rock, abont three-fourths of a mile to the westward of the Nausett Life-Sa>ing 
Station at North Eastham, Cape Cod, Massachusetts. The reference is tlrn top of a copper bolt, 
one-half inch in diameter, sunk into the eastern face of Enoch Rock, and about 7 feet from tile 
ground. Tli,il bolt is fastened into the rock with urimstone and projects about 1 incll above the 
surface. The letters B. 1\1. are cut into the face of the rock just allo•e the bolt. This rock is one 
of those bowlders of the glacial period, the part above the ground being about 15 feet in height and 
about 100 feet in circumference at the base. 

Established Jnl,y H, 1888. 

T. B. M. 28. 

This T. B. M. is on the north west corner of the Nausett Life-Saving Station, Cape Cod, ::\Iassa· 
chusetts. The reference is the horizontal plane touching the heads of the three nails <lriYen in tlrn 
form of :1 triangle in th~ flooring of the piazza just outside of the corner post. 

Established JulJ- 16, 1888. 

B. JI. YIII. 

This B. M. is at Nausett Three Lights, Cape Cod, l\iassachusetts. The reference is the top of 
tbe granite post marking the northeast boundary of the light-house rese1Tation; the top of the 
post is dressed, and bas the letters U. S. I,. H. E. cut in its upper face; the roll was held at the 
intersection of the diagon:lls joining tlie corners. 

Established July 14, 1888. 

B. }U. IX. 

This B. M. is at Nausett Three Ligbts, Cape Cod, Massachusetts. The reference is the hori
zontal line cut in the end of a copper 1Jo1t about three-sixteenths of an inch in diameter set in one 
of the bricks of the foundation wall at the northeast corner of the frame dwelling of the light
keeper. It is in the third brick, counting from the top course; in the fonrth conrse are the letters 
B.M. 

Establishecl .August 21, 1888. 
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B.M.X. 

At Nansett I'bree-LiglJts, North Eastham, Cape Cod, Massachusetts. The reference is the top 
of the granite post which marks the northwest corner of the light-house reservation. The upper 
portion of the post is dressed, the top surface being about 6 inches square, and has the letters. 
C. S. L. Il. E. cut in it; the rod was held at the intersection of the diagonals joining the corners. 

EstablisLed August 21, 1888. 

T. B. JI. 38. 

This T. B. :u. is on a granite stone set to mark a point on the bounilary line between the towns. 
of Eastham and Wellfleet, Cave Cod, )fassachusetts. It is about l~ miles north of Nausett Three 
Lights, standing within 15 metres of the top of the bluff facing the ocean. The stone is firmly 
plan tell in the sand, and at present proj£>cts 2 feet above the ground. It measures 8 inches on the 

face, and is 5 inches thick; on the western side is cut this symbol iXi ~; a notch was hammned 

into fop, top edge ot' the stone and the rorl held therein. 
Established July 30, 1888. 

T. B. M. 50. 

On the east face of the northeast corner of the main building of the Cahoon's Rollow Life
Sa\iug Station, Wellfie€t, Cape Cod, Massachusetts. 

It consists· of a copper bolt one-half ineh in diameter driven into the corner board about S 
inches abo>e the water-table and opposite the middle of the second layer of shingles (counting 
from the bottom) with which the side of the lmilding is covered. The bolt is driven flush with the 
face of the board, aud is smooth; the horizontal line cut into it (thus 9) is the reference. 

Established October 6, 1888. 

B. JI. XI. 

On top of the eastern boundary stone lrntw£>en the towns of Wellfleet and Truro, Cape Cod~ 
Massachusetts. 'l'he reference is the top of a copper bolt, five-eighths of an inch in diameter, set 
in the stone. The stone is of black and white granite, 10 by 12 inches square, aml at this date it 
projects 2,t feet out of the ground. The southern face of the stone is marked W, with 1887 under 
it; the uortbcrn face 'l', with 1887 under it, and on the eastern face 1887. The letters only are cut 
into the stone, the dates are painted in black. The Rtone is 165 metres from the high-water line of 
the beach, in a westerly direction. The top Qf the bolt is filed smooth. 

Established September 5, 1888. 

T. B . .JI. 56. 

This T. B. )1. is on the north side of the northeast corner of the Pamet River Life-Saying 
tltation, Cape Cod, .Massachusetts. The reference is a horizontal line cut in the head of a copper 
uail drinm in the corner boaru opposite the seventh course of shingles, counting from the water
table. 

EstalJlished August 31, 1888. 

B.M.XII. 

In a field owne<l by John Joseph, a Portuguese, near the north bank of the Pamet River, and 
about 600 metres west of tlJe Pamet River Life-Saving Station, Cape Cod, Massachusetts. Tile 
reference is the top of a copper bolt, one-half au inch in diameter, set in the top of a granite 
bow Ider which projects about 1 foot above the ground and is about 9 feet in circumference. 

Established October 21 1888. 
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B. Jlf. XIII. 

On Highland Ligbt-House tower, Highlands of Truro, Cape Cod, Massachusetts. The refer. 
ence is the middle of a horizontal mark cut in one of the granite window-sills along with the let
ters B. l\i. 

Established July 19, 1889. 

B. M. XIV. 

In a pasture owned by I. M. Small, about 360 metres back from Highland Light-House. The 
reference is the top of a copper bolt leaded in a large rock. This rock is one of three in the imme
diate vicinity, and has the letters B. M. cut in top. 

Established July 19, 1889. 

T. B. ]If. 64. 

This T. B. M. is the geometrical center of the top of the stone post marking the northwest 
corner of Highland Light-House grounds. This post is of granite, having a dressed top, with the 
letters U.S. L. H. E. cut in it. It is also just at the corner of the platform in front of the High
land Signal Station. 

Established .Tuly 2, 1889. 
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APPENDIX No. 14.-1889. 

RECENT CHANGES IN THE SOUTH INLET I~TO EDGARTOWX HARBOR, 
MARTHA'S VINEYARD. 

A report by HENRY L. ""',VHITING, Assistant. 

'VEST TISffCRY. Dl:KES COFNTY, MASS., August 15, 1889. 

DE.A.R SIR: I present herewith a report on my recent resurvey of the Routh opening or inlet 
into Edgartown llarl:wr, on Marti.m's Vineyaw, au<l also of the changed location of the dry i<hoal 
of" Skiffs Island" lying off the southern entrance of Mnskeget Channel.* This latter feature wa:3 

not included in the original scheme of the pre~ent resuney, but finding· it denote11 the resul taut~ of 
important tidal and sea-wave action so near this channel-way, I ine1mlt;(1 the aett>rmination of it~ 
1)resent position in connection with tl1e changes in the south inlet of Edgartown Harbor. 

There has been more change in all of thl'se features of the coasr th;rn was anticipaterl, 
although those that have taken place are in accord with the predictions base<l on our knowledge 
of former chauges and the laws which seem to go,ern and produce the normnl "set'' of the tidal 
currents along this particular section of the shore, as well as the preYailing sea-dash. The degree 
of change, however, has been greater, as before remarked, than that which has occurred in formrr 
corresponding periods of time. To what influence;;; these more rapid changes and moYements are 
due, I have no data to present in explanation, unless it be the less substantial uature anll condition 
of the beaches themselves, and, possibly, e.-en prohal.11.r, the more than ordinarily Yiolrnt storms of 
the last year. The lwavirr breakers upon this beach have tended to cut dowu tlie sallll J1ills and 
smaller bluffs which characterized the. previous cornlition of the beach, so that it ha;; been more 
subject to overflow, and this, in turn, has left the sands in a less firm and compact statt•. 

Between the last resurvey of this inlet, by .Assistant w·. I. Vinal, in 1887, and my last resurvey 
in June, 1889, an interval of about two years, the westerly chop of the inlet has workl'tl eastwardly 
about 3,450 feet, and the eaRt chop of the inlet about 3,750 fret in the same direction, leaving 
a present width of inlet between its on ter chops of about 2,0.50 feet, against the width of 1,650 feet 
in 1887. In the present opeuiug·, howc,-er, a saml bland bas formed, or remaimi as part of tl.ie 
-0rigi11al beach, near the westerly point and lying within and lap11i11g lly it to the westwanJ, .rm 
that there are now two channel-ways of access into the bay and harbor withi11. It i;; interesti11g· 
to note that this condition of the inlet resernl.Jles that which existed at the time of onr tirst snrYP_\". 
in 1846, and also that shown by Des Barres in Ins surYe~·s of 1776. We are al.Ile to account for 
the present condition of the inlet from the facts of its formation, which was canscd by a new 
opening to the west of the older one, lea ring a section of the original beach betwet'JJ them. It i,.; 
a remnant of this section of the beach which constitutes the small island alloYe referre<l to. The 
outer westerly point of the inlet will, undoubtedly, continue to lliOYe east1rnnl, arnl will probal•ly 
be beaten inward by the sea. dash until it unites witl1 tile sand isl.and, and thus closes the smaller 
westerly channel-way. 

*See also Appen<1ix No. 9-1886. 
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It is reasonable to predict, in view of the past movement of these beaches and the forces 
acting on them, that nature will repeat itself, and that the easterly point of the inlet wi11 move 
eastward past the" Wasque Bills," so calle<l, leaving a long canal-shaped passage-way between an 
outer beach so formed and the fast land of Cliappaquiddick. Perhaps this long passage-way will 
extend to the easterly line of Chappaquiddick, as it did previous to the closing of the former 
inlet i11 1869. There is, however, more liability now than theu'of a new opening breaking through 
at points along the main beach, which is much lower than it has been for many yeans. In my 
own experience there bas been uo time since 1846 when the whole extent of beach a~ross the face 
of Ootamy Bay-a distance of about ~~ miles-prisented so feeble a barrier against the ocean 
waves and breakers as it does uow. This fact suggests the question of the consideration of arti
ficial means-by wind hedges, etc.-of building up the beach to a height that would helter resist 
01· prernnt the heavier breakers from dashing entirely over it, as they probably would do iu its 
present condition. 

Tlie mass of the beach which has formed across the site of the inlet of 1887 is about 400 feet 
outside-seaward-of the alignment of the former beach, while east of the present opening, the 
former beach has been cut away to abon t the same extent. The extreme easterly point of the new 
iulet has been beaten in, and partially fills up the former southea1>t corner of the bay. The gen
eral position of the shore-line of "\Vasque Point remains nearly the same as in 1886. The easterly 
face of Chappaquiddick near the point has made outward-eastward-about 100 feet. 

The change in position, size, and shape of Skiffs Island illustrates quite markedly the forces 
of wa>e and current action on such exposed sandy shoals. The result is interesting and important 
as demonstrating the instability of such material in such localities. While the mass of sands 
forming the large extent of the shoals of which Skiffs Island is the summit and easterly head, as 
it were, are kept m general place by tlie complicateu forces pecnliar to this locality, they are ever 
subject to local changes. .At the time of the survey of 1886, Skiffs Island bad become so much 
larger and higher than it bad been for many previous years that it led to the suggestion of means 
for its more perm a neut preservation, yet during the interval of the three following years it has 
been entird~· swept away as an island above high water and been again thrown up above that 
level, lmt in another place. The main mass of the island is considerably west of its former posi
tion, the general distance being about 225 feet. Its present area is but about one-third of its size 
in 1886. 

I state these particulars of change because of the physical conditions and influences peculiar 
to this locality-phllnomena which have already received so much attention and consideration. 
In bis able reports" Professor :Mitchell has stated the peculiar physical relations of the tides of 
the Vineyard and Nantucket Sounds to those coming upon the south shores of the islands of Mar
tha's Vineyard and Nantucket, and the circulatimi of currents through Etlgartown Harbor and 
the former opening in Cotamy Beach. I will not, the1·efore, discuss these subjects in my report. 
It scerus2 howm·er, pertinent to remark that the quesi ion of controlling these elements by artificial 
means is one of much uncertainty and grave importance. The unsuccessful expenditure by the 
General Government of $22~000 in attempting to open a south inlet into Edgartown Harbor which 
natural forces afterward effected, is a fact of much significance as bearing on the question of 
the expediency or inexpediency of such undertakings. 

I append hereto a traciug from the field-sheet (illustration No. 30) used in the last three sur· 
veys in order t.o show for your more convenient reference the changes referred to in my report. 

Very respectfully submitted. 

Prof. T. C. l\IENDENHALL, 

HENRY L. WRITING, 

Assistant, Coast and Goodetic Survey. 

Superintendent Coast and Geodetic Sitrvey, 
"Wltshington, .D. C. 

----·----- -·-·---·-- ·--------·------------
.-, Appendic<>s !17, Report 1856; and 15, Report 1869. 



 

APPENDIX No. 15.-1889. 
• 

RESULTS OF SPIRIT-LEVELING BETWEEN TIDE-WATER AT ANKAPOLIS, MD,, AND THE 
CAPITOL BENCH-MARK AT WASHl~UTOS, D. C., FRD:ll OBSERVATIONS I:\' 18~;) BY 
F. W. PERKINS, ASSISTANT. 

Report hy C. A. SCHOT'T, Assistant. 

CoAs'r A:ND GEODETIC SrRYEY OFFICE, 

Computing Dil'i8ion, Jla1·ch 20, 188!l. 

At tiJe time this leveling operation between Annapolis and \Yashington was carried on, it was 
intended that it should serrn for tiJ•~ basis of tile heights of the stations of the primary triangula
tion in this vicinity,* w hicll stations had been connected b~' measures of zenith distances. For 
this particular purpose no yerJ' high accuracy in the levels was needed, but when in 1877 it was 
decided to carry into effect the plan of running a line of precise or geodetic levels across the 
countryt along the thirty-ninth parallel, from ocean to ocean, the highest accuracr attainable in 
such an operation was called for. At tlte same time it was seen that tLe Anuapolis-Vi~asltiugton 
line could be included with great all vantage as au independent link to conuect the propOSl'll traus
continental line with tlie Atlantic, or what comes to the same thing, with the Ultesapeake Bay 
level. It was also found that the acm1racy of tlte measure was just sufficient to make tlw result 
acceptable for the new application. (JI.Jeck tidal obsen'ations, howe>er, were required, and these 
were supplied, incidentally, by Lieut. M. L. Wood, U. S.N., in 1888, while engaged on a hydrugraphic 
resurvey in the vicinity of Annapolis. Before this time Washington had already been couuected 
l1y precise le>els with Hagerstown, Md., and thence with Sandy Hook, N. J., forming a junction 
of 359.70 statute milesf (578.87 kilometres) from tide-water at SandJ· Ilook to Washingtpn, D. O. 
The particulars of the work are given under the usual heads, as follows: 

Observer and date of leveli1ig.-The obserrntions were made by F. ,y, Perkins, Assistant; also 
a side line from Annapolis to trigonometrical station Taylor was le\·eled, aud a second side line 
from trigonometrical station 'Wilson to Hill, the latter line by J. De Wolf, aid. Le,·eling com
menced November 9 and terminated December 15, 1875. Assistant J. B. Weir leveled between 
the Navy-Yard and the Capitol at Washington in June, 1880, ancl again ia June, 18SJ. 

Route of levels.-The line starts from a benub-mark near the Annapolis tide-gauge, follows the 
Annapolis railroad as far as Odenton; thence bs the Baltimore and Potomac Railroad via Bowie 
to the Washington Navy-Yard. The Navy-Yard flag-staff station was subsequently connected 
witll the newly ( L884) established bench-mark at the Senate wing of the Capitol. Distances lev· 
eled over from Annapolis to NaY,r· Yard, ": ashington, 60.837 kilometres; thence to the Capitol, 
------------------------------·---·--·--

• C. 8. Rep. for 1876, p. 2'J. t C. & G. S. Rep. for 1878, p. 24. 
tSandy Hook, N. J., to Hagerstown, Md., 441.372 kilometres; Hagerstown to Georgetown, D. C., 129.816 kilo

metres; Georgetown to Washington, 7.6tH kilometres; total, 578.869 kilometres. 
461 
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2.343 kilometres; total, 63.180 kilometres; making the length of the whole circuit from tide-water· 
at Annapolis to tide-water at Sand;\· Ilook 64.2.05 kilometres, nearly 399 statute miles. 

Connection with the lwlitide /ei·cl (If the ocean.-The width of the connection of the At.lautic· 
Ocean with the Chesapeake Bay, about 11 miles across the entrance, the depth of the water of 
the bay aml its general straight direction, and the paucity of slloals, h;lamls, or other obstructions 
in the direction of propagation of the tille-waVf,, render it tolerably safe to assume tliat tlle aver
age levels of the ba;\· and of the ocean outside are one and the same. At Annapolis the waters of 
the ]iarbor are iu free communication with the ba;,-. The .A_tlantic tide rolling into tlrn bay requires 
about 01• 13m to traverse the 148 statute miles between the Capes ancl Annapolis,* and is accom
aanied l>y a <limiuution of the average range of the tide from 2.8 feet at the Capes to 0.8 foot at 
.Annapolis. 

\Ye have two series of tidal obserrntions at Annapolis a\ailable for our purpose; the first by. 
Assistant F. W. Pbrkius uegan November 24 and ended December 18, 1875; the second by Lieut. 
:\I. L. \Yood, I:". S. X., l>egan August 16 and euded September 18, 1888. These series were reduced 
allll discussed in the Tidal DiYision of the Office, and the results were communicated by .Mr. A. S •. 
C!Jristie, i11 charge of that <li>ision. "\Ye have accordingly: 

Feet. 

(I) 1Iean of 47 high waters, observed in 1875, reads on Pel'kins's staff ............ 3. 05 
Mean of 46 low waters, observed in 1875, reads on Perkins's staff .............. 2. 23 
Mean half-tide level reads ................................................. 2. 64 
.Mean range of tide. . . . . . . . . . . . . . . . . . . . . . . . . _. . . . . . . . . . . . . . . . . . . . . . . . . 0. 8~ 
Pcrkius's bench-mark aboYe zero of gauge, 7 .09 feet; hence bench-mark above the ltalf-

title Jeni, 4.45 feet; correction for annual iuequality of foles,t -0.32 foot; hence 
Perkins's bench-mark above (corrected) half.tide leYel, 4.13 feet. 

(II) .l\lean of 20 high waters, observed in 1888, reads on ·wood's staff 3.81 feet, but using 
all the information tlrnt ma;y be had from t1-le half.hourly observations, 41 high 
waters read 3.96 feet. 'Ybich is adopted . 

.Mean of 56 low waters reads 3.19, and mean of 65 low waters 3.18; mean adopted,. 
3.185; hence meau half-tide level reads 3.57 feet. 

Mean range of tide,+ 0. 78 foot. Wood's bench-mark above zero of gauge, 7 .10 feet; 
hence l>ench-mark above the half-tide level, 3.53 feet; correction for annual inequal
ity of tides, +0.14 foot; llence ·wood's l>ench-mark above (corrected) half.tide leYel, 
3.67 feet. Perkins',; beucll-mark above 1Vood's bench-mark, 0.518 foot; lleuce Per
kius's mark al.lorn the lialf-tide level, 4.19 feet. 

Mean of .. the two values I and II, Perkius't1 l>encll-mark above the half-tide level, 4.16 feet, or 
l. 268 metres. 

Instrunu.mt.-The Wlirdemann pivot level No. 21; aperture of telescope, 3.5 centimetres; focal 
leugtb, 36.0 centimetres; magnifying power, 25 (near]~·); it has a glass diaphragm of three horizontal. 
lines intersected by a vertical line. The angular distance of the horizontal extreme lines was 
determiued on Nonmber 4, 1875, at distances of tlie staff of 50, 100, and 150 metres, and found 

•It does uot appear that the fo1mula for the Telocity r of pro~agation of a freo wave in water of depth11, Yiz, 

1· = V gz), applies to this case, since U.e calculated depth p comes out but 3 fathoms, whereas the. average soundings 
make it auout 6t fathoms. 

t The influence of the annual inequality of the tide in height was at first not suspected, but became manifest when 
the t"'o results for mean level, as independently derived in 1875 and 1888, were compared. Mr. Christie then fur
nishecl me with the monthly ordinates of this inequality, as found from one year's observation at Old Point Comfort, 
\'a., 'II' here. its semi-amplitude amounts to 0.35 foot. 

t The Tidal Division also communicated the following Talues: From 262 high waters and corresponding low 
waters obsern<l iu lt3.J4, rise and fall (or range) 0.88 foot-Lient. G. S. Blake, observer; again, from 106 high 
water8 and 10:> low waters observed in 1852-'53, rise and fall 0.86 foot; and from 52 high waters and 50 low waters 
obs~rn<l 11y W. '"· Harding in 1870-'71, rise and fall 0.87 foot. The mean rise and fall from these several series iB-
0.83 foot, which is probably the smallest range on the bay, the gradual contraction of its width and the diminution 
iu depth towards the head producing a corresponding increase of the ranges. It is a noteworthy fact that the tidal 
wave takes Tery nearly twelve hours to traverse the who]., length of the bay, so that we have simultaneously high 
water at the entrance and at the head of the bay; and this will probably explain, by the principle of reflection and 
ofinterforence, the difference noted in the observed small velocity of propagation of wave and the Telocity appar·· 
ently, by theory due to the average depth oftbe water. The length of the wave is abont 185 statute miles. 
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to equal 33' 12".5; the valne of one tlivision of the level was 5". [This instrument has since been 
converted into geodetic le-.cl No. 1, and is now kuowu by the latter designation. J 

Method of observing.-Tlie staff, which was metrically graduated, was directly read off by the 
observer for each of the tliree focal lines; the inclination of the telescope was determined by means 
of foe spirit-level; the distance of the instrument from tile staff was on the arnrage 100 metres, 

. aud forward and backward sights were equidistant. The whole line was leveled twice, independ· 
ently, once in a forward and once in a backward direction. 

Computation anrl re.mlts.-The field computation was made lly F. W. Perkins, the office com
putation b_y E. H. Courtenay, and the probable error was deduced b;r L. A. Bauer, wlio also 
prepared the abstract of the results for publication. 

Results of spirit-leveling between tide-water at Annapoli11, Jld., and the Capitol bench-mark at ll~ash
ington, D. C., from observations in 1875, 1880, and 188!, by A.s.~istants F. lr. Perl.: ins and J.B. Weir. 

: 

I~ench-n1arks. !Ji stance. I Difference of heif;ht bet,,·een bench- I )iscrepancy. marks. 
lleight of 

··-------- ----- bench-mark 
Date. Het\\'een lJirection uf measure. aboye me~n 

succes- From Partial. Chesapeake, 
From To Si\·e initial 1.lean. ' 4 F.''-'•I~.'·! 

Total. Bay level. 
bench- inark. 
marks. Forwards. Iiackward~. 

------- ------- -------
1875. A"m. Aln. • Jfetres. .lfctr,·,. "·l/rtrcs. Jim. J/111 . .1/dres. 

Nov. a 0.000 0 + 1.268 : 

30 a Xff 0.026 0.026 : - 0.636 - 0.636 0 + 0.632 

30 30 XIV XIIJ 0.849 l 0.875 ,--f-IL 986 -;11.975 t·II. 980 +11 + II : I2. 612 I 

' 
: 

30 24 i XIII XII o. 394 ' 1.269 + o.45I 0.447 + 0.449 ~ 4 IS -'-13.06I 

29 ! 
I 

24 XII XI 3.288 1 4.557 8.878 + 8. 877 + 8.878 + I ' 16 --;-21. 939 

25(1 
XI x I I. 767 ~ I6. 324 

: 

+ 8.923 S.962 + 8.942 +Jo. 881 25 27 I -T -39 - 23 
29~ ' 
22 I 

I 
22 

I 
x IX 8.050 24.374 :+rs. 976 +19.005 +18. 990 -29 - 52 +49- 871 

20 20 I IX VIII 4.I67 28.54r :-24. 404 -24.381 -24.392 -23 - 75 + 25· 479 I 
I9 I9 I VIII VII 6.705 35.246 +I9. 807 +19.793 +19. Soo -i-14· 6I +45- 279 ' 

-

18 IS l VII VI 3.274 38.520 -'- 5. 244 + 5.275 i _j_ 5.260 -31 - 92 +so. 539 '' i 
I5 & I6 I5 : VI v 6.404 44.924 -IO. I28 -IO. I53 -10.-140 +zs - 67 +40. 399 

' ! 13 r3 I v IV 3.636 48. 56o 1-22. 500 -22.491 -22.496 - 9 - 76 +r7. 903 
I : 

12 I3 I IV lll 7. 21I 55.771 - 6.284 - 6.263 -- 6. 274 ~2I - 97 +II. 629 
' 9 9 I Ill II 3.852 59.623 - 9.324 I - 9.311 i - 9.318 -13 -!IO + 2. 311 

I 
' 

9 9 II I I. 2I4 60.837 + 9.586 + 9· 590 i + 9.588 - 4 -114 +II. 899 

CONNECTION OF B. !\I. I. (NAVY-YARD FLAG-STAFF) WITH CAJ>ITUL B. :M., lff J. 13. WEIR I?\ 

I88o AND 1884. 

----- -·-- --- - ---·- --- -· --------
1880. 

. o. 40,,.1 . o. 40•4'1- o. "'" 

June. I or 5 6o.837 0.0 +u. 899. 

II & 14 I or;, 4 0.937 6r. 774 l.4- l.4 ;-11.497: 

IO, I I, 12& 14 4 0.433 62.207 - z. 3794* - 2. 3780*. - z. 3787 I s + 9. n8 : 3 I. 4 1- 2. 

Io,11,I2&14 3 2 o. 561 I 62. 768 +12.4544* +12.4554*1 +12.4549 I. 0 i- 3. 8 +21. 573 

IO 12 & I4 2 o. 338163. 106 + 5. 6roo* + 5. 6095*\ + 5. 6o98 + 0.5 '_ 3.3 +z7. 183 ' 

1884. i I . 
June. 

o. 074 i 63. r8o 1+ o. 4355* + o. 4346*1 + o. 4350 
I { Capitol ~ +z7. 61S B. M. (A) + o.9 :- z.4' 

! I I : 
* Mean of two determinations. 
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I 

.Results of spirit-lei•eling between tide-water at Annapolis, 1lfd., and th:e Capitol bench-mark 
at WaYhington, I>. G., etc.-Continned. 

30 

Date. 

1875. 

Nov. 

Dec. 

4, 6, 10-15 

1888. 

-~--------- --- ----·----------- -----------------. 
BRANCH LINES, BY F. W. P~RKINS. 

Bench-marks. Distance. Difference of height between bench
marks. Discrepancy. 

i ---------
Height of 

--------1bench-mark 
lletweenll I above mean i Direction of measure. 1 
succes- From p . 

1 1

1 Chesapeake 
To sive . initial Mean. artia · 1 Total. Bav level. 

"F."-"B.n II J bench- ! mark 
marks. I i Fonrnrds. : Backwards. ' 

: I I -1---:----- ----------
.f..111. il:lctres. 1i:t£tres. ,iJ'etres. llfm. 

From 

I .r-..111. 

XI\' : 

Mm. 

XIV b o. 020 I· o. 519 + 0. 519 

Metres. 

+ 0.632 

+ I. 151 

I 
XIV 

I{ t~~r~f 
I 

Wha~f 
gauge. 

I 

Top of 1 
Ferry j 

\\"harf J• 
gauge. 

1 

Taylor 2. 014 

I\" : 

Hill. 5.971 

- o. 163 - o. 163 

·I 28. s-oo I +28.494 

I 
+66. 139 j +66. 161 

I 

- o. 163 i 

+28.497 

f +66.150 I 
I I 

BRANCH LI"'E, BY A. BRAID. 

0 

+6 

-22 

I+ I. 268 
Dec. \Vood's · o. ooo 7 II - 0. 158 - o. 158 - o. 158 0 !+ I. I IO 

I 

BRANCH LINE, DY J. W. DONN. 

i 
! + I. 758 

1889. \Vood's. ~ 

Tanuary 14 \\"ood's 5 S. R. + I. 759 

I+ I. 110 

I+ 2.868 

January 14 I 5 S. R. I S.R. + 5.271 

January 14 5 S. R. Obs. + 7.014 

January 14 5 S. R. Hern. + 6.031 + 8.899 

I,:::: 
, ______________ .:__ __ .:.__ __ __:_ ____ .:__ ___ _ I 
I BRANCH LINE, DY C. A. SCHOTT. 

1-------,----------------------------~------------

I '"'· , 
1 Feb. -IO. 552 ,--IO. 543 -10. 548 I' 
I 

I 

+u. 899 

-9 I+ 1.351 
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Results of spirit-leveli-ng between tide-water at Annapolis, Md., and the Capitol bench-mark 
at W asltington, D. C., etc.-Continued. 

Date. 

---------- ---~ 

BRANCH Ll::\'ES, BY J. B. WETR. 

----i 
Bench-marks. Distance. 

-1Between
1 

Difference of height between bench
marks. Discrepancy. 

IIcight of l 
·,----... ________ bench-mark' 

i 1aboye n1eanl 
1 

I>irection of measure. 

l ! From. 

I I 
To 

I 
::l~r-1 

From 
initial 
mark. 

--·--------------~ --- ~1ean. 

!Chesapeake; 
"l_~;~'.~ii_,. Total. i B"-} level. i 

i : 

l'-~--1,--June. 

I 16 I 2 

I 
I 

i 
1'j. 12 

1884. 

June. 

I 7 

marks. i 
----'--: 

2 

Old C. S. ; o. 102 
I 

Ofti.ce. 

i 

New C. S. 0. 0761 
Office. I 

I 

---- I Eng. B. M. 

Capitol. 
·j 

7 Cap. Eng. B. M. --· - I 
;\lean Eng. B. M. 

! 

Forw:i.rds. Backwards.' 
I 

--•-----1 

. Km. lllet1·cs. Jletres . 

' ' ..... *I -t-2.I~Ill 

+ 0.4405 

+ o. 0073 

*Mean of two determinations . 

.ACCURACY OF THE PRECEDING RESULTS. 

illm. :llm. 

! 

I 

+zi. 573 

+22. 953 

i +27. 183 

+27. 623 
+zj. 618 1 

i 
+z7. 625 
-;-27. 624 I 

Estimated in tue usual way, we find the mean and probable errors as depending on tb.e differ
-0noos in height of the several bench-marks in the forward and return measures as follows: From 
-comparison of results at thirteen intermediate marks we get the mean (square) error of a singlfl 

leveling in one kilom:tre m, = ~~~[:dJ = ± 6.52mm, the probable error of double le.elingof 

-0ne kilometre r,, = ± 3.llmm, and the probable error of the resulting difference of height for the 
whole liner = r 11 ¥ff= ± 24.2mm. To this must be added the probable. error of tile adopted 
average sea-level as derived from the tidal observations. This can only be estimated, and may be 
taken = ± 25mm; hence, resulting height of bench-mark at the Senate wing of the Capitol at 
Washington as deduced from the Annapolis line, 27.618 ± 0.035 metres, or 90.Gl ± 0.11 feet . 

.Description of permanent bench-inm·ks and tide-gauges between .Annapolis, 1lld., and the Capitol at 
"' Washington, D. C. 

a.-Perkins's tidal bench-mark at Annapolis, Md. On southwest corner of stone door-sill of 
Moss's chandler store, No. 23 (now No. 2) Market Space. Top of step. 

Wood's.-A horizontal line directly below B. M. a. On side of step 0.158 metre below it. 
Marked U. S. 0. & G. S.-M. L. W. '88. 

b.-At Annapolis, Mll. On granite block in foundation at northwest corner of brick building 
-Oesignated "D. M. Sprogle's Lumber, Brick & Lime Yard." Building torn down between 1876 
and 1880. 

.De8cription of four btmok-marks in Naval Academy at Annapolis, Md. 

5 S. R.-On front door-sill of house No. 5, Stribling Row, 7f inches from west door-frame, 2 
inches from edge of step, and 14 inches from west end of step. 

H.Ex.55-30 
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1 8. R.-On projecting base, about 1 metre above ground, at northwest corner of house No. 1,. 
Stribling Row. · 

Obs.-On center of top of stone pier, 8 feet southwest of front of Observatory buihliug. 
Hi:rn.-On northeast side of base of Hern<lon l\fonument, midway of length, about 2 inches 

out from face of shaft, and about 3 1eet above ground. 

Description of bench-marks bct1ceen Annapolis and TVashington, ]). O.-Uonti1rned. 

XIr.--Firn-foot mark on Perkius's tide-gauge (18i5), at northwest corner of .l\Iarket Square 
Basin, Annapolis, '.\Id. 

Fen·y 1T7imf Gauge (1875).-0n north side of Severn River, Annapolis, l\Id. 
Wood's Gauge (188").-At northwest corner of Market Sqnare Basiu, Aunapolis, Md. 
Ta.11lor.-A. trigonometrical station. Ou top of the hill where signal stood; exact point not 

reco\ered. 
XIII.-At .Annapolis, I.Id. On soutlrwest corner of fourth granite block supporting iron 

fence aromHl tlie Go\·cruor's house, coimting uorthe,1st from Sl)uth west corn er. ~larked b,y a cross 
cut iu stone. -

XII.-At Annapolis, .\Id. A cut i11 east corner of w~at <loor-sill of church on W C3t street, 
opposite 'Yasbington Street .\Iarket. 

rII.-On sill of danger-signal at Bowie Station, B. & P.R. R., :Maryland. 
TV.-On west side of arch cnln·rt near pump-house, at \Vilsou Station, .\Iarylan<l. ::\larked 

thus: '8:> 
Hill.-At trigonometrical station. 
II.-On uortlieast corner of curli-stone of Na vs- Yard Bridge, at east en(l of, and north side, 

\YasLingtou, D. C. 
I or 5.-A cross on stone around Savy-Yard tlag-statf near entrance gate. 
Tidal JJ. JI.-t:-ppcr surface of stone wall of pier in front of Nav_y-Yard offices, near steps at 

boat· honse. 
Old C. 8. n.ffece.-Top of stone base-molding separating ground floor from first floor. The pre

cise point is 3 feet frorn left-ham! door.facing. Building now known as "Law Bouse,'' New Jersey 
Avenue and C street Sonth. 

Seu· C. 8. Officc.-The center of central square in \•estilmle of main entrance. Building on 
New Jersey Avenue near B street South. 

1.-0n flagging iu front of east entrance to rotunda of Capitol. 
Capitol B. J1I. (A). -On southeast corner of Senate wing. The head of a copper bolt set ver

tically in water-table on south side of Senate wiug, just under the center of window near extreme 
east eud. The bolt is in the center of a square brass plate marked thus: "Capitol Bench-Mark, 
r. S. Coast and Geodetic Surrny, 1884." 

Engineer's B. JI.-On northeast corner of imitation granite pediment forming the first course 
of masonry in ceutral flight of steps leading up to main entrance of Capitol on the east side. It 
was originall~ estahli»hed in t815, and was identified in 1884 as the upper surface of the stone 
course at the northeast angle of the central steps. 



 

ArrExnrx No. 16.-1889. 

GULF STREA\1 EXPLORATIONS-OBSERVATIO~S OF CURRESTS, 18i\~ ANn 1~89. 

"G. S. CUA.ST AXD GEODETIC SrRYEY, STEiDIER Hi _KE, 

Si;ll' rnrk, :\'. r., Oc. rr l!I. 1&8\l. 

S1n: I beg to subUiit a report of the work of the Ilydrographic party rn ,er my coUimand 
\lnriug the past two seasons in iuYestigariug tht• Gulf Stream cnrrents. 

The winter'11 seasou of lSbS \ms denited to an examiuation of the w.-it1:rs r nteriug thP Carib· 
beau Sea, arnJ permission was grnnte1l by your iiredecessor to coutiuue . '.:•' 1eseard1 of these cur· 
rents during the present year, in order to obtain all llitioual data hen ring upon 1 be snl1j1'l°t before 
dra\\·ing eonclnsious as to the circnlati011. 

The labors of the party iu soutlteru waters were ended in _.\.! i'il, in order to take ad•;-antage 
of the good weather of ~lay and June for obsernltion,; off Cape Hatteras aud Xantucket Slrnal:-. 

The ,·essel left New York .January 7, 188U, tmYi11g the Coast Snrn•y schooller R((uly to Hamp
ton Hoads, and, upon arriYing at the Anegadn Passage, Jauuar;y 19, be1Jan the ohsen·ationt', which 
were contiuued with but slight i11tt::rrnptio11s until the eud of the fbcal year. The weather while 
iu the Caribbean was almorrnally good, the trades were light, arnl tbe seas cornparatiYely Slllootb. 
The month of May in northern waters was also exceptionally fine, but in ,Tune but little work was 
executed, and that uusatsfactory. The manner of obsen-iug tlie cnrrents lias been the same this 
seaso11 as in the last, no change having been made in Pithpr thr anchoriug gPar or current meters. 

\Yhile en route from Key \Yest to Cape Hatteras an (•xtra a11chorage was made in the Straits 
of Florida off Powey Hocks for the purpose of rnaki11g a test of the currents, 011 a prediction based 
upon former observation. 

Before leaving Key ·west I wrote the following Jlfe<liction for ,;\pril Vi at the proposed place 
of auchorage in the axis of the stream: "Day's a\·erage .,;urfacc cnrreut, about 3~ knoto<, var~·· 
iug between 2~ and 4 knots. Strong·cst current about 5 p. m.; slight ri:>e iu wlocity at 4 a. m." 
Tlle observations were as follows: Time of maximum rclocity, 4.21 p. m. A Yerage of the "slight 
rise" in wlocity, 4.01 a. m. Greatest velocity, 3.41 knots. Least n•locity, 2.22 knots. Average 
velocit;y for the day, 3.01 knots-a di;.;agreement ht~tween the actual and predicted velocities of 
about 14 per cent. The current cunes of this anchorage are shown on illustration So. 41. 

EleYen anchorages ha,·e been made outside the Caribbean Sea during the t\\o seasons. One 
north ofBarbadoes, No. 32; two east of the St. Lucia passage, Kos. 20 and 21, and t'ight anchor
ages between Barbadoes and Tobago, numbered from 1 to 5; all within the limits of the e<1uato
rial stream. 

At the anchorages most distant from the South American coast the flow was more nearly in 
the direction of the tracle-winds and tlle Yelocity less than was found nearer the South American 
coast. 

The strongei,it set is fouud close to Tobago, aud here tlie direction of the upper stratn. is inclined 
well to the 11orthward. Anchorage 4" made this year eonfirmed theobser,·ations of 1888i and also 
showed the counter or tidal current, which was found iu the first season in several instances. At 
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8.45 a. rn. the direction was E. ~ N. at 200 fatl1oms; about three bours later the deptll of the UPJJer 
1low had become more shallow, so that at 130 fathoms the direction was SE. by S., and at 
'.WO fathoms it bad changed to E. hy. S. Between 2 and 3 p. m., at 65 fathoms, it bad changed to 
E., 130 fathoms to S. by "\Y., and 200 fathoms to SW. At 5.30 p. m. the 130-fathom current 
showed a still greater change to the southward and "·est ward. At this time we were obliged to 
leave the anchorage. 

The following table ;;hows the changes in about 11i11e hours' time: 

30 fathonh f5 fathom-. 130 fathoms. 200 fathonb. 

K. h \\'. 
X. Ly'\\'. 

:-..;( rth 

l\. Ly IY. 

\\' .\'\\'. 

\Y.\'\Y. 

East 

,\.S\Y. 

SE. by S. 

S. by \Y. 

SW. 7jW. 

E. }; ::\. 

E. by S. 

S\Y. 

It seems to be apparent that the subcurrent was chiefl.r tidal; that the thickness of the stratum 
iucreaseLl and decreased, and prolmbly its direction continued to change to the rig·ht tllroug-h tile 
entire circle. 

The e'l'idence of this tidal action was foun<l last year at most of the stations where the lower 
current cha11ged at times to SE., but at no time was it so marked as to show successh·e changes 
in the directions. 

The temperatures of the various stations north aml south of Barba<loes are shom1 in the tahle 
llelow: 

Station. , 37; fathoms. 15 fathoms. 30 fathoms. 65 fath0ms. ! 130 fathums. i 200 fathoms. 

32 79.44 79. 28 79.22 70.22 57.63 49.75 
78.0 77.5 76. 12 71. 25 56.0 

z 79.20 77. 25 77.0 70.0 54.5o 

3 79.33 77. 20 76.9 64.5 51. 57 
4 79.71 ;7.69 74. 29 59.92 49. 79 
4• 79.75 /7. 63 75.62 57.62 49. 17 46. 50 

5 j9.63 j6. 25 64.9 60.08 49.75 
5• 79.43 7S.57 70. 36 60.63 50.37 
5b i9-62 77. 65 67.64 61. 29 5r. 25 

----------· ----

This shows a slight]~- cooler surface temperature at the northerly thau at the southerly sta· 
tions, but th.is diftereuce is not greater than what miglit be expected at any station on different 
days. 

The differences at the lower depths, howm·er, are Yery noticeable, and furnish direct evidence 
,of the influeuce of the South American coast on the moYing water. The equatorial stream im
pinges on the coast, aud the colder water from the lower depths is pllshed upward on the slope of 
its sl:.iores, loweriug the normal temperatures at the various tleptlis below 65 fathoms, and at times 
ewn at 30 fathoms. Another instance of this was seen in the passage bdween Cura<;oa and tLe 
main-laud, where an eddy imbcurrent came from the westward between Oruba and Cura<;oa. 

I 
3y; 15 30 65 130 200 I 

I -----·--·--
I 

:-; o. 34 in deep water. n.62 76.50 ! 72.06 63.44 £3. 88 48.50 I 
I I I I No. 35 nen rer the co::ist. 76. 58 73.37 67. 50 61. 90 53. 70 

I I ----------
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After leaving the l~tter anchorage, wllich was in 4~5 fathoms, surface temperatures "-ere 
taken on a course across the passage from about tile 100-fatllom ciuve 011 the main land side. At 
tilis point the temperature was ao, but it qnickl~- cilauged to 780 as deep water was reached. 
The eddy sulJcurreut evidently pushed its way up the slope, lowering e'en the surface tempera
ture. 

In the equatorial stream, as stated before, the directions of the upper strata change towarcl 
the nortil as we approach the Sput!J American coast. It is evidently a resultant of a gentle cur
rent to t!Je westward in the average direction of thr wiml, an<l a stroug curreut setti11g alo11g t!Je 
shore, receiving its final direction from the general course of tlrn coast-line. The former it-;, I ue
lie\e, due to the friction of the trade-wind on the surface of the water. The latter cmTcnt Yaries 
in velocity greatly, and is made up of the part of the wind current impinging on the sl1orn a111! of 
the water which is thrown to leeward b;r the sea until it reaches the oustruction whence it must 
escape liy the line of least resistance. A portion probably finds its escape by a counter subcur
rent, and a portion augments tlrn shore surface current. At times this current eutirely m·ercomes 
the normal frictional current in the passage to the west of Barbadoes, aud a ttaius a nlocity of 
three or more knots, but it seems to be only after the trades ha\""e been lilowiug with unusual 
se,-erity. Station 32, alJout GO miles north of Barbadoes, was \Yholl.r within the "gentle flow," and 
seemed to be uninfluenced by the Soutil American coast current. 

Station No. 1, south of Barhadoes, '"1as apparently a resultant of the two; tlle surface currents 
to 30 fathoms <lepth being nuder the influence of first one current arnl then the other, while the 
lower strata were coming from the southward. 

At :No. 20 anchorage, about 10 miles to the eastward of tlle middle of tlle St. Lucia passage,, 
. the average directions found were as follows: 

I 
\ Depth ff . Xo. of ob
' in fathoms. 1 irec!!on .. servations. 

130 

130 

·----·-!----

WX\Y. 

WS\Y. 

\\'SW. 

.NX\\'. 

i SW. i 
i NE. b,. :N. I I , I 

South. 

16 

15 
15 
6 

7 
6 

7 

It is seen from this table il.iat at this time tile surface tlow was to the northward and west
ward, but deflected slightly by the current from tlle eastward wltich occupied tl.Je intermediate 
stratum. Tltat at 65 fathoms it was tidal, but influenced by tlie westerly surface current to deflect 
the normal directions of the ebb aud flow to NNW. and S\V., the mean being \i~. hy N., and that at 
130 fathoms depth the eddy current out of the Caribbean caused a deflection of its normal ebb and 
flow to NE. by N. and S., the mean being ESE., which is exactly opposite the surface direction. 

At Station 21, about 15 miles farther east, only two observations at each depth could be ob
tained on account of bad weather; but they were >ery interesti11g as showing an indicatioh of the 
same. The directions were, at 3~ fathoms, WNW.; 15 fathoms, NW. by \V.; 30 fathoms, IV. by N.; 
6.3 fathoms, WSW., and at 130 fathoms, S. by W. 

Steaming to Barbadoes the same day, and back to St. Lucia 36 hours later,"R current of :.l1 
knots or more NW. by N. was found bJ dea<l reckoning. At Barbadoes it is said that the stronger 
tlrn trades tbe stronger the current to the uorthward and westward, and for some time before this 
occasion they had been blowing abnormally strong. 

There seems to be a strong current at all times along the Tobago Island shore, liut when its 
volume is small its force is not felt far to the northward. It will be noticed that the directions of 
these surface coast currents, continued in the same courses, will e>entually impinge 011 tbe outside 
of St. Vincent and St. Lucia. If they were of great volume, the velocity of current in the St. Lucia 
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Passage would oe ver~· great. Instead of this, however, we find, with a fair surface current, an 
ebb and flow into and ot1t of the Caribbean in the lower strata, but predominating outward below 
100 fathoms. 

An examination of the current curves of this passage shows that at-
Station 10.-The current w.1s west (into the Caribbean), es.:cept at 130 fathoms, where it was tidal, 

flowing in and out. 
Station 10a.-The same. 
Station 13.-Current fiowing into the Caribbean with about the same nlocity down to 30 fatlloms, 

at 65 fathoms tidal, and at 130 fathoms flowing out. 
Station 9.-Flowing into the Caribbean abo,·e 30 fathoms, and tidal action below that depth. 
Station lOb.-Flowing in the same direction abo\·e G5 fathoms, and tidal action at 130 fathoms. 

An anchorage \rns made this year on the outside edge of the Grenadine Ba11k, :ua\ the cur
rent was found to be setting to the southward, varying between ff\Y. and SE. In 1888, in the 
passage uext to the southward, between Grenada and Trinidad, it war; flowing out of the Carib
bean in the deep water portions. This year it was found to be the reverse, except at 65 and. 130 
fatlloms, where, as will be seen below, tlle current was tidal. 

. I I I I 
l_~i:es. ___ 5.30 -'~ S.30-i-=-1-~~3~-1_::_ 
i 65 fathoms. W. by S. \Y. by S. ! . I W. Yz S.: 

130 fathoms. \YSW. i K:\'E. I KE. 
i : I I 

2.00 i- 3.00 4.00 

NE. \\'est 

I 
\Vest 

Between Martinique and St. Lucia a surface current was found flowing in, but a sufficient 
outward flow at the lower depths to deflect the currents at 65 and 130 fathoms. Probably in this 
i)assage the curreut predomiimtes to the eastward below 150 fathoms. It is probable that at times, 
the current lea\ing Tobago Island after unnsually strong winds, may be of sufficient strength 
and yolume to reach St. Lucia, and cause an inward flow in the passages on either side reaching 
the bottom, but ordina rilr this will not be the case. 

Between Curai;ioa and the main-land three anchorages were made. At all of them a westerly 
surface ftow and au easterly counter current was found, as will be seen in the table below. 

-------------- ---··· 

Station. 3Y. 15 30 130 200 
No. 34. N\\'. hy N. 

No. 35. f WN\V. Yz W. 
I 

NW. i--~w.;~w~1---~;.----: sE.byE. \ sE.byE. 

• SE. by E. 7; E.
1 

SE.};( E. ! SE. by E. 
1 

; 

I I 
NW. J( N. 

It is evident that in the southeastern Caribbean there is an eddy current setting to the east
ward at the lower depths, and it reaches the surface at times. 

The passage south of Grenada probably carries most of the \olume of water escaping from the 
sea, and each of the near passages farther north assists, but with lessening amounts. The eddy, I 
think, will be strongeet after strong trade-winds have been blowing for some time; for, under -
such circumstances, the coast portion of the equatorial flow will be large in volume and great in 
velocity from the escape of the water thrown to leeward, and as the direction of its escape is nearly 
at right angles to the "gentle fractional" part of the equatorial, the latter will be overcome and 
the eddy produced. A certain amount flows to the westward between Tobago and Trinidad, but 
the passage is narrow and shoal, and while the velocity is considerable the volume can not be 
large enough to cause an;· great current except on the banks. A strong westerly current is found 
in the "Serpent's Mouth," south of Trinidad, into the Gulf of Paria, and it is sufficient in volume 
to neutralize the flood tide in the Dragon's Mouth. Heavy tide rips are found about the latter, 
which are probably caused by these two currents meeting. The influence of the various forces 
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acting on the currents off Trinidad is sllown in tile talJle lJelow. Nu. 6 is nearest the Dragon's 
:!Houtll, and in 65 fathoms water; No. 7, 8;j fathoms. and Xo. 8 in 3u2 fathoms. 

i 
I Stations. 

1·--·-~--

1 ~ 
l ____ _ 

8 

8 

... 1,/ 

.)/2 

:\. hy \\'. 

' :\E. by E. 

' \\'S\Y. 

::\'E. by E.; .:\E. by::\'. 

:-;£,by E. SE. hy S. 

WSW. S\\·. 

130 

;\E. 

SL:. by E. 

S\\'. 

E::\'E. i ::\E. by:\. :\E. l•y ::\. 

SE. by E. : E. by S. E:"E. 

SW 11" ff. \I'S\\·. \\'. Liy S. 

:\E. :\ E. Ly:\ 

At ~o. 6, which was nearest the Gulf of Paria, \\·hen the title was eblJ the a\erage current 
·was N. by \V. on the surface and N. lJy E. at L) fathoms. At :)O fathoms, wLere the iutlueuce of 
the tide from the Gulf would ue least fdt, the direction at the uegir111i11g was .YE. anll cl.tanged to 

SE. by E. after low water. Probabls on this bank t!Je llirection of the ebL antl flood currents 
woulu 1Je north and south, but the deJiection of the eddy current comiug from the Caril:Jueau gave 
a resultant directilln at ~-\0 fathoms of XE. aml SE. 

The position of Xo. 7 anchorage was almost iu the prolongation of the axis of the passage 
between TolJago anu Trinidad. Its effect on ti.Jc tidal action at this anchorage was to detlect to 
t!Je westward. 

No. 8 statrou, situateu near the middle of the deep water of the passage, show:;; at all dt>ptl1s 
the influence of the eddy, tletlecting the tidal currents between NE. aml SE. To tile northw,ml 
of Martinique the next three passages possess cnrren ts much differeHt from those to the sou th ward. 
Here tidal action is noticeable, but only to detlect the entering water arn.l not to rewrse its direction. 
The Yertical cunes (illustratiou :S-o. 313) show the difference in the character of the currents in tlrn 
various passages, and seem to confirm the view that the canse:o; of the currents enteriug those to 
the northward are different from those to the southward of that island, and the cmTes shown on 
illustrations 32 arnl 33 seem to point to the same fact. Comparing them with tlie curves of the Sontll 
American coast current, or of the St. Lucia Passage, it will be seen how ,.eQ· different they are. 

The South American curves show the surface current greater than at li'i fathoms. Betweeu 
St. Lucia, St. Vincent, and l\Iartinique the maximum Yelocity is at 15 fathoms, with lmt a single 
exception. These arc the passages receiving nearly all of the 8outh American coast current which 
.succeeds in finding its way into the Oal'ibbean. 

In the passages between l\lartinique and Antigi1a tile tlow is composed of tile gentle frnctinna1 
equatorial and the escaping water banked up against their win<l war<l si<les. The rnlocit.r of the 
current entering the passages is probabl.'· in excess of the current due to wind frictiou aloue in tlie 
trade region outside the islands. ·whatever the latter current ma:v lJe, it would when it impinges 
.on the islamls raise the elevation of the surface arnl increase the velocity of the escaping water to 
the westward. Tlie accuumlation ou the outside une to the bre<Lk of the waves, throwing ton;; of 
water from the crest to the trough of the sea, would increal:le it still more. The elevation-; or <liffer
ences of level would probably be extremely slightt but wouhl be sufficient to increase the tiow 
through the passages when there was no other escape for it. 

The three passages next in order of their examination are the Anegada, ::\Iona, and \Yindward, 
and in these only a tidal current was found, complicated by interfering local causes. 

On the east side of the Anegada Passage, in 18S8, the surface .current rnried between S \\". aud 
Sl<J. by E.; 15 fathoms, N:N"E. to E. by S.; 30 fathoms, N. to E. by S.; 65 fathoms, N. to E. by S., aud 
130 fathoms, NW. to SE. by the KE. quadrant. # 

Tliis year the directions above the 30-fathom depth changed regularly to the right, making the 
-circle in about twel"Ve hours. At 65 and 130 fathoms tile U.irections were irregular, 1Jut mostly t4) 
the westwaru. 

/ 
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At Station .No. 23, situated near the middle of tbc passage! a gentle current was foun'1~ tidal 
in cbaract('r. 

At .So. 2-±, t}ll the west side of the passage, it was the same. 'l'he following table gi\"es the 
surface nlocities and directions at this station for each year: 

1SSS. 18S9. 

i 
Time. Direction. Yelucity. · Time. l>irection. \'elocity. 

~.---- -------- -
r 

s. by w. 8. SSE. 
; 

9.40 0.41 35 I. 13 
' 

11. IO :\. :\E. 0.63 I I. 00 XE.liy ?\. . 93 ' 
I. 30 );E by E. o.4S 2.00 E. y; s. 98 

~.oo ::-;'E by :\. 0.49 4.45 E. lJy ::\. 93 1 

6. 15 SE by E. 0.48 
I 

7.25 E'.\E. I. 00 

i S. 30 S. hy \Y. 0. 50 10. 00 East 54 
i 

10, 40 :\:'.\\\'. 0.62 

I. 40 E. by '.\. 0.64 
' 

- - ------- ------ ------~ - - ----------

It is seen that in 1888 the velocities were very light, the change in direction was to the right, 
and in about twelve hours these changes made the tour of all points of the compass in succession. 
In 1889 the velocities are stronger, and the current was generallj· setting to the eastward against 
a fresh trade-wirnl. 

In the Mona Passage fiv-e anchorages were made. On the east side, iu 1888, th~ currents were 
light, and were mostly to the northward and westward. A year lattir they were found to he the 
same, except at 130 fathmns, when they varied in direction between NE. and S. by E., but stronger 
in force as iu the A.negada. 

Near the middle of the passage the currents were light, and to 30 fathoms depth generally 
varie1l between NE., SE., and SW.; below 30 fathoms the tidal influence was felt predominating 
toward the east. On the west side the currents were the same as in the middle. 

lu 1888 three anchorages were made iu the Windward Passage; No. 27, about 6 miles west 
of St. ~icolas :Mole; No. 29, about 1G miles SE. of Cape l\laisi Light-House, and No. 28, outside the 
line drawn between them, but in the prolongation of the middle of the passage. 

At Station 27 the directions were in the NE. and SE. quadrants (the former predominating 
deci1ledly),except at 130 fatlioms~ at which uepth the current was founu to be weak and irregular. 
A year later the same condition was found, except that the thickness oftbe regular northeasterly 
and southeasterly current was but 30 fathoms, and below that depth it was weak and irregular. 

At Station 28 the set was .SE. and .SW., except at 130 fathoms, where for a short time it was 
\VS vV. In 1889 the current was less than one-half knot in velocit:y, and its direction was generally 
to the southward and westward, except at 130 aad 200 fathoms, where it was northerly. 

Station No. 29 was found to be setting to tlie southward at each depth except 200 fathoms. 
At :.!:.!" tlie snrface w.i,s setting nort h westerly, and at all other depths tidal action was fouml except 
at 65 fathoms, where from sorne cause the flow was south westerly. These currents are shown on 
illustration No. 40, the cun'es being drawn l.Jy resoh·ing the \•elocity aml takiug the component in 
the direction of the axis of the passage. The vertical curves dedueed from these are shown on 
illustration No. 3fi, Fig. 5, together with those of the previous year. 

The water entering the Uaril.Jbean on the westward side at the time of the latest observations, 
was entirely as a subcurreut between 20 and 120 fathoms depth, whereas in 1888 it was entering 
at all depths observed. On the east s i<le, in 1888, more water left the sea than entered from the 
surface to 130 fathoms, whereas this year the northerly current existed only to 30 fa th oms depth1 

but was hardly perceptible below that depth. There seems to be an eddy current in this passage 
as in the others, and g~nerally it will be found that it is northerly on the Haytian sideaml southerly 
on the On ban side. It is probable, too, that there is a slight excess of water entering the passage. 

There is evidently a current setting to the westward outside the islands from the Anegada to 
the Windward passages. This is probably composed in part of the same gentle flow as that found 
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in the passages north of ::\Iartinique, lmt it is much augmented by the water driven to leeward by 
tlie sea. In meeting the obstruction of tlic islands, the direction is changed sliglitl~·, and when an 
opening is reacl1ed, an eddy current is formed, the streugth of which depends lar;:·ely upon the 
continuity of tbe land to the eastward. 

At the Anegada PasHage the few islands to the eastward act more as a ;;;ieYe tllan as au 
accumulator of the water, and consequently its eddy is weak and irregular, and titlal action most 
pronounced. 

In the -:'.Iona Passage the same condition is found, the accumulation of water on the northern 
shore of Puerto Rico being iusufficien t to prod nee a marked eddy. 

The \Vindwanl Pas;;age to leeward of the large islaml of Hayti is situated fayornbly for for
mation of au eddy, and here it was found. In 1888 it was decidetl; in 1880 it was 11ot. Tile iir:-t 
was a season of strong trade; in the last the winds were almormall.r light. 

Farther to the westward the coast current enconuters the 11t11Tow part of the old Baliania 
Channel, and the different conditions existing at the two examinations seem to be irnlieated directly 
by the obserYatious in the \Vin1l W<tnl Passage. 

The first ex:tmiuation of Station So. 30 de,·elopetl thP fact that tht> surface enrr<'llt 1Yhich was 
running to the eastward was but a sllallow one. At G3 fatlloms 1lepth Llie directiou ehau;!:e•l first 
one way and then the other at fair:_!.)' regular interrnJs, and below tllat depth at 130 am! 200 fath
oms it was running to the westward with a \'elocity of from 1:2 to 2 knots 11er lionr. At t lie time 
of the examination this year, the first twenty-four hours Rhowetl a current exactly opposite; that 
is, Jlowing to the westwani oa tile surface, to the eastwar,l at the lower tlepths, and at G.'i fathoms 
the average turning iioint. Jn the next twenty.four hour,; the whole wass of water was running 
to the northward and westward. 

In the vertical cnr\·es of the \Vimlward and Old Bahama Channels (illustration Xo. 3G, 
Sketches 5 antl 6) the data are obtained by resoh'ing the velocities in the directious of the axis, so 
that they represent relatively the volnme of water 1)assing through. The differences in the two 
~·ears' observations will be seen at a glance. 

An analysis of the temperatures in these passages will be of interest. 
~ 

I Station. 
I 

1~Vimlward Passage, 27. 

I \Yinclward Passage, 28. 

\Yinclward l'assage, 29. 

I Ohl Bahama, 30. 
I 

\Yindward Passage, 27•. 
"'indwanl Passage, '28•. 

\Vindward Passage, 29n. 

I Old Bahama, 3on. 

1888. 
--- ------------ ------------

3Yz 15 30 65 130 200 

--- ---·---
I ! 

74. 87 ' 75.94 75.22 i 71· 67 i 6r. 94 

n,88 74.05 
I 72.90 10. 20 I 61. 30 I 

74.80 73.45 I 72. 25 69. 78 ! 61. 89 
i 

57.63 
74.38 i3· 30 73. 14 : 72. 30 i 63. 86 58_ r; 

1 

l68D. 
---~--- -----

79.44 78.63 77.43 74.06 63.58 57.07 
78.00 77-75 76.75 72.75 

; 
65.50 : 60.00 : 

78.4{ 
! 

16.79 76.75 7+.21 66.29 62.14 

75.90 75.44 75.09 74.34 65. 47 62.53 : 
!~~~~~~~~~-~----------'------~~-

i 

I 
! 

We see here that iu tbe first table, at ~o. :Ji anchorage, on the east side of the passage, the 
temperature at each depth is warmer than at the corresponcliug devth at tltt> other stations. 
This water was leaving the Caribbean. 

At No. 29 station at each depth it is colder than at the other stations, with the exception of 
130 fathoms. This water was entering the Caribbean from the northward. In the Old Bahama 
Channel the surface water, coming from the Gulf of lllexico, was about the same as foe water 
entering the Windwaru Passage at Station 20, but the lower water was w-armer than at auy cor
responding depth betwee11 Ila;yti and Cuba., whil~ in 1889 the surface water at Station ~{(;a was 
colder and the lower strata warmer. 

Outside the Bahama lslandR, and east of the probable limit of the Gulf Stream, two anchor· 



 

474 GNITED STATES CO.AST AND GEODETIC SURVEY. 

ages were made, No. 31, in latitude 2P 53', longitude 76° 59', and No. ,14, in latitude 300 561
, 

longitmle 76° l()'. At lJoth, the fl.ow is a continuation of that fouml in the trade-wind regfou, 
arnl is not from the Straits of Florida. At the second station, obser'l'ations were carriul to a 
depth of GOO fathoms. Below ~no fathoms the prentiling current was in the same direction as 
the snrface; bnt at times chauges were obse1TNl \Yhich seemed as if tidal action or a lower couuter 
current o\·ercame the regu!ar st>t. The a norage directions, velocities, and uumber of obser,·ations 
at the two stations are giveu in the table below. The length of time required to take a series of 
obsenations from the surface to 600 fathoms necessitated an abandonment of tlle exaruinntiou at 
most of the upper clepths. 

--------- -----·-----~-

i i ~tntion. ::\o. ,..,,y; \'el. .'.':o. 15 Yel. Ko. 30 Ye!. ::\co. 65 Ye:. .), 2 

- ----·-- - -------

31 9 ~-\\'.by \Y. 86 9 ]\\\. 1>:- \\'. ' I. 07 9 .:\W. Ly \\'. 9S 9 0\Y. SS 

44 2 ?\::\E. I. oG XE. hy "· I. ,. ) 2 KE. by "-'· I. 14 l\XE. I. 13 

.. -------------- -- ---- --- -- --
--~-------

---_-=.__, ____ ___: _____ _________ "' _____ 

Statlnn. :\o. 130 ,. el. Xo. 200 \'el. Xo. 3i5 \el. ::\o. 600 Ye!. 

--~-----------

31 9 X\Y. by ?\. 70 'J X\Y. by :'.\. . 65 

44 7 XE. ,, N. 90 i :'.\E. by E. 92 XE. by E 82 6 KE. 60 /2 
\ 

44 2 S\Y. I' 
,/2 s. 75 SSE. 54 

-------·------

It will be noticed that at Statiou 31 all the water was flowing- to the northward and westward, 
uut tlle lower strata more to the uorthward (toward the right) than the upper. At Station 44, 
Itbont 180 miles distant, the directions were found to be mostly iu the northeast quadraut, with 
the lower strata setting more to the right than the upper. 

Off Cape Hatteras two anchorages were made in 18S7, and se,·en tbe present year. The 
Yarious stations arc sliowu on the accompan~·ing chart (illustration No. 42), and it will be seen tLat 
all are well within tlie supposed limits of the Gulf Stream. • 

At Station No. 1, Section F, observations were made three times (see illustration). The first, 
in 1887, shows a str011g current to the northward and eastward, except at tLe lower depths 'where 
it was tidal. At 200 fathoms it averaged NN\Y. ;t W. and SSE. :t E., changiug with regularity, 
but running longer to the southward thau to the uortlt ward. At 130 fathoms there was an e.ident 
interference hetwecu tlrn regular and the tidal currents. 

At Station ia iiractically the same directions were found, with an indication of the tidal 
interference at 130 fathoms. 

Station Ih gave au ed<ly current during the whole time of the anchorage, every direction with 
one exception at 65 fathoms being in the southwest quadrant. 

At Nos. 2 and 3 stations the currents were always to the northward and eastward, and the 
velocities strong. 

At Xos. 4, 5, and 6 stations the currents were most erratic in the upper strata, but persistently 
fio'\\'"ing to the northward and eastward at the lower depths. There were some anomalous temper· 
atnres found that lead me to the belief that inferences drawn as to direction of flow of water froru 
surface temperatures can not be relied upou. 

At Station 5 the directions of tlie surface flow changed gradually from W. to NE. by E. and 
.SSE., with greatly varying temperatures, as sho~n in the following table: 

3~ fathoms, 8tation 5, Section F. 
------------------ -----·----~-· --------- --------·-

Time(h. m.). i 6. IO 
I I I . 

I. 45 5.22 I I. 50 
I i· 30 9.45 I I. 07 I 4. 20 i 7. 2-1 

1 
-----~-~--- ---~---· ~--,--1 

Temperatnre. 760.5 i I, 
i I I 

I 73°· 5 720 74° ?60. 5 
i 

780.5 , 19°. I 78°. i 
Direction. \Yest :KW.by W. I ~- byW. :'.'forth i 

N~E. KE. by E. SE. SSE. I SSE. I SSE. I 
' I i . 97 : .98 I I \·elocity . 9'+ .98 

I 
.96 .91 .76 . 63 I. 05 I. 21 

--- _____ _} __ .. ----- ---
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The current wheu flowing N. by \i'. arnl X:XE. was colder than when tlowing either w·. or 
'SSE. by many degrees. 

1\t Station 1 great differences were observed also in 1887; the surface directions were all in 
the northeast quadrant, with an average temperature of 770,3, 

At 1 a the directions were the ~mrne aud the ten1peraturc 75°.1. 
At lb tlle average surface flow was S,V, with a temperature of 80'\G. At 130 fathows, howen:r, 

-the directions and temperatm:cs followed each other more closely, No. 1a having tlie most persist· 
ent northeasterly current, and the highest temperature 530.1; ::S-o. l XE. and SE. with 5F.7, aud 
No P SW. with 490,(). 

Tlie table belo1r shows the temperature>s at the rarious stations, null tbe 1mmller ot' ollsern1-
tious, and also the general course of the currents oft' Cape Hatteras. 

-------·---- - -

3_:,~ I" ) 30 

Stati0n. 1--------------- - - ----- -----
Temp. : 

x{J. 1 >irec. Tcmu. ":\u. }).irt:C. Teml'. I :\v. l>irec. 

No. I (1887). 77.3 58 '.\L 75.G 5 :\E. 72.4 4 _\E. 

! No. l" (1889). 75· I 8 :\E. 7+ 4 8 ::\E. /2. I 8 '!\E. 
' I lfo. 1b ( 1889). So. 2 I 8 SW. 76. 2 8 SW. 69. I 8 :::i\Y. 
i ! 

Nu. 2 (1889). 79. 8 3 :\'E. 79. 5 l 4 NE. 79.0 3 :\'E. 
I 

Nu. 3 (1887). /8. 6 9 ::\E. - - - -- - I 4 NE. 4 .'.\L. 
! I 

No. 3" (1889). 7J. 9 ' IO I E. 75.8 8 ::\E. 74.4 9 ::\E. 
i ! 

No. 4 (1889). 74- 7 8 fNE. } 73. 6 8 NE. 71. 6 s { :\E. 
. l SE. SE. 

I 
I (l"\V.}: 

! { N"'·} 
I 

I 
' { _:\'\\-. 

No. 5 (1889). 74.8 i II < ::\E. 73. 2 10 ' NE. 71. 4 s XE. 

i l SE. SE. . SE. 
I 

No. 6 (1889). 77- 5 8 w_ 76. 7 8 \\". 74.S s \\'. 

--.=------:--_-----:-.::-_:---------

65 130 200 

Station. --~------ -------- ---
I Temp. Nu. Din~c. Temp. No. l>irec. Temp. Xu. JJirec. 
I 

0 
:\N.::\\Y. 

No. I (1887). 59· 4 5 EXE. 51. 7 3 I { 

N. } 46.5 s I 

I 
I E. : S. SJ::. I rt' I 

No. l" (1889). 64. 7 I 
8 XE. 53· I 8 :\E. t 

No. 1b ( 1889). 58. I 
i 8 S\V. 49.6 s SW. 44.7 s S\Y. 

No. 2 (1889). 7J. 2 I 3 l'\E. I 
No. 3 (1887). -- ---- 4 ". 
No. 3• (1889). s I 

E. 64.5 8 :\E. 62.6 : 8 I 70.9 I I 

I{ 
: 

I No.4 (1889). 67. 8 

I 
r KE.} 64. I 7 X_E } 63.5 2 E. 
\ SE. L 

I No. 5 (1889). 70.8 9 :\E. 65. I 9 _\T (11. I 9 XE. 
i I i ' 

I No. 6 ( 1889). 70.8 8 N. 64. 5 I 8 i :\E. 62.2 8 :\ E. 
1 

I 
------ ---~- --------

The daily variations in the South American coast carrent, aud in the passages receiving its 
-waters (the St. Lucia and Martinique Passages), are nry marked. 

The following table shows the approximate time of the arrival of the maximum current, after 
the transit of the moon : 

Equatorial stream between Tobago and Barbadoes_ ___ --· __ ---- ---- •• -----· ------ -----· ------
South of St. Lucia. __ ------ •• ---- •• ---- •• ---- _ ••••. -- •• -- __ ---- ----. __ •• _ ---- ___ ••. ___ • 
S-Outh of Martinique ---- ---· ---- ---- __________ •• ---- ---- ·--- ···----- ---- _ ·---- ______ •• ___ _ 

h. rn. 
5 56 
6 05 
6 49 

.Outside the Bahamas __________________ ·---------------------------------------------·____ I I 30 
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The question arises, what i.~ the cause of this daily variation in the velocity ~ It is not marked 
in opeu sea where the current or tidal wave is unobstructed, but when it is noticed, the close agree
ment lietwee.n the current establishment and the tidal establishment causes the belief that they 
are intimately connected. It appears tluit the current has a comparati,·ely uniform Yelocity. The 
tidal wa,·e, upon meeting an ob.struction in open sea, elenttes the water aml causes a varying 
velocity in the current, but the effect is retarded iu point of time depending upon outside influence11. 

For example : 

' ' i 
I! Ti<lal establishment. 

~taxin11:n1 current. 

Toliago. I St. Lucia. · :Vlartinir1ne. 

----·~-----

h. m. h. m. ! h. m. 

3 00 4 08 l 
5 56 6 o· J 6 49 

That is, the maximum velocity is from two to three hours after the water is elevated greatest 
by the tidal wave. 

Off Bahama the maximum flow is llh 30m after tlle transit. The average tidal establishment 
of the Atlantic coast south of ITatteras is about 71' 3orn, resulting in a difference of 4 hours after the 
tidal elevation on tl1e coast. Ju the confined waters of tlie Gulf Stream, issuing from the Gulf of 
::\Iexico, it is still a question of'' head," but in.another way, for here tlie maximum flow is a:ft:er the 
depressiou of low water in the Atlantic. 

The maximum current in the Straits of Florida at Fowf'y Rocks is 9 hours before the transit 
of the moon or 31i 26m after. 

Low water in the Atlantic is at about lh J'jm, lea>ing a difference of 2h 07m, In the Straits of 
Yucatan the Earne law st:ems to hold, but the irregular and conflicting tidal waves of the Gulf of 
Mexico cause a greater retardation to about 5 hours after low water. This subject will receive 
further attention on later examinations, when it is hoped that the question may be definitely set
tled. 

To summarize my conclusions as to the probable course taken by the water entering the Carib
bean to form the Gulf Stream: 

Outside the Windward Islands the surface flow is in the prerniling direction of the trade
winds; this is pro\Jably a })ersistent current as a -whole, but is interrupted over small areas by the 
lower currents coming to the surface, and also by the South .American coast current increasing in 
,~eJocit.Y and volume at the time of abnormally strong trade-winds. The observations show the 
currents to be as follows in the various passages from Cuba to Antigua: 

Grenada Passage.-Yariable on the surface; subcurrent from the Caribbean into the.Atlantic. 
St. Iilteia Passage.-Surface into the Caribbean; subcurrent out with a tidal current between. 
J11a rtinique Passage.-Surface current into the. Caribbean; tidal current below but predominat-

ing to the westward. 
Dominica, Guadaloupe, and Antigita Passages.-A gentle westerly current into the Caribbean. 
Anegada and Jfona Passages.-Irregular and weak tidal currents, with probably a slightly 

predominating current out of the Caribbean on the eastern sides, and into the Caribbean on the 
western sides of the passages. 

Windward Passage.-The same as in the Anegada and Mona Passages, but the currents more 
decided in velocity, depending probably upon the preYailing strength of wind. 

SMtfh of Cura9oa.-Generally to the westward on the surface, aud to the eastward underneath, 
but the subcurrent is of i;uch volume that it is liable to entirely overcome the surface set. 

Bet1ceen Jamaica and Hondums.-Southwest of Pedro Bank, S,V. by W. on the surface, grad· 
ually changing to the westwanl to 130 fathoms, and tidal below that depth. 

Beticeen Pedro Bank and Jamaica.-Tidal or eddy current setting to eastward. 
Old Baltama Cltannel.-Curreut in both directions, depending upon the velocity, direction, and 

persistency of the prevailing winds. 
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In ueneral.-Tlle trcttle-wiutl seems to cause a surface cmT"11t in its direction, and in all the 
passages of the \Vmd W<trd falan ds au inflow exist" to a greater or less extent. In the passages on 
the northern sille of the Caribbean there is Ile) fixed current. In aduition to this flow there is a 
large volume entering all the passages, from the break of the waves. 

Passing across the Caribbean, the obstruction of Hontlnras and Yucatan causes an elcYation 
(probabl~- very sligllt, howen'r) Pml a fiow through the natural outlet of the Straits of Yucatan 
and Straits of Florida, thus forming the Gulf Stream proper. 

The course of the currents between the Bahama Islands and Cape Hatter:is indicates that 
the Gulf Stream receives large adclitions from the .Atlantic tlow. The complications off Cape 
Hatteras, caused by this current, and the inshore counter current meeting the Gulf Stream at au 
angle, makes it irnpo3sible, howe,·er, to solni the problem of the mssterimi of the latter at the 
prese11t time. The position of its axis seems to be fairly well located iu the Yiciuity of Xo. 3 
anchorage, but from all the evidence of mariners a strong current is often experienced farther 
south; sometimes it is broad auu sometimes uarrow. There seems to Le a subcurrent generally 
setting in the proper direction of the Stream, e\·eu wheu the surface flo\Y is oppo1>ite; it is pruual1le 
that tlie former overcomes the latter, making a surface current to the 111.rthwarrl; tliat ii,;, tlte 
increase in width of surface ftow comes from below, but the cause or t lie time of these expausious 
can not now be stated. The connection between t11e expansion and the declination or transit of 
the moon, or meteorological condition of the atmosphere, is not evident, although there are i11dica· 
tions that these are the forces which influence if not govern it. Man:- more obsen·atious are 
necessary to determine the question. 

The following officers were attached to the Yessel during the past season : Ensign R -:\I. Hughes, 
U.S. N., observer; Ensig11 Harry Kimmel, G. S. N., obsernr; Eusigu C. S. StamrnrtL, G. S. X., 
observer; Ensign J. E. Shindel, r. S. N., obsernr; Ensign Philip Andre»s, G. S. N., obse1Ter: 
Assistant Surgeon Thomas Owens, U.S. N., recorder; Assistant Engineer "\V. W. \Thite, G. S. X., 
recorder; Pay Yeoman N. G. HenrJ·, G. S. N., recorder; Ship's \i~riter, "\Ym. H. de Luce, 
recorder. 

Statistics. 

Number of anchorages for observing currents . ............. ....... •••• •. . ••• .. . •• . .•• •• • ••• • •••• .• • ••• ••• • . 3Ll 
Number of observations for current·····----··----- ____ ·--···-·-··· ........................... - .......... __ 2_:;;7 
Number of observations of temperature of sea watBr ..••....•••.. _.... •• • • .• . ••. .. . . • . . . .. .. . •• • . .. . .• . • . . .. ~.r.:i;, 

Number of miles steamed during the six mouths cndiug July 1, 1869 ........................................ _ ll,~;,11 

Respectfully, 

Mr. T. C. MENDENlIALL, 

Superintendent Coast and Geadetit Sun•ey, 
Washington, D. 0. 

J. E. PILLSBlTRl. 

Lieutenant, r:. S. ~Y., Commanding, 
Assistant, Coast anc7 Geodetic Suri·cy. 
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A pp E ND Ix N o. 1 7 . - 1 8 8 9. 

REPORT ON THE RESULTING LENGTH AND PROBABLE UNCERTAINTY OF FIVE PRIXCIPAL 
BASE·LI~ES, JIEASURED WITH THE CO\IPE\"SATIOX BASE APPARATUS, BACHE· 
WURDEMAN~, OF THE COAST SURVEY, BETWEEN THE YEARS 18!7 A:'l"D 18;)5, INCLU· 
SIVE." 

Sul:nn.itted hy CEIARLE3 ~~. SC1''IOT'T', A"'sistant, Coast and Geodetic Survey, 

Of the seven principal base-lines, measured up to the present time with the Bache:'iViinle
urnnu Cornpeusation Base .Apparatus, an account of two only has been irnblished, dz: Length and 
accuracy of the Epping base-line, ;\Iaine, iu Appeutlix No. 21, Annual Report for lSG::>, arnl rneasure
meut of a, primary base-line on Peach Tree Ridge, near Atlanta, Ga., in Appendix So. 12, Annual 
Report for 1873. For the sake of completeness of information respecting the rc~ults o!Jtainetl with 
this apparatus, it appeared desirable to present nn account antl giYe the resultiug lengths with 
probable errors of the remaining fi>e principal base-liues, whicli were reported 011 indi\·idually by 
me some time between December, li3Tl, and September, 1Si2. 

These lines are as follows: 
1. Base-line on Danphiue Island, .A.Ia., measured in 18±7. 
2. Base-line on Bodies Island, N. C., measured iu 1848. 
3. Base line on Edisto Island, S. U., measured in 1850. 
4. Base-line on Ke,\· Biscayne, Fla., measured in 1855. 
5. Base-line on Cape Sable, Fla., measm·e<l in 1855. 

The sixth and se>enth lines in the order of tinrn were Hie Euping Plains base in 18;)7, aml the 
Peach Tree Ri1lge base in 11'72 and 1873. 

\Vith tllis last measure the first part of the history of this compensation apparatus closes, as 
it has not been employed since 1873. Between tlrn ~ears 1847 and 1873 the Ci-metre bars (tubes) 
remained substautially as originally constmeted and adjusted, excepting a small change in length 
of one of the tubes, dtrn to an accident to tlle ag«tte entl duriug tile first measure made in 1855. 
The treatment and principles of computation for the length of these 1;1even bases and for their 
probable error are therefore the same or similar, iu particular since all depend upon tlie same 
original comparisons and fondamental data. 

After the measure of the last base some slight imprornments and re-adjustments of tlie tubes 
were made at the Stuvey Office at Wasltingtou, which of course would now necessitate a series of 
new comparisons with the 6-metre standard bar, in case it was the intention to use the apparatns 

•This report is no"· published by directiot1 of the Superintendent, au'l without any other comment,tlrnn to state 
that it was de3irable to give the in format.ion it contains to the public as a part. of the history of the base measures 
of the Survey, and as the foundation of distances for a number of triang11latiou.g base,l upo:1 the>e measures. It wa~ 
originally mad~ in 1874 to the (then) Assi.~taut in charge of the Office, and was intended for iu,ertion in the Superin· 
tendent"s Anuual Report for that year. - [June, lE!BO, C. A. S. l 
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.again.* A fall description of it, accornp:mietl bya plate ofillustratiuus, is given in Appendix No. 
35, Uoast Survey Report for 185!. This account is J;'rom the pen M )faj. E. B. Hunt, U. S. A., 
then Assistant in the Coast Survey. This report having become scarce, the article was reprinted in 
Appendix: No. 12, lfoport for 1873, pp 132-136, with a su11plement referring to some improvements 
made in 187 J. The illustrations are reproduced on plate 18 (with the added Borda scale of figure 3). 

The unit of length adoptetl in the Oortst Survey, since its existence, is one of the original iron 
metres of the French committee of the last century, the property of the American Philosophical 
Society, of Phila<lelphia, au 1 lent to the Snn·ey. In 1867 it was taken to Paris by Dr. F. A. P. 
Barnard, then Assistant in the l5nrrny, and by him compared with the metre of the .Archi•es, with 
the co-opemtion of Mr. Tresca, of the Oonsenatoirc des .Arts et)fetiers (see Coast Survey Report 
for 186i, Appendix No. 7). Later indirect comparisons ham shown that this metre (C. M.) is >er.r 
nearly (most prohahly less than a micron) of the length of tlrn new International Prototype Metre 
(see Bulletin .X o. li, Coast and Geodetic Survey.-The relation lrntween the Metric Standards of 
Length of the U. S. Uoast and Geodetic SmTey and the C. S. Lake Snrvey, published October 11, 
1880). The National Prototype l\fotre hadng since been recei•ed, it now only remains to compare 
the Committee Metre (C. M.) with it in order to make any small correction in cases where the 
greatest precision is demamled. 

For determining the length of the tu ues and for adjusting the compensation of the base appa
ratus an iron standard bar was llrO\"ided (in 1847), and its length in terms of the C. l\J. was found to 
eqnal 5.93994i)7 metres at o::i C. from comparisons made in 1860 by Assistant J. E. Ililgard, but 

::!: 9 
5.!J99tl583 from comparisons in 187i by H. ·w. Blair of the Sun·ey, and 5.9999547 as revised by me 
±: j ::!:: 25 
in l\Iarch, 1883. 
The co-efficient of expansion of the bar was determined in 1860 by Assistant Hilgard, and was 
found to be O.OOOOJ64l for Fahrenheit's scale, or 0.00001154 for the centigrade scale. (See Appen-

± 2 ± 4 
dix No. 28, lteport for 1862.) 

The co-efficient of expaosion of the C. M. is discussed and stated in Bulletin No. 17, p. 172, 
,-iz: 11.7!)5 x 10-0 for the centigrade scale. 

± 25 

., The <lra,wbacks to the a<lvantag.,on' use of this apparatus (length 6 metres), as now recognized, are twofoJ,l: 
Fir..,!, the cumhersome awl expeusivo character of its manipulation, all(l <lemand for n careful gracliug of the line; 
second, tho complexity of the lever arrangement arnl of the bimetallic co1nper:.sation rendering the apparatus liable 
to ch mges in length <luring service in. the field, through the effect of difference of temperature in the bars. The 
experience of the U. S. Lake Snrve_v, which hal secured a copy of tlic apparat>is (length only about 4~, metres, hy the 
rnme maker; see de-criptiou m tho Report for 18G8), was similar to that of the Coast 8ur1·ey, and led ultimately 
to its abandonment in f:wor of a steel bar with attac11ment (in its middle) of a zinc bar to serve as a llor<la ther
m<>meter. Oa the Coast Survey, on the .i;ller hand. an apparatus was brought out using a rigill bimetallic invariable 
b.u (lcugth ~'metre,), (8ee deecriptioa in Appemlice.i Nos. 7 aud 8, Report for 1882; also length of the Yolo Lase, Cali
fimia, in Appcn(]ix No. 11, Report for B8:l). It is not too much to say that greater accuracy may be reached with a 
p1a1n har (•teel) thau l>y ml\aus of any mechanical comhiuations; the mouern teu<lency appears to be in favor of tbe 
most simple means. The great progress rna<le of late in refiaed thermometry aius materially in reaching this greaier 
1•recision. 
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PART I.-RESULTING LENGTH AND PROB.-lBLE U'.\CERT.UNTY OF THE BASE-LINE lIEASURED O~ DAUPHINE 
ISLAND, ALABAMA., IN 1847, BY A. D. BACHE, SUPERINTENDENT U.S. COAST SURVEY. 

[Reported April 9, 1872.J 

When reconnoitering for tbe primary triangulation of the coast of Alabama and Mississippi 
in 1845, Assistant F. H. Gtirdes selected the site on Dauphine Island as a suitable one for the 
measure of a base-line. The elevation of the island is but a few feet above the mean level of the 
Gulf of Mexico. The line passes over sand, generally bare, llut in part covered with low grass or 
rushes. The irregularities of tile ground are inconsiderable, but a uum ber of sand ridges had to 
be leveled aud some gullies, cut out by the sea, had to be crossed. 

After a preliminary chaining in 1845-'46, the measurement was made by means of the com
pensation base apparatus in May and June, 184 7, by A. D. Bache, Superintendent. This is the 
first base-line measured with tllis apparatus. 

The line is nearly 6i statute miles in length; its termfoi are marked by stone monuments, be
tween which tllere are six so-called mile-stones, also a stoue half a mile beyond the sixth mile
mark. In August, 1852, a htlrricane swept over the island, causing the sPa to 'vash o•er the line 
and to (Jisturb the mile-stones V and VI, also YI!l, as well as the western monument; two of the 
original verification marks (nails in heavy logs), however, were recognized in May, 1851~ by Assist
ant.s F. H. Gerdes and J. E. Hilgartl and secured by marble blocks, and for further security As
sistant Gerdes, in 183i, inserted a screw pile in tlrn line with reference to these marks. 

The compensating tubes'Nos. 1 and 2 were compared among themselves, aml tube 2 directly 
with the standard. 6-metre bar before the apparatus left. Washington. Ou Dauphin~ Island, be
fore and after the base measures, the relative length of the tubes was ascertaine1l ; tube 2 was 
compared with the standard before the base measure and tube l was similarly compared after the 
measure. The results of these comparisons are as follows: 

By direct comparisons of the tubes, No. I was found long-er than ::\'o. 2-

At \Vashington, in March, 1847 ____ -------- ---- ------- ------ -------------- ·------
At Dauphine Island, in :\Iay, I 847 ____ . ___________________________ -- - - --- ---- _____ _ 
At Dauphine Island, in June, 1847 __________________ --- ____________ ----. - - - ---- __ --

:!\Ietres. 
0.00001825 
0, 0'1002!~0 

0.08002147 

Before the comparisons at DauplJine Island were made, a re-adjustmeut of one of the iron 
stems carr~·ing the knife-edge became necessary; the mean of the results obtained in ".\lay and 
J nne for tube l longer than 2, orn.0()00!:?157 was therefore preforred to the mean of the tlffee 

± 0 .00000140 
values. 

For the same reason the results of the Danphine Island comparisons of the tnbes witll the 
standard alone are used; they are: May 11 and 12, 184i, before the base measure, tube 2= 
6m,OOOO.'ii3±0m.0000110, aml Juue 10, 1847, after the base measure, t,ube 1 =u'".0000G-!O ±:Om.0000110. 
Tile above difference in the length of the tubes is well ascertainerl, hnt the derived absolute 

. length of the tubes depends mainly on the closeness with wllicll tile temperature of the sbuHlanl 
bar is indicated by the thermometers during the comparison~. During tile first-uamell comparisoM, 
made at an average temperature of 7 40,5;) Fabr., the temperature of the air was prohal,)]y slightly 
rising; during the second comparisons, made at an average temperature of 76°.93 Fahr., the tem
perature of the air was probably slightly falling, and if in the first case the substance of the bar 
was but 10 Fahr. lower, and in the secoml case, by the same amount. ltigher than indicated, the 
resulting cl.mnge in length would more tbau make up the obsen'ed di:ffereuce. EqnatiIJg tlle 
measures with consideration of weights, we finally barn: 

Length of tube 1.. _ ......... 6m.00007 l0±001.0000110 
Length of tube 2. _ .. _ ...... 6 .0000503±0 .0000110 

The adjustment of the compensation for changes of temperature was made in 1846 by the late 
Superintendent, and the tubes are still in the same condition. as at first made. This compeusation 
was then shown to be perfect for various natural temperatures and for different rates of change 
of temperature by the invariable length of the tubes under these conditions. Tbis pr<.>eess 

H. Ex. 55-31 
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required but an approximate knowledge of the co-efficients of the two metals composing each' 
tube. In 1865, when the fiual result for the length of the Epping uase was presented, the former 
conclusion of the absence of any appreciable difforential expansion and contraction in the tubes 
under ,·ariable temperatures was again accepted, !tnd the same idea was presented in the discus
sion of the length of the Bodies Island base. It suffices to remark that the perfect compensation of 
the tubes for changes of temperature cau not be called in question by any comparisons conducted 
in the field with bar aud thermometers but partly protected from the >ariations in the tempera-· 
ture of the air, aucl that tile apparent outstanding differential quantities, under such circumstauces, 
are to be ascribed to the difference in tile actual and attrilmted temperature of the metal of the bar. 
The treatment of the measures for the length of the base '\\ill be uniform for eacL of 1 he six lines 
so far meas.ured witll the compensation apparatus. The absolute length of the tubes, however, 
is not invariable, as may be seen by a comparison of the results gi-rnn for the several base-lines; 
but as the lengtlt of tLe latter is not affected thereb.Y the fact is of little importance. This 
shortening of the tubes is ascribed to the joiut effect of a gradual wearing ot' lllOYa ble parts and 
to sagging or settling. 

The probable error assigned to the deduced length of the tubes may be taken to include all 
uncertainty arising from direct comparisons with the standard, the uncertainty iu the length of tlJe 
standard itself, and all uncertainty respecting imperfect indications h~· the tht>rmometers during 
the comparisons, lmt excluding any small effect from a supposed imperfection in tl!e compen~a
tion of the apparatus. 

To estimate tllis last we know that tl!e average temperature of the tubes llnring the measure
ment of tl!e base, as indicated by the tliree thermometers attachetl to each tube and read for ea-0h 
contact, is s.50,u Fahr., aud the mean temperature during the comparisons with the standard iR 
750_7 Fahr. Owing to this difference of 10.02 Fahr., the probable error of the length of each of 
the tubes, as gi>en before, Las been increased to :l:: om.000014G 

The greater nuru her of tubes was 11laced level, or nearly so, during the measure, and the maxi
mum inclination but little exceeds 10. 

The general sllrface of the island is but 2 or 3 feet aborn the average tidal level of the Sound; 
tile latitude of the middle of tlJe base is 300 15', and tl!e azimuth of the line S. 84t0 W., and the 
elevation of the tubes abo>e the average Gulf level 1.83 metres, making the reduction to that 
level=-0"'.00306 

The exces:; oflength of the end of tube 1777 o\•er the west end of the base '\\as measured with 
a brass metre scale, and allowance was made for effect of the actual temperature above that for 
which it was standarded. The length of the base becomes, cousequentl_y: 

1776 tubes of mean length __ ·--------· -------------------- ------------ _____ _ 
Metres. 

10656 + o. 1076 
One tube No. I. ____ ------_·-----· .. ______ .·-· __ -------- ___________ .---·---· 
Correction for mclin'1tion uf tul>es. __ . ___ ••. ___ .• __ . __ •.• __ ---·· _ . __ ••. _______ _ 

Correction to reduce to mean of double measure of 97 tubes ___ ·------· ____ .••• ---· 

Excess of 1777 tubes at west end··-----·------·-----------------··--··--·---
Reduction to half-tide level of Gulf··---·----------··--------------------·----

6+ 0. 0001 

-0. 0958 
+0.0001 
-0. 1713 
-o. 0031 

10662 -0. 1624 

Resuiting length of base-----------·-----------··--··----------------··------ 1o661. 8376 

We ha>e also the following resulting distances of the mile-stones aud verification marks from 
the east end of the base: 

To first mile-stone_·------··-··---···· 
To second mile-stone . ____ . __ .. __ ---· ____ . --· ____________ . ___ -------· ____ • ___ ---· 

To third mile-stone ____ ---· ____ --· __ . ----- -----· ---· ________ ---· --------------·· 
To fourth n1ilc-stone ___ ------ ____ . ___ ·--- ____ -------·· -------- ------------ ---· -·--
""fo fiftl1 111ilt-sti:}ne __________________ ,. ____ ---- ____ -------- _ -- _____ ------- .... ------

To west end of tube 1532 .•. _ ··-· ---· -------· ---· ---· •••• ---· --------·------- ··--
To sixth mile-stone ___ ~ ________ .. ___ • _____ . ___________________ ---· -··-- ·--- ____ ---· 
To west end of tube 1658 _______________________________________ ------------·----

To sixth and a half mile-swne .. ___ ---· ·--· ---- ---· ·------- ••••••••• _____ .. __ ••. __ _ 

Metres. 
1608.0156 
3216.0325 
4824.0482 
6432. 0639 
8040.0798 
9192. 0081 
9648.0959 
9948.0058 

10452. 1037 
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The hurricane of of August, 1852, having displaced mile-stones V, VI, and \I~, as well as the 
western monument at end of base, that portion of the old line lying between the verification marks 
(east end of tubes 153 3 and 1659) was remeasured in May, 1855, by Assistants F. H. Gerdes and J. 
E. IIilgard by means of the subsidiary apparatus of contact iron rods Nos. 1 and 2, each 4 metres 
in length. (For a description of this apparatus see Coast Survey Report for 1856, .Appendix: No. <JO.) 
The rods were directly compared with the double metre standarcls known as .A and B; the result
ing length is: Ro<l No. l, 3rn.()999377, and Rod No.'.!, 3m,9999098, at the temperature of meltiug ice. 

The length remeasuretl is as follows: 
2\letres, 

188 rods of mean length at 87°.21 Fahr ·------- --·------------·--·---···-----·-------- 752. 2518 

I rod, ::\o. 1, at 94° Fahr ____ ------------------·· -------- ·----------------------- + 0015 
Excess of last rod OYer lir,e ________________________________ ----· ···------ __________ - o. 2600 

Reduction tosea-level______________ ___ ___ _ _____ -------· _____________________ - 0.0002 

1'.esulting length _________ ~- ____________ -- ___ _ _ __ _ _ __ ___ " ______ ,,. ______ ... _____ -·- -- i5 5. 9931 

Original length a.s ineasu~·ed by n1eans uf the compen:iatwn a11p;;..ratu ..... ________ .. _ _ _ __ __ _ _ _ _ 75 5. 9977 

Difference of the t1>0 measures, 0"'.00Mi \l'qual to 0.18 inch), or T;;·:,1-00,,- of the \Thole length, 
nearly, hy which amount the measnre by subsidiary apparat:Js difte.rs from tl!a t h.Y the staudard 
apparatus. 

Based upon the measure of 1855, .A.ssistant Gerdes, iu 1S57, inserted a sere'' pile in the line at 
a distance of 9942111

• 7(lS.J, from the east enll of the base, its distance east of the east eml of tube 
1G59 being 5"1.207 ± 

The probable eaor of tlie assigned length of the base arising from the uncertainty in the 
length of a tube is 1777 times ±0111 .0000HG=±Om.02594 

The probable error:::; due to contact aud transfer errors during the measurement. ~ltich occupied 
se>enteen working days, are :±01111u.010 vi776= ± O.mOOO.J.2 and ±Om111.082 vtiS= ± 0"'.000fi8, rN:pect
in•ly. These last errors are vanishing when compared witll the principal source ot error. (An 
account of the experiments and results for contact and transfer errors is gi \~en iu the record 
and discussiou of the measures on Bodies Island in 18J.8.) The probable error of the base is, 
couseq uently, 

v (0.02594-)2+(0.00080)2= ::!: om.02595 
Au uncertainty of ±Om.03GO (or nearly of 1 inch) equals 411ft-1r0 , nearly, of the length of the base, 
and the currespondiug nucertainty iu the logarithm of this length is ± 0.0000010J71 

"\Ve have, consequently, the final value for the measured length of tlle Dauphine Island base. 

10661.8376 ± 0.0260 rnetre1:1 
and its logarithm 

4.0278320635 
+ 10571 

PART IL-RESULTING IJENGTH AND PROBABLE UNCERTAIKTY OF THE BASE-LINE )[EA.SURED 0:\ BODIES 
ISLAKD, NORTH CAROLINA, IN 1848, BY A. D. BACHE, SUPERIKTENDE::-.;T U. S. COAST SURYEY. 

[Reported December :l6, 1811. J 

The sifo for the base-line was selectetl by Assistant 0. 0. Boutelle, in ::\larch, 1848. It is 
located on, and extends over, the sandy and in part marslly beach of the low and irn1T01\- strip 
of land on the coast of North Carolina, between Roanoke Sound ancl the Atlantic Ocean. Its 
piiddle point is nearl.r opposite the north end of a base-site selected iu 1845, the measurement 
of which, however, was prevented by the sea breaking through it iu September, 184.G. 

After a preliminary measure by chaining, tlie final measurement, by means of the compensa
tion base a1lparatus, was made between No1ember 7 arnl 23, by A. D. Bache, Snperiutemleut. 
The Bodies Island base is the second primary !Jase measured with this apparatus. The whole 
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length of the line is nearly 6¥ statute miles, and its termini are marked by stone monuments ; 
there are also 6 mile-stones placed in the line, which are used for purposes of a subordinate; 
triangulation. 

The compensating tubes Nos. 1 and 2 were compared with the 6 metre iron standard bar 
before the apparatus left Washington, and again before, during, and after the base measure at 
Bodies Island. The result of the comparisons taken on tbe island between November 3 and 
NoYember 27, omitting those taken November 28 and 29, when the temperature was compara
tiYely low, depends on twenty-one separate measures on four days, on each of wl1ich the tempera. 
ture was ,-ery nearly uniform during the time occupied by the experiments; the mean temperature . 
is but 0°.2 higher than the temperature at which the bat<e was measured, and which was indicated 
b.r six thermometers attached to the tubes. The mean temperature on the days of comparison 
ranged from 40°.S to 62 °.3 Pahr., the average beiug 530,0 FalJr.; on two of these days the tem
perature (during tlle comparisons) remained sensibly uniform; on the first day it was slowly falling, 
and on tlle fourth slowly rising·. The temperature during the base-measure was 520,3 Fahr., when 
corrected for difference in exposure and scale errors with reference to the indications of the ther
mometers of the standard har. 

One turn of the screw of the reflecting comparator was found equal to 56.333 divisions, and 
one di\·ision equal to 0.000004509 metre. From the aboYe-mentioned field comparisons we deduce 
the following length for each of tlle compensation tubes: 

Tube No. 1 ............ 5"'.99\.19514±0m.0000140 
Tube No. 2 ............ 5 .\.199785'2±0 .0000142 

After a special inrnstigatior1 of the Bodies Islaucl comparisons the result was again acceptecl 
that the compensation of the tubes for yariation in temperature, whether slow or fast, was so 
neariy perfect that an,y sup11osed limall lleficiency or differential expansion and contraction could 
not be detected with certaint.r from tli.ese comparisons; the,\· ag<lin prm·ed the unreliability in 
the indications of the thermometers, when read in the air, though in contact with the metallic 
bars. It will be noticed that, as far as tlrn length of the base is concerned, it matters little wlieth!:'r 
the tnbes are or are not pc1fcctly compensated, the length assigned to the tubes being that derived 
from the comparisons witll the standard at a temperature almost identical with tllat during the 
measurement. Tl.te obscrYations for compensation were made at tl.ie Const Surrny Office by tlle 
late Superintendent in 1816; during these experiments the compensating bars wt>re immersed in a 
liquid, and when finally adjusted sl..Jowel1 uo change in length \rith Yariatious in the temperature 
of the liquid. The.r Ila Ye since remained in the same condition of mechanical adjustment. 

The probable error assignetl to the rnlue for tlie length of tLe tubes may be taken to include nll 
uncertainty arising from direct comparisons with the standard, the uncerEainty in the length of the 
Htamlard itself (on account of its smallness), and all uncertainty respecting imperfect indications 
b.r the thermometen; of the actual temperature of the bars during comparison, nlso any small defect 
arising from imperfect compensation of the tul1es. 

The eorrection for inclination of tubes during the measure is ,-ery 8mall, the larger of tlle sand 
llill~, fon111l ill the liue, liaviug been reduced to au easy grade. 

It was nscertaiued hy means of a leYeliug operation and from tidal observatious that the 
a,·erngc elen1tion of the surface nloug tLe lille was 1.265 uwtres al.Joye the lialf-tide leYel of the 
ocea11, and allowi11g fur height of apparatus abo•e ground, a reduction for effect of 2.347 metres 
has to be applied to the rn<"asured lengtll. Tile latitude of the middle of the base is 350 511, au<l 
its azimuth~. 23F '"· 

The length of tLe base i1ecomes, consequently: 
Metres. 

1 Sor, tul•e" of mean length _____ .. _,. _____________________ .• ____ --·--- .. __ -· _ ___ 10836- o. 2378 

I tcibc, C\o. 1 ----------------------------- ·----------------·-----------· ____ 6-0.0001 
Correction for inclination of tubes __________ -----------·------·.---~-___ ___ ____ - o. o.327 
Reductivn tu h:ilf·tidc kn:! of oce1n ...... ____ ------ ---- ___ . ____ •• __ --· _____ ...• _ - o. 0040 

10842-0. 2746 

Resulting length of base . __ .. -. -· --.---·------------------- -----~-----·-- 10841. 7254 
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We haYe ah'o the follo1Ting resulting distances of the mile-stones from the north en<l of the 
base: 

·ro first sto11e ________ -------------- ---------- -------------------------,-------------
To s.ec1)nd stDnc ______ ·-- ____ . _____ . 

'Tu thirfl ~tone ______ . ______________ _ 

·ro f<Jnrth st(:ne ____ ------------·----- -------------------- ------------------ _______ _ 
T1,fiftl1~tone _______ ------- _______ --·---------------------------------------

.:.r ctrc~, 
1607.904 

3215.928 
4823.S92 
6431. S5n 
Sc.)9.,':)21 

To sixth ~tone_,, ________________________ ----------------------------------------- 9(i.+i·/S5 

The probable error of the a~signell length of tht· base arising from th(• probable error iu the 
assigned length of the mean tu he, is 1807 times :l: orn.OuOOUl = :l: om.0:235 Tl.te proba hle error 
arising from the measuring operation proper was fonll<l from s1lecial experiment,; made on Xo>em
ber 25,1848, \Then a, line of twenty-one tnbeR was measured fhe times on nearly lcn·l grouud, 
partly o>er hard sand, partly OYer soft marsh. Each of the measures was marked on the g-ronnd 
at the forwanl end of the tube,; 15, 1G, 20, and 21. The errors of measure me principally of two 
kinds, which may be distinguished by tlte names "errors of transfer" aml "errors of c011tar·t.'' The 
former arise from the operation of a transfer of the >ertical at the end of a tube to the gTomnl or 
from the reYerse operation, as performed by means of a theodolite mounted near aml at right 
angles to the Iiue. The latter arise from the im;tability of the tubes, pro1lncctl by a11y ~·ieltling 
of the gronutl, by its elasticity, or by the effect of the wiutl; this error is much enlarged when the 
tubes are inclined, iu which case their weight acts as a llio;tnrbiug cause. :From tltese experiments 
\Te deduce the probable error of a transfer, ,,=±011m1.0S:.J, and the probable error of a contact, 
'c=±Omm.O:O 

On each of the ten !lays of measurements for tbe base there were four transfers, or fort~· in 
all, which inoduce an uncertainty in the length of the base of ±0"'"'.082v40=±(1'nm.::;19; the 
1,806 contacts prod nee :l: omm.010v1806= :l: ornm.J25; their combined effect, or the probable error 
of measure, is consequently :l: onrn1J.Hl If we combine tl.Jis with the former probable error arising 
from the uncertainty in the assigned length of the apparatus, we find the error of measure to be 
vimishing, and the whole uncertainty in the base becomes :J:Om.0255, or 1 inch 11early; it i8 equal 
to ,.,,-51.5- 00 of the length; the corresponding value in the logarithm of the length is ±0.0000010215. 

We have, consequentlr, the final value for the measure<l length of the Bodies Islaud base-line 

and its logarithm 
10841. 7254± 0.0255 mt>tres 

4.0350!.184032 
± 10'.!15 

PART IIf.-RESULTING J,ENGTH :\KU PROJIAHT.E UNCERTAil\TY OF THE BASE-LI?\E )fE:\SL'RED ON EDISTO 
ISLAND, SOUTH C.\.IWU:\'A, !'.'i 185!J, BY:\.. D. BACHE. SUPERII\TE'\IW\T U. S. COAST SUHVEY. 

Heporh•<l .Angnst 1\ 1872. 

Iu May, 1847, Assistant James S. "'illiarns, who hatl been charged with the examination of 
the coast of Georgia and South Carolina for the location of a base-line, reported the site on Edisto 
Island, Soutl.J. Carolina, as possessing the uecessary requirements for a satisfactory measure. The 
line was subsequently imipecte(l by the Su11erintendent of the Snrrny, aud was directed to be 
opened aml prepared for measurement. It is located 011 the southeast side of the islaml, and 
extends over dry antl firm land. The undulations of the ground are slight anil gentle, with an 
average surface cle>ation of a little less than 2 metres allo\·e high-water mark. The liue runs 
principally over cultivated ground, and is nearly Glf statute miles in leugth. The ernls of the base 
are marketl by stone monnmeuts, and there are six, so called, mile stones plan tell iu the line. The 
Edisto ba1,;e is the third one measured with the compensation apparatus. 

The measurement commenced Jauuary 3, 1850, at the eastern eud, and terminated January 18 
at the western extremity. \Vith a >iew of obtaining a Yalue for the probalJle error of measure, a 
distauce of 270 metres was measured three times. The compensation tulles Nos. 1 and 2 were 
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-compared with the standard bar, both before and after the base measure; in these comparisons the 
length and the co-efficient of expansion of the standard have been taken as found by direct experi
ments, for which see Coast Survey Heport of 1862, Appendix No. 26. 

Six sets of comparisons were made, in five of which the temperature was slightly rising, and 
the combination of the indiYidual results in each was such as to eliminate any change in tl.te 
interyal of the comparison of the stan<lard and tubes. The first set, being at the comparatiYely 
low temperature of 34u_s3 Falu., was not nsell, in or<ler that the mean temperature during the com
parisons should approximate, as near as may be, to the temperature during the base measurement. 
The comparisons for tube 1 gave the following results: 

i Date. 
I 

i Condition of 
temperature. 

1lean 
temp. 

Length of 1 

tube 1. 

1-~ ------ --------- -----

' 1850. l Jan. 1,p.rn. 

i Jan. 2, a. rn. 

: Jan. 20, a. m. 

i Jar,. 22, a. nL 

: Jan.27,a.m. 

J/ctrcs. 
Falling, 4. I 47. 65 5· 9998620 . 

Rising, r-. r 47. 75 502 i 

Rising, o. 6 52. I 6 ' 589 

J,:is'.ng, o. 9 46. 28 413 

: Ri::-.ing, o. 2 ~ 63. 14 953 

Hence, lengtli of tube 1, 1Jm.!J9986lfi ± om.0000063 from comparisons made at a mean temperature 
of 51°..to Falu. The length of tube 2 we derirn directly from the comparisons with tube 1, taking, 
howeYer, all six sets, these comparisons being independent (or very nearly so) of temperature. 
We find tlie differeuce om.0001327 :l::Om.0000025, by which quantit~· tube 2 is shorter than tube 1. 
Their length as usetl for the Edisto base is, accordiogl,y: 

Length of tube 1. ........... .'Jrn.999861ii:±Om.ooooo63 
Length of tube 2 ............ 5m.99~7288:±0m.ooooo63 

The general treatment of the measures for length of the base-lines depending upon the com
}lensation aJ)paratus is the same for all, and is based on the supposition that the mechanical com· 
peusation, originally perfected in 1846, remained sensibly unchanged. To guard, however, against 
any possible differential expansion, the temperature during the base measure should be near that 
of the comparisons. In the present case the former temperature w~s 59°.3, the latter 51°.4, differ
ence, 70_9 Fahr. In the previous discussions of the length of the Dauphine and Bodies Islands 
base-lines, it has been fully stated that the actual compensation of the tubes for different temper
atures and for different rates of change of temperatures ean not be called !n question by any com
parisons made in the field, when the bar and the thermometers ean only partly be protected from 
the changes of the temperature of the air. Under these c!rcumstances we must be satisfied with 
an approxinrnte knowledge of the actual effective temperature of the mass of the bar, and the 
accuracy of the base measure will mainly depend upon the closeness with which we can assign 
the true temperature of the standard during the comparisons. 'fo make some additional allow
ance for thi8 circumstance, the probable error above assigne<l to the resulting length of the tubes 
bas been increased to an amount which corresponds to an effect of an outstanding possible differ
ential expansion of nearly i'o of the full expansion, or, what comes to the same thing, of nearly io 
.Fabr. uncertainty in the indicated thermometer temperature, due to index or graduation error. 

The greater number of tubes are measured level or with small inclinations, and none of the 
angles of' inclination rise above 1~0• The sum total of corrections for inclination is -Om.20486 

The average level of the island is 5.6 feet aboYe high-water mark, the average rise and fa.II of 
the fo1e is 5.2 feet, and the average elevation of the axis of the tnbes above the ground is 3.5 feet, 
whicli giYes 3.57 metres to be used for the reduction of tlie base to the half-tide level of the ocean. 
This amounts to -Om.00tmo, the middle point of the base being in latitude 320 32', and the azi· 
rnuth of the line 610 201 '-:r. of S. and E. of N. 
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The resulting length of the base is as follows: 
~!e~res. 

1786 tubes of mean length·-------------------------------------------------- 10716-0. 36536 

I tube, Xo. I--------------------------------------------------------------
Correction for inclin:J.tion of tttbes _____________________________________ .... _____ _ 

Reduction to half-tide le\'el of ocean __________ ..•. --· __________ -------- _______ _ 

6___.o. oooq 

-o. 20+Sii 
---0. 006·::-..::1 

107:2 ~o. 576~t; 

Resulting length of U.2se _______ ------------ ___________________________________ 10721 . .+231+ 
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We ha,-e also the followiug resulting distances of thP mile-stones from tl.Je east end of the l.lase: 
)lt'trt:3. 

To fir::;t mile-stone _______ ---- ___________________________________________ -------- 1607. <f++2 

To second mile-stone------------------------------------------------------.·---· 3215. ~SS+ 
To t~1ird mile~stone __ _ _ _ _ __ _ _ _ _ __ ____ _ _ __ ____ _ _ _ _ ___ _ _ ___ __ ____ ______ ___ _ ____ 4S23. SJ::!: 
To fourth mile-stone _____________ ------··----- _______________________________ ·--. 6~3r. 1760 

To fifth mile-;tone_ ------------------ ____ ------------- ----·------- ·------------· 8039. j19z 
To si<th miic-stone ·---·--- ----------------· ------- ____ -·----·--------·--------- 96.J.;:-. ()r-ij 

The probahle error in the length of the base arising from the ancertaiuty in tlie assigned 
iengtlt of a tube, is ::!:: 0.0000063 times 1787 = ::!:: 0'".01126; that arising from an uncertainty of a su11· 
posed differential expansion or index error equals ± om.o 1787; if, however, we assume a tleft:>ct of 
::l:P instead of ±p, we find ±om.0:!29; the two combined give ::l::Om.02552 

From the three measures of a short experimental line of forty-fh·e tnbes treated similarly as 
tl.Je five measures over a shorter line on Bodies Island, in 18!8, the probable error of transfer 't 
equals ::!::0.082 millimetres, autl the probable error of contact Ee cqtrnls _i_0.052 millimetres. 'rlle 
first kiml of errors accompanies the operation of transferring tllc end of a mhe to a mark on ti.Jc 
ground by means of a sector; the second kind of errors arises principally from instability of tubes 
d ne to yii-:l1ling of groun1l by the weight of the apparatus, to elasticity of ground anll of apparatus, 
from disturbances occasioned hy observers walking about tbe apparatus, and from pressure of 
wi111l against its sides, or otlier iutlneuces. Taking tl1e mean value of a;; e-1 foun1l here and at 
Bodies Islnnd, and supposiug fifty-six transfers or fourteen workiug days, we ilntl the effeC't on the 
base =±0.075V56, also the effect of the contact error =:l:0.052vl786, and b~· their combination 
±2rum,27 • 

Tlrn total probable error of the base becomes, accordingly : 
v (0.0'.!J:J'.?)2.f.-(ifff(j'.!'.fr)i= :::!:: om.02561, which is equal to ·n;,1;;00 of the length. 
We have, consequently, the final value of the measured length of the Edisto Island base, 

10721.4231::l:0.025G metres 
and its logarithm 

4.030252·1365 
:::!:: 10374 

.PAR1' IV.-RESULTING LENGTH AKD PROBABLE t:NCERTAINTY OF THE lt\SE-LI'.\E ME:\SrRED llN' KEY 
BISCAYNE, CAPE FLORIDA. IX 1855, HY A. D. BACHE, SUPERI>TEl\DEl\T U.S. COAST SlH\EY. 

[I\cported August 2£1, 18i2.] 

In October, 184!:1, Assistant F. H. Gerdt>s was instrncte-d to examine and report on the practi
<rnbility of measuring a priwar~· base-line on Key Biscayne, Florida Ueef, in consequence of which 
a plane.table survey was made of the Key in the winter of 1850-'51, when a site suitable for the 
pttrpose was fonnd and determined on. The line is a little over 32 statute miles in length, and 
follows the eastern side of the island in a nearly north and south course. It is but little ekrnted 
above the sea, parts of the surface being actually below the mean tide-lenl, and pass·es over a 
ti~m calcareons soil, with irregularities of surface generally less than 3 feet in height; it trawrRes 
also some patches of marshy ground. The whole was thickly conred either with coarH' grass or 
a dense growth of palmettoes and mangroves, the roots of which formed a consitl!•rahle obstacle to 
the preparation of the line for measure. l n December, 1849, a preliruinarj· an<l lJroken line was 
measured by Assistants F. H. Gerdes and J.E. Hilgard, b,Y means of two wooden rods, each 4 
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metres in length. This measure wa>1 nsed until 1855, when the primary line was measured with 
the compen,;ation tu!Jes, nmler the irnmeLliate direction of the Superiuteudeut of tlrn Sun·e_y. Tlie 
measure commenced at the uortl1ern end .April 9, and terminated at the sontliern end April 18, 
18.i.I. It is the fourth line measured with tliis apparatus. The middle of the base is in latitude 
2;:;::i -H' and its azimuth is'._!::> :..!S' west of north and east of south. Stone monumeuts mark the 
termiual points of the base, and there are also three mile-stones inserted in it. Tl1e compensation 
tnbes 1 and 2 were compared, for length, with the standard bar, both before and after the base 
measnre. The first sds of coniparisons are usetl for the measures take11 before April 13, on which 
day one of the agates of tube 1 was shi·rnrecl u.r an accident. After grirnliug a new surface to the 
agate, and straigl!teuiug its supp():tiug stem, the tube being now designated tube 1 liis, the 
measure of the ba::;e was completrnl, the last sets of comparisons serving for this portion of tile 
line. In the computations for length of tnl>es, that of the sta,mlarJ aud its co-efficient of ex1Jausion 
were taken from Coast Survey Report fol' 1S62, App~ndix ~o. 26. 

The results of t!Je fil'st series of corn parisons are as follows: 

I Jat·'-

1S55. 
~larch 29, p. m. 

..-\1,ril I,a. m. 

..-\rril ::?,a.m. 

,\p·il 3,a.m. 

April 5, a. rn. 

6,p.m. 

i 
1 Conditi()n of '. ~I Lan L(]1gth of 

temperaL:rc. ' temp. tu lie 1. 

J-aEing, I. 3 ' 70. 70 : 

Ri;-;ing, 2. 6 58. 7t. I 

Rising, I. 7 57· i2 ! 

Rising. o. 7 : 69. 8 3 i 
Rising, o. 5 '1 7 3. 93 I 
Falling, o. 2 i 82. 07 I 

Jldru. 
5.9999044 

197 

218 i 

474 i 
I 

820 ! 

189 

.According to principles stated in the reports of preceding base mensures with this a.pparatus, 
tl!e results.of sets 1 arnl 6 (with falling temperatureei) were combined with sets 4 and 5, and the 
mean of ~ets :J aud 3 (with rising temperatures), which gives the length of tube 1=5m.999930S± 
om.0000077, aml from differential comparison tlie length of tube 2=5"'.99D75-!2±0m.ooo0077 

The second series of comparisons gives the fol lowing results: 

,--------

llate. 

' 1855 .. 
: Apr. 19, a. 111. 

. Apr. 19, a. 111. 

] ,\pr. 19, p. m. 

Apr. 20, a. n1. 

Apr. 20,. a. 1n. 

,\pr. 20, p. m. 

Apr. 20, p. ni. 

Apr.21,a.m. 

,\pr. 21, '" m. 

Apr. 21, a. n1. ! 

i Condition of :\lean Length of 
temperature. , temp. tube 1 bis. 

0 0 JVetres. 
Risinb, I. 5 74·33 5.9995114 
I-Using, I. [ 81. 95 5093 
Falling, I. 8 n.15 5057 
Rising, r.6 '3- 66 4887 
Rising, ' 5213 2. 2 ;5. 72 i 
Falling,o. 7 : 83.00 I 4851 
Falling, 1. o 77-74 

i 
4748 I 

lZising, I. 4 ' Tl· 30 I 5241 

Rising, o. 8 75.oS ; 5514 

Rising, I.+ 84. 59 5051 

Combining, as before, the results at falling temperatures with results at rising temperatures, 
we fiud leugth of tube 1 bis=5m.9U9.'i022± orn,0000047, and from diflereutial comparisou, the length 
of tube 2=5m,99U7638±0m.ooooo5o The meau temperature during the first series of comparisons 
was 71.9°, during the seconll series 78.10, autl rlnring the base measure 840,3 Fahr. In the reduc
tion of the base the mean value for length of tube 2, or om.9997610±0m.0000012, is used, this tube 
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baYing apparently sustained no injur~- from the accident. The unit of length is the Committee 
metre, the same in which all distances of the Sur>ey are expressed. 

Tue conclusions arriYell at respecting the compensation of the apparatus for ahsol ute tempera
tureg aml for t:lrnuges of temperature bave been statN1 in full in preceding reports, especially in 
that of the Epping base (Ooabt Sun·ey Report for 1865, pp. 189-l!H), and it suffices to remark that 
they are necessarily adopted l1ere. 

The greatest inclination of any tube duriug the measure was 10 20', and the sum total of 
corrections: for inclination equals -Orn.14G81 The aYerag-e level of the surface i;:; onl~- O.OG foot 
above the half-ti<le hwel; adding ~t;; fort for in-erage elP>-ation of axis of tuues durinp; measurr~ 
the reduction of the base to the sea-le\·cl becomes -Om.OOIOO 

The resulting leugth of the base is as followr;: 

181 tul1eo> I _________ ----------------- ____ _ 

302 tul>CS I l)is_ ---- ---- ---- ---- ---- ---- - - - -- - -- -- -- ---- --- -- - -- ------ -- -- - -
4Sz tub-:::-s 2 ------------------------ __________ ------- ____ ------------------

Correction fur inclination of tul)L's ______ --------------------------------------
Excess of la:;t tu Lie O\'er _.;,, 1uth en<l ________ ·--- _______ .. ______________________ _ 

Reduction to h~lf.tide level of ncein -------- ____ ------------------------

:>f ctr cs. 

10SG-- o. 01253 
rS12-o.1503-1-
2S92-o. 1152u 

-o. q6Sr 
-0. 34790 
-0. 00100 

5790-0. 7i378 
Resulting length of base ___________________________ -~________________________ 5 j89. 226.:2 

We have also the following resulting distances to the so-called mile-stones: 
).{etre-;. 

?\orth end of base to first mile-stone _____________________ . ___ ------------ ----------- 16oj. 95~3 
N)rth encl of base to second mile-stone ______ ·-- _ ___ ____ __ ____ ____ _ _ _ _ __ _ _ __ __ __ _ __ _ 3215. S793 
?\orth end of base to third mile-stone _________ .. _________ .. _________________________ -1-823. j8o+ 

Tbe probable error in the length of the base arising from the uncertainty in the assigned length 
of the tubes is ::HJm.00284 If we suppose the mean index or graduation error of the thermometers 
to be ~o, and if we suppose this to coYer also the uncertainty arising from any possible differential 
expansion, the mean temperature <lnring comparisous being 9?.3 Fahr. lower thau tltat of the base 
measure, we have to add the probable uncertainty ± 0"'.01237 Referring to the reports on the 
length of the Bodies Islarnl and Edisto Islan<l base-liues for the probable error of contact ( E,) aml the 
probable error of transfer ( E,), the probable error in the length of the base arising from the measure
ment proper is ::1:om.0010G Combining the uncertainties from these three sources, we find the 
probable error of the length of the Key Bisca;yne base =±Orn.01274, equal to 4541.-00, nearly, of its 
length. 

We have, consequently, the final value of the measured length of the Key Biscayne b.ise. 

5789.2262 ± 0.0127 metres 
and its logarithm 

3. 7 626205204 
± \)557 

PART \.-RESULTING LEXGTH AXD PROIHBLE UKCERTA.INTY OF THE B.i.SE-LINE ~IE\SrRED AT CAPE 
SABLE, FLORIDA, IN 1855, BY :\.. ll. BACHE, SUPEHIXTE"NDENT U. S. COAST SuRVEY 

[Reportcll September 20, 1-572.] 

In April, 1849, Assistant F. H. Gerdes receh·e(l instructions from tile Superintendent of the 
Survey to reconnoitre the riciuity of Cape Sable, Florida, for a site of a primary base-line. In the 
following winter a suitable site was fonrnl, lying hctween the Gulf shore and tl1e rverglades, and 
running to the eastward and uorthwar(l from the cape for 4 miles. 

The ground selected presents to the eye au almost unbroken lm·el, and but a small amount of 
labor was required to prepare it for measure. 
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The soil is composell of calcareous clay, with a layer of vegetable matter from 3 to 6 inches in 
depth; it is firm anti solid when dry, but soft and shaky when wet. Tlie general eleYation of the 
surface aliove the Gulf level is about half a metre. ' 

ImrnelliatelJ· after the completion of the measurement of the K~:r Biscayne base, iu April, 1855, 
the obserYing party was transferred to Cape Sable, where the operation of final measure was com
meuce1l :\lay 3 and conclmled -:\fay 11, 1855. Tl!e direction of measure was from SW. to NE. Tlte 
base termini and the first and third mile are marked by iron screw-piles; tl1e second mile, or 
middle oftlle base, is marked by a stone. Its mid!lle point is in latitude 250 081

, and tlle azimuth 
of the line is 20° 07 1 north of east and south of west. 

'l'his is the fifth base me'.lsured with the compe11sation apparatus. 
The comparisons of the standard with the tL1bes, taken in April, 1855, at Ke~ Biscayne, Florida, 

will also answer for the Cape Saule uase, and stand in tLe place of tlrnse comparisons usuallJ· taken 
before the base measure; i10 apprecirr ble change in the apparatus could be supposed iu the iuter
Ya1- A secon!l set of comparisons was taken immediately after the hal::le rneasme in :May, 1855. 

Tile principle of combination of t!Je separate results was the same as that adopted for the pre 
cedi11g base-lines measured with this apparatus, the adopted Jengtll and co.efficient of expansion 
of the standard heiug the same for all. The result of the iirst series of comparisons is ginu in the 
account of the Key Biscayne base, Yiz: Length of tube 1 bis, 5m,!)!)95022±0m.0000047, and of tn lie 
2, [;rn,!)997638:!: 0"'.0000050, the mean temperature during the comparisons being 780.1 Fahr. Tlie 
second set of comparisons may he arranged in two groups, one with falling temperatures, the other 
witl.J risiug temperatures, oue result with stationary temperature being added to each. The dif
ferences in length between standard anu tube 1 bis, expressed in scale diYisions, of which one 
eqnals ow.0000039865, are as follows: 

Fallin; temperature. Rising temperature. 

1855. Amount. Mean 
I 

Viff in 1855. Amount. Mean Diff. in ; 
temp. length. temp. length. 

1 

------ ---
0 Fahr. d ° Fahr. d 

:\lay 14, p. m. \ 1. 35 81. 58 i 606.7 May 15, a. m. 2.50 81. 30 578_ 6 
; slay 14, p. m. 2. 70 79. 4 1 589. 7 :\lay 15,a.m. 0.95 83.35 604.9 

:\lay 15. p. 111 i I. 00 83.54 621. 8 May 17, a. m. I. 25 80.31 577. 3 
:\lay 15, p. m. 0. 75 81. 34 tJoJ. 9 :\lay 17,a.m. o_ 75 82. I I 598. 4 

! 
i )lay 15, p. m. 0 82. 47 612.9 !\by 17,p. m. 0.25 83.37 617. 9 : 

).fay 15, p. m. 0 82.47 
---·----~- ----- ·-·-

l\Iean difference, standiml an\l tnhe l bis, at 81°.58 Fa.hr., aml falling 605<l.9, am1 at 820.12 Fahr. 
au11 rising i:ifl7 11.I); the mean or resultiug le11gth becomes accordingly 5m,9994602± orn.0000132 Ten 
sets of comparisons, intermediate between those giYeu abO\'e, giYe tube 2 longer than tube 1 bis 
om.00027!).!:::l.: om.0000017; hence tube 2 equals 5m.9997396:l-_ Om.OOOOJ33 

Combining the two values found from comparisons before and after the base measure, we 
ha Ye the fi11al values of length for tu be 1 bis and tube 2, as follows: 

' 
Tnbe l his =5m.99\)4812±0m.(){)()()070 and 
Tube 2 = 5 .9997517 ±0 .0000071 

Tlie mr>:rn temperature during the second set of comparisons was 81 o.85 Fahr. The resulting 
lengths of the tulles were therefore deterrniued at a temperature of 800.0 Fa!Jr. 

The e011clnsions reached re:;;pecting the compensation of the tubes for al>solute temperatures 
and for chauges of temperature have been given at leugth iu preceding reports, especial!~· in that 
on the lellgth of tlte Epping base, the last measured (up to this time) with the apparatus; for wl.Jich 
see Uoast Survey Report of 1865, pp. 189-191. 
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But a very few tubes were used in an inclined position and the total correction for inclination 
·amounts only to om,00572 The reduction to the lialf-tide level of the Gulf of )lexico is also 
•ery small, >iz, om.00151 

It bas been the practice at all the base-lines measured with the compensation apparatus to 
add, on the ground, a small linear quantity equal to the correction for inclination to each of the mile
marks, thus making their distances very nearly equal to a whole number of tubes; on the present 
occasion this was slightly modified by counting from the mid<Ue of the base instead of one of the 
ends. This will therefore give two additions to the measured length; besides, there is a small 
correction for de•iation of screw-pile at the west end, which could not be inserted with its axis 
_perpendicular. The length of the base is defined b,Y the centers of t-:ie screw-piles at each entl. 

Resulting length of the base. 

1072 tubes of mean l1mg;th --------------------------------------------------
Correction for inclination of tubes __________________________________ . ___ -------

Correction for <leviation of screw-pile at west end __ ---··- ________ ---------------
Acl<lition for inclination at west end _________ -------------- ____ ---------- -----

Addition for inclination at east end ---------- ____ -------~ ---- --------- _ -----· _ 

Re<luction to half-tide level of Gulf-·-------------------·--------------------· 

Resulting length of base ______________________________________________ ------_ 

We also haYe the following distances to the so-called mile-marks: 

)letres. 

6432-o.4n17 
- 0. 00jj2 

-1- 0.00400 

- 0. 00380 
-;- 0. 00194 

-0.00151 

6432 - 0. 40866 

643 I. 59134 

)1etres, 

Southwest enrl ofhase to first mile-mark _______ ------------------------------------ 1607.9008 

Southwest end of base to second mile-mark ---· -------··-------------·---- ·--·--------- 3215. 79i6 
Southwest end of base to third mile-mark _________ ··------- .. ------------------------- 4823.6944 

Tile probable effor in the length of tile Lase, arising from the uncertainty in tlle assigned 
'length of the tubes, is ::!: Om,00750 If we suppose the mean index or graduation error of the ther
mometers of the standard bar to be ! 0 , and if we suppose this to cover also the uncertainty arising 
from any possible differential expansion of the tubes, the mean temperature during the comparisons 
being soo.o Fahr., while the mean temperature during the base measure was 890,7 Fahr., we have 
to add the probable uncertainty ±Om.0137 Referring to my reports on the le11gth of the Bodies 
Island and Edisto Island base-lines for the inobable error of contact of tu hes ( <c) and for the prob
able error of transfer, to the ground or from the ground (Et), the probable error in the length of 
the base arising from the measuring operation proper is ::!: om.Ooll Com lJining the probable errors 
from these three sources, we find the probable error of the length of the Cape Sable base=::!: om.0157, 
.equal to 409iQ-00, nearly, of its length. 

We have, consequently, the final value of the measured length of the Cape Sable base: 
6431.5913± 0.0157 metres 

.and its logarithm 
3.S08318Hl 7 

± 10 502 
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App E N D Ix N o. 1 8 .-1 8 8 9 . 

REPORT OF GEORGE DAVIOSON, ASSISTA~T U. S. COAST AND GEODETIC SURVEY, 
APPOINTED BY THE PRESIDENT OF THE G"'ITED STATES AS THE DELEGATE TO 
THE NINTH CONFERENCE OF THE IXTEHNATIOXAL GEODETIC ASSOCIATIO~ HELD 
AT PARIS, OCTOBER, 1889. 

S-v-n OFFICE, U. S. Co.A.S'l' AND GEODETIC SeRVEY, 
&rn Francisco, Cal., June 2-1, 1890. 

Srn: Your instructions of September 7, 18S9, goYerneu my action as the Delegate appointed 
by tbe Presitlent of the United States to the Ninth Conference of tlie Association Geodesique In· 
ternationale at Paris, October 3 to 12, 1889. 

The instructions were made to cover a large amount of work in ortler that such of the subjects 
as presented themsel>es favorably might be reported upon. 

After conferring with ~·ou in Washington, I left ~ew York on the 10th of September and re
turned to Washington 011 tlie 15th of N o>eu1ber. 

OBSERVATIONS FOR PERSONAL EQU.A.TION WITH THE STANDARD OBSERVERS AT G-REE:.'iWICH, 

PARIS, AND llERLE'I. 

Although the weather was rainy wheu I arri,·etl in Engiaml, I imml·diately put myself in com
munication with the Ifoyal Ol>:;ern1tory at Greenwich. Tile Astronomer Hoyal was in l'aris, but 
the chief assistant offered me every facility. TLe weather continuing bad, I went to Paris Sep
tember 23. 

At Paris I called upon Professor Loowy, of the O!Jser.atory, and examined the instrument,; 
with him. 'fhe meridian instrument wa8 fitted with ouly Jfre transit threatls, and therefore th<· 
proposed observatious were abandoned. 

At Berlin, near tlle end of October, the weather was unfa\·orable, aml no ollsen·atious wen' 
made. Director Foerster, whom I had kuown since 1875, very cheerfully placecl me iu communi
cation with the transit ol>server. 

Preceding the Conference of the International Geodetic Association, I spent the time in gath
ering information, examining the works of preci,.,iou iu the Exposition, auJ. visiting the Interna
tional Bureau of 'Veights a111l Mcasures'4< at Breleuil. 

I recefred your instructions that I had been designated to bring to \Ya~hington the National 
Prototypes of the Metre aml KilogTamme. I nee<l not mention this matter in detail. as I have 
already given you two detailecl reports thereon, when deliYering these standards to your charge. 
Iu these reports there is an account of my •isit to Breteuil and remarks thereon. 

NINTH CONFERENCE OF' THE ASSOCIATION GEODESIQUE I:s'TERNATIONA.LE. 

The meetings of the association were held in the grand reception halls of the Ministry of 
Foreigu. Affairs. The preliminary meeting of the 2d. of µctober was informal, but gave a nry 
good opportunity for the interchange of kindly greetings. On tbe 3d. the Conference was opened 

~Bureau International des Poids et Mesures. 
493 



 

494 UNITED STATES COAST AND GEODETIC SURVEY. 

by an address of welcmne by the Minister of Foreign Affairs (Annuaire d'3S Longitudes 1890;.. 
pp. 707-711), the response by General Ibanez, the President of the Permanent Commission (An
nuaire, pp. 711-713), and the closing speech of l\L Faye, the President of the Association (Annuaire,. 
]lp. 713-717). 

I uuderstancl there were thirty-eight delegates present from fifteen countries, and that ten 
countries were unrepresenteJ. A large number of invited savants attended the meetings. 

The published programme of the Ninth Conference was carried out. This ernbracetl-
I. The annual reports of the Permanent Commission, and of the Central Bureau. 

II. Heports upon the condition of tlte geodetic works of the Association. 
(a) The astronomical determinatious of the longitude, latitude, and azimuth, by Professor 

Van de Sande Baklmyzeu. 
(b) Upon the tria11gulation1<, by General Ferrero. 
(c) Upon the measurement of basc-liues, l>y Colonel 'hassot. 
(d) Upon the leveliugs of precision, uy Professor llirseh. 
(e) upon the self-registered tides, b.Y General Ibailez. 
(f) Determinations of gr;wity by the pendulum, by Professor Helmert. 
(g) Local deflections of the plumb-line, by l'rofessor Helmert. 

III. Reports of the delegates upon the progress of geodetic work fa their respective countries. 
n-. l"pou the selection of a fundamental :;;ero point for the Jm·eliugs in Europe. 

Y. ~ omiuation and election of five members to the Permanent Commission. 
YI. Examination of the financial condition of the Association, and the establishment of a new 

~eale of assessments. 
Under subject III, I made a report upon the condition of the Coast and Geodetic Surrny 

work. I had intended to make a .-erbal commuuicatio11, but I learned that only written commu
nications were received, and so I wa::> forced to prepare a report from recollection and the sca11t 
material I Lad with me. A copy of this I transmitted to yon. \Yith that re1)ort I preseuted in 
yunr name twenty.two examples of varnphlets, "1.fetbotls aml Hestdts,'; aml specimens of the. 
Bulletins and Notices to Mariner.~; together witll a series of large photograpbs illustratiug the. 
work at the high stations in the Sierra N e,·ada. 

The riamphlets embraced four on gravity; ten ou arcs of the meridian, base-lines, heights, levd
ings, and longitudes; five on magnetism; 011e bulletin, and two notices to mariners. To these were 
added maps shl)wing, respectively, the progress of the measurement of the arcs of the meridian 
and the parallel, and the oblique arc of the Atlantic, the telegraphic longitude work, the 1irecise 
leveling lines and their stations, the stations of the gravity experiments, and maps of the mag
netic elements. 

The corrlial greeting from yon very favorably impressed the delegates; the work of measure
ment of arcs of meridian and parallel astonished most of them, and the recommendation that 
France remeasure the PeruYiau arc particularly satisfied the French delegates, as you will see by 
the mention of the matter in the Annuaire of the Bureau of Longitutles. At the last meeting I 
was elected a member of the Permaneut Commission, but have not yet been officially notified thereof~ 

I attended aU the official receptions, etc., as you will see by my monthly report for October. 
The expressed opi11ious of tlrn French delegates, which I find in the Annuaire for 1889, gave 

me great satisfaction. I have alreatly informed you that my report was translated for the An-
1maire of 1890, and that the recommeudation for the remeasurement of the Peruvian arc was par
ticularly satisfyiug to tliem. The report will appear in 1891. 

I extract from tl.Je Annuaire the matter relating directly to the Survey, aud refer you to tbe 
speeches of the Minister of Foreign Affairs, General lbailez, and M. Faye. 

EXTRACT FRO~! THE ANNUAIRE O~' TUE BUREAU Of' LO!l<GITUDES FOR 18901 NINTH CON
FERENCE OF THE INTERNATIONAL GEODETIC .ASSOCIA.TlON (pp. 719--721), 

Oblige de remettre au prochain .Annuaire l'exaweu des principaux resultats de cette 
importante session, je ne puis ccpentlant omettre ici l'e\'enemeut principal qui s'y est pro
d nit, a sa>oir la venue du delegue des :Etats-Unis, M. G. Davidson, et !'accession desor
mais officielle de ce grand pays a l' Association geodesique. Le Rapport ue M. Da,·idson 
sur l'etat des travaux geodesiques executes jusqu'ici sur le territoire de l'Uniou a ete ecoute 



 

UNITED ST.A.TES CO.A.ST AND GEODETIC SURVEY. 495 

avec le plus Yif interet. Delegues et inYites, tout le monde seutait qu'il s'agissait de l'ap
parition cl'une nom·elle graude puissance sur un terrain scientifiqne 011 l'on s'etait trop 
accoutume jusqu'ici a ne voir guere fignrer que des Europeens. Tous out applaucli a cette 
irn·asion d'nn nouveau genre. 

Quant i't nous, Fram;ais, nous aY011s et<; particulierement touches de la courtoisie de 
la declaration suivante: 

Le Suriuteudant du Coast and Geoiietic 8un'ey me charge tl'appeler !'attention dn Uon
gres sin l'opportunite d'une notn-ellc me.sure <le rare du J>erou. II n'y a sans floute pas '1eux 
opiuions (JUant i't l'insuffisauce de cet arc, <l cause de sa position particuliere f'.t dn petit 
nombre des obserYations astronomiques. Xous considerons qne cet arc est it rewe:mrer 
a'·ec toutes Jes resources de la Science modernP, pt qne la, France deYrait entreprendre ce 
tnwail anmt nn trop long delai. 

Le Preoident a repoudu (]UC le Hnreau des ·Longitudes s'etait dej:\ preoccnp(; de la 
necessite cl'cntreprendre nue nouvelle mesure de l'arc du Peron, de concert an•c le Pr1;si
de11t de la lWpnhlique de l'Equateur; qn.e ses rElations an'c remiuent Pr1;side11t de ct•t 
£tat, Son exeelleuce dum Antonio Flor(~s, Jui faisaie11t esperel' ljlle uieut(;t 1les ueguc:ia
tions 11onrraient etre n1enees <I llonne fin entre ce goin-ernemeut et celui de la ltl-publiqne 
Frau~aise, afiu <le rnettre au uiveau de la Scienee actuelle et d'elargir m1;me ll's operation,; 
que l'Academie des Sciences a\'ait eatreprifles, an i>ii.~cle dernier, aYec le concour"" des 
savants officiers de la Mariue espaguole, eu nie d'etmlier la fonne et les dimeu::-ious dn 
globe terrestre. 

REVUE DES PRINCIPAUX TRAYAL'X DU BFirnAC DEc\ LOKGITUDES E~ lt~D; PAH LE SECRE
'L\.IIU: ()I. UEWY.) (pp. 747-74~i). 

On se rappelle que -:\I. d'Abbadie ~wait proposl; l'an llernier de mesurer un arc de 
meridien dans le Yoisjnage <le Feqtiatenr. On ue possetle en effet qu'un me 1la11s cette 
region; c'est celui du Peron, et malgre l'hauilet ,_-: Iles Academicie11s fra1H:ai.,;, les progres 
incessants apportes depuis nu siCde et demi ans instruments et ans methotle;; d'obserYa
tion ne permettent plus {1. leurs rnesures de se 111ai11tenir :\ la place lionorable qn'elles ont 
occnpee pendant longternps. L'itlee de reprer1dre l'arc du Pfrou a,·ait plusienrs partisan,; 
au sein du Bureau. Ou ue s't!tait tkcide ~'t s'oecuper tln Congo qne parce que Jes O]lera
teurs ::;e tronveraient en possession fraw;aise, et que la mesure projetee apporterait 11011 

seulemcmt uue douuee precise :'t la Science, mais euco!'e nue base importautc :), Ja, Carte 
definith-e du pays. Le Bureau cles Longitudes a continue :l s'occuper de la question; il 
s'est fait renseiguer par l\f. le Uommanda11t Cb. RouYier, al1teur de la Carte acttwlle <tu 
Congo; il a eu a,·ec .M. de Brazza plnsieurs conferences, il la suite desquelles 011 a 1m eta
blir un tleds des depenses qu'eutraiuerait !'expedition preparatoire. 

Depuis, les cliooes out change d'aspect. D'abonl, l\I. Faye receYait le 10 juillet 
dernier nne lettre de Antonio Flores, President de la Hepubliqne de l'Equateur, lui 
demandant d'etablir une collaboration scientitique qui permit :), son pays de rei1dre 
deA services a l'.A.stronomie. Nos idees se trouYaient ainsi report<"es naturellement Yl'l'S 

Fare de Bouguer, qui est situe snr le territoire de la Hepnllliqne de l'E(]uateur. Cette teutl
ance n'a pu que s'accentuer a la suite de ce qui s'ei,:.t passe an Oongres de l'Associa
tion geodesique internationale, reuni ,1, Paris au mois d'octobre 1889. Le Mleg11e des 
Etats-Unis, l\L Davidson, a proclame ~'t nouveau la necessite de remesurer !'arc du J>erou. 
11 a reconnu gracieusement que la .lt'rance, qui a•ait fait Ia mesureau siede dernier, arnit 
tousles droits a la refaire. Le Coast Sun·ey de1:1 Btats-Uuis serait dispose i\ la reprcndre 
lui-meme, mais seulement dans le cas oil ne vondrious pas nous en cbarger. l~rm raisou 
entre bien d'antres doit porter notre pays a accepter la proposition: c'est par la com
binaison de l'arc du Peron avec la meridieuuc de France <1u'on a eu la premkn.1 deter
mination iirecise des clements du globe terrestre, sur lesquels repose le systeme rnetrique. 
La meridienue de France Yie11t d'etre reYisee par le SerYice geographiquc de l'arm<'e; elle 
est a la hauteur de la Science actuelle. N'est· il pas juste des lors que nous reprm1iom; de 
meme l'reuue des .A.cademicieus fran<;ais du sii.~le deruier au Peron~ Le Bureau tles 
Longitudes a saisi de la question l' Academic des Sciences, dont lcs droits ne pouvaieut i:tre 
meconnus. L' .A.cademie a accepte a\·ec empressemeut l'idee de ieprendre la mesnre de 
Bouguer: elle a emis le vmn que le Bureau des Longitudes fat charge de la direction des 
operation~, promettant d'ailleurs de Paider <le tout son pouvoir aupres du Gonvernement. 
Nous avous tout lieu <l'esperer que les uegociations diplomatiques ne recontreront pas de 
difficulte, et si notre GouYernement consent a faire les frais de l'expeditiou, nous sommes 
certains de trouver des collaborateurs devoues clans les officiers du Sen·ice geographique 
et du Service hydrographique, et peut·etre aussi chez quelques officiers de la l\farine. 

Il a ete question a plusieurs reprises, dans nos seances, de l'utilite qu'il .Y aurait dans 
"l'avenir a mesurer nu arc de meridien au Bresil, ou dans la Republique .Argentine oil la 
configuration du territoire 11ermettrait d'operer sur un arc tres etendu. 



 

496 UNITED STATES .CO.AST AND GEODETIC SURVEY. 

lf you should ask me whether I learned anything of immediate practical value to the field 
work and methods of the Coast aml Geodetic Survey, I should have to make a qualified statement. 
The Conference was evidently not intended for full aUll exhausth"e expression of meauR and 
methods; that, I believe, is fully and quietly discussed at the yearly meetings of the Permanent 
Commission. I found thorough and earnest geodesists who are anxious to improve every means 
and every method, antl who, deprecating inferior means, are very urgent for the highest class 
work on the best tlevised schemes. In some conversations about base-lines and the means of 
measuring them, the means and rapidity of execution by the Coast and Geodetic Survey were sus
pected as not leading to tile ilighest character of results. I had long since (1875-'78) seen several 
-of the base apparatus llSetl in India, Prussia, France, and Spain, and knew the cbaracter of the 
grountl o\er which the line wa>1 measured and the personnel; aml some reiterated points haYe 
been suggestive, but to-day I would not adopt any <'f their methods in their entirety. Of the base 
apparatus I silall speak in another place. Of the instruments I can express the views I enter
tained after examining the workshops anti Exposition in 1875 and 1878, that I have seen very 
iruch to avoid . 

. My former judgment is confirmed on one essential proposition, that if our observers and 
mechan!.cians will work in harmony and striYe to obtain the highest excelleuce for the advantage 
-0f the work alone, I firmly 11eliern we are fully competent to lead in the construction of instru
ments of iirecision. The observer and the mechanician are not always in accortl because the 
mechanician is rarely an observer, and the character of the work of the Coast Survey demands tl1at 
the mechanical means shall be atlequate to the delicate manipulation and requirements of the most 
skillful observer. 

And in another proposition I am confirmed, that the civilian methods of the Uoast Survey arc 
superior tu the military methods of the Governments of Europe; witness the number of officers 
and men employed to measure a bal'le-liuc, and the number employed in the observations of the 
stations of tile great quadrilateral between Spain aud Algeria. 

Preceding the Conference of the ARsociation I visitetl the Exposition to examine such instru
ments as were 011 exhibition, and dnring it arnl subseriueutl~· I made visits for examinations of 
-0bjects tllat were not regularly placed among the instruments. The number of exilibitions that 
had instruments antl optical meaus was about twenty-fi\·e. The 'Var Department had a large 2.nd 
excellent exhibit, inclu<ling base apparatus with the microscope arrangements. 'Vitb Commandant 
Defforges aml six of the foreign delegates I visited the Bureau of geodesy and geography, examin
ing tile iustrumeuts and the methods of work. 

After tile Exposition I visited some of the makers of instrumeu ts, !Jut found that all their best 
work was in the Exposition. 

I was disappointed iu the character of tlle instruments of precision applicable to geodesy and 
astronomy, and tiliuk it was inferior to the Exposition of 1878. 

In one sentence I may say that I saw nothing whiclt we need take for a guide. 
There seems a desire to <1eYise nni>ersal instruments in the most compact form. These gen

erally run int-o complex arrangements witlt brise or eccentric telescopes, and usually carry the 
apparatus necessary for re•ersal. 

All the u11inrsal instruments seemed too top-hea>y, the three foot-screws were at the ends of 
<!Omparativelj· sl10rt arms, :in<l were tltemselves too small. 

Tile best exhibit in geodetic instruments washy Briinner. Ile had a meridian instrument with 
transit axis estimated at JS inches, large Yertical circle, iron stand, and altogether too much 
top gear to put 011 the three contracted foot-serP.ws. Re,•ersing apparatus to be put on the frame. 
Be llall a new meridian mark with the mirn about 10 inches from the lens and on the same base 
of iron. The theodolite lie exhillitell was the same t;n>e as that of 1875$, then iutende{l for the 
Bpauish·Algerian quadrilateral across the Mediterranean. The objecth·e is larger than that of 
1878. This theodolite is representml in the 'iYar Department exilibition by the theodolite used in 
the long lines of Co1ouel Perrier's work in Spain-Algeria. 

It is rnarkl•1l by fewness arnl simplicity of parts and fair harmony of proportion for measuring 
horizontal directions. I might suggest a qnestion about the adequacy of its optical power for long 
lines, ailll certainlJ· Perrier's exhaustive r<>port of his operations shows that he was unable to see 



 

UNITED STATES UOAST .A.ND GEODETIC SURVEY. 497 

the heliotrope signals, and resorted to electric lights developed from drnamos run by horse-power. 
The horizontal circle of 16 inches diameter reads by four microscope micrometers instead of 
three, involving more labor :.tnd observing upon a less number of graduations. I think the ob
server must be in a constrained position when reading the micrometers, because the horizontal 
plane of the telescope is only about 2 inches above the microscopes. The circle is turned on the 
vertical axis to new positions and clamped by three screws in each position. Should the surface 
planes of contact be irregular this clamping would warp the horizontal circle in each new position. 

The pillars for carrying the leleseope are so short that the instrument is not adapted to the 
observing of azimuths by means of a close circumpolar star, because the telescope ()an not be 
properly elevated. Instead, the transit instrument must replace the theodolite, whereby the pos
sibility of error is introduced and labor aud extra time are consumed. 

The graduations are illuminated by light from above the instrument, passing down and through 
a right-angled prism fixetl for each microscope. This requires much more elaborate installation 
than is used on the Coast and G-eoiletic Snrve}-, but doubtless gives the observer greater freedom, 
more 1<atisfaction, and clearer reallings. 

The vertical axis of the instrument is short. There is one rather heavy finder on the hori
zontal axis, 

I subsequently called at the estabjshment of Brunner, but he informed me that all of his 
available work was at the Exposition. 

In the same case was a l::l-iucb theodolite by ~Iertz, and also a reversible peudnlum by Com
mandant Defforges, of the Geodetic Bureau of the War Department. Tbe description autl results 
of this instrument have been fully reported upon by him; but I here insert the remarks made by 
the Seeretary of tile Bureau of Longitudes in the Aunuaire for 1890: 

COlfl\BNDANT DE1"1''01WE8, AXNUAIRE 1890 (p. 750). 

Tousles membres du Bureau out suivi !cs experiences ·tres interessantes faites it 
l' Observatoire de Paris snr le pcndule par M. le Commandaut Defforgcs. L'appareil est 
presqtle parfait; l'un de nons a propose quelques modifications de detail qui lui douue
ront une precision plus grande encore. Uu Rapport a ete fait, et le Bureau se propose 
de rediger des instructions generales SUI' Jes llll'SUres du Ilendule, et d'imliquer les points 
du globe ou il serait le plus utile de faire de uouvelles obsen-ations. Nous Youdrio11s 
que, dans ces etudes, on pflt utiliser le coucours de quelqnes officiers de Marine, dans Jes 
mers ou se remlent noR navires de guerre. IL serait facile 1le faire :'t notre obsen-atoire 
de Montsouris quelques conferences sur le pendule; i1 suffirait eusuite de cmnmander denx 
on trois appareils, et l'on aurait aiusi a peu de frais des documents scicntifiques tres utiles 
pour le perfectionnement de nos conuaissauces sur la figure et la, constitution dn globe . 

.A.. Barthelemy had a universal theoilolite with high vertical axis, telescope excentric. Except 
the Barthelemy instrnmeut, the theoJolites seeme1l ro me to lack iu the leu~th of the >ertical axes . 

.A. Hurlillllann had small theodolites, telescopes excentric. A gyroscope horizon attaclled to 
sextant by Commander Fleuriais. 

Wagner, Uollin bad vertical tide-gange sheet which gives cun-es about l:f inches apart and 
the changes or high and low waters day by day are well shown. 

Gautier had a very large meridian circle for the Observatoire de la Plata, arnl Briinner an 
.azimuth and im altitude azimuth of 10smm destine1l fol' the Observatory· of Besan9on. 

After the Conference I visitell the Oonsern1toire des .Arts et :Metiers parts of two days under 
the guidance of Messrs. Masson and Tresca, aml saw the apparatus where the National prototypes 
of tbe metre .were prepared for, and received, the traces to denote the terminals of the metre. This 
I oove already reported upon, and the details of the different operations have been printed. 

In the Exposition were the chronometers of Kullberg, Webster, Parkinson and Frodsham, H. 
H. Hemrich; the latter from New York: with a high reputation in Germany. The compensating 
balance of the Webster chronometer was exposed. 

I ·also visite1l the establishments of some of the exhibitors, and of others not exhibiting. I 
found nothing new. 

At the establishment of Feil and Mantois I was received very cordially by the latter, who took 
me through. the whole of his work:stwps and showed me all the operations that were under way. 

H. Ex.55-32 
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At the Exposition he ha.d the most remarkable exhibitions in his line of work. Among them wa& 
the crown glass for the o~jective of the telescope ordered by the Uni>ersity of Southern California, 
1.05 metres in diameter, with density 2.521, and index of refraction 1.5160. It was not wrought 
to the true figure, but was a beautiful disk free from bubble and strire . 

.M. Antoine d' Abbadie, Member of the Institute, and of the Bureau of Longitudes, was one of 
the in>ited savants to the Geodetic Conference; he in>ited me to his home to see his small dip 
circle. It is very compact and portable, and I was struck with the means he has adopted to get 
accurate readings of the ends of the needle in advance of any other designer. 

At the conclusion of the work of the Conference I proceeded to Berlin and examined the 
instruments of the observatory and at the workshops, as elsewhere mentioned. 

Ha>ing returned to Paris, I gave my principal attention to the safo conveyance of the 
National prototypes of the metre and kilogramme to your ciistody. I have given in great detail the 
incidents of this pleasant duty. 

On my visit to Berlin I was cordially recei>ed by Professor Foerster and examined the instra.· 
meuts at the ohser•atory, where I found the universal transit made hy Bamberg in 1879. 

It is a prismatic telescope 51 inches in length, with a 4.6 inches objective. The frame-work 
and mounting is >ery heazily constructed in iron and rests on three foot-screws. ln turning it 
round to put it in the meridian or prime vertical, or any other vertical, it rernkes upon three 
rollers. 'Vheu ready for observing latitude by the Talcott method the heiwy telescope is lifted 
out by proper apparatus and reYersed to observe stars north and south when observing for lati· 
tude, or for the determination of the constant of aberration. 

The whole apparatus seems too hea\·y with cast-iron, and the telescope and its attachments 
t-00 bea>y to rest only on three points, yet Professor Foerster assures me it gives good results, 
and that the telescope brise exllibits no flexure of the prism or its mounting. 

The latitude level is checked by a second one of the same sensitiveness. 
Professor Foerster says that in a series of latituue observations two lei•els of nearly equal 

scale >alue and of equal precision are used to check errors of each other. He mentions that one 
detected certain unexplained irregularities in the main one, aud that these would have passed un
known but for the presence of the check leveL 

.A description of this uui\-ersal transit is girnn in the "Bericht iiher die wissenscbaftlichen 
Instrumente auf der Berliner Gewerbeausstelluug im Jaure 18i9 ;" this I have not seen, but I 
have examined the "Beobachtungs-Ergebnisse der Kouiglichen Sternwarte zu Berlin. Heft No. 3. 
Neue Methode zur Bestimmung der Aberrations-Constante, nebst Untersuchungen iiber die Ver· 
liuderlichkeit der Polbohe, •on Dr. F. Kii,.;tner, Obser>ator der Sternwarte. Berlin, 1888. Ferd. 
Diimmlers Verlagsbucbhandlnng." 1n this pamphlet a short description is given of the instrument 
and the methods of observation, witli details of values of micrometer screw, etc.; and the measure
ment of the micrometer difference of zenith distance of the seven star pairs in which the observations 
extended through a year. Finally the correction to the Struve aberration constant is given, and 
the Yalue of the latitude with a probable error of ± 011.04. 

I beg to call attention to a poi11t in the rnethou of observing tbe micrometer difference of 
zenith distance of the two stars of a latitude pair. Instead of observing only one micrometer read· 
iug of a star when it culminates, an average of four pointings is made at aml near the culmination 
of each star, and when the Ilroper corrections are applied to the measures away from culmination 
the mean of the four rea,1ing;; is taken as one. I introduced this method many years since, hut it 
was not adoptell; the last work of the kind I obser\'ed was in Oregon in 1886, and San Francisco 
in li->8i3. Elsewhere I show that with a properly prepared eye-piece this method of obse-rving is 
better than by ;:i, single pointing. The reduction:s are simple. 

About the strains in prisms iu the brise tele;;ci•pes, Bamberg says that now there is no trouble 
about the strain, uecause he bas so arranged his re\'ersing apparatns that it accommodates itself 
to tlrn mass to be lifted; first, hy the transverse beam having two knife-edge bearings at the ends 
anll a cross axis in the center; and then hy the two uprights of the ends of the transverse beam, 
which carries two friction rollers, beiug also free. Therefore, in raising the apparatus all the parts 
take their final bearings at the same instant, and all are nuder equal strain. 
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Yet this does not explain away Plantamour's statement of 18i8 to me, about the deformation 
<Jf his prism in front of bis objective. 

Bamberg says he so fits and secures the prism that there can be no irregular strain, but I do 
not see it. 

Levels.-The le;·els used at the Berlin Observatory are of the highest character. They are 
made by Reichel, who exhibited his method of working to me, whereby he gets a true figure all 
around the inside of the tube. He is a genius in his way, and as far back as 18i5 or 1878, when the 
I~russian geodetic officers directed me to his shop, I reported bis excellent work and comparatively 
low prices to the Superintendent; 

In his superior levels he uses an outside c~dimler with graduations equal to the inner one, and 
placed in proper relation thereto, so as to obdate parallax in the observation. His llest level tubes 
:have a space of 2°"" to 011.!), etc. I h:ive furnished to the Office the price.list of his tubes. 

Bamberg'11 diliiding engine.-Bamberg commenced the construction of this circle, which is about 
4 feet in diameter, in 1875 or 18i8, when I saw the first rudimentary parts. He found, as all other 
mechanicians have done, many difficulties when it came to the final trials. He says he has now 
-Overcome them all by trial and correction. He knows the small remaining errors of the whole of 
the graduations. The work is all done lly hand, and each graduation of a circle is niade after the 
setting has been properly made over the graduation on the machine. The setting microscope microm· 
.eters have a power of about 120 diameters, and are placed about 4 or 5 inches apart. TT nder this 
power there is no difficulty whatever in making a satisfactory setting with the parallel micrometer 
threads on each side of a graduation. Ile says the average error of a 5' spaee is 0".4, with .exeep. 
tional errors reaching about 0".9; and that the excentricity of a graduated circle will be less than 
1". In the personal work the operator continues the graduating for three hours and then retires 
for the day, more particul&rly to prevent the machine changing its temperature beyond a safe limit. 

I found the silver graduation circle of the machine free of oxidation, and he told me it bad not 
been cleaned since he had made the final corrections. I am not at liberty to state the alloy which 
he says surpasses all others for the purpose. 

Ile uses metallically encased thermometers lying flat on the brass graduating plate. He uses 
no mercury to give close contact between the metal and the thermometer bulb. 

(Tkenrun1wter Stem.) 

A hollow bar as a base bar.-Upon mentioning my idea of a bar filled with mercury for a base 
bar, Bamberg showed me bis experimental tube. It is about 1 metre long, cylimlrical, hollow, 
three.fourths of an inch in diameter, sealed at each end, with a plate screwed on the middle upper 
surface, with a one.fifth inch hole in the middle. Through this hole is the stem of a thermometer, 
with proper supports, and waxed in. The mercurial scale went up to about 600 C., iind at the upper 
part were two large irregular bulbs to hold excess of mercury when the bar was heated. 

The bar was filled with mercury and the thermometer stem inserted; the upper side of each 
end of the bar had a silver plate and cross line upon it for micrometer measurements. He says 
be found his main trouble in getting connection. between the mercury in the bar and the capillary 
.in the thermometer tube. He also found there was trouble with air in the tube, because he found 
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the changes of length of tube were not regularly indicated by the corresponding changes in the 
indications of the mercury. But he says he did not exhaust the subject, and gave it over. 

Of course it is easily seen that unless the intR.rior of the tube is very smooth and free from air 
all of Barn berg's troubles will be reproduced. This shows one of the weaknesseR of the'' gas-pipe 
base bar" proposed about 1884-5. 

I have had experience with the steel barometer which I have from W iirdemann, and appreciate 
the necessity for the high.est character of workmanship in e\rery detail of snch a bar. 

With Dr. Auwers I examined the Jena or" special" glass objective of Bamberg's figuring, and 
compared it with a 5-inch same focus ordinary objective in same tube. "Spooial" much superior in 
regard to achromatism. I saw an 8-inch ''special" which he prices at 4,500 marks, being one-third 
the price above ordinary glass. He says it is much harder to work. He bad a small hand draw-glass 
about 1-f inches, three glasses, 12-power. He makes Jena glass objectives from 3 inches upwards. 

(The prices of Brashear of Allegheny for the Jena glass objectives are smaller than the above, 
and his workmanship can not be excelled.) 

In reviewing the impressions which have become stronger with each investigation of instru
ments, I herewith report a few suggestions of the salient features which I have often presented to 
my colleagues and to the Superintendents. For the largest class of theodolites I prefer the gradu
ated arc not to exceed 20 inches in diameter; graduation metal or alloy not rapidly oxidizable; 
graduations strong, to 5 minutes of arc; microscope micrometers to have power of about 40 diam· 
eters and to have adjustments for "run" by the obser\'er; the objective and eye-pieces of Jena 
glass; objective 3~ inches at least; eye-pieces with readily adaptable prisms for high azimuth 
stars; ocular micrometer; long vertical axis; straight telescope with strong tube, stiff enough to 
handle in reYersing. To reduce flexure of the telescope tube I would introduce four or six thin 
longitudinal pieces placed radially inside the tube, having their greatest possible breadth at the 
transit axis and diminishing to points at the objective and eye ends; two very light finders; long 
transit axis; no yertical clamps, or the Davidson open vertical clamp; fixed V's as now adopted; 
agate bearings of the pivots of the transit axis along the whole length of' the V's; the pivots to be 
large in diameter; the transit axis level A's to bear along the whole length of the pivots; ilJumi. 
nation free from instrument; high class transit axis level with protecting glass cylinder, gra.duated 
to avoid parallax and effect of reading-lamp heat; a thorough study of the harmony of all the parts; 
four large foot-screws; Davidson position circle. 

In transit instruments.-Best objective of 3v inches and eye-pieces of Jena glass; parallactic 
plate to carry also high power eye-piece for slow moving stars; and with readily adaptable prisms 
for high stars; straight telescope, strong tube with two very light finders; thin longitudinal ribs 
inside the tube to prevent flexure as in theodolite telescopes; long transit axis; no vertical clamp, 
or the Davidson open clamp; fixed V's and the J)ivots to be of large diameter and to bear the 
whole length of the agate faced V's; the A's of transit axis level to bear their whole length on the 
pivots; double horizontal frame with movement and strong clamping-screws as in Davidson merid
ian instrument, but frames somewhat heavier; the uprights to be fixed, or folding and heaYier; 
light eye-pieces; high class transit axis level with protecting graduated glass cylinder to a.voitl 
parallax aud effects of reading-lamp heat; illumination apart from instrument; reversing appa
ratus of the character used on the large latitude instrument at Berlin Observatory, so as to avoid 
straining the tel1>scope; this apparatus to be attached to the pier and not to the instrument. In 
the installation I would have the foot-screws sunk into recesses in the pier so that the lower side of 
the frame is wry near the top of the pier; then level the instrument; reduce the inclination of the 
transit axis to a minimum, also the deviation in azimuth; finally, cement the lower frame to the pier. 

For stability four foot-screws, with a fifth one where the third one is ordinarily placed. The 
three to be used for rapid transit work, the four for protracted work. I use the fourth and the fifth 
foot-screws, and know the benefit thereof from experience and experiment. 

For transit and l<ititude u:ork with the same instrument, I have seen none that satisfy me so 
well as the Davidson meridian instrument. It needs some changes in detail and better ()bjectives 
and higher power. With higher power for latitude observations it needs a iiorizontal parallactic 
motion of the eye.piece to admit of broader field, whereby several observations may be made near 
the culmination of a star. 
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If the instrument is constructed in harmony with a 3 or 3z inch Jena objective and double 
level and a strong Davidson open clamp, it will do better work than the zenith telescope of the 
same objective. 

I think that all'' stove-pipe" eyepieces for the latitude and transit instruments should be 
made of aluminum, if practicable. 

SUGGESTIONS ABOUT BASE BARS. 

In the matter of base apparatus, the apparatus used at present in Europe is 4 metres long 
and a single bar, with two independent microscope micrometers. 

The bar which I saw at the Pavillon de Breteail, and which I understood to be the steel bar 
of General Ibanez, appeared to be about 1 centimetre thick and poosibly 7 or 8 centimetres deep. 
It had originally rested ou a fiat piece which was screwed thereto, forming a .l cross-section. It 
was found that there was flexure of one or both sections and therefore the upright moved longitu,dinally 
on the loicer. The 4 metres length on the bar is measured by two cross traces, one near each end. 

In the Brunner apparatus, exhibited at the military exhibit of the Exposition, the bar is 
compound platinum and brass, and the graduations on each near the ends serve to make a Borda 
thermometer of the bar. The 4 meires length is measured between two" traces," one near each end. 

The striking feature in these bars is that every facility seems afforded for the bars taking the 
temperature of the atmosphere as rapidly as possible. In the Ibanez apparatus I understand there 
are four thermometers and that the bulbs are brought closely into contact with the bar by being 
packed in iron filings. 

One bar only is used in measuring a base-line. In the field, heavy wooden tripods are carried 
for the support of the ba.se bar, a point of which near each end rests upon a brass apparatus resting 
on the tripod head. This apparatus has a motion in the line of the base, at right angles thereto, and 
around a vertical axis, and is raised and depressed a small amount. It can also be leveled by the 
three foot-screws. Slow motion is given by fine screws in the direction of the base and at right angles. 

The microscope micrometers are at each end of the bar, and are supported by three foot-screws 
on strong heavy wooden tripods. Above the feet the apparatus can be moved in two directions 
at right angles to each other. There is a telescope for determining the vertical over the station 
point. When this is done, this telescope is replaced by a telescope for alignment in the first 
setting up. The forward instrument carries a "mira," which is put in the line of the base and 
then replaced by an aligning telescope for putting the mira of a third microscope micremeter 8 inches 
ahead. These telescopes are then replaced by microscope micrometers which determine the posi
tion of the bar beneath them. 

It is not necessary to exemplify the working except to say that it is comparatively slow, even 
when the base-line is upon a macadamized and untraveled road; and that the force at the Aar
berg base of 21400 metres length was twelve officers and ten assistants of the engineers, previously 
drilled by General Ibanez and his staff. See article by Dr. C. Kopp in "Die Eisenbahn," January 
22, February 26, 1881. 

From a French officer who has shared in the operation of measuring a base-line in this way I 
learn that one of their sources of anxiety was iu the apparent vibration of the "traoo '' under the 
microscope micrometer. I understood that the maguifying power was about 100 diameters and 
that the walking of the observers and men upon the hard road shook the whole apparatus and 
distracted the observer at tile microscope. This is readily understood, but it does not follow that 
important errors are likely to arise therefrom. 

There is one source of error that can not by any means be avoided; that is the possibility of 
the forward microscope micrometer changing its position while the bar is being removed and car
ried forward, so that the microscope micrometer becomes the rear instrument. This would afford 
a. source of instrumental error ifa.ll the changes were one way, but in a. large number of measures 
it may be assumed that the errors arising from this and the preceding source will be equally pos
sible to increase and to decrease the length of the base. 

The principal source of error appears to me to rest in the unknown temperature of the bar~ 
because I can not believe that the indications of the thermometers are to be taken as the actual 
tempe~ture of the bar at any given time. It is confessed that in some of the measured bases 
the thermometer showed a change of temperature sooner than the bars. 
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If we grant that all these sources of error can be corrected for, the method bas at first glance a 
very satisfying and alluring effect upon the observer, arising from-

(1) Accuracy in transferring from the base station to the bar trace and vice i•ersa. 
(!!) The accuracy of alignment of the bar. 
(3) The accuracy of measurement of the "traces" under high power. 
And yet the more I have thought the matter over and studied the manner ~nd completeness of 

preparation, the elaborateness and complexity of instrumental outfit (some special points depend
ing wholly upon the instrument maker); the slowness of the operations and the large personnel; 
the shortness of the base and the necessarily rapid loss of value before the triangles of large extent 
are reached, and the exposed condit.ion of the bar, the Jess attractive the method becomes. 

In one essential the method is not readily applicable in the territory of the United States, 
where the cost of preparing the line would be excessive and its firmness and stability could never 
reach that of the European roadway, freed from traffic by military authority. 

In discussing with members of the Geodetic Association the method by which the Coast Survey 
has measured the Yolo and Los Angeles bases, I endeavored to elicit from them their daims for the 
practical advantages of tLe Ibanez and Brunner bars. None of the claims were of sufficient value 
to satisfy me that such apparatus could have been used to meas~rc either the Yolo or Los Angeles 
hases three times in less than one year of field operations. On the long bridges and crossing the 
railroads the method would have been very expensive and tedious; trains would have been held 
up and the excessive gralles would have been very severe. 

One strong objection made to the method of the Coast Survey was in the :!'tludge contact slide 
and the lowness of the power used in making the coincidences thereon; and it seemed to some of 
the delegates impossible that good results should come from such relative coarseness of index and 
slide traces and lowness of power, and especially when the measurements of a base were conducted 
with such rapidity as one hundred five-metre bars in ninety-i;;ix minutes over unfavorable ground. 
and at grades reaching 5°, and frequently wUh adjoining bars on large reverse grades. They 
objected to the idea which I have insisted upon, of a single bar and mercurial thermometers, 
but the non-conducting means I used to cover the bars was a novelty to them, and they c<>nld not 
gainsay the facts of observation. 

Notwithstanding many drawbacks of detail, the merits of the Coast and Geodetic Survey 
method of working come to the front with strong practical claims, and the more especially as cer
tain details of instrument and work are susceptible of vast improvement. Moreover, the effect 
upon the extended sehemes of triangnlation in the United States has very dooided advantages in 
<>ur ability to multiply the number of bases and present results obtained under different climatic, 
physical, and instrumental conditions. 

In the very important matter of determining the temperature of the bar or bars at the time 
of the base measurement, I think the conditions adopted with the single metal bar and thermnme· 
ters (thereby really introducing two metals) are unfavorable for accuracy on account of the direct 
exposure of the bar itself to the atmosphere and the doubtful contact of the thermometers there
with ; and also the insufficiency of any such relation of the thermometers to the metal to deter
mine its mean temperature. With the Briinner double metal type the exposure is a drawback, 
and the rates of receiving and losing heat by the two metals must be determined for each com· 
pound bar; (it must he confessed that our compound bar, steel and zinc, is a failure; zinc should 
never have been used). 

There is another drawback in the use of the open bar in the ha.ndling by men and the irregular 
approach of their bodies to the bar. 

To avoid even the open exposure of the wooden beams carrying our bars, my experience first 
ied me to cover the standard field bar with blanketing, steam-felting and canvas, on the Yolo base. 
This retarded changes of temperature very effectively, and profiting by this experience, on the 
Los Angeles base I covered the measuring bars and the field standard bar in a similar manner, 
with good result.a. I proposed to Superintendent Thorn tiO still further retard changes of tempera
ture by putting more non-conducting material closer to the bars. As now covered, the ordinary 
changes of temperature occurring under the mova.ble tent cover during the measurement.&, do not 
rea.ch the thermometers near the bars for a.t least two hours. With the proposed protection 1 
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think changes will be retarded three or more hours. This retardation will be such that supposing 
measurements to commence at sunrise, the temperature of tbe bars will decrease for three or four 
hours and then rise the res" of the da_y. 

The tempera-tu.re of the bar is not given accurately by the Schott base bar of the Yolo and Los 
Angeles bases, because the bulbs of the thermometers are not even in contact with any member 
of the compound bar. 

lu some way, readily suggested, the bulbs of the thermometers must be brought into contact 
with the metal of the bar. By means of iron filings this must necessaril.'· lie imperfect. I have 
suggested reservoirs attached directly to the bar, just large enough to receive the bulbs of the 
thermometers aud containing a ;;mall amount of mm·cury, by which all parts of the bulbs of the 
thermometers are brought into metallic contact with the bar. I would use four thermometers to 
each bar, to be properly illuminated and read with magnifiers; these thermometers are read more 
quickly thau the Burda scalet:>. 

If a hollow rectangular tube should be adopted as a base bar there might easily be arranged 
four internal reservoirs to hold the thernwmeters with the metallic contact completed by mercury 
as above. 

The structure of the beam for carrying the bar desen-es more consideration than has been 
given to it. I learned at the Bureau of ·weights and ::\Ieasures at Breteuil that the Ibafiez base 
bar had a motion of the upper and -vertical member upon the lower and horizontal member which 
was screwed thereto. The base bar used at the Aarberg base is essentially a J. of iron with side 
pieces of wood aloug the lower part of the -vertical web. 

The former of these arrangements exhibits inherent weakness; the latter indicates that the 
temperature of all parts of the bar must he 80mewhat irregular. 

The Yolo base beams were 1rnrticularly faulty because they were made of "seasoned" hut a very 
poor specimen of wood. They were rectangular boxes, 16 feet long by about 5 inches lJy 3~ inches, 
and made of if-inch pine. In the bottom of each beam was a T-rail of iron, carr~·ing sixteen equi
distant rollers, upon which the members of the zinc and steel were free to move if the apparatus was. 
in order. 

These beams were found warped when they reached the field at Yolo, and I believe they warped 
afterwards. 

The field standard beam was of the same material and dimensions and was liable to the same 
warp in gs. 

I have considered that the character of the lieam8 to be used should be thoroughly determined 
by experiments, as they would be used in the field. 

, Another thing needed with our bar is the better connection and adjustment of the aligning 
telescope, which I originally suggested. (Mr. Hlair made a claim on behalf of 1.fr. Hilgard as first 
proposing the aligning telescope, but I in·oduced my original letters to show my priority.) 

I close this report by saying that I have carefully examinctl the report upon the construction, 
comparisons, and other operations which have seemed to determine the equations of the new metri· 
cal prototypes. It is the official report presented by" le Comite International dc'5 Poids et Mesures" 
to the Conference General, September, 1889. 

I have also read the published descrip_tions of the methods employed at the Conser-vatoire des 
Arts et Metiers, after having examined all the apparatus and listened to the explanations of l\fr. 
Tresca. 

There is one part of my instructions which I have not had the time or material to fulfill, and 
that is the history of the Association GP,odesiqne Internationale. :Moreover, I think it can only lie 
written with the life in it by longer personal association with members who have been through its 
early years and its later development, and who know the moti\·es that have prompted aud guidetl 
much of it:s action. I am satisfied that a compilation from documents would lack the soul that 
actuates such an ortanization. 

Yours, very respectfully, 

Prof. T. C. MENDENHALL, 

GEORGE DAVIDSON, 

Assistant U. S. Coast and Geodetic Suri-ey. 

Superintendent U. S. Coast, and Ge./J<letic Survey. 
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PART OF S11:CTI01' YI. 1'rogrrn<s ou the wPst coast o( Florida from Capt• Rom:rno to K1'y \Yest. 
PARTS OF SECTIONS VII AXD \'Ill. l'mgreso 011 the coa~t-; of Florida, Luuisiat1'l, and Alabama. 
PART OF SECTION X. Progre8>< Oii the coast llf California from Sall Diego to l'l•int D11111e. 
PART 01< .. SKCTJON X. Prn{.!;Tes8 on tlit• coa~t uf C'aHfornia frum Point ~al to 'l'ornalt>1' Bay. 
PARTS 01•' SECTIONS X AND XI. Progress Oll tlw coasts of California aucl Oregon from Cape Mendocino to 

Umpquah l\iver. 
PART o~· S:i;:cnoN XL ProgreHo on tlte coaHts of Oregon aud Washiugtou from Tillamook Bay to the Boun-

dary. 
PART OF SECTIO!>! XII. General cha.rt of Aluska.. 
PARTS OF SECTIONS XIV AND XV. ProgmRs of reronn:tissanceanJ triangn!ation in \YisconRin anil Minnesota. 
PARTS OF SECTIONS Ill, XU!, XIY, XY, A:'il> XYI. J'rogr<'sH of the Transco11tinental trian,gulatilm along 

or near the tbirt.y-ninth parallel from 'Vest Yirginia to Colorado. 
P.t.RTS OF SECTIONS X AND XVI. Progress of thi.• Tra1rncontinental trirrngulation an1l r<'ronnaissancc east 

ward from the Pacific coast. 
No. 17. MAP SHOWING LONGITUDE STATmxs and eouneetions d<'f(~rn1ine1l by mra11s of th<' electric telegraph he

tween 1846 au<l ltltl9. 
No. 18. MAP SHOWING POSI1'ION of magnetH' Btatfoub ocenpied hl't\>etlll 1:-\44 and l~~~l, 

No. 19. 

No. 20. 

No. 21. 

No. 22. 
No. 23. 
No. 24. 
No. 2.'>. 
No. 26. 

ILLUSTHATIONS. 

THE OPTICAL BEAM-COMPASS C1'MPAHAT0R. (To Appendix No. {i, to face page lSO.] 
Also, to APPENDIX No. 1). Two relil1fplatm1 print''"! with tex1. !'I'· He! ;rncl 13:L 

NEW PORTABLE TRANSIT FOR J,ONGITIJPE \\'om.:. LTn Appmulix l'io. !l, pag« '!l~>.) 
MARKINGS OF ENDS OF PRIMARY BASI~ LINE. Los Angeles. Califorttia. [To Appeudix Ko. Ill. to face pagl' 

2'20.] 
MAP SHOWING THE GENERAL location of the Los Angeles bu.se line and ifa eonneetion witl1 tlrn 1na:n tri-

angulation. [To Appendix No. HI, end ofvoluml>.] 
PROFILE OF THE Los ANtlELES BASE LIN}:. [To ANleuuix No. 10, end of vnlnrne.] 
Los ANGELES BASE LIKE. Sketch showiug movement of pany. l To Appemlix l'io. 1!1, tn facl' page ZZ·I.] 
DISTURBED ISO-<MAGNETIC CURVES. (To Appl'llllix Nu. 11, to face pa,:<' 2:lG. J 
IsoGONIC CHART OF THE UNITEl> STATES for tlw epo"h 1890. [To Appendix :!'\o. 11, Pll<l of volnme.) 
IsoGONIC CHART OF ALASKA and atljacent regions for the t'J>OCh umo. L To Ap1w1Hlix 11: ... 11, end of-rolnrue.] 
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No. 27. 
No. 28. 

No. 29. 

No. 30. 

No. 31. 
No. 32. 
No. 33. 

No. 34. 
No. :'15. 

No. 36. 
No. 37. 

No. 3t!. 
No. 39. 
No. 40. 

No. 41. 
No. 4-J. 
No. 4:l. 
No. 44. 
• '\To. 4f>. 
No. 46. 
No. 47. 
No. 48. 
No. 4~1. 
No. 50. 

PROGRESS SKETUHES. 

MAGNETIC Mll:RIDIANB OF TUE UNITED STA.TES fin January, 1890. [To Appendix No. 11, end of volume.] 
COMPARISON OF SURVEYS ON CAPE Cori, showing changes in shore.line, 1848 to 1888. [To Appendix No. 12, 

end of volnme.] 
CROSS-SECTIONS OF TllF. SHORE OF CA.PE COD between Chatham aud the Highland light-house. [To Ap-

pendix No. 1:1, end of volume. J 
SKETCH snoWING RRCE:'ill' changes in tho south inlet into Edgartown Harbor, Massachusetts. [To Ap

pendix No. 14, end of volume.] 
Illustrations Nos. :n to f>O to Appendix No. 16, Gulf Stream explorations, follow a.tend of volume in nnmeri-

cal ordt>r ]. 
CURVES OF OBSERVATION of cnrr<'nts in tho Equatorial Stream. 
CuRvES OF OBSERVATION of currents in the Santa Lucia and Martinique Passages. 
CURVES OF OBSERvATIO:. of current~ in the Dominica, Guadaloupe, and Antigua Passages aml outside 

Desirade Island. 
CURVES OF OBSERVATION of current• outside of Santa Lncia Passage and in tbeAnegada Passage. 
CunYE8 OF OBSERVATIOX of currenfa it1 the Windward Passage, in Ohl Bahama Channel, and outside the 

Rahama IAlands. 
VJmTICAL CURHENT AND l'E~!PERATURE CURVES. Gulf Stream currents, steamer Blake, 1881l--1889. 
GULF i:'lTREA~I CGRR~;xTs, steamer Blake, 1889. Anegada Pas"age, Santa Lucia Passage, E'}natorial current. 

GuLF STREAM CllHRENTS, steamer lilak€, 1889. New Granada and sun th of Cura<;au. 
Gns STREAM CURREXTS, steamer Blake, 18o9. Mona PassagP, and southwest of Jamaica Channel. 
Guu· STREAM CURHEXTs, steamer Blake, 1889. Windward l'a8sage-Old Bahama Channel, and St. Nicholas 

nntl Santaren Channels. 
GULF STREAM CURKEXTS, steamer Blake, 1889. O!f Fowey Itocks, between Bahama and Hatteras. 
GULF STREAJ\l CUlmEXTS, Section F. Off Cape Hatteras, steamer Blake, 18H7-1899. 
Cl'RRF.NT DIRECTIONS, steamer Blake, 1.';88. 
CmmENT IH!tECTIONS, steamer !Jlakr, 11'89. 
CURREST DIRECTIONS, steamer Blake, 1888 . 
CCRR~;NT DIRECTIONS. steamer Bluke, ld89. 
CURUENT DIRECTIONS, steamer Bl.ake, 1889. 
CURRENT DIRECTIONS, steamer Blake, 1888. 
CnmENT DIRECTIONS, steamer Blakr, 1888-1889. 
CURRENT DIRECTIONS, steaml'r Blakt:, ltl&l-1889. 
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